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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-9-1 Twrr cTaThu: OpUTHHATIBHAS
YIK: 635.21:631.8(571.56) Type of article: original

MPEIIOCAJTOUYHASI OBPABOTKA KJTYBHEMW KAPTO®EJISI
BUOITPEITAPATAMM B YCJIOBUSIX IIEHTPAJIBHOM SIKYTUH

<) Caenuosa T.B."?, Heyctpoe M.IL.!

! Txymcerutl nayuno-ucciedo8amenscKuil UHCmumym ceibcko2o xossucmea um. M.I. Cagponosa —
0bocobnennoe noopaszoenenue Axymckoeo nayunozo yenmpa Cubupckoeo omoenenus Poccuiickoii
axkaoemuu Hayx

Skyrck, Poccus

’Apkmuyeckuil 20Cy0apCcmeentblll Aa2pOmexHOI0SULeCKULl YHUSepcumemn

Skyrck, Poccus

(<De-mail: SlepsovaTV@yandex.ru

[pencraBieHbl pe3ysbTaThl UCCICAOBAHUS BIUSHUS MIPEATIOCAT0YHOM 00padOTKH KityOHeH Orornpe-
raparaMu Ha OCHOBE IITaMMOB Oaktepuii Bacillus subtilis Ha poCT, (POTOCUHTETHUYESCKYIO ICATCIBHOCTD
pacTeHuid, mopakeHue OONE3HIMH U YPOXKaWHHOCTh KapTodens copra SIKyTsHKa B yciaoBusix LleHTpanb-
Hoti SIkyTrn. Cxema ombiTa BKJIFO4Yaia KOHTPOJIb (KIyOHH 0e3 00paboTkn), 00paboTKy KiTyOHEel repen
nocajkoit orodyuruimnom dGutocnopuH-M U cycrieH3uel u3 paBHOTO COOTHOIIEHUS ITaMMOB OaKTe-
puit B. subtilis THII-3 u B. subtilis THII-5, BBIIEIEHHBIX 3 MEP3JIOTHBIX TIOYB SIKyTHH. YCTaHOBJICHO,
410 00paboTKa KiITyOHEH mepej mocaakoi OuonpenaparaMu yCKopsiia TOsIBIICHHE BCXOI0B Ha 2—4 TS,
yBeJIMYHBaJIa OnoMaccy U okasarein (OTOCHHTETHYECKOH IesITeIbHOCTH pacTenuid (Ha 6—19%), komm-
gyectBo (11%) 1 maccy (48—57%) kiryOHel, cHmkana B 1,8—2,9 pa3a nmopakeHue pacTeHUH KOMILIEKCOM
OonesHeill 1 nosbImana Ha 7,4—8,8 1/ra (54-64%) ypoxaiinocTts. Ilokazano, yTo 10Js1 BIUsHUS OHonpe-
MapaToB B M3MEHYMBOCTH XO3SHCTBEHHO IICHHBIX IMOKa3aTeNiel u ypokaitHoCcTH coctaBiseT 45-96%,
noromHbIX ycnoBuit — 1-38%, B3anmopelictBus (aktopoB — 1-11%. CymecTBeHHAs MONIOKHUTEIbHAS
CBSI3b YPOXKAMHOCTH, KOJTMYECTBA M MAcChl KITyOHEH BBISIBJICHA C BBICOTOM, KOJIMYECTBOM M MAacCo pac-
TEHUH, TUIOMIAJIBIO JIUCTHEB, (POTOCUHTETHYECKUM noTeHimanoM (r = 0,81...0,98), orpunarensHas — ¢
MOPaKCHUEM PH30KTOHHO30M, OOBIKHOBEHHOM Mapioi, 0ObIKHOBEeHHON Mozaunkoi (7 = —0,80...—0,96).
Mexmy pactpoCTpaHEeHHOCTBIO OONIE3HEH U IMTOKa3aTesIMHA POCTa U (JOTOCHHTETUIECKOH JIESITeIbHOCTH
pacrennii HaOrOMaeTcs odpartHas 3aBucuMocThb (r = —0,33...-0,96). B 3acynumBBIX yCIOBUSAX TOpaxe-
HUE 0OBIKHOBEHHOM MapIoi 1 pU30KTOHNO30M Bo3pacTtaeT B 1,4-1,8 pasa, uepHOI HOKKOH, MOPIIIHH-
CTOH 1 OOBIKHOBEHHOM MO3anKoi cHkaeTcs B 1,6-2,5 paza. Paccuntansl ypaBHEHUS perpeccu, 03Bo-
JISIOIME ONEPATUBHO M C BBICOKOI TOYHOCTHIO (R? = 0,85...0,95) nmporuo3upoBark o ib JIUCThEB,
(oTOCHHTETHYECKHI TIOTEHIINAT U YPOXKaHOCTh 10 Macce pacTeHuid. [lpu yBenmueHnn Macchbl Kycra B
¢ase userenust Ha 100 T TUIOIIAIb JTUCTHEB PACTCHHIA TOBBIIIANACH Ha 2,3 ThIC. M?/Ta, (POTOCHHTETHYE-
CKHH MOTEHIHA 3a BereTaiuio — Ha 120 Tic. M? + cyT/ra, yporkaHOCTh — Ha 9,7 T/ra. PasHuiia Mexty
(haKTHYEeCKUMH ¥ paCCUNTAHHBIMH 3HAYEHUSIMH cocTaBmia 2,7-4,7%.

KuaroueBrblie cioBa: xaprodenb, o0paboTka KIIyOHEH, Omompemnaparsl, (OTOCHHTETHICCKAs Ies-
TENILHOCTh, OOJIE3HH, YPOKAHHOCTh
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Pre-planting treatment of potato tubers with biopreparations Sleptsova T.V., Neustroev M.P.
in conditions of Central Yakutia

The results of the study of the influence of pre-planting treatment of tubers with biopreparations
based on Bacillus subtilis bacterial strains on the growth, photosynthetic activity of plants, disease
damage and yield of the Yakutyanka potato variety under the conditions of Central Yakutia are pre-
sented. The experiment scheme included control (tubers without treatment), treatment of the tubers be-
fore planting with the biofungicide Phytosporin-M and the suspension of an equal ratio of B. subtilis
TNP-3 and B. subtilis TNP-5 bacterial strains isolated from permafrost soils of Yakutia. It was found that
treatment of tubers before planting with biopreparations accelerated sprouting by 2-4 days, increased
biomass and photosynthetic activity of the plants (by 6-19%), the number (11) and weight (48—57%) of
tubers, reduced the damage of the plants by a complex of diseases by 1.8-2.9 times and increased the yield
by 7.4-8.8 t/ha (54-64%). The share of biopreparation influence in the variability of economically valu-
able indicators and yield was shown to be 45-96%, weather conditions 1-38%, factor interaction 1-11%.
Significant positive correlation of the yield, number and weight of the tubers with the height, number and
weight of the plants, leaf area, photosynthetic potential (» = 0.81...0.98), and negative correlation with
rhizoctonia disease, potato scab, and common mosaic (» =—0.80...—0.96) were revealed. There was an in-
verse relationship between disease prevalence and indices of plant growth and photosynthetic activity (r =
—0.33...-0.96). Damage by potato scab and rhizoctonia disease increases 1.4—1.8 times in arid conditions,
while blackleg, rugose and common mosaic damage decreases 1.6-2.5 times. Regression equations were
calculated, which allow to predict leaf area, photosynthetic potential and yield by plant mass promptly
and with high accuracy (R* = 0.85...0.95). When the bush weight in the flowering phase increased by 100
g, the leaf area of the plants increased by 2.3 thousand m?/ha, photosynthetic potential during the growing
season by 120 thousand m? - day/ha, and the yield by 9.7 t/ha. The difference between actual and calcu-
lated values amounted to 2.7-4.7%.

Keywords: potato, tuber treatment, biopreparations, photosynthetic activity, diseases, yield

Jas uutupoanus: Crenyosa T.B., Heycmpoes M.I1. TIpennocanounas o0paboTka kiayOHel kaprodens Ouonpenaparamu B
yenoBusix LlenTpansaoii SIkytin // CHOMpCKUil BECTHUK celbCKoxo3sicTBeHHOI Hayku. 2023. T. 53. Ne 9. C. 5-14. https://doi.
org/10.26898/0370-8799-2023-9-1

For citation: Sleptsova T.V., Neustroev M.P. Pre-planting treatment of potato tubers with biopreparations in conditions of Cen-
tral Yakutia. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2023, vol. 53, no. 9, pp. 5-14.
https://doi.org/10.26898/0370-8799-2023-9-1

Konduuxkr narepecos

ABTOpBI 3asBISIFOT 00 OTCYTCTBUH KOH()IIUKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

BaaropapHocTn

Pa6ota Beimonrena Ha o6opynosanuu LIKIT ®UIL SIHIL CO PAH.

Acknowledgments

The work was performed on the equipment of the Common Use Center of the FRC YaSC SB RAS.

INTRODUCTION
increase in yield, which in recent years in the
re-publication does not significantly increase' 2.
One of the reasons for the low yield and prof-
itability of the crop is the lack of adaptive agro-
technologies of cultivation using effective bio-
preparations, which are an integral part of organ-
ic farming. Strategic importance is now attached
to this direction’.

Potato growing is the most important branch
of agriculture in the Republic of Sakha (Yakutia).
The average annual volume of gross potato har-
vest in the region is 70—85 thousand tons with
a yield of 10-11 tons/ha. To fully provide pota-
toes with local production, at least 150 thousand
tons of tubers are needed annually. The solution
to this problem is possible primarily due to an

'Agriculture in the Republic of Sakha (Yakutia): stat. coll. Yakutsk, 2022, 145 p.

2Okhlopkova P.P. History of development and current state of potato breeding in Yakutia // Science and technology in Yakutia,
2017,N 1 (32), pp. 20-22.

3Strategy for the Development of Organic Production in the Russian Federation until 2030 // Order of the Government of the
Russian Federation of July 4, 2023. N 1788-p. 91.
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The use of bacterial preparations is based on
the mechanism of antibiosis, which regulates
the relationship between beneficial and harm-
ful microorganisms*. Biopreparations for the
suppression of the number of phytopathogenic
microorganisms are an environmentally safe and
effective alternative to chemical pesticides, since
they are developed on the basis of natural regu-
lators of the number of plant pathogens. Such
regulators include entomopathogenic and antag-
onistic micro-organisms and their metabolites
[1]. The most common agents of biological con-
trol of phytopathogenic fungi are bacteria of the
genus Bacillus spp., which improve the growth
of plant roots, facilitate access to them with trace
elements, increase yields > ¢ [2-4]. Of the aerobic
spore-forming bacteria, Bacillus subtilis bacteria,
whose strains have fungicidal activity, stimulate
plant growth, and increase their yield, have the
greatest importance as a biological agent for
suppressing phytopathogen abundance’ ® [5, 6]
The biofungicide Phytosporin -M, created on the
basis of the bacterium Bacillus subtilis, strain
26D, has become widespread. The preparation
increases the resistance of plants to diseases due
to the antagonism of the bacterium in vitro to
many phytopathogens and its ability to competi-
tively occupy their niche in the internal tissues of
plants [7]. The use of Phytosporin-M accelerated
the growth and development of plants, increased

resistance to biotic and abiotic factors of the ex-
ternal environment, the harvest and its quality, re-
duced disease damage and losses during storage
of various crops, including potatoes’!" [8-10].

In 2006, a suspension was developed at the
Yakutsk Research Institute of Agriculture (Ya-
kutsk NIISKh) from an equal ratio of the strains
of B. subtilis TNP-3 and B. subtilis TNP-5 bac-
teria isolated from permafrost soils in Yakutia
and deposited at the All-Russian Research Insti-
tute of Agricultural Meteorology (VNIISKhM)
under the numbers D149 and D150. The strains
have an antagonistic and immunostimulatory ef-
fect against pathogenic microorganisms, which
made it possible to develop biologics widely
used in the northern animal husbandry of Ya-
kutia against various animal diseases and for
the growing stock weight gain'? [11]. The addi-
tion of the strains of B. subtilis TNP-3 + TNP-
5 bacteria during silage of feed crops ensured
high quality, nutrition and safety of silage [12].
Spraying with a suspension of strawberry plant
strains reduced damage to berries by gray rot,
increased the number of peduncles and the mass
of berries' and treatment of barley seeds and
potato tubers reduced plant disease, increased
the above-ground biomass, and increased the
yields' [13].

The purpose of the study is to research the
effect of pre-planting treatment of potato tubers

“Shternshis M.V. State and prospects for the use of biopreparations for plant protection in Siberia / Bulletin of Novosibirsk

State Agrarian University, 2011, N 5 (21), pp. 48-55.

SLelyak A.A., Shternshis M.V. Antagonistic potential of Siberian strains of Bacillus spp. against the pathogens of animal and
plant diseases // Tomsk State Pedagogical University Bulletin. Biology, 2014, N 1 (26), pp. 42-51.

¢Singh R.P,, Jha P. N. A halotolerant bacterium Bacillus licheniformis HSW-16 augments induced systemic tolerance to salt
stress in wheat plant (7riticum aestivum) // Frontiers in plant science, 2016, vol. 7, p. 1890. DOI:10.3389/fpls. 2016.01890.

"Korobova L.N., Gavrilets T.V. Application of bactophyte: yield increase and soil health // Plant Protection and Quarantine,

2006, N 4, pp. 47-48.

$Shternshis M.V, Belyaev A.A., Tsvetkova V.P, Shpatova T.V., Lelyak A.A., Bakhvalov S.A. Biological preparations based on
bacteria of the genus Bacillus for plant health management. Novosibirsk: Publishing house of the Siberian Branch of the Russian

Academy of Sciences, 2016, 233 p.

°Ishkinina F.F.,, Aminev I.N., Khaibullin M.M. Influence of biopreparations on the storage of potato tubers // Vestnik of OSU,

2013, N 10 (159), pp. 193-194.

YDavietshin .M., Gilmanov R.G., Safin HM., Ayupov D.S. Effectiveness of biofungicide Phytosporin-M on spring wheat
under direct sowing // Achievements of Science and Technology of AIC, 2014, N 2, pp. 39—40.

Chebotar V.K., Kiprushkina E.I. Application of microbial preparations in potato storage technologies // Achievements of

Science and Technology of AIC, 2015, vol. 29, N 1, pp. 33-35.

2Neustroev M.P,, Tarabukina N.P., Skryabina M.P.,, Stepanova A.M. Probiotics from Bacillus subtilis bacterial strains in
agriculture of Yakutia: methodological guide. Yakutsk: LLC Reaktiv Print, 2017, 16 p.

BVasilieva E.P, Belevtsova V.I., Protopopova A.V., Sorokopudov V.N. Application of Bacillus subtilis on strawberries against

gray rot // Plant Protection and Quarantine, 2017, N 2, pp. 40-41.

“Viasenko N.G., Sleptsov S.S., Samsonova M.S. Protection of barley from fungal diseases in Central Yakutia. Yakutsk:
Publishing house of the Yakutsk Research Institute of Agriculture, 2012, 47 p.
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with Bacillus subtilis bacteria-based bioprepar-
ations on the growth, photosynthetic activity of
plants, disease damage and yield in Central Ya-
kutia.

MATERIAL AND METHODS

The research was conducted at the station of
the Yakutsk Research Institute of Agriculture
"Kholbuya", located in the floodplain of the
Lena River. The region is included in the zone
of risky farming due to extremely low winter
temperatures, large annual, seasonal and daily
air temperature fluctuations, arid climate, short
frost-free period, low-temperature permafrost
rocks and cold soils with low fertility. The soil
of the experimental plot is weakly alkaline (pH
7.8) cryosolic-alluvial soil, stratified sandy loam
of mechanical composition. The arable layer
is characterized by low content of humus (1.8-
2.2%), total (0.23%) and nitrate (0.7-1.2 mg/100
g) nitrogen, high - mobile phosphorus (21-24
mg/100 g), exchangeable potassium (21-25
mg/100 g). The object of the study was potato
plants and tubers of potato variety Yakutianka,
a zoned medium-early variety. The experiment
scheme included control (tubers without treat-
ment), treatment of the tubers before planting
with the biofungicide Phytosporin-M (10 g/0.5
1 at the rate of 0.5 1/20 kg) and suspension of B.
subtilis bacterial strains TNP-3 + TNP-5 (soak-
ing before planting for 30 min at a dose of 1 x
10° CFU/ml at the rate of 300 ml/kg tubers).

Cultivation technology was prepared taking
into account zonal recommendations'®. The ex-
periments were placed in a three-field crop ro-
tation (oats for green manure crops - potatoes
- potatoes). Planting was carried out by clonal
planter SN-4BK on the scheme 70 x 35 cm (40.8
thousand tubers per 1 ha) on May 28 - June 3 at a

soil temperature of 6 ... 8 °C at a depth of 10 cm.
The study plot area was 24.5 m?, the width of
the protective strip was 5 m, the repetition was
4-fold, the placement of the variants random-
ized. Vegetation irrigation was carried out by a
sprinkler system DDN-70 in the III ten-day per-
iod of June - I ten-day period of July at 350 m?/
ha. Potatoes were harvested manually on August
25-28.

Phenological observations, records and an-
alyses were carried out according to the meth-
odology of the All-Russian Research Institute
of Potato Farming (VNIIKKh)'. Leaf area and
photosynthetic potential (PP) of plants were cal-
culated according to the method of A.A. Nichi-
porovich'”. Moisture availability during the
growing season was estimated by the hydrother-
mal coefficient Selyaninov (HTC)'®. In the years
of research, the sum of average daily air temper-
atures during the growing season (June-August)
varied from 1451 to 1676° with the norm of
1443°, the sum of precipitation - from 60 to 187
mm with the norm of 127 mm, the conditions
of moisture availability - from optimal (HTC =
1.29) to severe drought (HTC = 0.37). The ex-
perimental material was processed statistically
according to the method of B.A. Dospekhov'’
using a package of applied programs?.

RESULTS AND DISCUSSION

The duration of the period of sprouting - mat-
uration of the potato variety Yakutyanka varied
from 62 to 66 days at the sum of average daily
air temperatures 1048-1227°, the period of plant-
ing - maturation - from 84 to 89 days at the sum
of temperatures 1417-1615°. More significantly
(V = 13%) varied the duration of the planting -
sprouting period (from 18 to 27 days).

SThe system of agro-industrial production of the Republic of Sakha (Yakutia) until 2005 / RAAS Siberian branch. Yakut.

NIISKh, Novosibirsk, 1999, 304 p.

*Methodology of research on potato culture / VNIIKh, Moscow: Kolos, 1967, 263 p.

Nichiporovich A.A., Strogonova L.E., Chmora S.N., Vliasova M.P. Photosynthetic activity of plants in crops (methods and
tasks of accounting in connection with the formation of yields). Moscow: Publishing house of the Academy of Sciences of the

USSR, 1961, 136 p.

18Z0idze E.K., Khomyakova T.V. Modeling of moisture availability formation in the territory of European Russia in modern
conditions and the basis for assessing agroclimatic security // Russian Meteorology and Hydrology, 2006, N 2, pp. 98-105.

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

Alliance, 2014, 386 p.

DSorokin O.D. Applied statistics on the computer. Krasnoobsk: SUE EBCA SB RAAS, 2009, 222 p.
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In the variants with treatment of the tubers
with Phytosporin-M and suspension of B. subtilis
bacterial strains TNP-3 + TNP-5, potato sprouts
appeared 2-4 days earlier than in the control.
Duration of other interphase periods varied in-
significantly (V' = 1-4%) and no significant dif-
ferences were found. The greatest variability of
heat availability of plants was observed from
planting to flowering (V= 8-11%) in comparison
with other periods (V' = 2-6%).

Observations of plant biomass growth showed
that when the tubers were treated with Phyto-
sporin and suspension of B. subtilis bacterial
strains TNP-3 + TNP-5 in all phases, it increased
in comparison with the control by an average of
67-84 g/bush (16-19%). Biomass reached its
maximum value in the flowering phase (451-
535 g/bush), in the budding phase it was 89% of
the maximum, in 10 days after flowering it de-
creased by 6%, in 20 days - by 9% (see Table 1).
The greatest contribution to the variability of the
index was made by biopreparations (64-74%)
with minor influence of weather conditions and
interaction of factors (1-9%). A strong direct
correlation (p < 0.01) of plant weight with plant
height (r = 0.89...0.94) and number in the bush
(r = 0.81...0.84) was revealed. Regression an-
alysis showed that when the height of plants in
the flowering phase (x,) increased by 1 c¢m, the
bush weight (y,) increased by 36.1 g. Equation
(1) allows to calculate the mass of plants by their

height promptly and with high accuracy (coeffi-
cient of determination R* = 0.86):

v, =36,139x —1155,2, R*=0,860. (1)

Biopreparations also had a significant effect
on the photosynthetic activity of plants. Leaf
area when the tubers were treated with Phyto-
sporin-M and suspension of B. subtilis bacterial
strains TNP-3 + TNP-5 in all phases increased
by 1.6-2.3 thousand m?/ha (6-9%) compared to
the control (see Table 2). It reached its maxi-
mum value in the flowering phase (28.3-30.5
thousand m?/ha), in the budding phase it was
88% of the maximum, in 10 days after flowering
it decreased by 1.7 thousand m?/ha (6%), in 20
days - by 4.1 thousand m*/ha (14%). The greatest
contribution to its variability was made by the
biopreparations (50-61%) with insignificant in-
fluence of weather conditions and interaction of
factors (1-9%). A strong direct relationship (p <
0.01) between the leaf area and plant height and
weight was found (» = 0.82...0.95). The regres-
sion coefficient indicates that with an increase in
bush weight in the flowering phase (x,) by 100
g leaf area (y,) increased by 2.3 thousand m*/ha:

y,=0,0228x, + 18,108, R>=0,8490. (2)

The difference between the actual and cal-
culated leaf area using the equation (2) was not
more than £2.7%.

Tao6xa. 1. Brusaue npennocagounoit 00paboTku Ki1yOHeil kaproderst OrnonpenaparaMu Ha TUHAMUKY

CBIpOit Macchl pactenwnii (cpemuee 3a 2007-2009 rr.)

Table 1. Effect of pre-planting treatment of potato tubers with biopreparations on the dynamics of raw

weight of plants (average for 2007-2009)

Option (factor) Budding stage Flowering stage l%gjvisrilf;er 2%2332;2“
Growth of plant biomass, g/bush
Control 401 451 425 409
Phytosporin-M 475 535 504 482
TNP-3 + TNP-5 468 529 494 480
Share of influence of factors and their interaction, %

Preparation (factor A) 73,5%* 71,0%* 68,9%* 64,1%*
Year (factor B) 2,3 3,4 2,2 42
AxB 8,6* 1,3 0,5 1,1

Here and in Tables 2—4.

* Reliable at 5% significance level.

** Reliable at 1% significance level.
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Taoa. 2. Brusaue OuonpenapaToB Ha AUHAMUKY MOKa3artesieil (OTOCHHTETHYEeCKON AeSTEFHOCTH pac-
tenuit (cpeguee 3a 2007-2009 rr.)

Table 2. Effect of biopreparations on the dynamics of photosynthetic activity of plants (average for

2007-20009).
) Budding | Flowering lgf(‘::ry i 2(2)13:3 ’ Sprout.s - ;:(;ngsfglgit;r Amount.p er
Option (factor) flowering | flowering flowering flowering vegetation
Leaf area, thous. m*/ha PP, thous. m? - days/ha
Control 25,0 28,3 26,5 243 459 528 987
Phytosporin-M 26,7 30,5 28,8 26,4 514 573 1087
TNP-3 + TNP-5 26,7 30,1 28,5 25,9 525 565 1090
Share of influence of factors and their interaction, %

Preparation (factor A) 51,6%* 61,1%* 61,2%* 49,6** 77,3%* 69,4%* 86,7**
Year (factor B) 9,4% 0,6 7,7* 8,3 3,5%%* 5,4 4,5%*
A xB 8,1 5,0 2,8 0,9 11,1%* 1,5 5,2%*

Photosynthetic potential of crops (PP) in the
variants with pre-planting treatment of the tu-
bers with biofungicide Phytosporin-M and sus-
pension of B. subtilis bacterial strains TNP-3 +
TNP-5 in different periods of vegetation was
higher by 37-103 thousand m? - day/ha (7-14%)
than in the control (see Table 2). The greatest
contribution to its variability was made by bio-
preparations (69-87%), the influence of weather
conditions and factor interactions was signifi-
cant in most cases, but less significant (2-11%).
In all interphase periods, a direct correlation (p <
0.01) of the PP values with height, plant weight
and leaf area was revealed (r = 0.82...0.98). Re-
gression analysis showed that when plant weight
in the flowering phase increased by 100 g (x,),
leaf area by 1 thousand m*/ha (x,), PP during the
growing season (y,) increased by 120 thousand
m? - day/ha (3) and 50 thousand m? - day/ha (4),
respectively:

y,=1,1972x, + 450,01, R*=0,8673; (3)

v, =49,689x, — 418,12, R*=09173. (4)

The calculated equations allow to predict the
PP value for vegetation by plant mass and leaf
area in the flowering phase promptly and with
high accuracy (R*=0.87 ... 0.92).

In the years of research potato variety Ya-
kutyanka during the growing season was affect-
ed by various diseases. The highest prevalence
in the control variant was black leg (8.0% on

average), common potato scab (7.9%), com-
mon mosaic (6.1%), the lowest - rhizoctoniose
(2.0%), potato rugose mosaic (4.1%) (see Ta-
ble 3). Pre-planting treatment of the tubers with
Phytosporin-M reduced the plant damage by dis-
eases by 1.8-6.8 times (2.9 times on average), by
suspension of B. subtilis bacterial strains TNP-
3 + TNP-5 by 1.5-2.7 times (1.8 times). Under
drought conditions, the prevalence of common
potato scab and rhizoctoniose increased 1.4-1.8
times, black leg, potato rugose mosaic and com-
mon mosaic decreased 1.6-2.5 times and more
in the variants with the use of biopreparations.
The share of the influence of preparations in the
variability of disease prevalence was 45-97%,
weather conditions 2-38%, interaction of fac-
tors 4-11%. The inverse correlation of potato
disease incidence with height, weight and leaf
area of plants, PP (» = -0.33...-0.96) was found,
which indicates a lower degree of damage to
more powerful and developed plants regardless
of growing conditions. A significant direct cor-
relation of common potato scab prevalence with
the disease of plants by rhizoctoniose (» = 0.84)
and common mosaic (» = 0.76); rhizoctoniose -
with the disease of common mosaic (» = 0.90);
black leg - with the disease of potato rugose mo-
saic and common mosaic (» = 0.71...0.74) was
revealed. There was an average positive correla-
tion between common and potato rugose mosaic
disease (» = 0.65).
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Ta6xa. 3. Brousaue npeanocaouHoi 00paboTku KiayOHel GuonpenaparaMu Ha pacpoOCTPaHEHHOCTh
OonesHeit kaprodens (cpeanee 3a 2007-2009 rr.), %

Table 3. Effect of pre-planting treatment of tubers with biopreparations on the prevalence of potato
diseases (average for 2007-2009), %

Option (factor) Comrr;g;lbpotato Rhizoctoniose Black leg Pot;a;gsl‘;%ose Common mosaic
Plant lesions
Control 7,9 2,0 8,0 4,3 6,1
Phytosporin-M 2.9 0,0 3,7 2.4 0,9
TNP-3 + TNP-5 5,4 0,0 4,0 4,1 2,3
Share of influence of factors and their interaction
Preparation (factor A) 69,4** 87,9%* 45,0%* 48,1%* 96,7**
Year (factor B) 22 4%%* 3, 1% 38,2%* 37,0%* 1,6%*
A xB 5,3%* 6,2%* 11,0%* 3,5 0,4

According to the results of the research a new
method of controlling the complex of potato dis-
eases (rhizoctoniose, black leg, potato rugose
mosaic and common mosaic) based on soaking
tubers in a solution of suspension of bacteria
strains B. subtilis TNP-3 and B. subtilis TNP-5
(patent No. 2428008 of the Russian Federation
dated 10.09.2011) was developed.

Treatment of the tubers before planting with
biopreparations significantly increased the num-
ber of the tubers by 11% by harvesting. The
greatest contribution to the variability of the
indicator was made by the preparations (41%),
the influence of weather conditions and interac-
tion of the factors was insignificant (1-8%) (see
Table 4). A direct correlation (p < 0.01) of the
number of the tubers in the bush with height,
number and weight of the plants, leaf area, PP
was revealed (» = 0.84...0.97). The number of
the tubers significantly decreased when potatoes
were affected by rhizoctoniose, common potato
scab, and common mosaic (» = -0.80...-0.91).

Pre-planting treatment of the tubers with bio-
fungicide Phytosporin-M increased the tubers
weight in the bush by 190 g (57%), by suspension
of B. subtilis strains TNP-3 + TNP-5 by 161 g
(48%) in comparison with the control (see Table
4). The main contribution to its variability was
made by biopreparations (95%). A strong direct
relationship (p <0.01) of the tubers weight in the
bush with height, number and weight of plants,
leaf area, and PP (» = 0.81...0.98) was revealed.
The tubers weight significantly decreased when

potatoes were affected by rhizoctoniose, com-
mon mosaic, and common potato scab (r =
-0.85...-0.96).

The yield of potato variety Yakutyanka varied
in the years of research from 13.0 to 23.5 t/ha
(V = 22%). When the tubers were treated with
biopreparations before planting, it increased in
comparison with the control by 7.4-8.8 t/ha (54-
64%), and in the variant with Phytosporin-M it
was 1.4 t/ha (6.6%) more than when the tubers
were treated with a suspension of B. subtilis bac-
terial strains TNP-3 + TNP-5 (see Table 4). The
main influence on the yield variability was ex-

Ta6a. 4. Biusnue OnonpenaparoB Ha AJIEMEHTHI
CTPYKTYPBI H YPOXKAWHOCTH KapTodesst copra SKy-
TsaHKa (cpennee 3a 2007-2009 r.)

Table 4. Influence of biopreparations on structure

elements and yield of potato variety Yakutyanka
(average for 2007-2009)

Number | Tuber
Option (factor) of tubers, | weight, | Yield, t/ha
pes./bush | g/bush
Productivity
Control 8.4 334 13,8
Phytosporin-M 9,3 524 22,6
TNP-3 + TNP-5 9,4 495 21,2

Share of influence of factors and

their interaction, %

Preparation (factor A) | 411 | 94,5%% 1 95,8%%
Year (factor B) 8,3 3.1 24
AXB 0,7 1,0 0,9
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Theoretical regression line for a straight-line correlation between tuber yield and raw weight of plants in

the flowering phase

erted by the biopreparations (96%). There was a
reliable direct correlation of the yield with plant
height and weight, leaf area, PP (» =0.82...0.98),
and an inverse correlation with common potato
scab, rhizoctoniose, and common mosaic (» =
-0.80...-0.96). The regression coefficient shows
that when the weight of the bush in the flow-
ering phase increased by 100 g tuber yield in-
creased by 9.7 t/ha (R*> = 0.95) (see the figure).
The difference between the actual yield and the
yield calculated on the basis of the raw weight
of plants in the flowering phase averaged 0.90 t/
ha (4.7%).

CONCLUSIONS

1. In the conditions of Central Yakutia the
duration of the period of sprouting - maturation
of the potato variety Yakutyanka varies from 62
to 66 days at the sum of average daily air tem-
peratures 1048-1227°, the period of planting -
maturation - from 84 to 89 days at the sum of
temperatures 1417-1615°. More significantly
(V' = 13%) varies the duration of the period of
planting - sprouting (18-27 days). Pre-plant-
ing treatment of the tubers with Phytosporin-M
and suspension of B. subtilis bacterial strains
TNP-3 + TNP-5 accelerates the emergence of
sprouts by 2-4 days.

2. Treatment of the tubers before planting
with Phytosporin-M and suspension of B. subti-
lis bacterial strains TNP-3 + TNP-5 increases the
weight and photosynthetic activity of plants (by
6-19%), the number (11%) and weight (48-57%)
of the tubers, reduces 1.8-2.9 times the damage
of the plants by a complex of diseases, increases
the yield by 7.4- 8.8 t/ha (54-64%). The main
contribution to the variability of indicators is
made by biopreparations (45-96%), less signif-
icant - weather conditions (1-38%), interaction
of the factors (1-11%).

3. A strong positive relationship (p <0.01) of
the yield, number and weight of the tubers with
the height, number and weight of the plants, leaf
area, photosynthetic potential (» = 0.81...0.98),
negative - with rhizoctoniose, common potato
scab, common mosaic (7 = -0.80...-0.96) was re-
vealed.

4. There is an inverse relationship (r=-0.33...-
0.96) between the prevalence of diseases and in-
dicators of growth and photosynthetic activity of
plants. In arid conditions, the lesion of common
potato scab and rhizoctoniose increases 1.4-1.8
times, black leg, potato rugose mosaic and com-
mon mosaic decreases 1.6-2.5 times.

5. Regression equations were calculated, al-
lowing to determine the leaf area, photosynthetic
potential and yield by plant mass promptly and
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TIpeanocanounas o6padoTka KiyOHel kapTodens OuonpenaparaMmu
B ycnoBusax LlenTpanbHoii AxyTun

Cnennosa T.B., Heyctpoes M.II.

with high accuracy (R* = 0.85...0.95). When in-
creasing the weight of the bush in the flowering
phase by 100 g, the leaf area increased by 2.3
thousand m*ha, PP for vegetation by 120 thou-
sand m? - day/ha, yield by 9.7 t/ha. The difference
between actual and calculated values is 2.7-4.7%.

CIHIUCOK JIMTEPATYPbI

1.

Azuzbexsan P.P. bromorndeckue mpernaparsl 1
3aIUThl CEJIbCKOXO3IHCTBEHHBIX pacTeHUH //
buorexnonorus. 2018. T. 34. Ne 3. C. 23-32.
Alori E.T., Babalola O.0O. Microbial inoculants
for improving crop quality and human health in
Africa // Frontiers in microbiology. 2018. Vol. 9.
P. 2213. DOI: 10.3389/fmicb.2018.02213.
Khan N., Bano A., Babar A.M. Impacts of plant
growth promoters and plant growth regulators
on rainfed agriculture // Plos one. 2020. Vol. 15.
P. 32. DOI:10.1371/journal.pone.0231426.
1[semrosa B.I1., Macnennuxosa B.C., [lImepn-
wuc M.B., Jlenax A.A., Jlenax A.M. Bnusaue 1o-
T(yHKINOHAIBHON MUKPOOHON CMecH Ha pH-
30KTOHHMO3 KapTodessi U KOJIOPaacKoro xyka //
Hoctuxenns nayku u texHuku AIIK. 2020.
T. 34. Ne 3. C. 26-31. DOI: 10.24411/0235-
2451-2020-10305.

Macnennuxosa B.C., [lsemkxosea B.Il., Ile-
mpos A.®., Ilacmyxosa A.B. BrusHue Oaxre-
puii pona Bacillus Ha pocT U IPOXYKTUBHOCTD
Tomara coprta Criok // Becthuk HoBocubupcko-
r0 TOCYAapCTBEHHOTO arpapHOro YHHBEPCHTE-
ta. 2021. Ne 1. C. 56-63. DOI: 10.31677/2072-
6724-2021-58-1-56—-63.

lepesaeuna M.K., Bacunvesa C.B., benog I'JI.,
3etipyk B.H., Hosuxosa HU.H. IpdexTuBHOCTD
HOBOro Owomnpenapara KapTOpUH Ha OCHOBE
Bacillus subtilis npu BeIpamuBaHuu Kaprode-
nst // ArpapHblil HayuHbIH xKypHait. 2019. Ne 5.
C. 8-14. DOI: https://doi.org/10.28983/as;.
y2019i5pp8-14.

Xavipynnun  PM., bBypxanosa I'®., Copo-
kanv A.B., Capsaposa E.P., Becenosa C.B., Ye-
penanoga E.A., Bonoeun C.I., 3amanuesa @.D.,
Maxkcumos U.B. K mexaHn3zmMaMm aHTUBUPYCHOMN
aKTUBHOCTU Oakrepuii pona Bacillus subtilis
Ha pacteHHsx kKaprtodens / Teopermueckast u
npuktagHas axonorus. 2019. Ne 4. C. 130-135.
DOI: 10.25750/1995-4301-2019-4-130-135.
Ocunosa B.B. Bnusiaue 00pabOTKH KapTodens
ouonpenapatom durocnopuH-M Ha cKopocre-
JIOCTh, ypOKall M KauyecTBO KIyOHEH B yCIOBH-

10.

I1.

12.

13.

ax kpuonuto3onsl // Bectank Upl'CXA. 2020.
Bem. 97. C. 1-5.

Cnenyosa T.B. DdhexkTUBHOCTH NpUMEHE-
HUsl OMOJOTMYECKHX TpenapatoB W MHUKpO-
SJIEMEHTOB NpHW BBIPALIMBaHUM KapTodens B
Sxytun // MexXIyHapOOHBIH  CEebCKOXO3SH-
cTBeHHBIN KypHas. 2020. Ne 5 (377). C. 45-47.
DOI: 10.24411/2587-6740-2020-15091.
Ilempos A.D., llynvea M.C., I'anees P.P., Ias-
puney H.B., Konobuna O.H. CoBepIIeHCTBOBA-
HUE TEXHOJOTHH IPOM3BOACTBA KapTodelns B
YCIIOBUSAX JIECOCTENHOW 30HbI 3amajHon Cu-
OupH myTeM ONTHMHU3ALMM NPUMEHEHHS Opra-
HOMHUHEPaJIBHBIX CTUMYISATOpPOB pocrta // Un-
HOBAaI[M U MPOIOBOJILCTBEHHAS OE30MaCHOCTb.
2022. Ne 2 (36). C. 58-65. DOI:10.31677/2311-
0651-2022-36-2-58-65.

Crkpsiouna M.I1., Cmenanosa A.M., Tapaby-
kuna H.II., Heycmpoes M.II. depmeHTaTHB-
Has aKTMBHOCTb IUTaMMOB Oakrtepuil Bacillus
subtilis, BBIIEICHHBIX U3 MEP3JIOTHBIX TMOYB //
[MpoOnemMbl BeTEepUHAPHON CAHWUTAPUH, THTH-
enbl U akojoruu. 2020. Ne 1 (33). C. 73-79.
DOI: 10.36871/vet.san.hyg.ecol.202001011.
Maxcumosa X. 1. CunocoBaHre KOPMOBBIX KYJlb-
TYp C UCIONb30BaHHEM Ouomnpemnaparos // Mo-
CKOBCKHUH 2KOHOMUYeCKu# xypHai. 2019. Ne 3.
C. 9. DOI: 10.24411/2413-046X-2019-13009.
Oxnonkosa I1.11., Hukonaesa @.B., Jlyku-
na @.A., E¢ppemosa C.11., Hrosnesa H.C. bo-
JIe3HU KapTtodens u Mepbl OOpbOBI ¢ HUMHU B
ycnoBusix Skyrun: monorpadus. SAxyrck: [a-
Hu-Anmac, 2018. 48 c.

REFERENCES

L.

Azizbekyan R.R. Biological preparations for ag-
ricultural plants protection. Biotekhnologiya =
Biotechnology in Russia, 2018, vol. 34. no. 3.
pp. 23-32. (In Russian). DOI: 10.21519/0234-
2758-2018-34-5-37-47.

Alori E.T., Babalola O.0O. Microbial inoculants
for improving crop quality and human health in
Africa. Frontiers in microbiology, 2018, vol. 9.
p- 2213. DOI:10.3389/fmicb.2018.02213.

Khan N., Bano A., Babar A.M. Impacts of plant
growth promoters and plant growth regulators
on rainfed agriculture. Plos one. 2020, vol. 15,
p. 32. DOI: 10.1371/journal.pone.02314269.
Tsvetkova V.P., Maslennikova V.S., Shtern-
shis M.V,, Lelyak A.A., Lelyak A.L. The effect
of multifunctional microbial mixture on the
Rhizoctonia blight of potato and the Colora-

3emiieienue U XUMH3aIvs

CHOUPCKHUI BECTHHK CEITbCKOXO3SIHCTBEHHOM HayKH ® 2023 « 53 « 9 13



Pre-planting treatment of potato tubers with biopreparations
in conditions of Central Yakutia

Sleptsova T.V., Neustroev M.P.

do potato beetle. Dostizheniya nauki i tekhniki
APK = Achievements of Science and Technology
of AIC, 2020, vol. 34, no 3. pp. 26-31. (In Rus-
sian). DOI: 10.24411/0235-2451-2020-10305.

5. Maslennikova V.S., Tsvetkova V.P., Petrov A.F.,
Pastukhova A.V. Influence of the bacillus genus
bacteria on the growth and productivity of to-
matoes of Spok variety. Vestnik Novosibirskogo
gosudarstvennogo agrarnogo universiteta = Bul-
letin of NSAU (Novosibirsk State Agrarian Uni-
versity), 2021, no. 1. pp. 56-63. (In Russian).
DOLI: 10.31677/2072-6724-2021-58-1-56-63.

6. Derevyagina M.K., Vasil’eva S.V., Belov G.L.,
Zeiruk V.N., Novikova I.I. The effectiveness of
a new biological product Spud on the basis of
Bacillus subtilis in the cultivation of potatoes.
Agrarnyi nauchnyi zhurnal = Agrarian Scienti-
fic Journal, 2019, no. 5. pp. 8-14. (In Russian).
DOI: 10.28983/asj.y2019i5pp8-14.

7. Khairullin R.M., Burkhanova G.F.,, Soro-
kan’A.V., Sarvarova E.R., Veselova S.V., Chere-
panova E.A., Vologin S.G., Zamalieva F.F.,
Maksimov [.V. On the mechanisms of antiviral
activity of bacteria of the genus Bacillus subtilis
on potato plants. Teoreticheskaya i prikladnaya
ekologiya = Theoretical and Applied Ecology,
2019, no 4. pp. 130-135. (In Russian). DOI:
10.25750/1995-4301-2019-4-130-135.

8. Osipova V.V. Influence of potato processing
by Phytosporin-M biological product on ma-
turity, crop and quality of tuber under condi-
tions of cryolitzone. Vestnik IrGSKhA = Vestnik
IrGSHA, 2020, is. 97. pp. 1-5. (In Russian).

NHO®OPMALIUA Ob ABTOPAX

x)Caenumosa T.B., HayuHbBIi COTPYIHUK;
aapec aas nepenucku: Poccus, 677001, Pecrry6mm-
ka Caxa (SIkytus), SAkyTck, yi. becryxeBa-MapiwH-
ckoro, 23, koprrycl; e-mail: SlepsovaTV@yandex.ru

Heycrpoes MLII., 10KTOp BeTepUHAPHBIX HAYK,
npodeccop, 3aBemyromuil Jadopartopuei; e-mail:
mneyc@mail.ru

9. Sleptsova T.V. Effectiveness of biological prepa-
rations and trace elements in potato cultivation
in Yakutia. Mezhdunarodnyi sel skokhozyaist-
vennyi zhurnal = International Agricultural
Journal, 2020, no. 5 (377). pp. 45—47. (In Rus-
sian). DOI: 10.24411/2587-6740-2020-15091.

10. Petrov A.F., Shul’ga M.S., Galeev R.R.,
Gavrilets N.V., Kolbina O.N. Improving pota-
to production technology by optimizing the use
of organomineral growth stimulants in the for-
est-steppe zone of Western Siberia. Innovacii i
prodovol'stvennad bezopasnost' = Innovations
and Food Safety, 2022, no. 2 (36). pp. 58-65.
(In Russian). DOI: 10.31677/2311-0651-2022-
36-2-58-65.

11. Skryabina M.P., Stepanova A.M., Tarabuki-
na N.P., Neustroev M.P. Enzymatic activity of
strains of bacteria Bacillus subtilis isolated from
frozen soils. Problemy veterinarnoi sanitarii,
gigieny i ekologii = Problems of Veterinary Sa-
nitation, Hygiene and Ecology, 2020, no. 1 (33),
pp- 73-79. (In Russian). DOI: 10.36871/vet.san.
hyg.ecol.202001011.

12. Maksimova Kh.I. Silage of forage crops using
biological products. Moskovskii ekonomicheskii
zhurnal = Moscow economic journal, 2019,
no. 3, p. 9. (In Russian). DOI: 10.24411/2413-
046X-2019-13009.

13. Okhlopkova P.P., Nikolaecva F.V., Lukina F.A.,
Efremova S.P., Yakovleva N.S. Potato diseases
and measures to combat them in Yakutia, Yakutsk,
«Dani-Almas» Publ., 2018, 48 p. (In Russian).

AUTHOR INFORMATION

(><)Tatyana V. Sleptsova, Researcher; address:
building 1, 23, Bestuzheva-Marlinskovo St., Yakutsk,
Republic of Sakha (Yakutia), 677001, Russia; e-mail:
SlepsovaTV@yandex.ru

Mikhail P. Neustroev, Doctor of Science in
Veterinary Medicine, Professor, Laboratory Head;
e-mail: mneyc@mail.ru

Jlama nocmynnenusi cmamou / Received by the editors 27.07.2023
Jama npunamus k nyonuxayuu / Accepted for publication 29.08.2023
Jama nyonuxayuu / Published 20.10.2023

14  Siberian Herald of Agricultural Science ¢ 2023 « 53 « 9

Agriculture and chemicalization



https://doi.org/10.26898/0370-8799-2023-9-2 Twrr cTaTeu: OpUTHHATBHAS
VIK: 631.84:631.582(571.54) Type of article: original

HCITOJB30BAHUE A30TA YIOBPEHUM 3EPHOBBIMU KYJIBTYPAMHU
B APU/IHBIX YCJTIOBUSAX BYPATUHAN

) buaryes A.C., Bynaxanos JI.B., Ynanos A.K.

bypamckuii hayuno-ucciedosamenbcKul UHCMUMym ceibckoeo xossacmea — guauanr Cubupckozo
Gedepanvroeo nayunozo yenmpa azpoouomexuonozuti Poccutickoil akademuu nayx

Pecny6nuka Bypsitust, Ynan-VYna, Poceunst

(<) e-mail: burniish@inbox.ru

[IpencraBiens! pe3yasTaTsl CCIeA0BaHUl B unTenbHOM (1982-2021 TT.) cTalMOHAPHOM OITBITE
T10 OTIpeieTICHHUIO K0d(h(DUIIMEHTOB HCIIONB30BaHMSI a30Ta MUHEPAIBHBIX YIOOPEHHI KYIBTYpaMH 3€p-
HOTIAPOBOT0 CEBOOOOPOTA B YCIOBUSAX CYXOCTEIHOM 30HbI bypsitun. Kamranosas cynecuanasi mousa
Ha U3y4aeMbIX BAPUAHTAX XapaKTepU30Balach OYCHb HU3KUM COACPKAHUEM Trymyca, oOIIero a3ora
W HUTPATOB TIEPEIl MMOCEBOM KyIbTyp. B mepuon mpoBeneHus MCCICAOBaHUNA OTMEUEHO Mpeobiama-
HUE 3aCynuINBBIX JieT. Ko UIMEeHTH HCIToNb30BaHus a30Ta MUHEPAJIbHBIX YIOOPEHNH B YCIOBHUSIX
CyXOCTeNnHOU 30HbI BypsTuu B cpennem 3a 39 jeT uccineaoBaHUA COCTABISUIM JUJIsl MILIEHULBI 69%,
oBca — 54 u oBca Ha 3epHOceHaxX — 90%. Ha Bapuanuio ko3(pGULNEHTOB 3HAYMMO BIHSIIM YCIIOBHS
YBJIKHEHUS JIETHEro nepuoja. [Ipu skcTpeManbHON U CUIIBHOM 3acyxe OHU cocTaBisuiu 32%, npu
yMepeHHOH u ciaboit — 57% u 3HaunTenbHO (1o 124%) Bo3pacTanu npu ONArONPUSTHOM YBIIAXKHE-
Huu. Vcronp30BaHKe a30Ta TYKOB ObUIO MaKCUMAJIbHBIM Y TPEThEH KyJIBTYPhl (OBCA HA 3€PHOCEHAXK)
u 6oyiee OT3BIBUMBLIM Ha aTrMoc(epHoe yBIakHeHHe. HanMenbimue kodQGhUIINEHTH MOTPeOIeHUS
¥ pa3Max ero M3MEHEHHUI OTMEYeHHI Y OBca Ha 3epHo. [lepBas KynapTypa ceBooOopoTa (TIIeHuIa mo
rapy) B 3TOH OIIEHKE 3aHMMalia POMEKYTOYHOE IoioxkeHue. [1oaydeHbl JaHHbIe O BIHUSHUU T10Y-
BEHHOTO YBJIQYKHECHUS ¥ THJIPOTSPMUICCKUX YCIOBUN OTACIBHBIX KPUTHUECKHUX IIEPHOIOB BEreTallH
Ha Bapualunio Ko3(P(UIMEHTa UCTIONB30BaHUs a30Ta MUHEPAIbHBIX TYKOB (N, ) MIIEHHUIEH, OBCOM U
OBCOM Ha 3epHOCCHaX. KoppeammoHHbIN aHaIn3 TI0Ka3aj, 9To Han0oJiee KPUTUIHBIM TIEPHUOIOM TIO
MTOTPEOICHHUIO a30Ta MIIICHUTICH sBisteTcs ntoHb (7 = 0,61), y oBca — utomns (= 0,51) 1 Ut0IbL — aBryCT
Juts oBca Ha 3epHOceHax (r = 0,50-0,52). [locTpoeHb MHOXXECTBEHHBIE JINHEHHBIE MOJIENN 3aBUCH-
MOCTH K03(p(pHIIMEHTOB UCTIONB30BaHUS a30THBIX YIOOPEHUH OT COJIEpyKaHMs IPOAYKTUBHOM BJIard U
TUAPOTEPMUYECCKUX YCIOBUM.

KuroueBbie ciioBa: k03(QQUIIMEHT UCTIONB30BAHMS a30THBIX YI0OPEHU, CYXOCTEIHAS 30HA

FERTILIZER NITROGEN USE BY CEREAL CROPS
IN ARID CONDITIONS OF BURYATIA

() Biltuev A.S., Budazhapov L.V., Ulanov A.K.

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

Ulan-Ude, Republic of Buryatia, Russia

(<)e-mail: burniish@inbox.ru

The results of research in a long-term (1982-2021) stationary experiment to determine the
coefficients of nitrogen use of mineral fertilizers by the crops of grain and fallow crop rotation in the
conditions of the dry-steppe zone of Buryatia are presented. Chestnut loamy sand soil on the studied
variants was characterized by very low content of humus, total nitrogen and nitrates before sowing of
the crops. During the research period, the prevalence of dry years was noted. Nitrogen use coefficients
of mineral fertilizers in the conditions of the dry-steppe zone of Buryatia on average for 39 years of
research were 69% for wheat, 54% for oats and 90% for oats for grain haylage. The variation of the
coefficients was significantly influenced by summer moistening conditions. They were 32% under
extreme and severe drought, 57% under moderate and weak drought, and increased significantly (up
to 124%) under favorable moisture conditions. The utilization of nitrogen of solid mineral fertilizers
was maximum in the third crop (oats for grain haylage) and more responsive to the atmospheric
moistening. The smallest consumption coefficients and the range of its changes were observed in
oats for grain. The first crop of the rotation (fallow wheat) occupied an intermediate position in this

3emienenne U XUMHU3aIus CHOMpPCKHUiT BECTHUK CEITbCKOXO03SHCTBEHHOM HayKH * 2023 ¢ 53 ¢« 9 15



Fertilizer nitrogen use by cereal crops in arid conditions of Buryatia

Biltuev A.S., Budazhapov L.V., Ulanov A.K.

assessment. The data on the influence of soil moisture and hydrothermal conditions of separate critical

periods of vegetation on the variation of the coefficient of mineral fertilizer nitrogen utilization (N,))

by wheat, oats, and oats for grain haylage were obtained. The correlation analysis showed that the

most critical period for nitrogen consumption in wheat is June (» = 0.61), in oats — July (» = 0.51)

and July—August for oats for grain haylage (» = 0.50-0.52). Multiple linear models of dependence of

N fertilizer use coefficients on productive moisture content and hydrothermal conditions were made.
Keywords: nitrogen fertilizer utilization rate, dry steppe zone
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INTRODUCTION

The coefficient of nutrient utilization of fer-
tilizers is one of the main criteria of efficiency
and environmental rationality of their use. The
intensity of utilization of applied fertilizers is
determined not only by biological characteris-
tics of the plants, but also depends on a complex
of edaphic and meteorological factors that deter-
mine crop yields. Their joint action forms a sig-
nificant variation of soil-climatic conditions, but
it is difficult to distinguish the role of individual
factors on mineral nutrition of plants in short-
term experiments. In this regard, mathematical
processing of data from long-term field studies
allows us to more accurately establish the coef-
ficients of fertilizer use in a certain area and soil
depending on climatic conditions of crop vege-
tation [1-4].

The determination of fertilizer nutrient use
coefficients in chestnut soils of Transbaikalia
under their systematic application in crop ro-
tation was carried out in the period 1968-1997
in the Agrochemistry Department of the Buryat
Research Institute of Agriculture. It was found
that in the six-field grain-fallow-row crop rota-
tion (1968-1981) the nitrogen utilization from
ammonium nitrate (N, ) averaged 34%, under
the crops of four-field crop rotation of fallow -
wheat - oats - oats for grain haylage (1982-1997)
increased to 89% with a very high variability of

values. The main factors forming this variability
were the hydrothermal conditions of crop veg-
etation. Nitrogen is the most deficient element,
the efficiency of its application on chestnut soils
of Buryatia was manifested both in conditions
of moderate drought and under good moisture!
[4-9].

The purpose of the research is to generalize
the experimental material on the study of the pe-
culiarities of the use of mineral fertilizer nitro-
gen by crops of grain-fallow crop rotation with
the determination of the influence of hydrother-
mal conditions of vegetation on the variation of
the coefficients of its use from mineral fertilizers
in the dry-steppe zone of Buryatia.

MATERIAL AND METHODS

The experiment took place in the experi-
mental field of the Buryat Research Institute
of Agriculture in the central dry steppe of the
Republic of Buryatia (Ivolginsk settlement) on
zonal chestnut soils (included in the system of
the Geographical Network of experiments with
fertilizers). The experiment was laid in 1967
and consisted of 13 variants of mineral, organic
and organic-mineral fertilizer systems. Howev-
er, in 1982, the scheme of the experiment was
changed to reduce the doses, because high rates
did not provide the planned productivity in rain-
fed conditions of the dry steppe of Buryatia.

'Revensky V.A. Efficiency of nitrogen fertilizers on chestnut soils of Buryatia. Novosibirsk: Nauka, 1985, 149 p.
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Hcnonp3oBaHue a30Ta ynoOpeHHil 3epHOBBIME KYIBTypPaMU
B apUIHBIX yCIOBUSIX Bypsitun

Bunryes A.C., Bynaxanos JI.B., Ynanos A.K.

The most optimal dose of mineral fertilizers is
N, P, K, Accordingly, to study the coefficient
of nitrogen fertilizer use, the variant P, K, was
also introduced.

Fertility of sandy loamy mealy carbonate
low humus sabulous chestnut soil on the studied
variants was characterized by very low content
of humus, total nitrogen and nitrates. The con-
tent of mobile PO, increased from high content
in the control to very high in the variants with
fertilizers, the content of exchangeable K O also
increased from medium to high content in these
variants (see Table 1).

The climate of the dry steppe of Buryatia is
conditioned by the mountain-kettle character of
the area and remoteness from the oceans. The
sum of average annual precipitation was within
220- 340 mm, of which 150-240 mm fell during
the growing season. The sum of active tempera-
tures was 1600-1800°. Meteorological condi-
tions during the study period were evaluated by
HTC for June-August according to Selyaninov
in the classification of E.S. Ulanova®. Correla-

Taoda. 1. ArpoxuMudecKre MoKa3aTeau MaxoTHOTO
(cpemnee 3a 19822021 rr)

tion analysis revealed the highest dependence of
the coefficient of nitrogen fertilizer use on the
hydrothermal conditions of the calendar summer
(r = 0.69). Extreme and severe droughts during
the experiment (1982-2021) were observed in 11
out of 39 years, or in 28% of cases. Note that the
impact of soil drought had a prolonged effect,
especially with periodic onset. Seasons with fa-
vorable moistening were observed in 46% of the
cases (see Table 2).

During the research period, there were 10
incomplete rotations of grain-fallow crop rota-
tion fallow - wheat - oats - oats for grain hay-
lage. Mineral fertilizers (Naa, Rsd, Kx) were
applied in spring annually by a scattered meth-
od under plowing. The number of repetitions in
the experiment four times, the area of plots 100
m?. The coefficient of fertilizer nitrogen use by
plants (CFNU, %) was calculated by the differ-
ence method between the removal of elements
by the economic yield in the fertilized N, P, K |
and background P, K, variants with subsequent
calculation of the percentage in relation to the

CJIOA KallTaHOBLIX IMOYB OINBITHOTO YUaCTKa

Table 1. Agrochemical parameters of chestnut soils arable layer of the experimental plot

(average for 1982-2021)

N . K,0 .
onton oH Humus total P,O,mobile exchaégeable N-NO,, mg/kg before sowing
b water % mg/kg Wheat Oats Oats for grain
haylage
Control 69 | 087 0,072 159 + 12 79 +8 35+02 2,8+ 04 39+0,5
PKy 6,9 | 095 0,077 | 236+19 140 +14 32402 | 3,0+02 | 33+04
N, P, Ky 6,7 | 1,05 0,081 240 + 22 130 +23 43+04 33+0,6 46+0,5

Taoua. 2. I'uaporepmuyeckue yciIoBUs NEpUoJia UCCIIeI0OBAHUM

Table 2. Hydrothermal conditions of the research p

eriod

Characteristics of moisture conditions
June - August

Years (n=39)

Drought:

extreme and strong HTC<0,6

moderate and weak 0,6 <HTC<1,0
Provided and excessive 1982,
moisturizing HTC>1,0

1987,1989, 2002, 2007, 2010, 2011, 2013, 2014, 2015, 2017, 2018 (n = 11)

1993, 1996, 1997, 2000, 2004, 2005, 2009, 2016, 2019, 2020 (n = 10)

1983, 1984, 1985, 1986, 1988, 1990, 1991, 1992, 1994,

1995, 1998, 2001, 2003, 2006, 2008, 2012, 2021 (n = 18)

2Ulanova E.S. Droughts in the USSR and their impact on grain production // Russian Meteorology and Hydrology, 1988, N 7,

pp- 127-134.
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amount of active substance of nitrogen (40 kg/
ha) applied to the soil with fertilizer. Total re-
moval was calculated according to the formula
=YC +YC,

0o PP

removal

where Y - wheat and oat grain yield at 14%
moisture content, c/ha; Y - wheat and oat straw
yield at 17% moisture content, c/ha; C_ and Cp -
nitrogen content in main and by-products

For oats harvested for green mass and grain
haylage, the formula was as follows
- Yoco’

removal

where Y_ - yield of green mass of oats, c/ha; C_ -
nitrogen content in green mass, %.

In some years oats did not produce grain,
so its green mass was taken into account. A re-
duction factor of 0.5423 was applied to bring
the green mass of oats and grain haylage from
harvested (55%) to standard moisture content.
Humus, total nitrogen, nitrate nitrogen, mobile
compounds of phosphorus and potassium, pH
were determined in the soils according to meth-
odological recommendations®.

The influence of climatic conditions on the
change in the coefficients of nitrogen use from
fertilizers was determined for each factor on
the basis of correlation dependencies. Regres-
sion models were built on the basis of the least
squares method for the most significant predic-
tors®.

RESULTS AND DISCUSSION

The use of nitrogen fertilizers is associated
with both biological characteristics of crops and
the purpose of products. The technology of culti-
vation of crops of grain and fallow crop rotation
implied different sowing dates: I and III ten-day
periods of May for wheat and oats for grain, re-
spectively, II ten-day period of June - for oats
for grain haylage mass. In accordance with this,
plants passed critical phases of development in
different periods of moisture availability.

The lowest consumption of nitrogen fertiliz-
ers by oats is associated with its low productiv-
ity relative to wheat and oats for grain haylage
(see Table 3).

With 73% probability of dry season from the
end of May to the second ten-day period of June,
it is the second crop that passes the critical peri-
od from sprouting to tube emergence under the
least favorable conditions of atmospheric and
soil moisture. Wheat on fallow is more provid-
ed with soil moisture of fallow field than oats,
which uses only its aftereffect. In this regard, the
strategy of cultivation of the third crop was car-
ried out by the type of annual grasses to obtain
the maximum yield of grain haylage. Intensive
growth of vegetative mass was technologically
brought to the most moisture-supplied period -
from the second ten-day period of July to the
second ten-day period of August, so that the ni-
trogen of fertilizers was more fully used in syn-

Ta6a. 3. KoappuimeHT ucrosib30BaHUs a30THBIX YI0OPEHUH KYJIBTYypaMu 3epHOIIApPOBOTO CEBOOOOPOTA

(1982-2021 1), %

Table 3. Nitrogen fertilizer use coefficient by crops of grain and fallow crop rotation (1982-2021), %

Coefficient
Culture in crop rotation HTC < 0,6 0,6 <HTC < 1,0 1,0 <HTC Average
First (wheat) 38 44 126 69
Second (oats) 24 49 89 54
Third (oats for grain haylage) 33 78 158 90
In crop rotation 32 57 124 71

3Yagodin B.A., Zhukov V.P, Kobzarenko V.I. Agrochemistry / edited by B.A. Yagodin. Moscow: Kolos, 2002, 584 p.
“Methodological recommendations for studying soil fertility indicators, humus and nutrients balance in long-term experiments.

Moscow: Soil Institute, 1987, 80 p.

SEliseeva LI, Kurysheva S.V, Gordeyenko N.M., Babaeva 1.V, Kosteeva T.V., Mikhailov B.A. Practicum on econometrics.

Moscow: Finance and Statistics, 2005, 192 p.

18  Siberian Herald of Agricultural Science ¢ 2023 « 53 « 9

Agriculture and chemicalization



Hcnonp3oBaHue a30Ta ynoOpeHHil 3epHOBBIME KYIBTypPaMU
B apUIHBIX yCIOBUSIX Bypsitun

Bunryes A.C., Bynaxanos JI.B., Ynanos A.K.

thetic processes during the period of maximum
growth from the emergence into the tube to ear
formation. Average annual values of CFNU for
rotation crops increased in the row oats — wheat
— oats for grain haylage.

Under different meteorological situations,
the CFNU in the crop rotation was naturally the
lowest (32%) in conditions of extreme and se-
vere drought, increased to 57% under moderate
and weak drought and reached the maximum
(124%) under sufficient moisture. The increase
in the CFNU in favorable years is due to both
the strengthening of the priming effect and the
increase in the aftereffect of annual application
of mineral fertilizers after dry years® [10]. Re-
gardless of the moisture conditions, the gener-
al tendency of the distribution of CFNU among
crops in different moisture availability periods
was maintained.

Nitrogen nutrition of crops is conditioned
by physiological features of plant development,
growth rates during the vegetation period. In this
regard, it is of interest to determine the most crit-
ical environmental parameters and the periods
of their influence on the CFNU. As sign-factors
for determining correlation relations (7), the in-
dicators of HTC in different periods of vegeta-
tion and productive moisture content in the soil
at sowing (PM, mm) in the 0-50 cm layer were
selected (see Table 4).

Wheat, using the reserves of moisture and
mineralized nitrogen accumulated in the fallow
field by fallow, was in the most privileged posi-
tion. Correlation analysis showed that the most

critical period for nitrogen consumption by this
crop is June (» =0,61).

In the I-1T ten-day periods of June, the tiller-
ing phase takes place, the secondary root system
and, in general, the plant habitus are established,
while in the III ten-day period, the vegetative
mass growth, formation of wheat reproductive
organs (number of spikelets in the ear and flow-
ers in the spikelets) and water consumption in-
crease sharply’ [11]. To a somewhat lesser ex-
tent, the nitrogen consumption was affected by
the conditions of July (ear fineness) and August
(grain filling). In this regard, the most signifi-
cant predictor, determining wheat CFNU, was
HTC of the period June-August (HTC ).
The content of productive moisture at sowing
in the half-meter layer (PM, mm) influenced the
CFNU to a medium degree. The model built on
these factors had the form of multiple linear re-
gression:

CFNU (wheat) = 108,9 HTC, , ,, +
+2,2PM - 1254, R =0,61.

The development of the second crop (oats)
was usually delayed by more than 2 weeks from
wheat. This is due to both the shift in the sowing
dates and the longer duration of the initial phases
of development under typical drought condi-
tions. In the conditions of the experiment, the in-
terphase period between tube emergence and ear
formation took place from the II to III ten-day
period of July. This period is considered to be
the most critical for oats in dry steppe, because
it consumes up to 55-65% of the total water con-

Taoxa. 4. Bousaue ycnoBuii yBIaKHEHUS Ha KOOQQHULIMEHT UCTIONB30BaHMs a30Ta YIOOPEHUH KyIbTypa-

MU 3epHOIapoBOro ceBoodopora (1 = 39)

Table 4. Influence of humidification conditions on the nitrogen utilization rate of fertilizers by crops of

grain-fallow crop rotation (n = 39)

HTC (by Selyaninov)

e P vy | e | maly | Auas | M0 ST el duly
Wheat 0,44 0,01 0,61 0,42 0,44 0,66 0,66 0,73 0,60
Oats 0,31 0,14 0,28 0,51 0,40 0,47 0,52 0,61 0,63
Oats for grain
haylage 0,37 -0,05 0,23 0,50 0,52 0,54 0,49 0,65 0,69

¢Semenov V.M. Modern problems and prospects of agrochemistry of nitrogen // Agrochemistry and ecology problems, 2008, N 1,

pp. 55-63.

"Osipov V.I. Grain crops in Buryatia. Ulan-Ude: Buryat book publishing house, 1982, 88 p.
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sumption [12]. With a significant increase in veg-
etative mass, nitrogen nutrition also increased
(r = 0.51). August precipitation (» = 0.40) also
influenced nitrogen consumption by oats, which
is associated with a number of reasons: oat grain
filling usually took place in the third ten-day pe-
riod of August; August is a determining month
for oat productivity in those cases when it is not
possible to obtain a grain harvest. Thus, during
the research period oat yield in 20% of the cases
was formed in the form of green mass of the sec-
ond wave of sprouting and afterspring. This was
promoted by the drought in the first half of sum-
mer and favorable moisture in the second half
of summer. The influence of productive mois-
ture in the soil at sowing was weak (r = 0.29).
The model of dependence of fertilizer nitrogen
use by oats on hydrothermal conditions in July
(HTC,,) and August (HTC, ), as well as on the
content of productive moisture in the 0-50 cm
layer at sowing was as follows
+ 34,4 HTC , ++

CFNU (OatS) = 37’4 HTCVU VI
0,55 PM - 40,3, R*= 0,40.

The third crop of the crop rotation (oats for
grain haylage) passed the stages of tillering,
tube emergence, ear formation and flowering in
July-August. Conditions of heat and moisture
availability of this period (HTC, ) had a de-
termining influence on nitrogen mineral nutri-
tion of the crop (» = 0.50-0.52). The influence
of moisture reserves at sowing (PM, mm) was
less significant (» = 0.37). The dependence of
the coefficient of nitrogen consumption of fer-
tilizers on the conditions of the atmospheric and
soil moistening was most adequately expressed
by the function

CFNU (oats for grain haylage) =
=110,6 HTC +2,3PM-94,4, R*=0,51.

VI VII

The constructed models showed that varia-
tions in the coefficients of nitrogen consumption
from mineral fertilizers by 40-61% were caused
by the changes in atmospheric and soil moisture.
The most significant was the effect of hydrother-
mal conditions on nitrogen nutrition of oats and
wheat. The change of HTC by 0.1 caused the
change of the CFNU by 11.1 and 10.8%, respec-

tively. For oats, this indicator was much lower
(3.7%). The similar influence of soil moistening
before sowing of crops was much lower. Each
millimeter of productive moisture corresponded
to a 2.2-2.3% change in the CFNU for wheat and
oats for grain dressing and 0.6% for oats.

CONCLUSION

In the system of chestnut soil - climate - plant
- fertilizer, the intensity of nitrogen nutrition of
crops of grain and fallow crop rotation is closely
related to meteorological conditions in the most
critical periods of nutrition. Differences of crops
on nitrogen consumption of fertilizers are con-
ditioned by the features of growth and develop-
ment of crops, technology of their cultivation.

Average annual coefficients of nitrogen use
of mineral fertilizers in the conditions of the
dry-steppe zone of Buryatia are 69% for wheat,
54 for oats and 90% for oats for grain haylage.
A high variation of these coefficients was not-
ed, which is due to the significant variability of
moisture conditions during critical periods of
growth and development of crops. A relatively
large sample of field experiment data allows to
reveal the influence of hydrothermal conditions
and soil moisture on the coefficients of nitrogen
consumption of fertilizers. Nitrogen nutrition of
wheat is more influenced by HTC for June - Au-
gust (» = 0.73), oats and oats for grain haylage
- for July - August (r = 0.63-0.69). The influ-
ence of soil moisture during the sowing period
1s much weaker (» = 0.31-0.44).
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XO3SIHCTBEHHO-EHMOJIOTTYECKAS OIIEHKA COPTOB
U TUBPUJIOB PAIICA SIPOBOI'O B YCJIOBUSX KUPOBCKOM OBJACTH

Kama6una JI.B.!, JIsioenko E.C.%, <) Xi0omoB A.A.?

!Axyuonepnoe obwecmeo Aepokombunam Ilnemsasod «Kpacrnoeopckuiiy»
Kwupos, Poccus

’Baimckutl 20Cy0apcmeeHtvill a2pomexHolo2udeckKuil YHUueepcumem
Kupos, Poccus

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

B nocnemnue roger B Poccuiickoit denepaninu oTMeueHa TeHICHIIUS YBEINICHHS TOCEBHBIX TIIIO-
maaed moj parcom, apeail KOTOpOTO MOCTOSIHHO pacimpsieTcs. B omHoM u3 xo3siictB KupoBckoii
00JIaCTH TIPOBE/ICHBI MCCICIOBAHUS 110 XO35HCTBCHHO-OMOJIOTUYECKO OIlEHKE COPTOB U THOPHJIOB
parica sipoBoro. B cpaBHUTEIBHOM aCIEKTe B IIPOU3BOJICTBEHHBIX YCIOBUSIX MCCIICAOBAHBI MIEPCIICK-
THUBHBIC COpTa ¥ TUOpuU b, M3ydyeHa mojeBast BCXOKECTh CEMSH, OIpeie/icHa COXPAHHOCTh PACTCHHIMA
K MOMEHTY yOopku. JlaHa OIleHKa MPOIOKUTEIIEHOCTH MEX(a3HbIX W BETeTallMOHHOTO TIEPHOIOB
MIEPCIIEKTUBHBIX COPTOB M THOPHIOB SIPOBOTO parica, MPOBEACHO CPAaBHEHHE YPOXKAHHOCTH MX CEMSH.
[IpencrasieH aHamU3 3JIEMEHTOB CTPYKTYPBI IPOYYKTUBHOCTH JJAHHBIX COPTOB ¥ THOPHUIOB. B sKcme-
pUMEHTE BBICESHBI COpTa sIpoBoro parica [epoc, Kammuno, Spuno, momyueHHbIe B YCIOBUSIX XO3SH-
CTBa M UMEIOIINE COOTBETCTBYIOIINE JOKYMEHThI O KQUeCTBE, U THOPH/IBbI [IEPBOTO MOKOJIeHUS [IKOi,
Ixa3, Iedect, xokep, Jxepom, xeppu. [Ipu oreHke Ipoa0DKATEIFHOCTH BETETAIMOHHOTO TIe-
pHO/Ia YCTaHOBIIEHO, YTO BCE 00OPA3IIbl IO OMOIOTHIECKUM PUTMaM YKJIAIBIBAIOTCS B BET€TAIlMOHHBIH
rieprior KupoBcKkoit 00macT 1 OTHOCSITCS K TPyIIe cpeaHecnensix. [loneBas BCXOKECTh H3y4aeMbIX
COPTOB U THOPHUJIOB B CPEIHEM 3a TOflbl UCClIeAoBaHus Kosiebanack oT 48,8 no 75,8%. B cpennem 3a
2 roja HanOoJIee BHICOKAS MOJICBAsi BCXOKECTh OTMEUCHA Y TUOPU/IOB MEPBOTO MOKOJICHUs J[okep u
Tedecr (75,8 u 69,1% coorBercTBeHHO). COXPaHHOCTH paCcTEHH K yOOpKE BBIIIE, YeM y KOHTPOJIS
(84%), B cpenneM 3a 2 romga otMedeHa y coptoB Kammuuo u SApwio. [lo yposkaitHOCTH CeMsTH T0CTO-
BEPHO TIPEB30ILIH KOHTPOIb (15,5 w/ra) rubpumer [Hxeppu F (16,7) u ixoxep F, (16,2), copt SApuino
(16,3 w/ra). o uncay CTpydkoB Ha OTHOM PAaCTEHHH B CPEIHEM 3a 2 rofia JOCTOBEPHO MPEB30ILIN
KOHTPOJb (358) rubpunsr xoit (450), Txokep (482) u copt SApuno (459).

KuroueBblie cjioBa: paric sSipoBOi, ypoKaiHOCTb, CTPYKTYpa MPOAYKTUBHOCTH, H3YYCHHUE COPTOB U
rUOPHUJIOB, XO3SMCTBEHHO-OMOJIOIMYECKAs OLEHKA

ECONOMIC AND BIOLOGICAL EVALUATION OF SPRING RAPE VARIETIES
AND HYBRIDS UNDER CONDITIONS OF THE KIROV REGION
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IJSC Multi-unit agricultural enterprise Stud Farm “Krasnogorsky”
Kirov, Russia

*Wyatka State Agrotechnological University
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In recent years there has been a tendency in the Russian Federation to increase the area under rape-
seed, the area of which is constantly expanding. Research on economic and biological evaluation of
spring rape varieties and hybrids was carried out in one of the farms of the Kirov region. Promising
varieties and hybrids were studied under comparative aspect in production conditions. The seeds field
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and hybrids under conditions of the Kirov region

germination was studied, the safety of the plants by the time of harvesting was determined. The du-
ration of interphase and vegetation periods of the promising varieties and hybrids of spring rape was
estimated, the yield of their seeds was compared. Analysis of the productivity structure elements of
these varieties and hybrids is presented. In the experiment spring rape varieties Heros, Campino, Yari-
lo, obtained under farm conditions and having appropriate quality documents, and the first generation
hybrids Joy, Jazz, Hephaestus, Joker, Jerome, Jerry were sown. When assessing the duration of the
vegetation period, it was found that all the samples by biological rhythms fit into the vegetation period
of the Kirov region and belong to the medium-maturing group. Field germination of the studied variet-
ies and hybrids on average during the years of the study ranged from 48.8 to 75.8%. On average for 2
years, the highest field germination was observed in the first generation hybrids Joker and Hephaestus
(75.8 and 69.1%, respectively). Preservation of plants for harvesting higher than the control (84%), on
average for 2 years was observed in the varieties Campino and Yarilo. In terms of seed yield, hybrids
Jerry F'| (16.7 c/ha) and Joker F'| (16.2) and the variety Yarilo (16.3 c/ha) significantly outperformed
the control (15.5 c/ha). Hybrids Joy (450), Joker (482) and the variety Yarilo (459) reliably surpassed

the control (358) by the number of pods on one plant on average for 2 years.
Keywords: spring rape, yield, productivity structure, study of varieties and hybrids, economic and

biological assessment
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INTRODUCTION

In recent years in the Russian Federation the
need for production of high quality vegetable
oils for food and technical purposes is growing.
Among oilseed crops, sunflower, soybean, rape-
seed and oilseed flax are widespread on the ter-
ritory of our country. Spring rapeseed is both an
oilseed and a fodder crop. Rapeseed oil is on the
fifth place after soybean, cotton, peanut and sun-
flower in terms of world consumption [1-3]. It
1s known that new modern varieties and hybrids
are characterized by almost complete absence
of erucic acid in oil and glucosinolates in meal.
In this regard, rapeseed oil became suitable for
food purposes, cake and meal are used for ani-
mal feed [4-7].

The fatty acid composition of rapeseed oil is
quite close to olive oil. Rapeseed oil contains
less saturated fatty acids and more monounsat-
urated and, what is especially valuable, polyun-
saturated fatty acids. Omega-3 and omega-6 in
rapeseed oil are in the optimal ratio of 1 : 2 for

the human body [8-11]. Rapeseed green mass
is quite nutritious. It is willingly eaten by many
species of domestic animals. The protein content
of rape green mass is 3.9%, which is 0.4-0.8%
more than that of alfalfa and clover [12, 13].

Rapeseed is a good forecrop for grain crops.
Due to the deep penetration of roots, rape plants
move soil nutrients from the lower to the up-
per layers. This culture is conventionally called
"vegetable plow". The soil after rape is struc-
tured and loose enough, which allows not to car-
ry out the autumn main tillage for spring crops
[14, 15].

In the Russian Federation in 2005 the area
under rape crops amounted to 244 thousand
hectares, by 2021 it increased to 1.7 million
hectares due to the introduction of spring rape
into crop rotation. In the Kirov Oblast the area
sown with rape in 2022 increased and amounted
to 16.7 thousand hectares, which is 34% more
compared to 2021. Seed harvest in 2021 exceed-
ed last year's result by more than 1.7 times. Half
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of the regional harvest was grown by the farmers
of three districts: Kumensky, Nemsky and Kiro-
vo-Chepetsky'.

As 0f 2021, 45 varieties and hybrids of spring
rape are included in the State Register of breed-
ing achievements in the Volga-Vyatka region, in-
cluding only six varieties and one hybrid in the
Kirov region. The direction of research is rele-
vant and corresponds to the tasks formulated in
the Federal Scientific and Technical Program of
Agricultural Development for 2017-2030, sub-
program "Development of breeding and seed
production of oilseeds".

The purpose of the research is to study in a
comparative aspect the promising varieties and
hybrids of spring rape under production condi-
tions.

Objectives of the study are to:

— study field germination of seeds, determine
the safety of plants by the time of harvesting;

— evaluate the duration of interphase and veg-
etation periods of promising varieties and hy-
brids of spring rape;

— compare their seed yields;

— analyze the elements of productivity struc-
ture of these varieties and hybrids.

MATERIAL AND METHODS

The experiments were laid in the Karinka
department of the JSC Multi-unit agricultural
enterprise stud farm "Krasnogorsky", which is

located in the central agroclimatic zone of the
Kirov region. Sod-podzolic heavy loamy soils,
the average humus content of 2% prevail on the
territory of the farm. There are 30 kg of nitro-
gen, 249 kg of potassium, 382 kg of phospho-
rus on average per 1 ha of arable horizon. Soil
acidity varies from strongly acidic to neutral (pH
4.5-6.0).

The climate is moderately continental. The
vegetation period lasts 157 days, of which 120
days have average daily air temperature above
10 °C. Multiyear averages of precipitation and
average air temperature for the growing season
are presented in Table 1.

Weather conditions in 2021 and 2022 differed
significantly in terms of precipitation and aver-
age air temperature. Thus, during the summer
months of 2021 precipitation fell at the level of
average indicators for 5 years, in 2022 precipita-
tion was significantly more than the average for
2016-2022. Monthly average May temperatures
in 2021 were nearly half the 5-year average. The
September temperature for the years of research
was also below the mean annual values.

In the experiment spring rape varieties He-
ros, Campino, Yarilo, obtained in the farm
conditions and having appropriate quality doc-
uments, and the first generation hybrids Joy,
Jazz, Hephaestus, Joker, Jerome, Jerry, which
were purchased from the LLC "KVS RUS" (Li-
petsk) were sown.

Taoa. 1. Mereoponornueckue yciosus 3a 2021, 2022 rr.

Table 1. Meteorological conditions for 2021, 2022

Indicator May June July August September
Precipitation amount, mm
2021 58,0 63,0 92,0 38,0 79,0
2022 53,0 118,0 130,0 18,0 81,0
Average for 20162022 61,2 84,6 128,0 62,4 78,2
Average air temperature, °C
2021 15,8 19,9 19,2 18,8 7,3
2022 8,5 16,1 20,0 20,0 9,0
Average for 20162022 14,8 19,1 22,9 20,3 11,5

"Ministry of Agriculture of the Russian Federation (official website). URL: https://reestr.gossortrf.ru/ (accessed on 24.09.22).
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Perennial grasses were the forecrop in the
experiment. Agrotechnics corresponded to the
cultivation technology used in the farm. Since
autumn, deep chiseling to a depth of 40 cm was
carried out. Pre-sowing cultivation of the field
included harrowing the soil with a heavy tooth
harrow at an angle to cheeseleving at a depth of
3-5 cm and cultivation of the soil at an angle to
harrowing at a depth of 6-8 cm. Urea was ap-
plied under cultivation at a dose of 150 kg/ha in
physical weight. Sowing was done at a depth of
2-3 cm, the method of sowing was row by row
with row spacing of 10 cm. Diammophoska in
the amount of 150 kg/ha in physical weight was
applied simultaneously with sowing. Hybrid
seeds were purchased encrusted (treated), own
seeds were pre-treated with Celest Top, SC at a
dosage of 15 1/t with the help of selt-propelled
dresser PS-10. The seeding rate of rape seeds is
presented in Table 2.

In the phase of 3-6th true leaf, the crops were
treated with herbicide Megalit AS (the prepara-

Ta6a. 2. Hopma BbiceBa ceMsiH parica, IiT./m>
Table 2. Rapeseed seeding rate, pcs./m?

Actual rate
taking into
Recommended rate account
Option (at 100% sowing the sowing
suitability) suitability
2021 2022
Heros (control) 85 100 101
Campino 97 115 114
Yarilo 94 110 112
Joy F, 75 86 86
Jazz F| 75 86 86
Hephaestus £, 75 86 86
Joker F| 75 86 86
Jerome F| 75 86 86
Jerry F, 75 86 86

tion consumption rate was 0.35 I/ha). Vostorg
SC (0.15 1/ha) was used against cruciferous flea
beetle. At the beginning of rapeseed budding,
crops were treated with insecticide Danadim Ex-
pert, EC (1.0 1/ha). When the seeds in the pods
of the middle tier became brown (10 days before
harvesting), the plants were subjected to desic-
cation with contact desiccant Regulate Super,
AS (2 liters/ha). Harvesting was carried out by
direct combining.

The plot area was 150 m?, the repeatability
of the experiment was fivefold, the placement
of the plots was systematic* >. Mathematical
processing of the data was carried out using sta-
tistical and variance analysis* > using Microsoft
Office 2013 software.

RESULTS AND DISCUSSION

The yield of agricultural plants is determined
by many factors. One of them is field germina-
tion of seeds and preservation of plants to har-
vesting. Not all germinated seeds are preserved
for harvesting. They may be killed by diseases,
damaged by pests, cannot withstand competi-
tion with weeds and other factors, so before har-
vesting it is customary to count the number of
surviving plants. Field germination of seeds and
the number of surviving plants of the studied
varieties and hybrids to harvest are presented in
Table 3.

Field germination of the varieties and hy-
brids on average for the years of study ranged
from 48.8 to 75.8%. Seeds of the hybrids Joker
and Hephaestus showed high field germination
- 75.8 and 69.1%, respectively. Preservation of
the plants for harvesting in the control was at the
level of 84%. Above this value, the preservation
of plants was observed in the varieties Campino
and Yarilo.

As a result of phenological observations, the
duration of inter-phase periods of spring rape

2Lukomets V.M., Tishkov N.M., Semerenko S.A. Methodology of agrotechnical research in experiments with the main field crops.

Krasnodar: LLC "Prosveschenie-Yug”, 2022, 538 p.

SMethods of conducting field agronomic experiments with oilseed crops / V.M. Lukomets, N.M. Tishkov, V.F. Baranov et al. /
edited by V.M. Lukomets. Krasnodar: V.S. Pustovoit All-Russian Research Institute of Oil crops, 2010, 327 p.

“Vaulin A.V. Determination of reliability of long-term averages of short-term field experiments in the processing of research
results by the method of dispersion analysis // Agrochemistry, 1998, N 12, pp. 71-75.

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

Alliance, 2011, 351 p.
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was analyzed, which differed for 2 years of re-
search. The duration of vegetation period in rape
varieties was shorter by 7 days compared to the
hybrids. Consequently, the duration of inter-
phase periods in hybrid plants is 2-3 days longer.
The results of phenorhythmics showed that the
studied linear varieties and hybrids by biological
rhythms fit into the growing season of the Kirov
region and belong to the group of medium-ma-
turing (see Table 4).

The value of yield is one of the important fac-
tors in selecting the suitability of a variety for
cultivation. In 2021, seed yield of Heros variety

Tao6a. 3. Ilonesas BCXoxkecTh U COXPAaHHOCTh
pacteHuii parca K yoopke (B cpenHem 3a 2021,
2022 rr.), %

Table 3. Field germination and preservation of
plants for harvesting (on average for 2021, 2022), %

Option Fi.eld. Capaci.ty for
germination survival
Heros (control) 64,3 84.0
Campino 65,8 95,0
Yarilo 65,0 91,4
Joy F, 65,6 70,8
Jazz F| 66,3 70,5
Hephaestus /| 69,1 70,7
Joker F/| 75,8 69,6
Jerome F 67,2 70,4
Jerry F, 48,8 63,0

was 17.2 c/ha, in 2022 -13.9 c/ha. In 2021, the
yield was reliably higher than that of the control
in the first generation hybrids Jerry, Joker and
the variety Yarilo. In 2022, no reliable exceeding
of the control in seed yield was revealed. On av-
erage for 2 years, Jerry F, hybrids (16.7 kg/ha)
and Joker F| hybrids (16.2) and Yarilo variety
(16.3 kg/ha) significantly exceeded the control
in seed yield (15.5 kg/ha) (see Table 5).

Agricultural producers are mainly interested
in the yield of useful products. Grain yield is de-
termined by the elements of productivity struc-
ture. In rapeseed, seed yield consists of the num-
ber of fruits on the plant, the number of seeds in
the pod, the weight of 1000 seeds.

In 2021, the average number of pods per plant
in the variety Geros (control) amounted to 348.
A significant excess of pods per plant was ob-
served in the variety Yarilo (471), hybrids Joker
(570) and Joy (482). In 2022, a reliable excess of
the control in the number of pods per plant was
also observed in the variety Yarilo (447) and in
the hybrid Jerome (437).

On average for 2 years, hybrids Joy (450),
Joker (482) and variety Yarilo (459) significant-
ly surpassed the control in the number of pods
(see Table 6).

Spring rape varieties had a higher number
of seeds in the pod compared to the hybrids. In
2021, the average number of seeds in the pod of
the Heros variety (control) was 25. No signif-
icant exceedances were observed. In 2022, the

Taoa. 4. Cpennsist npomoHKATENFHOCTh MeX(a3HbIX mepuonos 3a 2021, 2022 rr., cyT

Table 4. Average duration of interphase periods for 2021, 2022, days

Option Sowing -| Sprouts - | Leaf rosette Flowering and fruit.ing - | Green poq formation - Veget.ation
sprouting | leaf rosette | - flowering green pod formation full ripeness period
Heros (control) 11 16 13 30 50 119
Campino 11 16 13 30 50 119
Yarilo 11 16 13 30 50 119
Joy F| 13 19 16 32 47 126
Jazz F, 13 19 16 32 47 126
Hephaestus F| 13 19 16 32 47 126
Joker F| 13 19 16 32 47 126
Jerome F| 13 19 16 33 47 126
Jerry F| 13 19 16 32 47 126

PactreHneBoncTBO M ceneKIus
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Taoa. 5. YpoxkallHOCTb CEMSH COPTOB U THOpH-
JIOB SIPOBOTO parica, 1/ra

Table 5. Seed yield of spring rape varieties and
hybrids, c/ha

Option 2021 2022 Average

Heros (control) 17,2 13,9 15,5
Campino 16,3 11,4%%%* 13,9%**
Yarilo 18,3%%* 14,2 16,3%%*
Joy F| 15,0%** 13,8 14,4%**
Jazz F| 16,4 14,0 15,2
Hephaestus F| 16,9 14,2 15,6
Joker F| 18,5%** 14,0 16,2%*
Jerome F| 16,8 14,5 15,7
Jerry F, 19,2%%* 14,2 16,7%**
LSD,, 0,66 0,87 0,55
LSD,, 0,80 1,05 0,67
LSD,,, 1,07 1,40 0,89

*p > 0,95;

#%p > 0,99;

*EE p>0,999.

average number of seeds in the pod of the con-
trol was 24. A significant excess of the number
of seeds in the pod was observed in the Campino
variety (25). On average for 2 years of research
on the number of seeds in the pod of rape plants
no exceedances of the control were revealed (see
Table 7).

As a result of two-year studies of 1000 seed
weight it was found that no significant fluctua-
tions by years in this trait in rape varieties and
hybrids were revealed. The highest value of
1000 seeds weight was observed in 2021 in the
hybrid Jerry (4.8 g). This value reliably exceeds
the indicators of the control. On average for 2
years of research exceeds of the control sample
on the mass of 1000 seeds in most variants were
not noted. Jerry hybrid significantly exceeded
the control in this indicator (see Table 8).

CONCLUSIONS

1. The varieties and hybrids of spring rape,
which were in the experiment, by biological
rhythms fit into the growing season of the Kirov
region and belong to the group of medium-ma-
turing. Field germination of the studied varieties
and hybrids on average for the years of study
ranged from 48.8 to 75.8%. On average, the
highest field germination was observed in the
first-generation hybrids Joker and Gefest (75.8
and 69.1%, respectively).

2. Preservation of plants for harvesting is
higher than that of the control (84%), on aver-
age for 2 years it was observed in the varieties
Campino and Yarilo.

3. Onaverage for 2 years on seed yields the
hybrids Jerry F, (16.7 c/ha) and Joker F, (16.2),

Tao6a. 6. Yncno cTpydkoB Ha pacTeHUH COPTOB U rTHOpHUIOB sipoBoro parca B 2021, 2022 rr.

Table 6. Number of pods per plant of spring rape varieties and hybrids in 2021, 2022

2021 2022 Average for 2 years
Option Number of pods l?‘reviattiﬁ)n Number of pods per l?revia'g;)n Number of pods | Deviation from
per plant cor(l)tlz:)l ;) plant cor(l)tlx)l ;’ per plant the control, %
Heros (control) 348 + 18,47 — 368 +£22,33 - 358 + 14,24 -
Campino 212+7,85 -39 244+ 14,49 —33,7 228 £9,01 -36,3
Yarilo 471 430,92 35 447 £ 20,56 21,4 459 £ 18,91%* 28,2
Joy F| 482+ 1747 38,5 418 £21,60 13,6 450 + 14,95%* 25,7
Jazz F, 337+17,68 3,2 382+18,33 38 359+ 15,39 0,3
Hephaestus 7, 349+ 13,48 0,3 385+22,75 4,6 367+ 14,17 2,5
Joker F| 570+ 37,67 64 393 +£20,74 6,8 482 +25,74* 34,6
Jerome F| 363 £19,52 43 437+ 28,50 18,7 400 +20,22 11,7
Jerry F, 412+16,22 18,4 387+27,70 52 400+ 16,93 11,7
p>095.
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Taodua. 7. Yncno ceMsiH B CTpy4YKe COPTOB M THOPHIOB SIPOBOTO parca

Table 7. Number of seeds per pod of spring rape varieties and hybrids

2021 2022 Average for 2 years
Option Number of seeds | Deviation from | Number of seeds | Deviation from | Number of seeds | Deviation from
per plant the control, % per plant the control, % per plant the control, %
Heros (control) 25+0,2 - 24+0,2 - 25+0,2 -
Campino 26+04 25+03 42 25403
Yarilo 26+0,3 2403 0 25+02
Joy F| 18402 -28 17+0.2 -292 18+0,1 -28
Jazz F| 23+04 -8 22+04 -84 23+£0,3 -8
Hephaestus F 22+0,3 —12 21+0,3 -12,5 22+0,2 —12
Joker F| 20+£04 -20 19+04 -20,8 20+0,3 -20
Jerome F 17+0,5 -32 20+ 0,4 -16,6 19+0,3 24
Jerry F| 21+03 -16 20+0,2 -16,6 21+02 -16

Taoa. 8. Macca 1000 cemstH COPTOB ¥ THOPHJIOB SIPOBOTO parica
Table 8. Weight of 1000 seeds of spring rape varieties and hybrids

2021 2022 Average for 2 years
Option Weight of 1000 | Deviation from | Weight of 1000 | Deviation from | Weight of 1000 | Deviation from
seeds, g the control, % seeds, g the control, % seeds, g the control, %
Heros (control) 4,1+0,1 - 4,0+0,1 - 4,0+0,1 -
Campino 3,6+0,2 -12,2 39+0,1 -2,5 3,7+0,1 7,5
Yarilo 3,7+03 9,7 39402 2,5 38403 -5
Joy F| 40+0.2 24 38402 -5 3,9+02 25
Jazz I 3,8+0,5 73 3,8+0,5 -5 38+0,5 -5
Hephaestus F, 44+03 73 43+04 7,5 44+£04 10
Joker F, 44+0,5 73 42406 5 43+06 7,5
Jerome £ 40+02 2.4 4,0+0,1 0 40+02 0
Jerry | 4,8+0,3* 17 4,5+0,3* 12,5 4,6+0,3* 15
p>0,95.
CIIMCOK JIMTEPATYPHBI

and the variety Yarilo (16.3 c/ha) significantly
surpassed the control (15.5 c/ha).

4. On average for 2 years, the hybrids Joy
(450), Joker (482) and the variety Yarilo (459)
reliably outperformed the control by the number
of pods (358).

5. By the weight of 1000 seeds the hybrid
Jerry stood out, which on average for 2 years
reliably surpassed the control by 15%. In pro-
duction conditions the Yarilo variety, the hybrids
Jerry and Joker are recommended to be consid-
ered for cultivation.
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COBEPHIEHCTBOBAHUME TEXHOJOI'MYECKOI'O ITPOLECCA ITOJTYYEHUSA
WCXOJHBIX PACTEHUH I'PYIIN

(<) Ynagpimes M.T."?

'@edepanvhuiil HayuHbIll CENEKYUOHHO-MEXHONOSULECKU YEHMP CA00B00CMEA U NUMOMHUKOBOOCEA
Mocksa, Poccus

?Poccutickuii cocyoapcmeennulii azpaphwiii yuusepcumem — MCXA um. K.A. Tumupszesa

Mocksa, Poccus

(<De-mail: upad8@mail.ru

PaccmoTtpen mporecc nosyueHust HCXOIHBIX pacTeHHH rpymn. TexHonornyeckuil mpouece BKIIO-
YaeT BbIJEJICHUE PACTEHUH ONPEIEIEHHOTO COPTa MO ITIOMOJIOTNYECKUM, (PH3HOJIOrMYECKUM KaueCTBaM
Y TIPOAYKTHBHOCTH, MPOBEPKY Ha HAJMYKME BUPYCOB, (PUTOIIIA3M M BpEeUTENICH TyTeM TECTUPOBAHHS
merogamu MDA, TP u Ha uHOMKATOpax; B ciaydae OTCYTCTBHUS 3[0POBBIX PAaCTEHHH HEOOXOIMMO
0CBOOOXIEHHE OT IAaTOr€HOB METOAAMH TEPMO- M XEMOTEPAInH, KyAbTYPHI i1l Vitro, MAarHUTOTEPaIIuK
C TIpOBeJICHHEM MTOBTOPHOTO TecTupoBaHus. [locie nmpenBapuTeIbHOTO TECTUPOBAHUS B YCIOBHUSX 3a-
HIMIIEHHOTO IPyHTa MOJIYYaloT pacTeHHs-KaHAMIAThl B UCXOJHBIE PACTEHUs, KOTOpbIE TECTUPYIOT C
UCIIONIb30BAaHUEM KOMIUIEKCAa METONOB AMArHOCTUKH. CBOOOIHBIE OT OCHOBHBIX BPEAOHOCHBIX BHUPY-
COB M (DHTOIUIA3MBI PACTEHUS MEPEBOMSAT B KATETOPUIO «HCXOIHBIE PACTCHUS», B CIIydae 3apaKeHHO-
CTH BCEX TECTHUPYEMBIX 00pa3loB MX MOABEPTalOT 0340poBiIeHMI0. CyXOBO3AYyIIHAS TEPMOTEpAIs B
COYETaHUH C MPUBHUBKOH alleKCOB Ha HE 3apaKCHHbIC BUPYCaMHU MOABOM 0OECIEYNBAET BO3MOKHOCTD
MOJYYEHHUS 3I0POBBIX PACTEHUI B T€UEHHE OHOTO BETeTallMOHHOTO nepuona. s xemorepanuu Ha-
psLy C 3TAJOHHBIMU Ipenaparamu (pruOaBUpPHH) MEPCIIEKTUBHO NPUMEHEHUE (PEHONBHBIX COSANHEHNH
(canmummoBasi, TayyIoBasi KUCIOTHI), KOTOPhIE TIO3BOJIAIOT YBEIHIUTh dPHEKTHBHOCTH O3A0POBICHUS
pacTeHwuii oT BUPycoB B cpenHeM Ha 28—30%, CHU3UTH CTOMMOCTD TIPOIIECCa O37I0OPOBIICHUS U TIOBHI-
cHUThb Oe30macHOCTh TpyAa. Vcronb3o0BaHHE MarHUTHO-UMITYTECHOM 00paOOTKHY MOBHIILIAET SKOIOTHYe-
CKyH0 0€30MacHOCTh TEXHOJIOTHH TIPU OTCYTCTBUH (huToTOKCHUeckoro saddexra. [locne quarnoctuku
KOMIUIEKCOM METOJIOB IPH OTCYTCTBUH BHPYCOB PAaCTEHHUS TPYIIM MOIYYar0T KaTETOPUIO «HCXOTHOE
pacTeHue», U B JaJIbHEUIIEM UX Pa3MHOXKAIOT OKYIHUPOBKOM MIIM TIPUBUBKOM.

KnroueBble ciioBa: rpylia, HCXOAHBIE PACTEHHS, TUArHOCTHKA, 0310POBJIEHUE OT BUPYCOB, TEXHO-
JIOTUYECKUH TTPOIIeCcC

IMPROVEMENT OF THE TECHNOLOGICAL PROCESS OF OBTAINING INITIAL
PEAR PLANTS

(<) Upadyshev M.T. '

!Federal Horticultural Center for Breeding, Agrotechnology and Nursery
Moscow, Russia

’Russian State Agrarian University — Moscow Timiryazev Agricultural Academy
Moscow, Russia

(C<De-mail: upad8@mail.ru

The process of obtaining initial pear plants is considered. The technological process includes the
selection of plants of a certain variety according to pomological, physiological qualities and produc-
tivity; diagnostics for the presence of viruses, phytoplasmas and other harmful organisms by ELISA,
PCR and indicators testing; in the absence of healthy plants — release from pathogens by methods
of thermotherapy, chemotherapy, in vitro culture, magnetotherapy with re-testing. After preliminary
testing in greenhouse conditions, candidate plants for initial plants are obtained, which are then sub-
jected to testing using a set of diagnostic methods. Plants free from the main harmful viruses and
phytoplasma are transferred to the category of “initial plants”, and if all the tested plants are infected,
they are subjected to recovery. Dry air thermotherapy in combination with grafting of apexes on vi-
rus-free rootstocks provides the possibility of obtaining healthy plants during one growing season. For
chemotherapy, along with reference drugs (ribavirin), the use of phenolic compounds (salicylic, gallic
acids) is promising, which can increase the efficiency of plant recovery from viruses by an average of
28-30%, reduce the cost of the recovery process and improve workplace safety. The use of magnetic
pulse processing increases the environmental safety of the technology in the absence of the phytotoxic
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COBepIIIeHCTBOBaHI/IC TEXHOJIOTUYECKOTO MPOo1ecca moTy4YCHUS YHa,HBIIlICB M.T.

HCXO/IHBIX PACTEHUI rPyIIH

effect. After diagnosis by a complex of methods in the absence of viruses, pear plants receive the ca-
tegory “initial plant” and are further propagated by budding or grafting.
Keywords: pear, initial plants, diagnostics, recovery from viruses, technological process

Jnst uutupoBanus: Ynaowiuies M.T. CoBepIICHCTBOBaHHE TEXHOJIOTHYECKOTO [POLIECCa MOy YeHHUs] HCXOIHBIX PACTEHHI IpyIiu //
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The subprogram "Development of horticul-
ture and nursery farming" for 2017-2030' de-
termines the need to increase the production of
planting material of horticultural crops (includ-
ing pear) of higher quality categories. Currently,
in accordance with Article 10 of Federal Law No.
454 "On Seed Production" dated 22.12.2021,
the following categories of planting material of
fruit, berry plants and grapes are established:

1) initial planting material (initial plants);

2) basic planting material (basic plants);

3) tested planting material;

4) untested planting material.

The technological process of obtaining initial
pear plants includes the following main stages:

1. Plant approbation with assessment of
conformity to variety, physiological qualities,
productivity and absence of regulated pests.

2. Checking candidate plants to the initial
plants for the presence of viruses, phytoplasmas
by enzyme-linked immunosorbent assay (ELI-
SA), polymerase chain reaction (PCR) and with

the help of indicators. In the absence of healthy
plants - liberation of candidate plants from
pathogens and conducting retesting.

3. Keeping of initial plants in protected soil
during regular retesting?.

In accordance with GOST R 59653-2021° the
following pests should be absent in pear plant-
ing material: viruses of chlorotic leaf spotting of
apple trees, apple tree mosaic, furrowing, pitting
and softening (pliability) of the apple tree wood;
plants affected by phytoplasma of pear exhaus-
tion - quarantine object. Not regulated by GOST
R 59653-2021, but also must be free from vi-
rus-like diseases: bark cracking and necrosis,
early bark buckling and pear bark bubble cancer
viroid. It is not allowed to infect plants with pests
and diseases transmitted with the planting ma-
terial: crown gall (Agrobacterium tumefaciens
Conn.), silver leaf (Ghondrostereum purpureum
Fr.), common stem canker (Nectria galligena
Bres.), late blight or crown rot (Phytophthora
cactorum), bacterial gummosis of fruit trees

'Subprogram "Development of Horticulture and Nursery Production” of the Federal Scientific and Technical Program of Agri-
cultural Development for 2017-2030 (additionally included in the program on 29.05.2022 by the Resolution of the Government of

the Russian Federation No. 872 dated 13.05.2022).

*Technology of obtaining virus-free planting material of fruit and berry crops: methodical instructions. Moscow, 2013, 92 p.
3GOST R 59653-2021. Planting material of fruit and berry crops. Technical conditions. Moscow: Russian Institute of

Standardization, 2021, 50 p.
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Improvement of the technological process of obtaining initial pear
plants

Upadyshev M.T.

(Erwinia amylovora Winsl.) — quarantine object,
Californian scale (Quadraspidiotus perniciosus
Comst.) — quarantine object, pear psylla (Psylla
pyri L.), smaller pear sucker (Cacopsylla pyri-
cola Foerster), larger pear sucker (Cacopsylla
pyrisuga Foerster) — vectors of pear depletion
phytoplasma.

Selection of candidates for initial plants is
made by specialists-virologists together with
specialists-pomologists (approbators) according
to the established methods* . After evaluation of
plants for compliance with varietal characteris-
tics, determination of productivity and physio-
logical qualities, five to ten pear trees with typi-
cal varietal characteristics and high productivity
are selected, which in optimal time (June) are
tested by ELISA method for the presence of the
main harmful viruses, by PCR method - for in-
fection with phytoplasma of pear blight.

Cuttings or buds are taken from virus-free
trees and grafted onto healthy rootstocks to pro-
duce at least 10 plants of one variety (at least 2
from each tree). The rootstocks are pre-grown in
containers of 2-3 liters with peat-sand substrate
(peat-sand volume ratio 3: 1) enriched with min-
eral fertilizers (N content - at least 150 mg/I,
P,O; - at least 150, K,O - at least 250 mg/l) and
neutralized by acidity (pH 5.5-6.5). Seedling
rootstocks of all pear species are considered free
from the main harmful viruses. Production of
own-root plants or grafting onto virus-free clon-
al pear rootstocks is also acceptable.

Candidate source plants are transferred to
quarantine, which can be a pest-proof vegetation
(unheated) greenhouse or an insulated winter
greenhouse box.

Candidate source plants are then subjected to
basic testing which is carried out using several
methods and covers all viral and virus-like dis-
eases regulated for tested planting material (see
the Table).

If diagnostic ELISA kits for all sap-tolerant
viruses are available, the test on herbaceous in-
dicators can be omitted. Since most forms of the
woody indicators have low winter hardiness, a
field test can be used in the southern regions of
the Russian Federation, while in harsher condi-
tions the greenhouse test on woody indicators
should be used.

Field and greenhouse tests on woody indica-
tors are carried out by grafting on annual indica-
tor plants from four to six eyes or bark shields of
the sample under study in 3- or 5-fold repetition
(in accordance with the Table), leaving two or
three uninoculated indicator plants for control
purposes.

Plants that are found to be free from viruses
and other regulated pathogens are categorized as
"source plant". If pathogens are detected, plants
are rejected or subjected to health improvement
(when all tested plants of a certain variety are
infected).

Depending on the type of the pathogen, the
schemes of pear plants recovery may be differ-
ent and require improvement. To increase the ef-
fectiveness of recovery, it is necessary to use a
complex of different methods by mechanism of
action, which is especially relevant in relation to
viruses characterized by high thermotolerance.
Thermotherapy, meristem culture, chemothera-
py or magnetotherapy in vitro®’[1, 2] should be
used as effective technologies of recovery.

The main method of freeing pear plants from
phytopathogenic viruses is dry-air thermothera-
py®, the advantages of which include the possi-
bility of obtaining virus-free plants during one
growing season (see footnote 6) [3, 4].

Thermotherapy of vegetative plants in con-
tainer culture is carried out in special ther-
mo-chambers of different design, allowing to
create the following treatment parameters: tem-
perature in the chamber - 38 + 1 °C, humidity

“Program and methodology of varietal study of fruit, berry and nut crops. Orel, 1999, 606 p.

SPomology / ed. by E.N. Sedov. Orel, 2007, vol. 2: Pear. Quince, 436 p.

SPrikhodko Y.N., Magomedov U.Sh. Viruses of seed and stone fruit crops. Voronezh, 2011, 468 p.

"Panattoni A., Luvisi A., Triolo E. Elimination of viruses in plants: twenty years of progress // Spanish Journal of Agricultural

Research, 2013, vol. 11 (1), pp. 173—188.

8Certification scheme fruit plants. Explanatory guide to top fruit Cydonia, Malus, Prunus, Pyrus Mother trees Pre-basic, Basic 1,
Basic 2 and Certified categories, March 2021, 10 p. URL: https://assets.publishing.service.gov.uk/government/uploads/system/up-
loads/attachment_data/file/985184/certification-scheme-top-fruit-mother-trees.pdf.
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MeTtozbl BBISIBICHUS U HICHTH()UKAIME BUPYCOB M BUPYCOIOIOOHBIX areHTOB Ha IpyIIe
Virus detection and identification methods and virus-like agents on pear

Viruses ELI- Greenhouse test Greenhouse test Field test
. . . SA | PCR on herbaceous Ll L
and virus-like diseases o on woody indicators on woody indicators
test indicators
Apple leaf chlorotic + + | C. quinoa, 5-fold | Pyrus communis Nouveau Cydonia oblonga C 7/1,
leaf spot virus repetition, test du- | Poiteau, 3-fold repetition, P. communis Beurre Hardy,
ration — 20 days 1 year 3-fold repetition, 2 years
Apple stem pitting + + | C. quinoa, 5-fold | M. sylvestris Virginia crab, | M. sylvestris Virginia crab,
virus repetition, 20 3-fold repetition, 1 year 3-fold repetition, 2 years
days
Apple brown spot + + C. quinoa, M. sylvestris Virginia crab, | M. sylvestris Virginia crab,
virus 5-fold repetition, | Pyronia veitchii, P commu- | Pyronia veitchii, P. commu-
20 days nis Nouveau Poiteau, Beurre | nis A20, P communis Jules
Bosc, 3-fold repetition, 1 year d'Airolles, Beurre Bosc,
Durondeau, 3-fold repetition,
2 years
Apple mosaic virus | + + C. quinoa, M. domestica Lord Lam- M. domestica Lord Lam-
5-fold repetition, bourne, 5-fold repetition, bourne, 5-fold repetition, 2
20 days M. sylvestris Virginia crab, | years, M. sylvestris Virginia
3-fold repetition, 1 year crab, 3-fold repetition, 2
years
Apple wood soft- - + - C. oblonga C 7/1, M. domes- | C. oblonga C 7/1, M. domes-
ening (pliability) tica Lord Lambourne, 5-fold | tica Lord Lambourne, 5-fold
viruses repetition, 1 year repetition, 3 years
Phytoplasma of pear | — + - P. communis Doyenne du P. communis Doyenne du
depletion Comicem, 3-fold repetition, | Comicem, 3-fold repetition,
1 year 2 years
Cracking of pear - - - P. communis Beurre Hardy, | P. communis Beurre Hardy,
bark, early peeling P. communis Williams, 3-fold | P communis Williams, 3-fold
of bark, necrosis of repetition, 1 year repetition, 2 years
pear bark
Viroids of vesicular — + — P. communis A20, 3-fold P. communis A20, 3-fold
bark cancer of pear repetition, 1 year repetition, 2 years
trees

- 40-70%, illumination - not less than 3000 lux/
m?, duration of illumination - 16 hours per day,
duration of the treatment - from 4 to 12 weeks.
The mechanism of thermotherapy action is as-
sociated with slow replication of viruses in the
tissues of the apex part of plants, disruption of
their transport functions, increased degradation
of viral particles, inactivation of viral enzymes
and inhibition of nucleic acid synthesis (see
footnote 7) [5-7].

Plants are kept from 6 months to 1 year in
containers with a volume of 3-4 liters before
being placed in the thermo-chamber, then after
winter dormancy (February - April) transplant-
ed into 5-liter containers and after 2-3 weeks

transferred to the thermo-chamber. For recovery
three to five plants of each variety are used.

Duration of thermotherapy is determined by
the type of the virus. For destruction of thermo-
labile pathogens (apple mosaic virus, pliability,
phytoplasma of pear exhaustion), thermother-
apy with duration of 4-5 weeks is used. In the
presence of thermotolerant viruses (chlorotic
leaf spot disease of apple-tree leaves, apple-tree
wood furrowing and pitting), heat treatment is
increased up to 8-12 weeks or repeated the next
year (see footnote 6) [8, 9].

In the process of thermotherapy, regular root
fertilization with soluble mineral fertilizers and
treatment with preparations against pests and

PactreHneBoncTBO M ceneKIus

35

CHOUPCKHUI BECTHHK CEITbCKOXO3SIHCTBEHHOM HayKH ® 2023 « 53 « 9



Improvement of the technological process of obtaining initial pear
plants

Upadyshev M.T.

diseases are carried out. Fertilization is carried
out with fertilizer Rastvorin (Crystaline) mark B
(nitrogen, phosphorus, potassium in the ratio of
18 : 6 : 18) every 10 days. Pest treatment is car-
ried out on the basis of regular inspections (once
a week) and taking into account the pest thresh-
old with various preparations (e.g. Fitoverm,
EC, Vertimek, EC, Bitoxybacillin, TAB, etc.) at
the rates recommended by the manufacturers.

After thermotherapy, apices of 1-2 cm in size
were grafted into seed stocks (virus-free clon-
al rootstocks) or meristems were isolated and
planted on a nutrient medium. Good results
were achieved on Murashige-Skoog, Lee and
de Fossard, and Quoirin & Lepoivre media’. As
growth regulators, 6 BAP (concentration 0.25-
0.50 mg/l) or CPPU (0.10-0.20 mg/1) in combi-
nation with IAA (0.05 mg/l) are used at the in-
oculation stage. At the propagation stage, 6 BAP
(1.0-2.0 mg/l) or thidiazuron (0.2-0.5 mg/l) or
CPPU (0.2-0.4 mg/l) in combination with TAA
(0.1 mg/l) were applied. For rooting of obtained
microshoots, diluted 2-fold mineral base of Mu-
rashige-Skoog medium with addition of IBA in
concentration of 0.5-1.0 mg/1 is used.

The obtained plants are tested for the pres-
ence of viruses using a set of methods (ELISA,
PCR, indicators).

The advantages of in vitro chemotherapy in-
clude the absence of the need for thermothera-
py, the possibility of introducing large explants
(more than 1 mm) into culture, shortening the
recovery time, high yield of plants free of harm-
ful viruses [1].

The most commonly used drug in chemother-
apy is ribavirin (virazole, 1 in D ribofuranosyl 1,
3, 5 triazole 3 carboxamide) at a concentration
of 40-80 mg/l. Higher concentrations of riba-
virin lead to severe phytotoxicity and death of
explants [10, 11]. Ribavirin is added to the nutri-
ent medium at the proliferation stage against the
background of standard concentrations of cyto-
kinins. In our experiments, ribavirin at a concen-
tration of 40 mg/l in combination with in vitro
thermotherapy provided recovery from ACLSV
and ApMYV viruses in 71% of pear rootstock ex-
plants of the Zagorievsky variety [1].

Compared with ribavirin, salicylic and gal-
lic acids are safer in toxicological terms, and at
a concentration of 1.5 x 10-4 M, they provid-
ed complete recovery of the Lada pear explants
from viruses [1]. Salicylic acid at a concentra-
tion of 42 mg/l contributed to the yield of 50-
100% of pear rootstock explants free from latent
viruses. These preparations allow to increase
the efficiency of plant recovery from viruses on
average by 28-30%, reduce the cost of recovery
process and protect the operator's labor. Taking
into account the optimal concentrations of phe-
nolic compounds, their use is about 25 times
cheaper than that of 2-thiouracil.

To increase the yield of healthy pear plants
and in case of low rooting ability of microshoots
of a certain variety, micrografting is practiced,
in which the tops of the recovered plants of 1-3
mm in size are grafted in vitro onto virus-free
rootstocks characterized by a high ability to rhi-
zogenesis. Grafting is carried out at the stage of
rooting of microshoots. After formation of the
roots and fusion of the components, the plants
are adapted to non-sterile conditions. A variation
of this method is the grafting of in vitro-graft-
ed tops onto virus-free rootstocks cultivated in
greenhouse conditions [12].

Magnetic pulse treatment (MPT) can be used
as an alternative to chemotherapy, the use of
which excludes inhibition of growth processes
and increases environmental safety. Magneto-
therapy of pear explants is carried out with the
AMIS 8 device (design of the Federal Horticul-
tural Center for Breeding, Agrotechnology and
Nursery) or its analog with sequentially increas-
ing and decreasing frequency of pulses in the
range of 1-100 Hz. For example, the use of MPT
with a continuously increasing pulse frequency
in the range of 50-100 Hz provided the highest
yield of explants free of virus complex (75%)
on pear rootstock, which was accompanied by
an increase in the number and length of shoots
by 23 and 36% compared to the control (without
treatment), by 60 and 150% - relative to the stan-
dard (ribavirin) [13].

After using in vitro culture methods, healthy
plants obtained should be considered as candi-

’Byadovsky I.A., Upadyshev M.T. Clonal micropropagation of fruit crops: methodical recommendations. Moscow, 2020, 69 p.
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dates for initial plants and subjected to compre-
hensive testing (at least 3-6 months after adap-
tation). In the absence of viruses, pear plants are
categorized as "initial plants" and then propagat-
ed by butt grafting or inoculation.

Application of chemo- and magnetotherapy
in vitro in the proposed modifications allows to
reduce the cost price of initial pear plants by 1.8
times in comparison with ex situ thermotherapy
[1].

The yield of virus-free pear plants using dif-
ferent methods of recovery averages from 53 to
83% depending on the variety and type of virus.
The proposed technological process of obtain-
ing initial pear plants can be implemented in the
laboratories of scientific and commercial institu-
tions engaged in the production of planting ma-
terial of the highest quality categories.

CONCLUSION

The technological process of obtaining initial
pear plants includes the following main stages:
isolation of plants of a certain variety by po-
mological traits with evaluation for compliance
with the variety, determination of productivity,
physiological qualities; check for the presence
of viruses, phytoplasmas and other pests by
ELISA, PCR and indicator testing; in case of
absence of healthy plants it is necessary to re-
lease from pathogens by methods of thermo- and
chemotherapy, in vitro culture, magnetic therapy
with repeated testing and inspection of the plants
for pathogens, as well as by the use of the fol-
lowing methods. After preliminary testing under
protected soil conditions, candidate plants are
obtained as source plants, which are then test-
ed using a set of diagnostic methods. Plants free
from the main harmful viruses and phytoplasma
are transferred to the category of "initial plants".
In case of infection of all the tested plants, they
are subjected to recovery. Dry-air thermotherapy
in combination with grafting of the apexes onto
virus-free rootstocks provides the possibility of
obtaining healthy plants during one vegetation
period. The use of phenolic compounds (salicyl-
ic, gallic acids) is promising for chemotherapy.
Magnetic-pulse treatment increases environ-
mental safety of the technology in the absence
of phytotoxic effect.
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BJIUSSHUE METEOYCJIOBUH HA YPOKAMHOCTD
1 COIEP)KAHUE BEJIKA B 3EPHE O3MMOMH NIIEHUIIBI

<) lapanos U.U., lapanosa FO.A., Aoapsie M.P.

Tlosonxcckuti HAYYHO-UCCIE008AMENbCKULL UHCTIUMYM CeLeKYUU U CEMEH0800CMEd

um. I1. H. Koncmanmunosa — punuan Camapckoeo ¢edepanbHozo ucciedo8amenbckoo yeHmpa
Poccuiickoii axkademuu nayx

Camapckas obnacts, I. Kunens, Poccust

(X)e-mail: scharapov86@mail.ru

[IpencraBieHsl pe3ynbTaThl TpexieTHHX uccienoBannid (2020—2022), mpoBOAMBIINXCS B JIECO-
crenHoii 30He Camapckold 00JacTH B arpoLeH03¢e 03MMOM MIIeHUIB. L{enbio padoTsl ObIIIO H3yUeHHE
BIIMSIHUS IPUPOJHO-KIMMATHYECKUX YCIIOBHI paiioHa HCCIe0BaHui Ha ()OPMUPOBAHKE [TOKa3aTeNeH
YpOXKAMHOCTH, COMEpKaHne Oellka B 3epHE 03UMOH MIIEHUIIBI. MaTepraioM CITy>KIIH AECSITh COPTOB
Y3 KOJUIEKIIMU Bcepoccuiickoro MHCTUTYTa reHeTUYeCKUX pecypcoB pacteHuit um. H.M. BaBunosa
(BUP) u mate coptoB ceneknuu [10BOIKCKOTO HAyIHO-HCCIICIOBATEIECKOTO WHCTUTYTA CEICKIINN
u cemeroBoacTBa uM. [1.H. KoncrantnHoBa. beutn onpeneneHsl ypoKaifHOCTh, CollepKaHue Oelka
B 3€pHE M BBIXOA Oesika ¢ rekrapa. BBISIBICHBI cOpTa, OTIMYAIOMINECS BBICOKOM YPOXKAaHHOCTBIO H
OOJIBIIMM KOJTMUECTBOM O€JIKa B 3€pHE, [TOKA3bIBAIOIINE MaKCUMAIbHBIN BBIXOJ Oelika B pa3jIM4HbIC
M0 METEOYyCIIOBUSIM rofibl. Bo Bpems uccieioBaHusi caMbiM ONaronpHsITHBIM 7151 JOPMUPOBAHUS BBI-
COKOU yposkaiiHOCTH okazancs 2022 T. (B yka3zaHHBIN roj Obut0 codpano ot 6,0 1o 8,5 T/ra), Korma
HaOJIOIAIOCH BBITIA/ICHNE 3HAYUTEIHFHOTO 00beMa 0CaaKoB B Mae — | nekasne utons. [lokazarens co-
nep:kanus O0eska B 3epHe Obl1 MakcumaneH B 2021 1. (14-19%), korna B nepuos HaIMBa 3epHa HaOJIio-
JTAJIMCH BBICOKUE TEMIIEPaTypbl BO3/1yXa Ha (JOHE OTCYTCTBHSI OCAIKOB. [ KaXKJJ0ro copTa ycTaHOB-
JIeHa KOPPEJSUOHHAs 3aBUCUMOCTb CYMMBbI aKTUBHBIX TEMIIEpaTyp U KOJIMYECTBA OCA/IKOB B IEPHOJ
BECEHHe-JIETHEeH BereTaluu ¢ cciieyeMbIMU MokazaresiMi. OTMedeHa OTpHLaTebHas KOppessauus
MEXIy CyMMOW aKTUBHBIX TeMIIeparyp U ypokahHocThio (0T —0,553 mo —0,981) u monoxutenbHas
3aBHUCUMOCTH C ITOKa3zaresieM «comepskanue oemka» (ot 0,605 mo 0,984) B 3aBHCHMOCTH OT COpTA.
KonmdaecTBo 0cakoB HAXOMIIOCH B TIOJIOKHUTEIBHON KOPPEIAIIMOHHON 3aBUCUMOCTH C TIOKa3aTesIeM
YpOXaiHOCTH, 3aBUCUMOCTB C cOJepKaHueM OeJka B 3epHe Oblia HEOIHO3HAUHa U 3aBUCEIA OT COp-
Ta. Ha u3y4yaemple mokasareny OKa3blBalIM BIMSHUE HE TOJIBKO MPUPOIHO-KIUMATUUECKUE YCIOBHS,
HO ¥ TCHOTUITMYECKUE 0COOCHHOCTH M3y4aeMbIX COPTOB, UTO M OOBSICHSIET Pa3HOIIAHOBYIO KOppeds-
[IHOHHYIO 3aBUCUMOCTb.
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INFLUENCE OF WEATHER CONDITIONS ON YIELD AND PROTEIN CONTENT
IN WINTER WHEAT GRAIN

C)Sharapov L.I., Sharapova Yu.A., Abdryaev M.R.

Povolzhsky Scientific Research Institute of Selection and Seed Growing named

after PN. Konstantinov — Branch of Samara Federal Research Scientific Center RAS
Kinel, Samara region, Russia

(<De-mail: scharapov86@mail.ru

The results of three-year studies (2020-2022) conducted in the forest-steppe zone of the Samara
region in the agrocenosis of winter wheat are presented. The purpose of the work was to study the influ-
ence of natural and climatic conditions of the research area on the formation of yield indicators, protein
content in winter wheat grain. The material was 10 varieties from the Vavilov All-Russian Institute
of Plant Genetic Resources (VIR) collection and 5 varieties of selection of the Povolzhsky Scientific
Research Institute of Selection and Seed Growing named after P.N. Konstantinov. Yield, grain protein
content and protein yield per hectare were determined. Varieties characterized by high yield and high
amount of protein in grain, showing maximum protein yield in different weather conditions of the years
were identified. Over the years of research, the year 2022 was the most favorable for the formation
of high yields (between 6 and 8.5 t/ha were harvested in the indicated year), where a large amount of
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precipitation was observed in May — the first ten-day period of June. The protein content in grain was
the highest in 2021 (14-19%), when high temperatures were observed during the grain filling period
in the absence of precipitation. For each variety, the correlation dependence of the sum of active tem-
peratures and the amount of precipitation during the spring-summer vegetation period with the studied
indicators was established. There was a negative correlation between the sum of active temperatures
and yield (from —0.553 to —0.981) and a positive correlation with the protein content indicator (from
0.605 to 0.984) depending on the variety. The amount of precipitation was in a positive correlation with
the yield index, the dependence on the protein content in the grain was ambiguous and depended on
the variety. The studied indicators were influenced not only by natural and climatic conditions, but also
by the genotypic features of the studied varieties, which explains the diverse correlation dependence.
Keywords: protein, yield, winter wheat, weather conditions, vegetation
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INTRODUCTION

Winter wheat is the main food and fodder
crop in the Samara region. The area of winter
wheat sowing in the region averages 500 thou-
sand hectares annually and is gradually increas-
ing. Winter wheat is an emergency crop that
gives high yields even in drought years, so the
interest in it is consistently high [1]. This prop-
erty of wheat is especially important, because
droughts during the grain filling period are not
rare in the Samara region [2].

In the conditions of changing climate, variet-
ies adapted to local climatic conditions are the
determining innovative component of intensive
wheat grain production technology [3]. As not-
ed by . Elahi et al. [4], climate change has the
strongest impact in the areas of wheat cultiva-
tion on dry farming land.

Protein and gluten are considered the main
indicators of wheat grain quality [5]. The level
of grain production development in the country
is evidenced by the quality of produced grain
[6]. It is known that protein content is nega-
tively correlated with yield. It is important to
obtain not only high yields but also high-qual-
ity products in grain production [7]. Significant
factors that can influence grain yield and quality
include habitat, cultivation technique, and vari-
ety [8]. The conditions for obtaining high-qual-

ity grain depend on environmental factors (air
temperature and precipitation). An important
factor ensuring high yield of winter wheat is the
temperature during the flowering - grain filling
period (late May - June) [9]. A decrease in the
amount of available moisture leads, on the one
hand, to a decrease in yield, on the other hand,
to an increase in grain quality (increased protein
content) [10].

The purpose of the study was to investigate
the effect of meteorological conditions on yield
and protein content in wheat grain of the vari-
eties from the collection of the N.I. Vavilov
All-Russian Institute of Plant Genetic Resources
(VIR) and selection of the Povolzhsky Scientific
Research Institute of Selection and Seed Grow-
ing named after P.N. Konstantinov.

The research objectives are:

1) to determine the influence of the sum
of active temperatures and precipitation on the
yield and protein content in winter wheat grain;

2) to identify adaptive varieties showing
high yields and high protein content in grain in
different weather conditions in different years;

3) to conduct correlation analysis of the in-
fluence of the sum of active temperatures and
the sum of precipitation during the spring-sum-
mer vegetation period on different varieties of
winter wheat.

PactreHneBoncTBO M ceneKIus
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MATERIAL AND METHODS

The study was conducted in 2020-2022 at the
breeding and seed production fields of the Povo-
1zhsky Scientific Research Institute of Selection
and Seed Growing named after P.N. Konstan-
tinov (Laboratory of Breeding and Seed Pro-
duction of Winter Wheat) under the conditions
of ecological variety testing. Three varieties of
local selection (Povolzhskaya niva, Povolzhs-
kaya 30, Povolzhskoe zoloto), two promising
lines (Erythrospermum 4287, Lutescens 3868),
as well as ten varieties from the VIR collection
were used: Skipetr (standard), Biryuza, Basis,
Bonus, Victoria 95, Kapitan, Kipchak, Cepheus,
Yunona, Shestopalivka. Analysis of protein con-
tent in grain was carried out in the laboratory
of innovative technologies on infrared analyzer
"Infralum FT" according to the method M 04 37
2009 (2014) according to GOST R 8.563-2009.

The area of experimental plots is 15 m?, the
location of the experiment variants is random-
ized, the repetition is fourfold. Forecrop - au-
tumn fallow. Seeding rate was 4.5 million ger-
minated seeds/ha. Agrotechnics was the same as

for winter wheat. Harvesting was carried out by
combine harvester Sampo 2010.

Meteorological conditions of the spring and
summer growing season in the years of research
had significant differences, which affected the
realization of varietal potential in productivity
and protein content (see Table 1).

In 2020-2022 on the territory of the Sama-
ra region the resumption of winter wheat veg-
etation fell on the third ten-day period of April.
Before sowing in 2019, favorable weather con-
ditions prevailed, when 99.7 mm of precipita-
tion fell during the summer months. As a result,
full-grown sprouts were obtained. Low Septem-
ber temperatures (5.8-14.3 °C) and precipitation
contributed to good plant development and hard-
ening. During winter, 54.9 mm of precipitation
fell on the background of high average monthly
temperatures in January and February (-2.8 and
-3.8 °C, respectively). Overwintering conditions
were mild and had no significant effect on plants.
March was cool (2.2 °C), snow melt was gradu-
al. In April the first and second ten-day periods
were warm, with temperatures reaching 5.5 °C
on some days.

Taoa. 1. Tunporepmuueckue nokasarenu 3a 2020-2022 rr.

Table 1. Hydrothermal indicators for 2020-2022

Ten- Sum of active temperatures Amount of precipitation, mm HTC
day Long-run Long-run
Month 1 peric Long'r‘;“ 2020 | 2021 | 2022 | annual | 2020 | 2021 | 2022 | annual | 2020 | 2021 | 2022
od | annua average average
average
April 1T 63,0 65,1 | 12,2 | 104,2 11,1 13,9 | 18,2 | 12,6 1,76 - - 1,21
May I 135,0 | 170,1 | 162,9 | 60,1 8,7 2,8 | 2,8 | 225 0,64 0,16 | 0,17 —
11 189,0 | 115,3 | 232,7 | 72,2 11,6 12,0 | 0,1 | 41,4 | 0,61 1,04 | 0,01 | 5,73
I | 176,0 | 190,8 | 230,8 | 103,0 | 13,5 2,8 | 17,9 | 19,6 | 0,77 0,15 | 0,78 | 1,90
For the month 500,0 | 476,2|626,4 | 2353 | 33,8 17,6 | 20,8 | 83,5 0,68 0,37 | 0,33 | 3,55
June I 178,0 | 183,9 | 190,4 | 179,3 15,5 45,2 | 34,5 | 42,6 | 0,87 2,45 | 1,81 | 2,37
11 199,0 | 181,1 | 218,3 | 193,5 16,6 03 | 34,1 | 74 0,83 0,02 | 1,56 | 0,38
I | 207,0 | 168,7|278,2|196,6 | 22,5 2,8 3,7 3,9 1,09 0,17 | 0,13 | 0,20
For the month 584,0 | 533,7|686,9 | 569,4 | 54,6 483 | 72,3 | 53,9 | 0,93 0,91 1,05 | 0,95
July I 210,0 | 248,1|213,8|2058| 22,2 09 | 64 | 3,9 1,06 0,04 | 0,30 | 0,19
I 216,0 | 256,0 | 247,8 |1 239,7| 15,9 4,8 6,3 5,4 0,74 0,19 | 0,25 | 0,23
For the month 426,0 | 504,1 | 461,6 | 445,5| 38,1 57 | 12,7 | 9,3 0,89 0,11 | 0,28 | 0,21
Total for the
spring-summer
vegetation pe-
riod 1573,0 | 1579,0 | 1786,5 | 13544 | 137,6 | 85,5 |124,0|159,3| 0,87 0,54 | 0,69 | 1,18
42 Siberian Herald of Agricultural Science * 2023 * 53 * 9 Plant growing and breeding
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In April - May 2020 insignificant oppres-
sion of plants, decrease of precipitation rate by
30.0% as compared to a multiyear average were
observed. The sum of active temperatures was
at the level of mean annual values. In the first
ten-day period of June, a large amount of precip-
itation (45.2 mm) fell, which coincided with the
period of mass grain filling. Precipitation deficit
(15.0% of the mean annual value) was observed
in the second and third ten-day periods of June
and the first and second ten-day periods of July
against the background of high temperatures.
The spring-summer growing season of 2020
was dry, the hydrothermal coefficient (HTC) in
this period amounted to 0.54 (according to G.T.
Selyaninov).

In 2020 before sowing winter wheat there
were favorable weather conditions. In June-Au-
gust, 112.9 mm of precipitation fell, and full-
grown sprouts were obtained. Precipitation in
September and October on the background of
low temperatures promoted good development
and hardening of wheat. In November a small
amount of snow fell. In December, January and
February, 147.2 mm of precipitation fell, the
snow cover height was 55 c¢cm, which allowed
winter wheat to be reliably protected from low
temperatures. The average temperature during
the winter months ranged from -10.4 to -13.9
°C. March was cool and snow melt was gradual.

The period of spring vegetation 2021 was
characterized as acutely dry. The sum of active
temperatures in May exceeded the mean annual
value by 25.0% with low precipitation (38.0%
below the norm). Winter wheat plants were de-
pressed and lagged in growth. In the third ten-
day period of May, the first and the second ten-
day periods of June a significant amount of pre-
cipitation fell, which coincided with the period
of active grain filling. The sum of active tem-
peratures in the summer months of vegetation
exceeded the average annual value by 13.7%
with a deficit of precipitation in July. Conditions
in 2021 were difficult for growth and develop-
ment of winter wheat. The HTC for spring and
summer months was 0.69, i.e. this period can be
characterized as a dry period.

In 2021 unfavorable weather conditions pre-
vailed before sowing winter wheat. Insignifi-

cant precipitation in July (17.7 mm) and almost
complete absence of precipitation in August (0.6
mm) against the background of high tempera-
tures dried up the soil, sprouts were thinned.
The situation was corrected by precipitation in
the first ten-day period of September (31.0 mm).
The leveling of crops was observed. October
and November turned out to be warm, which
allowed plants to bush additionally. In Decem-
ber, snow cover height reached 15 cm. January
and February temperatures reached -23 °C, snow
cover height was 58 cm. March was cool and
snow melt was gradual.

The spring-summer vegetation period of win-
ter wheat 2022 differed from the previous years
of the study by a large amount of precipitation
against the background of a decrease in the sum
of active temperatures in April-June. In May
and the first ten-day period of June, a significant
amount of precipitation was recorded - above
the average annual values by 147.0 and 175.0%,
respectively. There were optimal conditions for
growth and development of winter wheat, which
enabled the varieties under study to realize their
genetic potential in terms of yield to the max-
imum. In the first and second ten-day periods
of July there was an increase in temperatures
against the background of low precipitation. The
value of the HTC for 2022 amounted to 1.18
(slightly dry conditions).

In the autumn period of 2020-2022 condi-
tions for growth and development of plants were
different, full-grown seedlings were obtained,
overwintering of which took place in mild win-
ter conditions that did not have a significant im-
pact on plants.

The years of research were characterized by
contrasting growing conditions in terms of the
sum of active temperatures and the sum of pre-
cipitation during the spring-summer vegetation
period of winter wheat. Acutely dry periods
were observed in 2020 and 2021, slightly dry pe-
riods - in 2022 the HTC ranged from 0.54 (2020)
to 1.18 (2022). The main precipitation was re-
corded in early June, which coincided with the
period of grain filling and allowed to obtain high
yields.

The relationship of hydrothermal parameters
with yield, protein content and protein yield per
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unit area was studied. Mathematical processing
was carried out according to B.A. Dospekhov*
methods of correlation and dispersion analysis
using Microsoft Exel computer program.

RESULTS AND DISCUSSION

Winter wheat is a high-yielding crop capable
of forming high quality grain even in dry condi-
tions. In our studies, the yield and protein con-
tent varied significantly by years (see Table 2).

In 2020, the yield of the studied varieties
ranged from 3.2 (Biryuza) to 5.7 t/ha (Bonus),
protein content - from 9.1 (Skipetr) to 13.8%
(Shestopalivka), protein yield - from 0.36 (Ski-
petr) to 0.69 t/ha (Bonus).

In 2021, the minimum yield was observed in
the varieties Basis and Kipchak (4.3 t/ha), the
maximum - in the line Erythrospermum 4287
(6.2 t/ha). Protein content in wheat grain var-
ied: the minimum was 14.2% (Skipetr) and the
maximum was 18.9% (Yunona). The minimum
protein yield was recorded in the variety Skipetr
(0.69 t/ha), the maximum - in the line Erythros-
permum 4287 (1.0 t/ha).

In 2022 the highest yield of winter wheat was
observed during the study period. The minimum
yield was observed in the variety Povolzhska-
ya Niva, referred to the steppe ecotype (6.1 t/
ha), the maximum - in the variety Kipchak and
the line Erythrospermum 4287 (8.5 t/ha). At the
same time, low protein content in grain was re-
corded - from 11.0 (Cepheus) to 14.8% (Povo-
Izhskaya Niva). Erythrospermum 4287 (1.1 t/
ha) stood out in terms of the protein yield, the
minimum was observed in the varieties Yunona,
Cepheus and Volga 30 (0.81 t/ha).

On average, the Bonus variety and Erythros-
permum line 4287 (6.3 t/ha) stood out in terms
of the yield over the three years of research, the
minimum indicator was in the variety Povolz-
hskaya Niva (4.9 t/ha). The maximum protein
content was characterized by the variety Victo-
ria 95 (15.0%), the minimum - the variety Ski-
petr (11.9%). Erythrospermum 4287 (0.86 t/ha)
stood out in terms of the protein yield, the min-
imum yield was recorded in the variety Skipetr
(0.64 t/ha). It is worth noting that the varieties

characterized by high yield had low protein
content, and vice versa, the lower the yield, the
higher was the protein content [11].

A close correlation was observed between the
weather conditions and yield, protein content
and yield (see Table 3). Negative correlation was
observed between the sum of the active tempera-
tures and yield; it ranged from average (-0.553)
to high (-0.981). The dependence of protein con-
tent in grain on the sum of the active tempera-
tures was positive and ranged from weak (0.065)
to strong (0.984).

Under conditions optimal for growth and de-
velopment of winter wheat, nutrients are con-
verted to starch in the grain, which leads to a
decrease in the amount of protein [12]. At high
temperatures, there is a decrease in starch bio-
synthesis in the grain [13, 14]. Increased respi-
ration and increased carbohydrate consumption
lead to an increase in the amount of the protein
in the grain [12].

The dependence of the indicator "protein
yield" on the sum of active temperatures was
versatile, depending on the variety and ranged
from weakly positive (0.151 in the variety Ce-
pheus) to strongly negative (-0.725 in the variety
Bonus).

The yield of the studied varieties was in close
positive correlation with the amount of pre-
cipitation. A similar result was obtained in the
studies of A. Wegrzyn et al. [15] in Poland on
winter wheat crops. The correlation dependence
ranged from 0.656 (medium) to 0.997 (strong).
The amount of precipitation had a versatile ef-
fect on the protein content: both weakly nega-
tive (-0.338 in the variety Shestopalivka) and
strongly positive correlation dependence (0.833
in the variety Povolzhskaya niva) were observed
in the studied varieties. High positive correla-
tion dependence was observed for the indicators
"protein yield" and "rainfall amount" - 0.781 and
0.999, respectively.

There is a clear correlation dependence for
most of the studied indicators and meteorolog-
ical conditions. It should be noted that the cor-
relation coefficient is influenced by varietal fea-
tures of winter wheat. Air temperature and pre-

* Dospekhov B.A. Methodology of field experiment. Moscow: Agropromizdat, 1985, 351 p.
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Taoa. 3. KoppensuuonHas 3aBUCUMOCTb METEOYCIOBUM U MOKa3aTelIeH «yposKalHOCTbY, «COICPKaHNE

Oenkay, «BbIxoJ Oenka» (2020-2022 rr.)
Table 3. Correlation of weather conditions with yi

eld, protein content and protein yield (2020-2022)

Sum of active temperatures Amount of precipitation
Variety Yield Protein content | Protein output Yield Protein content | Protein output
Skipetr (standard) -0,710 0,605 0,185 0,964 0,389 0,944
Biryuza —0,649 0,746 —0,267 0,982 0,205 0,968
Basis -0,900 0,933 -0,533 0,825 -0,154 0,999
Yunona —0,981 0,909 0,116 0,656 -0,092 0,803
Kapitan 0,849 0,944 -0,412 0,881 0,187 0,995
Bonus —0,963 0,816 0,725 0,712 0,094 0,958
Victoria 95 0,818 0,876 —0,022 0906 -0,017 0,878
Cepheus -0,877 0,943 0,151 0,853 —-0,181 0,781
Shestopalivka —0,798 0,984 -0,551 0,919 —-0,338 0,998
Kipchak —-0,937 0,913 —-0,657 0,770 -0,102 0,981
Povolzhskaya niva 0,802 0,065 —0,601 0,917 0,833 0,992
Povolzhskaya 30 -0,917 0,675 0,349 0,802 0,304 0,986
Povolzhskoe zoloto 0,823 0,532 —0,634 0,877 0,468 0,986
Erythrospermum 4287 —-0,553 0,532 —-0,634 0,997 0,335 0,950
Lutescens 3868 —0,864 0,656 —0,464 0,867 0,327 0,999

cipitation have a strong multidirectional correla-
tion with yield and protein amount. At the same
time, this dependence can significantly differ by
varieties [16].

Thus, meteorological conditions of the years
of the study had an impact on the yield, the
amount of protein in the grain and protein yield
per hectare. It should also be noted that genet-
ic features of the variety play a significant role
here. The studied varieties reacted differently to
the indicators of the sum of active temperatures
and the precipitation amount.

CONCLUSION

The sum of active temperatures and the sum
of precipitation during the study period had a
significant effect on the yield and protein con-
tent of winter wheat grain. 2022 was the most
favorable in terms of the yield and 2021 in terms
of the protein content.

The Bonus variety (Donskoy ASC) and Eryth-
rospermum 4287 line (Povolzhsky Scientific Re-
search Institute of Selection and Seed Growing
named after P.N. Konstantinov), which formed
6.3 tons/ha each, stood out during the study in

terms of yield. The highest protein content was
observed in the variety Victoria 95 (Research
Institute of Agriculture of South-East) — 15,0%.

Yield and protein content of winter wheat
grain were in close correlation with the sum of
active temperatures and precipitation. The value
of the correlation coefficient varied among the
varieties.

The studied indicators are influenced not only
by meteorological conditions of the year, but
also by genotypic features of the studied vari-
eties.
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K BOITPOCY O BBI'KUBAEMOCTU I'PUBA COLLETOTRICHUM LUPINI VAR.
LUPINI, ABJIAIOIIEIOCA BO3SBYIUTEJIEM AHTPAKHO3A JIIOIIUHA,
B YCJOBUSX BPSTHCKOM OBJACTH

IMumoxosa JI.HU., Arosenko I.JI1., apanuesa ’K.B., Xapabopknna H.!., ) Mucaukosa H.B.

Bcepoccuiickuil nayuno-ucciedosamenvckuil uHCmumym aonuna — unuan PedepanbHo2o HayyHo20
yeHmpa Kopmonpouseoocmea u azposxono2uu um. B.P. Bunvamca

BbpsiHckas obnacts, . Muuypusckuii, Poccust

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

[IpeacraBnens! pe3yabTaTsl U3yueHHs xu3Hecnocoonoctu rpuda Colletotrichum lupini var. lupini,
SIBJSIFOLLIETOCS] BO30yAUTENIEM ONAcHOro 3a00JieBaHusl JIONMHA — aHTpakHo3a. Llesns uccnenoBanus —
OIIPEACINTh JKU3HECTIOCOOHOCTh Iprda MpU Pa3HBIX CPOKAaX M YCIOBHUSX XPAHEHMS CEMSH M pacTH-
TEJIBHBIX OCTATKOB JIIONMHA B KJIMMATHYECKUX YCIOBHAX bpsHckoil obnactu. Pabory mpoBoauiu B
2018-2021 rr. OOBEKT HCCIEAOBAHUS — CEMEHA, IPOPOCTKH M PACTUTEIILHBIE OCTATKHU JIIOIIMHA 0EJI0Tr0
copra MU4ypHHCKUH U JIIONMHA Y3KOJIUCTHOIO copTa BUTA3b, XpaHUBIIMECS B Pa3IMYHbBIX YCIOBHSIX
B TEUEHHUE YETHIPEX JIET. 3apaKEHHOCTb CEMSH aHTPAKHO30M IEpe]] 3aKJIaJKol Ha XpaHEHHE U 10CIIe
OIIPEACIISIIM METOAOM OyMaKHBIX PYJIOHOB. MneHTuduKkanuio rpuda 0CyIeCcTBISUIN 110 THITY KOHHIUH
C HCIIOJIb30BAHUEM CBETOBOTO MHUKpOCKOMa. JKH3HECIOCOOHOCTh Iprba Ha PacTUTENBHBIX OCTaTKax
(ctBOpKH 6000B, cTEOIN) ONPEACIISIIIM METOIOM BBIICJICHHS B YUCTHIE KYJIBTYPBI HA TUTATEIbHYIO Cpe-
ny. YCTaHOBJICHO, YTO OCHOBHBIM MCTOYHUKOM MH()EKIIMHM aHTPAKHO3a CIIyXKaT 3apa’keHHbIC CEMEHa.
B ycnoBusix 3epHOXpaHUIIUILA C ECTECTBEHHBIM PEKUMOM TEMITEPATyphl M BIaXKHOCTH 32 IEPBbIH Toj
XpaHeHUsI HHQUIUPOBAHHOCTL CEMSH JIIOITMHA OEJIOro aHTPaKHO30M cHU3mMIach ¢ 8,1 1o 4,0%, y3ko-
muctHOTO — ¢ 4,8 110 1,7%. Yepes Tpu roga XpaHEHHUs] KOIMUECTBO CEMSH C KU3HECIOCOOHOH MH(peEK-
uueit rpuda cocraBuio 1,1 u 0,4% coorBercTBeHHO. ClieOBaTEIbHO, CEMEHA JIFOTIMHA TPOIUIBIX JIET
MIPEACTABISIOT MEHBIIYIO OMIACHOCTh B KAUeCTBE MCTOYHMKA MH(pekuun. Ha 3apakeHHbIX pacTHTEIb-
HBIX OCTaTKaxX B KOMHATHBIX YCIOBHSX U ITOJ] KPBILICH 3epHOX paHHIIIHILA )KU3HECIIOCOOHOCTh Tpuda Ha-
YHMHAas C IEpBOTO rojia XxpaHeHusa ymenbimiack. K secue 2021 r. ona cocrasuna 12,0 u 19,0% cootset-
crBeHHO. JKu3HecnocoOHOCTh rprda Ha He3amaxaHHbIX PACTUTEIBHBIX OCTAaTKaX CHHYKalach ObIcTpee.
Becnoit 2020 . ona coctaBuia 2,0%, K 0OCEHH — ITOJHOCTBIO HUBEIMPOBaiack. B nouse pasnoxkeHue
OCTaTKOB PACTEHHI MPOUCXOIUT OBICTPEE, YeM Ha MOBEPXHOCTH, U MOCIIE EPE3UMOBKH HaXOIAIUICS
Ha HUX TPUO MOJTHOCTHIO TEPSIET KU3HECTIOCOOHOCTh U HE MOXKET SIBIISITHCS MCTOUHUKOM MH(EKIHH.

Ki1roueBbie cji0Ba: JIONKMH, aHTPAKHO3, HICTOYHUK HH(EKLNH, CEMEHA, PACTUTEIILHBIE OCTaTKH, yC-
JIOBUSI XpaHEHHS

TO THE QUESTION OF SURVIVAL OF THE FUNGI COLLETOTRICHUM LUPINI
VAR. LUPINI - THE LUPIN ANTHRACNOSE PATHOGEN - IN THE CONDITIONS
OF THE BRYANSK REGION

Pimokhova L.I., Yagovenko G.L., Tsarapneva Zh.V., Kharaborkina N.I., &) Misnikova N.V.

The All-Russian Research Institute of Lupin — Branch of the Federal Williams Research Center of
Forage Production and Agroecology

Michurinsky, Bryansk region, Russia

(<De-mail: lupin_nvmisnikova@mail.ru

The results of studying the viability of the fungus Colletotrichum lupini var. lupini, which is the
causative agent of a dangerous disease of lupine — anthracnose, are presented. The purpose of the study
was to determine the viability of the fungus under different terms and conditions of storage of lupin
seeds and plant residues in climatic conditions of the Bryansk region. The work was done in 2018-2021.
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To the question of survival of the fungi Colletotrichum lupini var.
lupini — the lupin anthracnose pathogen — in the conditions
of the Bryansk region

Pimokhova L.I., Yagovenko G.L., Tsarapneva Zh.V.,
Kharaborkina N.I., Misnikova N.V.

The object of research were the seeds, seedlings and plant residues of the Michurinsky variety white
lupine and the Vityaz variety narrow-leafed lupine stored under different conditions for four years. Seed
anthracnose infestation before and after storage was determined by paper roll method. The fungus was
identified by conidia type using a light microscope. The viability of the fungus on plant residues (bean
leaflets, stems) was determined by isolation into pure cultures on nutrient medium. It was found that in-
fected seeds were the main source of anthracnose infection. In the conditions of a granary with a natural
regime of temperature and humidity for the first year of storage the infection of white lupine seeds with
anthracnose decreased from 8.1 to 4.0%, and narrow-leafed lupine — from 4.8 to 1.7%. After three years
of storage, the number of the seeds with viable infection of the fungus was 1.1 and 0.4%, respectively.
Consequently, lupin seeds from previous years pose less risk as a source of infection. The viability of the
fungus decreased on the infected crop residues under room conditions and under the roof of the granary
from the first year of storage. By spring 2021, it was 12.0 and 19.0%, respectively. The viability of the
fungus decreased faster on unplowed crop residues. It was 2.0% in the spring of 2020 and leveled off
completely by the fall. Decomposition of plant residues in the soil is faster than on the surface, and after
overwintering, the fungus on them completely loses its viability and cannot be the source of infection.
Keywords: lupin, anthracnose, infection source, seeds, plant residues, storage conditions
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INTRODUCTION

Lupine is used in agriculture not only as a
concentrated protein fodder for animals, but also
as a crop with the ability to increase soil fertility
and enrich it with nitrogen. Currently, two an-
nual species of lupine are cultivated in the Rus-
sian Federation: white (Lupinus albus L.) and
narrow-leafed (Lupinus angustifolius L.). Sown
areas of these species are small. For example, in
2021 they amounted to 150 thousand hectares, of
which 80.0% is occupied by white lupine. One
of the main factors preventing the expansion of
sown areas and limiting the productivity of lu-
pine is a fungal disease - anthracnose. Seed yield

losses from this disease can reach 30.0-90.0%
[1]. German researchers found that in Russia
this disease on lupine is caused by the imperfect
fungus Colletotrichum lupini var. lupini'.

Increase in temperature and moisture avail-
ability in the summer period entails changes in
the microclimate in crops. In this regard, there
are prerequisites for increased development of
many diseases in different crops. As the tem-
perature rises, the number of pathogens, initial-
ly characteristic of southern regions, increas-
es, which leads to the expansion of the area of
heat-loving fungal species [2—4].

There was an increase in the average annual
air temperature by 2.1 °C on the territory of the

'Nirenberg H.I., Feiler U. Description of Colletotrichum lupini comb. nov. in modern terms // Hagedorn GM Mycologia, 2002,

vol. 94, N 2, pp. 307-320.
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K Bompocy o BenkuBaemoctu rpuda Colletotrichum lupini var. lupini,
SBIIAIONIETOCs BO30OYAUTEIEM aHTPAKHO3a JIIONNHA, B YCIOBHAX
Bpsiackoii obnactu

IInmoxosa JI.U., Srosenxo I'JI., [lapanuesa XK.B.,
Xapa6opkuna H.M., Mucuukosa H.B.

Bryansk region from 1976 to 2016. For exam-
ple, in 1987 this indicator was recorded at 3.4
°C, in 2016 - 7.4 °C, while the average annual
value amounted to 6.2 °C. Since 1996, there has
been a steady increase in the average annual air
temperature [5].

In the conditions of climate change and ex-
pansion of international trade in planting and
seed materials, pathogenic microflora is spread-
ing over long distances® [6, 7]. In the early 80s
of the last century, domestic breeders brought
anthracnose from South America with lupine
seeds, which is one of the diseases that cause
significant damage to the lupine crop in this re-
gion® [8].

Weather conditions favorable for pathogen
development (air temperature 18-25°C, air hu-
midity 75.0-90.0%) and the absence of resis-
tant lupine varieties created ideal conditions
for epiphytotics. On the territory of Russia, re-
production and spread of the disease during the
vegetation period occurs by means of conidial
sporulation (see footnote 3) [9, 10]. Under field
conditions, the period of viability of conidia on
the surface of the affected plant organs is short:
they often die in dry weather, and due to pro-
longed exposure to sunlight and other biotic and
abiotic factors®.

Many studies have established that seeds
are the main source of primary anthracnose in-
fection in lupine under field conditions. The
threshold of their infection is no more than
0.001-0.01%, exceeding which can lead to sig-
nificant yield losses® [10, 11]. However, there is
no consensus in the literature on the viability of
the fungus after overwintering on lupine plant
residues. Some scientists claim that the fungus
does not overwinter in plant residues in the open
air and does not persist in the soil [10]. Other
authors point out that besides seeds, the remains

of affected lupine plants are an additional source
of anthracnose infection [11]. The fungus over-
wintering on perennial lupine is difficult, and no
independent outbreaks of the disease have been
observed so far. Because perennial lupin can be
a source of infection, its crops should not be lo-
cated near fields where annual fodder lupins are
cultivated (see footnote 3) [11].

To effectively protect lupine crops from an-
thracnose under climate change conditions, it
is necessary to have a full understanding of the
sources of its occurrence.

The purpose of the study was to investigate
the viability of the fungus Colletotrichum lupini
var. lupini under different terms and conditions
of storage of the seeds and plant residues of lu-
pine in the climatic conditions of the Bryansk
region.

MATERIAL AND METHODS

The study was conducted in 2018-2021 in the
north-eastern part of the Bryansk region on the
basis of the phytopathology laboratory of the
All-Russian Research Institute of Lupin - branch
of the Federal Williams Research Center of For-
age Production & Agroecology. The object of
the study were seeds, seedlings and plant resi-
dues of white lupine of the Michurinsky variety
and narrow-leafed lupine of the Vityaz variety
with signs of anthracnose. Seed samples for de-
termination of the infection by the fungus C.
lupini var. lupini were taken after their drying
and sorting in granaries. For each storage mode,
three samples of seeds weighing 5 kg were tak-
en and placed in bags. Before storing the seeds,
anthracnose infection was determined in each
sample. No seed sterilization was performed to
determine external infection, while for internal
infection the seeds were immersed in 96% al-
cohol for 2 min. Seeds were germinated in pa-

*Magan N., Medina A., Aldred D. Possible climate-change effects on mycotoxin contamination of food crops pre- and posthar-

vest // Plant Pathology, 2011, vol. 45, N 4, pp. 451-458.
*Korneichuk N.S. Lupine fungal diseases. Kiev, 2010, 374 p.

*Kungurtseva O.V. Bioecological features of the causative agent of anthracnose of lupine: Extended abstract of candidate’s thesis.

St. Petersburg: Pushkin, 2006, 19 p.

SRutskaya VI, Minyailo V.A., Minyailo A.K. Development of lupin protection system against anthracnose depending on the

biological characteristics of the pathogen // New lupin varieties, technology of their cultivation and processing, adaptation in the
system of farming and animal husbandry: Proceedings of the International Scientific and Practical Conference, dedicated to the 30th
anniversary of the All-Russian Research Institute of Lupin. Bryansk, 2017, pp. 226-236.
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per-polyethylene rolls at the optimal tempera-
ture for pathogen development (22-24 °C) for
7 days® 7. The sample was 300 seeds (six rolls
of 50 seeds each). Identification of the pathogen
was carried out by the conidia type using a light
microscope [9, 11]. The average percentage of
the seed infection was determined by the num-
ber of affected seedlings among those grown in
paper rolls.

Then the lupin seeds were stored under room
conditions and in a typical storage room. Phyto-
pathologic analysis of the seeds was carried out
several times - after 12 (in October 2018), 24
(in October 2019), 36 (in October 2020) and 46
months (in August 2021).

The study of overwintering of conidia and
mycelium of the fungus was carried out on the
stems and leaves of lupine beans affected by
anthracnose. These plant parts were collected
at the phase of full ripeness. Bean leaves and
stem parts with the size from 10 to 15 cm were
placed in kapron nets and in September some
of them were buried in gray forest light loamy
soil in the experimental field of the laboratory
(plowing depth - 22 cm, cultivation - 16 cm,
seed sowing - 3 cm), others were left in room
conditions, in the open air under the roof of the
granary and on the soil surface. Each sample
contained 50 bean leaves and 50 stems in four
replications. Plant parts for laboratory study
were taken twice a year - in May and Septem-
ber. The pathogen was isolated and studied
from the residues of the stored plant parts in
accordance with the methods accepted in my-
cology and phytopathology®°.

RESULTS AND DISCUSSION

Analysis of the seeds collected from the
beans infected with the fungus C. [upini var.
lupini showed that the seed condition depends

on the location relative to the pathogen intro-
duction. The seed located directly in the zone of
introduction is non-viable. Its surface is covered
with fungus. Such seeds are stubby or rotted and
are separated when sorted by machines and do
not make it into the seed. Nearby seeds are vi-
able, have visible signs of seed coat damage in
the form of dark or light brown spots of different
shape and size, or have no obvious signs of dam-
age at all and do not differ from healthy seeds
(see Figure 1). Such seeds serve as the carriers
of infection.

It was required to determine the period of vi-
ability of the fungus C. lupini var. lupini in the
infected seeds of white and narrow-leafed lupin,
taking into account the duration and storage con-
ditions. There is information in the literature that
the anthracnose pathogen loses viability in yel-
low lupin seeds after about 32 months, and in
narrow-leafed lupin - after 18 months'’.

Weather conditions in the years of research
were different. In December and January 2018,
the lowest air temperature was -10.8...-15.8 °C.
The coldest was February - the air temperature
during 8 days was within -11.1 ... -19.9 °C. The
snow cover was 50 cm high. Soil froze to a
depth of 110 cm. Relative air humidity varied
from 67.0 to 90.0%. In June, July and August,
the maximum air temperature was 31 °C, and
the minimum - 5.5 °C. Relative humidity ranged
from 58.0 to 79.0%. Precipitation during the
summer period amounted to 188 mm (39.7% of
the total amount for the year).

In 2019, the largest decrease in air tempera-
ture (to -11.5...-17.1 °C) was observed in Jan-
uary during 7 days. The snow cover height
reached 41 cm. Relative air humidity in Decem-
ber, January and February ranged from 83.0 to
92.0%. The depth of soil freezing amounted to
80 cm. During the vegetation period June was

SGOST 12044-93. Seeds of agricultural crops. Methods for determining disease infestation. Moscow: Standards Publishing

House, 2011, 55 p.

'"Gadzhieva G.I., Gutkovskaya N.S. Methodical guidelines for determining the infestation of lupine seeds with anthracnose.

Minsk, 2013, 20 p.

8Khokhryakov M.K. Methodical instructions for experimental study of phytopathogenic fungi. Leningrad, 1974, 69 p.
°Kirai Z., Clement Z., Shoimoshi F., Veresz Yu. Methods of phytopathology. Moscow: Kolos, 1974, 342 p.

YWindebeck K., Moore K., Richards M., O’Connor G. GRDC Update Papers: The Watch outs for pulse diseases in 2017. URL:
https://grdc.com.au/Research-and-Development/GRDC-UpdatePapers/2017/02/The-watch-outs-for-pulse-diseases-in-2017.
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Puc. 1. ITposiBienus 3apakeHust aHTPAKHO30M:

a — 600bI JIronuHa 6e10ro copra MUYypUHCKUH, TopaxeHnHble rpudom C. [lupini var. lupini; 6 — cemeHa
C BUOUMBIMH PU3HAKaMH OPAXEHHUS 3TUM I'PUOOM; 6 — ceMeHa 0e3 BUAMMBIX IPU3HAKOB MOPasKeHHUs

Fig. 1. Manifestations of anthracnose infestation:

a — Michurinsky variety white lupine beans affected by the fungus C. lupini var. lupini; 6 — the seeds with
visible signs of infection by this fungus; ¢ — the seeds with no visible signs of infestation

the warmest and driest. The air temperature rose
to 31 °C. Relative air humidity was 59.0%.

In 2020, December was the coldest. The air
temperature was within -12...-20 °C. Relative
air humidity amounted to 89.0%. Snow cover
height reached 20 cm, soil froze to a depth of
70 cm. During the growing season, June was the
warmest (10.3...31 °C) and the rainiest (141 mm
of precipitation). Air humidity was 69.0%.

In 2021, the largest air temperature decrease
(-11.8...-20.1 °C) was observed in February. This
period lasted for 19 days. The snow cover height
reached 48 cm. Relative air humidity was 82.0%.
The average daily temperature in December and
January was recorded at -4.5 and -5 °C, respec-
tively. The depth of soil freezing amounted to
50 cm. August was the warmest (11...32 °C) in
the summer period. Relative air humidity was
55.0%. No water standing was observed during
snowmelt in the experimental plots.

In conditions of granary after a year the in-
fection rate of white lupine seeds of the Mich-
urinsky variety was higher than when stored in
room conditions. Compared to the initial amount
(8.1%), the proportion of infection decreased to
4.0% on average, while in room conditions - to
3.1% (see Table 1).

After two years of storage, the infestation
amounted to 2.5 and 1.1%. In the granary after
four years, the infestation significantly (LSD , =
0.75) decreased to 0.4%; in room conditions,

white lupin seeds were free from infection.

The initial infection rate of seeds of the nar-
row-leafed Vityaz lupin variety was almost 2
times less (4.8%) than that of the white lupin.
This species of lupine differs from others by its
greater resistance to anthracnose (see footnote 1)
[11].

Under granary conditions after 12 months
of storage, seed infestation amounted to 1.7%,
while under room conditions it was 0.9% (see
Table 1).

After 46 months of storage in the granary con-
ditions, the proportion of the seeds with anthrac-
nose infection decreased significantly (LSD , =
0.49) to 0.1%, while in the room conditions the
seeds were free from infection. Obviously, the
active reduction of seed infection by this patho-
gen in room conditions was due to lower air hu-
midity, which reduced the moisture content of
the seeds. Significant reduction of fungal viabil-
ity occurred already after 36 months of storage
in the seeds of both white (LSD,, = 0.72) and
narrow-leafed lupin (LSD ; = 0.38). Thus, when
the seeds were put into storage, their moisture
content was 14.0%, while during storage for
four years it decreased to 7.0%. Similar results
were obtained during storage of the yellow lu-
pine seeds of the Fast Growing 4 variety (see
footnote 3).

The available data indicate that the viability
of anthracnose pathogen in the infected seeds of
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Taoa. 1. KonuuecTBo ceMsiH monuHa coptoB MudypuHckuil 1 Butssp, conepxammx nHQEKIUIo BO30Y-
JUTENS aHTPAKHO3a, B 3aBUCUMOCTH OT MPOAOJIKUTENLHOCTH U YCIOBUN XpaHEHUs

Table 1. The number of white lupine seeds of the Michurinsky and Vityaz varieties containing
anthracnose pathogen infection depending on duration and storage conditions

St diti Sample Initial Seed infestation at different storage durations, %
orage conditions number infestation, % 12 months | 24 months | 36 months | 46 months
Michurinsky varie
Atroom temperature, in the laboratory 1 8,8 3,6 2,0 0,4 0
2 7,2 2,4 1,2 0 0
3 8.4 32 1,6 0,4 0
Average 8,1 3,1 1,6 0,3 0
At varying temperature, in a storage 1 8,8 4.8 3,2 1,6 0,8
room
2 7,2 3,2 2,0 0,4 0
3 8,4 4,0 2,4 1,2 0,4
Average 8,1 4,0 2.5 1,1 0,4
Vityaz variety
Atroom temperature, in the laboratory 1 4.8 0.8 0.4 0 0
2 5,2 1,2 0,8 0,4 0
3 4.4 0,8 0,4 0 0
Average 4,8 0,9 0,5 0,1 0
At varying temperature, in a storage 1 4.8 1.6 0.8 0.4 0
room b b b b
2 5,2 2,4 1,2 0,8 0,4
3 4,4 1,2 0,4 0 0
Average 4.8 1,7 0,8 0,4 0,1

white and narrow-leafed lupin persists for a long
time. At the same time, the number of the seeds
with viable infection significantly decreases
starting from the first year of storage. Therefore,
seeds of previous years compared to freshly har-
vested seeds are less dangerous as a source of
anthracnose infection in the field.
Phytopathological analysis of the seeds
showed that in the first year of storage the num-
ber of seeds with surface infection of the fungus
decreases, which on lupine seedlings manifests
itself on the root neck in the form of dark brown
spots, forming tangles, which leads to the death
of the seedling. Internal infection of the patho-
gen persists for a long time and begins to die
from the second year of storage. It is manifested

on the cotyledons and the growing point in the
form of pink spots with a large number of conid-
ia of the fungus, which are washed out by rain
in the field, spread by wind through the crop and
infect healthy plants (see Fig. 2).

At the end of the third and fourth years of
storage of the lupine seeds in granaries, only in-
ternal infection of the fungus remained. In room
conditions this infection died in the fourth year
of storage. Fig. 3 shows a colony of the fungus
C. lupini var. lupini cultured on potato glucose
agar (PGA) in Petri dishes and its conidia iso-
lated in pure culture from the seeds after three
years of storage in the granary.

It was found that the fungus forms an aeri-
al ashy-gray mycelium on the nutrient medium
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Puc. 2. [TpuzHaKK MOPAXKESHHOCTH 7-CyTOUHBIX TPOPOCTKOB JitonuHa Oesioro rpudom C. [upini var. lupini:

a — Ha TMIIOKOTUIIC, 6 — Ha CEMAIO0JIAX

Fig. 2. Infection symptoms of the 7-day old white lupin seedlings with the fungi C. lupini var. lupini:

a — on the hypocotyl; 6 — on the cotyledon

(potato-glucose agar). Cylindrical conidia with
rounded ends develop abundantly on the aerial
mycelium. The size of conidia is highly variable,
7.0-21.5 x 3.5-7.0 pm (see footnote 1) [11]. The
colony of the fungus obtained by us fully corre-
sponds in morphological features to the colonies
described earlier by other researchers, which
confirms its belonging to the causative agent of
lupine anthracnose.

The fungus persists on lupin plant residues in
the form of mycelium and conidia pads, glued
together as a gelatinous mass containing prome-
nium, which protects spores from the negative
effects of abiotic and biotic environmental fac-
tors (see footnote 3) [11].

In studying the role of lupine plant debris as
an additional source of disease under field con-
ditions, it was found that the period of viabil-
ity of the fungus depends on the conditions in
which it is located.

According to the results of the study of the
fungus isolates from lupine plant material stored
in room conditions for different times, it can be
noted that during storage there is a loss of viabil-
ity of anthracnose pathogen spores. Thus, from
four samples of 2011 it was not possible to ob-
tain a single isolate, in 2013 three isolates from
four samples were obtained. Consequently, after
three years, the vast majority of the spores lose

viability, and after five years there is a complete
loss of their viability [9].

In our studies, the fungus on plant residues
stored in room conditions and in the open air un-
der the roof of the granary kept viability for a
long time, while it constantly decreased. Parts
of the stored plants with signs of anthracnose le-
sions were transferred to the PGA nutrient medi-
um. The results of the experiment are presented
in Table 2.

During the fall-winter-spring period, the vi-
ability of the fungus on plant residues in room
conditions and in the open air under the roof
of the granary was detected in 76.0 and 83.0%
of samples, respectively, after one year (spring
2021) only in 12.0 and 19.0%.

Viable fungi were found on the plant resi-
dues of lupine with signs of anthracnose le-
sions, decomposed on the soil surface, in the
autumn-winter-spring period (from 05.09.2019
to 15.05.2020) only in 2.0% of cases. During
the summer period, the fungus completely lost
viability (data for September 2020). The fungus
on plant debris in the soil at 22, 16, and 3 cm
depths was non-viable during the autumn-win-
ter-spring period. By the end of May 2021,
these plant residues had almost completely de-
composed and were no longer suitable for anal-
ysis.
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Puc. 3. Bo30yauresb anTpakHo3a jronuHa rpud C. lupini var. lupini:

@ — BHEIIIHUH BUJI KOJIOHUU; 6 — KOHUUH rpuda

Fig. 3. Lupin anthracnose pathogen — the fungi C. lupini var. lupini:

a — colony appearance; 6 — fungi conidia

Taoa. 2. XXuznecnocodHocts rpubda C. lupini var. lupini Ha pacTUTEIBHBIX OCTaTKaX B 3aBUCUMOCTHU OT
BpeMeHH U criocoba xpaHeHus (ombiT 3amoxer 05.09.2019 r.)

Table 2. Viability of the fungi C. lupini var. lupini on plant residue depending on the period and storage

conditions (experiment started 05.09.2019)

Percentage of the samples with viable fungus under different storage options, %
Timing of the tests . under the roof of the on the soil in the soil at depth, cm
indoors
granary surface 22 16 3
15-21.05.2020 76 83 2 0 0 0
07-13.09.2020 49 54 0 0 0 0
23-29.05.2021 12 19 0 0 0 0

The results show that on infected plant res-
idues in room conditions and under the roof of
the granary the fungus remains viable, but from
the first year of storage it decreases.

The viability of the fungus on unplowed
plant residues in spring-summer period is pre-
served and can be the source of infection during
re-sowing of lupine in this field. However, by
the autumn its viability is completely lost. Af-
fected lupine residues in the soil from the fall
cannot be a source of lupine plant disease, as
the anthracnose pathogen completely loses its
viability in the spring.

Green mass of the yellow and narrow-leafed

lupines, plowed into the soil in the blue-gray
bean phase, in 8.5 months (by April of the next
year) decomposed by 74.0-79.2%. Stubble and
roots as more inert mass for microorganisms'
activity mineralized slower and after 2.0-2.5
months decomposed by 46.9-53.0%, by spring
- by 65.1% (see footnote 3).

When cultivating lupine according to the
classical technology in the zone of sufficient
moisture, soil treatment involves the following
stages:

1) stubble shallow plowing with disc har-
rows to a depth of 10-12 cm after harvesting the
forecrop;
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2) underwinter plowing to a depth of 20-22
cm after 10-14 days.

If shallow plowing is not carried out, then
underwinter plowing is carried out earlier. In
spring (just before sowing) the soil is cultivated
to a depth of 16 cm. The depth of sowing seeds
is 2-3 cm. In crop rotation lupine should be re-
turned to the same field not earlier than in 2-3
years [1]. When cultivating lupine with such a
system of soil tillage and observing the terms of
crop rotation, plant residues infected with an-
thracnose cannot serve as an additional source
of pathogen infection. This is confirmed by our
experience, in which the seeds of white and nar-
row-leafed lupine without signs of anthracnose
pathogen damage were sown on the plot where
in the previous year there was a sowing of lupine
with the signs of anthracnose damage in plants
(65.0%) and beans (82.0%). After harvesting,
the plant residues of lupine were plowed into the
soil to a depth of 22 cm. In spring, lupine was
sown in this field. From sprouting to harvesting,
no signs of disease damage were observed on
the plants and beans of white and narrow-leafed
lupin. Phytopathological analysis of the collect-
ed seeds did not reveal anthracnose infection.
This fact indicates that the fungus completely
loses its viability on plant residues decomposed
during the autumn-winter-spring period.

CONCLUSION

The studies have shown that in climatic con-
ditions of the Bryansk region the main source of
anthracnose infection in lupine crops is infected
seeds. The fungus on the seeds retains viability
in conditions of granaries with natural tempera-
ture and humidity regime up to four years. Since
the first year of storage the number of white lu-
pine seeds with viable infection decreased from
8.1 to 4.0%, narrow-leafed lupine - from 4.8 to
1.7%. Therefore, it is advisable to use the seeds
of the previous years' harvests for sowing.

The viability of the fungus on lupine plant
residues located on the soil surface decreased
to 2.0% during the autumn-winter-spring peri-

od. During the summer period, the fungus com-
pletely lost viability. Conidia and mycelium of
the fungus overwintering on plant residues left
on the soil surface are viable during summer and
can serve as a source of anthracnose infection.
The viability of the fungus was not preserved by
the beginning of the next summer on the plant
residues of lupine, which were in the soil from
the autumn at a depth of 22, 16 and 3 cm.

If the basic tillage system in the zone of suf-
ficient moisture includes autumn plowing, then
lupine plant residues cannot become the source
of infection.
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HNPUMEHEHHUE METOJAOB BUOUH®OPMATUKHU
HHPU UCCIIEAOBAHUU U CO3JAHUU IECTULNI0B

<)Kazanues C.A.!, [lamupcknii 1.9.2

'Cubupcruii ghedepanvuviil Hayunwiil yenmp azpobuomexnono2uti Poccuiickotl akademuu HayK
HoBocubupckas obnacts, p.i. Kpacnoo6ck, Poccust

2Cubupckuil HAy4HO-UCCAEO08AMENbCKUL UHCIMUMYM CElbCKO20 X035UCMEa U mopga — guauan
Cubupcrozco edepanvHozo Hayunoeo yenmpa azpoouomexnonocuil Poccuiickoii akademuu Hayk
Tomck, Poccus

(C<De-mail: stivkaz@yandex.ru

[IprMeHeHne NeCTULUIOB COMPOBOXKIACTCS PSAIOM MPOOJIEM IKOJIOTHYECKOI0 U arpOTEXHOIOIU-
YEeCKOro xapakrepa. MHOrue necTuluAbl He AErPaIupyroT U ToJaMH HaXOAATCs B TOYBE, UMEIOT HU3-
KYI0 U30MpaTenbHOCTh. MaccHpOBaHHOE ITPUMEHEHHUE MTECTHINAOB C HEM30UPaTEIbHBIM XapaKTepoM
JICHCTBHS BBI3BAJIO Y BPEAUTENECH IIOCTENEHHBIN POCT PE3UCTEHTHOCTH B CBSI3U CO CTOMKUMU HacJe-
nyembivu usMeHeHnsiMHA ux JIHK. Oto ckaspiBaercs Ha 3(h(heKTHBHOCTH BBIPAIMBAHUS CEIIbCKOXO-
3sIMCTBEHHBIX PACTEHUHN U 3arpsi3HEHUHN OKPYKAIOIel cpelibl U MPOJAYKTOB NMUTaHus. B paspeiienun
3TOH Npo0JIeMBbl MOTYT TIOMOUYb METOJIbI KOMITBIOTEPHON OMOJIOTHH, KOTOPbIE aKTHBHO Pa3BUBAIOTCS
BO BceM mupe. Hecmotpst Ha To, uto B Poccun MeTonsl 0MoMHGOPMATHKY TPUMEHSIIOT AJIST M3yUEHHS
TeHOB PACTEHUH )KUBOTHBIX, METar€HOMOB MUKPOOPTaHU3MOB, COOCTBEHHBIE 0a3bl JAHHBIX U CIICLIHA-
JTM3UPOBAaHHBIE KOMIILIOTEPHBIC PUIIOKEHNUS IS TOAOOHBIX HCCIIEOBAHNI U MOJICPHU3AIH TIECTHU-
0B OTCYTCTBYIOT. Pa3paboTka OT€YECTBEHHBIX aHAJNOTHYHBIX MHCTPYMEHTOB OHMOMH(pOPMATHUKU
TaKXe sIBJISIETCS aKTyaJlbHOU 3a1adeil. B crarbe ocBemiena npobiema co3aanust HOBBIX 3()(eKTUBHBIX
1 3KOJIOTMYECKH Oe301acHbIX necThIoB. [ IprBenens! MeTonb! OMOMH(OPMATHKH, KOTOPbIE MOKHO TIPUMEHSTH
NPY MCCIIGOBAHMN M Pa3pabOTKe TIECTULMIOB. PaccMOTpEHBI ATambl CO3AaHUS HOBBIX TECTHIMIOB METO-
Jamy OnomH(popMaTuKy (0030p 0a3 JaHHBIX, MOJIEIMPOBAHIE MOJIEKYI, MOACIMPOBAHUE B3aHMMOICHCTBHS
MECTULM/A C MUILICHBIO, MPOrHO3UPOBaHKE OUOJIOTMYECKON aKTUBHOCTH). JlaHO OmMcaHue METoIoB ONTH-
MI3AIN MOJIEKYJISIPHOTO KapKaca MEeCTUIINIOB, PEICTARIISIONIEH coO00l M3MEHEHHE YITIEPOIHOTO CKEeTa ¢
LIEJIBEO [IOMCKA HOBBIX AKTUBHBIX COSAMHEHNH 1 OTCEMBAHMS MHOKECTBA TIOXOKHMX COSTMHEHNH B XUMHYECKOM
npoctpancTse. [IprBenens! 3apyOekHble BeO-pecypehl, IPUMEHSEMBIC ISl OLIEHKN HAJIMYKS y BELIECTB Iie-
CTULIM/IHBIX CBOMCTB, TAKMX KaK TOKCHYHOCTb, META0ON3M 1 (DF3UKO-XHMIYECKUE CBOWCTBA, U TIOCIISY OIIEH
PETUCTpAL X KaK MECTULNIOB.

KiroueBblie cioBa: nectunuasl, OMOMH(GOpPMATHKa, BUPTYAIbHBIH CKPUHUHT, TOKHHT, MOJIEIIH-
poBaHue

APPLICATION OF BIOINFORMATICS METHODS
IN PESTICIDE RESEARCH AND DEVELOPMENT

g@)Kazantsev S.A.', Pamirsky L.E.?

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

Siberian Scientific Research Institute of Agriculture and Peat (branch of SFSCA RAS)

Tomsk, Russia

(C<De-mail: stivkaz@yandex.ru

The use of pesticides is accompanied by a number of environmental and agrotechnological prob-
lems. Many pesticides do not degrade and stay in the soil for years and have low selectivity. Massive
application of pesticides with non-selective nature of action caused a gradual increase of resistance
in pests due to persistent inherited changes in their DNA. This affects the efficiency of growing agri-
cultural plants and pollution of the environment and food. Computational biology methods, which are
actively developing all over the world, can help to solve this problem. Despite the fact that in Russia
bioinformatics methods are used to study plant genes of animals, metagenomes of microorganisms,
there are no own databases and specialized computer applications for such research and pesticide
modernization. Development of domestic similar bioinformatics tools is also an urgent task. The ar-
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U CO3JIaHUU ECTULIUI0B

Kazanues C.A., [Tamupckuii 1.D.

ticle highlights the problem of creating new effective and environmentally friendly pesticides. The
methods of bioinformatics that can be used in the research and development of pesticides are given.
The stages of creating new pesticides by bioinformatics methods (review of databases, modeling of
molecules, modeling of the interaction of a pesticide with a target, prediction of biological activity)
are considered. A description is given of the methods for optimizing the molecular framework of pesti-
cides, which is a change in the carbon skeleton in order to search for new active compounds and screen
out many similar compounds in the chemical space. Foreign web resources used to assess the presence
of pesticidal properties in substances, such as toxicity, metabolism and physico-chemical properties,
and their subsequent registration as pesticides are given.
Keywords: pesticides, bioinformatics, virtual screening, docking, modeling
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Initially, the properties of pesticides were
unknown, and the name "pesticides" ("pestis"
- contagion and "cido" - killing) was given to
them after the discovery of their ability to cause
the death of various organisms. Gradually, pesti-
cides began to be used in large quantities against
pests of agricultural crops and products (harmful
insects, weeds, phytopathogenic fungi, etc.). In
the XX century, despite regulatory laws, mass
application of pesticides became practically un-
controlled, so in the XXI century the problem of
pesticide accumulation is highly relevant for the
national economy.

It is known that many pesticides due to their
pronounced toxicity are capable of disrupting
the vital activity of many species of organisms,
including humans and animals'. Active study of
pesticide toxicity and development of the meth-
ods of their analysis in biological objects has

been conducted since 19502 Pesticides are able to
persist for a long time in environmental objects
(plants, soil, water, etc.) and in the organisms of
warm-blooded animals eating pesticide-treated
plants, which leads to human poisoning by in-
halation, oral, transdermal and other routes. In
addition, pests develop resistance to pesticides.

Nowadays, more and more effective pesti-
cides are required to increase crop yields and
preserve agricultural products. At the same time,
they should be safe for people and the environ-
ment.

Pesticide development is a complex process
that requires a lot of time and money. Each
new pesticide must be tested against more than
140,000 different compounds, which takes more
than 10 years and is estimated to cost more than
$286 million. [1]. To ensure safety, as well as to
save time, labor and other resources, it is neces-

'Kramarenko V.F. Toxicological chemistry. Kiev: Vyshcha Shkola. Golovnoe Publishing House, 1989, 393 p.
Vergeichik T.Kh. Toxicological chemistry. Moscow: MEDpress-Inform, 2009, 350 p.
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Application of bioinformatics methods in pesticide research and
development

Kazantsev S.A., Pamirsky L.E.

sary to look for alternative ways to create pesti-
cides. One of such ways is the use of computer
methods - bioinformatics [2].

Bioinformatics methods

Bioinformatics is an interdisciplinary field
that combines general biology, molecular biol-
ogy, cybernetics, genetics, chemistry, computer
science, mathematics and statistics. The applica-
tion of its methods makes a meaningful contri-
bution to the study of bioactive substances be-
cause it is based on the rapid analysis of large
data sets, including those obtained through ex-
tensive empirical experience.

Modeling a pesticide is directly related to the
design of its structure [3]. This process consists
of four steps:

— studying molecular databases that contain
information on structures and ligand binding
sites?;

—molecular docking;

— molecular framework optimization;

— pesticide likeness assessments.

Protein and low molecular weight databases

Protein databases are important as a source of
information for structural design purposes and
can give researchers a better understanding of
pathogenic mechanisms [3] by providing data on
target structure, active sites, protein sequence,
etc. Databases of low molecular weight substanc-
es allow to limit the choice of molecules due to
confirmed physicochemical properties, energet-
ic parameters (electrostatic potential, dipole mo-
ment, etc.) and biological activity. The choice of
a suitable library of molecular compounds sig-
nificantly increases the efficiency of work. The

largest is the Protein Data Bank (PDB)*. It con-
tains more than 200 000 records, information on
fundamental, secondary and crystal structures of
biological macromolecules®. The Uniport® pro-
tein sequence database also provides high-level
annotation (translational modifications, domain
structure, protein function, etc.)”®. A sought-af-
ter diversified compound library is the Chem-
Bridge®’ database based on 3D pharmacophore
design. Over 28 years, it has accumulated more
than 1,300,000 compounds'®.

There are significant shortcomings of the da-
tabases: insufficient thermodynamic parameters
related to proteins, as well as information on
protein-pesticide interactions.

Molecular docking (virtual screening)

Molecular docking is a virtual modeling of
molecule docking. It is a suitable choice for
modeling the 3D structure of the receptor-ligand
complex and assessing the stability of the com-
plex. Virtual screening is an effective strategy for
the identification of bioactive molecules and has
the potential to significantly accelerate pesticide
discovery''. The main task of docking is to ex-
plore the conformational space of ligands bind-
ing to target molecules and to rank this space
according to the estimated binding affinity.

Molecular docking methods can be roughly
divided into four categories:

— shape-matching methods (e.g., SAN-
DOCK). This category does not take into ac-
count the intrinsic flexibility of molecules;

— systematic methods (e.g., DOCK, FlexX).
DOCK shapes the core segment through spatial
complementarity by systematically exploring
the pose space of each key. FlexX places hard

3Lopez Pazos S.A., Cerén Salamanca J.A. Minireview and hypothesis: homology modelling of Spodoptera litura (Lepidoptera:
Noctuidae) am inopeptidase N receptor // Revista de la Academia Colombiana de Ciencias Exactas, Fisicas y Naturales, 2008, vol.

32 (123), pp. 139-144.
“https://www.wwpdb.org.
Shttps://www.rcsb.org/mews/639b9e337f8444£313d20414.
Shttps://www.uniprot.org.

"Boutet E., Lieberherr D., Tognolli M., Schneider M., Bairoch A. UniProtKB/Swiss-Prot // Methods in molecular biology (Clif-
ton, N.J.), 2007, vol. 406, pp. 89-112. DOI:10.1007/978-1-59745-535-0_4.

8Bairoch A., Apweiler R. The SWISS-PROT protein sequence database and its supplement TTEMBL in 2000. Nucleic Acids

Research, 2000, vol. 28 (1), pp. 45-48. DOI: 10.1093/nar/28.1.45.

*https://chembridge.com.

YFacts K. Chembridge screening libraries. Oct. 2022. https://chembridge.com/.

"Wermuth C.G., Villoutreix B., Grisoni S., Olivier A., Rocher J-P. Chapter 4 — strategies in the search for new lead compounds
or original working hypotheses. In: Wermuth C.G., Aldous D., Raboisson P., Rognan D., eds. The Practice of Medicinal Chemistry.
fourth ed. San Diego: Academic Press, 2015, pp. 73-99. DOI: 10.1021/acsomega.8b00778.
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core fragments based on interaction groups be-
tween the fragments and receptors;

— stochastic methods (e.g., Monte Carlo);

— methods of molecular dynamics modeling.

Valuation techniques can be roughly divided
into three categories:

— physics-based (such as DOCK, GOLD,
Ledock);

— regression-based (for example, Autodock,
Vina, Surflex, Glide);

— knowledge-based.

Improvements in high-throughput screening
procedures using quantitative structure-activ-
ity relationship (QSAR) methods allow faster
screening of large numbers of compounds un-
der identical test conditions, reducing the risk of
repeating variable test data from many sources.
Both docking and QSAR methods help to identi-
fy a suitable candidate molecule for a pesticide'.

A number of problems currently exist in the
use of virtual screening approaches: the diffi-
culty in locating allosteric binding pockets; the
complexity of calculations and the correspond-
ing construction of the protein model makes it
difficult to take into account its flexibility; the
strong influence of desolvation, entropic penal-
ty, conformational stress, etc.; it is still difficult
to predict the binding affinity of various small
molecules with high accuracy by existing esti-
mation methods. The resolution of these prob-
lems is necessary for the further development of
virtual screening.

Optimization of molecular framework

Optimization of the molecular framework is
necessary to obtain basic molecular compounds.
The methods used at this stage of structural mo-
lecular design simplify the modification of the
carbon skeleton, which reduces the synthesis of

many similar compounds and increases the effi-
ciency of the search for new active compounds.

Different scenarios require suitable molec-
ular framework optimization tools. In 2020, an
automated in silico ligand evolution (AILDE)
control using one-step FEP and MD modeling
strategies was developed for rapid identification
of basic compounds in drug development in the
available chemical space [4].

Fragment-based design is another optimiza-
tion method. In 2016, Auto Core Fragment in
silico Screening (ACFIS) server was released to
find leading connections based on fragments. It
includes computational modules PARA GEN,
CORE GEN and CAND GEN, and uses the
fragment deconstruction analysis method to ob-
tain the key structure where fragment growth
occurs’?.,

There are also a number of challenges in us-
ing molecular framework optimization tools:

— the main problem is the choice of the key
structure of the molecular framework;

— due to the poor pharmacological character-
istics of the available compounds, the current
fragment libraries need to be replaced with more
extensive ones;

— shape descriptors, multidimensional struc-
ture parameters and molecular topology of the
compounds are insufficiently studied [5];

— it is necessary to take into account the com-
plexity parameters of the compounds, especially
of chiral ones';

— it 1s difficult to take into account the photo-
stability, permeability, solubility and ecotoxicol-
ogy of the pesticide molecules' '°[6].

Determination of pesticide likeliness
The process of pesticide development can
be accelerated by the web resource ADMET",

2Li X., Luan F., Si H., Hu Z., Liu M. Prediction of retention times for a large set of pesticides or toxicants based on support vector
machine and the heuristic method // Toxicology Letters, 2007, vol. 175 (1-3), pp. 136—144. DOI: 10.1016/j.toxlet.2007.10.005.

BHao G.F, Jiang W, Ye Y.N. et al. ACFIS: a web server for fragment-based drug discovery // Nucleic Acids Research, 2016, vol.
44 (W1), pp. W550-W556. DOI: 10.1093/nar/gkw393.

“Hao G., Dong Q., Yang G. A comparative study on the constitutive properties of marketed pesticides // Molecular Informatics,
2011, vol. 30, pp. 614-622. DOI:10.1002/minf.201100020.

SAktar M.W., Sengupta D., Chowdhury A. Impact of pesticides use in agriculture: their benefits and hazards // Interdisciplinary
Toxicology, 2009, vol. 2 (1), pp. 1-12. DOI: 10.2478/v10102-009-0001-7.

Duke S.0. Why have no new herbicide modes of action appeared in recent years? // Pest Management Science, 2012, vol. 68
(4), pp. 505-512. DOI: 10.1002/ps.2333.

"https://admetmesh.scbdd.com.
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which provides a database and models that filter
a large number of compounds before testing for
bioavailability [7]. Pesticide Info, a web search-
able database based on the Pesticide Action
Network (PAN)', is also used. Another exam-
ple is the ECOTOX knowledge base', which
combines three previously independent databas-
es - AQUIRE, PHYTOTOX and TERRETOX -
into a unique system in which 12,281 chemical
toxicity data are derived primarily from peer-re-
viewed literature.

Pesticide similarity analysis models are used
to identify pesticide similarity. Thus, over the
last 10 years, the relevant tools have been con-
tinuously improved. In 2014, the QEP method
was established, which is implemented by cal-
culating exponential desirability functions of
several descriptors and then their conditional
summation®. Relative Drug Similarity (RDL)
is a quantitative function used to predict pesti-
cide likeliness?!. In 2019 and 2021, based on the
known molecular structures of pesticides, mo-
lecular descriptors were calculated, data were
fitted, key parameter values for quantitative
pesticide similarity assessment, relative chemi-
cal compound class and Gaussian function were
obtained, and 9 evaluation functions of pesticide
classes were fitted [7-9].

Another FungiPAD method is also used for
rapid prediction of bioavailability, physico-
chemical properties and fungicide similarity.
InsectiPAD provides comprehensive insecti-
cide similarity analysis for any compound. In
addition, the Agricultural and Environmental
Research Group at the University of Hertford-
shire has developed a database of pesticide
properties®.

"8https://pan-international.org/pan-regional/.
Phttps://cfpub.epa.gov/ecotox/.

Examples of in silico pesticide creation

Example 1. nhibitor of mitogen-activated
protein kinase FgGpmkl.

Mitogen-activated protein kinase (MAPK)
plays an important role in pathogenicity, differ-
entiation and cell growth of phytopathogenic
fungi**. The MAPK enzyme FgGpmkl1 is known
to be closely related to invasion and virulence in
Fusarium graminearum®*3[10]. For this reason,
FgGpmkl1 is considered an attractive target for
inhibiting Fusarium rot. In 2021, a multidisci-
plinary pesticide development strategy was ap-
plied to develop FgGpmkl! inhibitors (see foot-
note 24). The structural optimization process is
shown in Figure 1.

By virtual screening, compound 21 was ob-
tained, which showed optimal activity (EC,, =
13.01 pg-mL"). Further structural optimiza-
tion, represented by the addition of the Schiff
base, showed that the resulting compound 94
had a higher activity (EC,, = 3.46 pg - mL™").
Observing the molecular design simulation, it
is suggested that the Schiff base forms a vital
hydrogen bond with Glu69 to stabilize the con-
formation of the compound 94. This hydrogen
bond is quite different from that formed between
the pyrazolpyrimidine group of the compound
21 and Glu31 (see Figure 1). This explains why
compound 94 is more active than compound 21.
However, the potential for the MAPK enzyme
FgGpmk1 to be affected still requires further in-
vestigation [10]. The role of MAPK FgGpmkl
in the interactions of phytopathogenic fungi with
the plants that are crops should be established
[11]. The FgGpmkl transcription factors regu-
lating Fusarium graminearum, about which lit-
tle is known, also require further study.

D4vram S., Funar-Timofei S., Borota A., Chennamaneni S.R., Manchala A.K., Muresan S. Quantitative estimation of pesticide-
likeness for agrochemical discovery // Journal of Cheminformatics, 2014, vol. 6 (42), DOI: 10.1186/s13321-014-0042-6.

HYusof I, Segall M.D. Considering the impact drug-like properties have on the chance of success // Drug Discovery Today, 2013,
vol. 18 (13—14), pp. 659. DOTI: 10.1016/j.drudis.2013.02.008.

Zhttp://sitem.herts.ac.uk/aeru/ppdb/en/purchase _database.htm.

BHamel L.P, Nicole M.C., Duplessis S., Ellis B.E. Mitogen-activated protein kinase signaling in plant-interacting fungi: distinct
messages from conserved messengers // The Plant Cell, 2012, vol. 24 (4), pp. 1327-1351. DOI: 10.1105/tpc.112.096156.

“Wang C.F, Zhang S.J., Hou R. et al. Functional analysis of the kinome of the wheat scab fungus Fusarium graminearum //
PLOS Pathogens, 2011, vol. 7 (12), p. €1002460. DOI: 10.1371/journal.ppat.1002460.

BGu Q., Zhang C.Q., Liu X., Ma Z.H. A transcription factor FgStel2 is required for pathogenicity in Fusarium graminearum //
Molecular Plant Pathology, 2015, vol. 16 (1), pp. 1-13. DOI: 10.1111/mpp.12155.
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Example 2. Chitinase inhibitor OfChi-h

Chitin is a key component of the peritrophic
membrane of insects and the exoskeleton of the
midgut** 2" [12]. Since chitin is absent in higher
plants and mammals, it can be considered as a
convenient target for the action of pesticides in
their development [13]. ZINC database mole-

Bazoeoe coeplHeHWe

BeAyluias onTHMUIALMS
i
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1

21 94 (Fngmlﬁ -IN-1)
ECg, = 3.46 pg-mL™"

N8

. N

Puc. 1. CTpyKTypHBIH MOJEKYIAPHBIA JU3aliH WH-
rHOUTOpa MUTOT€H-aKTUBUPYEMOM MPOTCHHKUHAZBI
Fusarium graminearum [3]

Fig. 1. Structural molecular design of Fusarium
graminearum mitogen-activated protein kinase
inhibitor [3]
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Puc. 2. CTpyKTypHBIii MOJEKYJIIPHBIN 1U3alH UH-
rudutopa xutuHazbel OfChi-h [3]

Fig. 2. Structural molecular design of the chitinase
inhibitor OfChi-h [3]

cules were used to obtain the compound VS-5
by virtual screening. The structural optimiza-
tion process is shown in Fig. 2.

In the binding mode, it can be seen that the
4-chlorophenyl fragment 8f moves slightly to-
ward the entrance of the OfChi-h pocket (see
Figure 2) and forms a strong m-m interaction
with Trp389. In addition, modification of the
ethyl ester group to a benzyl group led to H-n-n
interactions with Asp384. These results explain
why the inhibitory activity of compound 8f
(IC,,= 0.1 uM) is higher than that of VS-5 (IC,,
=0,33 uM) [14].

3AKJIIOYEHUE

The use of pesticides is accompanied by a
number of environmental and agrotechnologi-
cal problems. Many pesticides do not degrade
and remain in the soil for years, they have low
selectivity. Massive use of pesticides with
non-selective nature of action has caused grad-
ual growth of resistance in pests due to per-
sistent inherited changes in their DNA?®, which
affects the efficiency of growing agricultural
plants and contamination of the environment
and foodstuffs. This requires the development
of new targeting and biodegradable pesti-
cides. The methods of computational biology,
which are being actively developed all over the
world, can help here. It should be noted that
despite the fact that in Russia bioinformatics
methods are actively used to study plant genes
of animals, metagenomes of microorganisms,
there are no own databases and specialized
computer applications for such studies and
modernization of pesticides. The development
of domestic analogous bioinformatics tools is
also an urgent task.

%Alvarenga E.S., Mansur J.F,, Justi S.A. et al. Chitin is a component of the Rhodnius prolixus midgut // Insect Biochemistry and
Molecular Biology. 2016. Vol. 69. P. 61-70. DOI: 10.1016/j.ibmb.2015.04.003.

YKumirska J., Thoming J., Stepnowski P. Biomedical activity of chitin/chitosan based materials — influence of physicochemical
properties apart from molecular weight and degree of N-acetylation // Polymers. 2011. Vol. 3 (4). P. 1875-1901. DOI: 10.3390/

polym3041875.

BWeissband Gold https://www.pesticidy.ru/dictionary/resistance.
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BJIMAAHUE KOMIIVIEKCHBIX BUOJOBABOK ®UTOI'EHHOI'O
MNPOUCXOXKIEHUA HA TPOAYKTUBHBIE ITIOKA3ATEJIM IEPEIIEJIOB
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’Hosocubupckuti 20Cy0apcmeentblil azpapHbiil YHUGEPCUMEm

HoBocubupck, Poccust

(<De-mail: nosenko n@ngs.ru

[TpoBeneHbl CpaBHUTEBHBIC MCCICIOBAHMS 110 M3YUYCHHIO BIUSHUS (QUTOOMOI00aBOK M3 HATY-
PaNBHOTO PACTUTENBHOTO CHIPBS M C CHHTETHYECKHM aJaTOTeHOM aypojioM B KOMILIEKCE C apadu-
HOTAJIAKTAaHOM Ha TPOIYKTHBHBIE TIOKa3aTeNN TepereoB. ExemHeBHOe BKIFOYeHHE OMOJ00aBOK B
pAaIMOHBI TIEPETIENIOB C 5-CyTOUHOTO U /10 107-THEBHOTO BO3pacTa Mo-pa3HoMY BIIHSIIO HAa MX COXpaH-
HOCTB U MPOIYKTHUBHBIE MTOKa3aTenu. KoHTponbHas rpymina noixydaina OCHOBHOW palMoH, 1-s OIbIT-
Hasi TPyIIa — OCHOBHOH PallOH C BhITAUBAHKUEM BOJAHOTO PacTBOpa ayposia ¢ apadUHOTaIaKTaHOM; BO
2-ii oneITHOM TpyTITie K 99,9% ocHoBHOTO partmona nodasisum 0,1% 6nonodasku Ne 1, cocrosieit u3
TTOPOIITKA KOPHS POIAMOIBI PO30BOM ¢ apaOMHOTAIAKTaHOM; B 3-I OIBITHOM TPYIIE B TIEPBHIN TIEPHO.
BEIpanmBanus — 98,4% ocHoBHOTO pannona + 1,6% 6momodaBku Ne 2, cocTosimieit 13 TOpoIKa Kop-
HSl POAMOJIBI PO30BOM, CKOPITYTIBI KEAPOBOTO OpeXa U XBOU COCHBI C apaOWHOTAIaKTaHOM, BO BTOPOU
nepuon — 98,3% ocHoBHOrO paruona + 1,7% Ouomobasku Ne 2a. M3ydyeH OMOXUMUYECKUI COCTaB
KPOBH, MBIIIEYHOH TKaHHU TYLIEK MEPEesioB, SUI Meperneiok. B mepron BeIpaliuBaHus Mepeneion
BKITIOUCHHE B OCHOBHOH COCTaB paIiMoHa OMBITHBIX IPYIIIT KOMIDIEKCHBIX OM0JJ00aBOK paCTUTEILHOTO
MIPOUCXOKIEHNS ¢ apaduHoramakTaHoM Ne 1 i Ne 2 crmocoOCTBOBAIO YBEIMUCHHUIO UX KUBOH MaCCHI
Ha 7,6 u 11,1%, cpennecytounoro npupocta Ha 8,6 u 12,4%, yOoiHOro BbIX0/1a IOTPOLIECHOH TYIIKH
Ha 0,9 u 1,5%, noBelmenuto coxpanHoctd Ha 5,7 U 1,4% 1Mo cpaBHEHHIO C KOHTPOJIBHOW TPYIIION.
B Hauane siilieHOCKOCTH JIy4dlIne Pe3ybTaThl ObUIN MTPY UCIOIb30BaHUN HATypPaJIbHBIX KOMITJIEKCHBIX
O0rono0aBok. Y HecyleKk 2-i U 3-i ONMBITHBIX TPYII MPOOPOC SHUIl HavYascst Ha 2 THS paHblIe, OHU
VMMEJTN HAaWBBICIIYI0O HHTCHCUBHOCTSG siniexnanku (66,98 u 61,67%). Ilo cpaBHEHHIO ¢ KOHTPOIHHOM
TpyNIoi 6osee BEICOKAsk CPeaHsS Macca OHOTO fiilla OTMEYeHa BO 2-i OMBITHOM rpymme — Ha 5,7%,
MHTESHCUBHOCTbD SHIeKIaaku Beimre Ha 15,0, sitiiemacca — Ha 38,9%.

KaroueBbie ciioBa: repernena, aypos, apabWHOTanaKkTaH, OMo100aBKH PaCTUTEILHOTO MIPOUCXOK-
JIeHHUS, IPOAYKTUBHOCTb, COXPAHHOCTb, SIHIIEHOCKOCTD

EFFECT OF COMPLEX BIOADDITIVES OF PHYTOGENIC ORIGIN
ON PRODUCTIVE PERFORMANCE OF QUAILS

(<)Nosenko N.A. ', Egorov S.V. ', Mager S.N. %, Sviyazova Yu.L. ?
ISiberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

’Novosibirsk State Agrarian University
Novosibirsk, Russia
(<De-mail: nosenko n@ngs.ru

Comparative research on studying the influence of phytobioadditives from natural plant raw mate-
rials and with synthetic adaptogen Aurol in complex with arabinogalactan on quail productive indices
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BnusiHre KOMIUIEKCHBIX 0M0/100aBOK (PUTOTEHHOTO TIPOUCXOXKICHUS Hocenxo H.A., Eropos C.B., Marep C.H., Cuszosa 10.11.
Ha IPOIYKTUBHBIE IIOKA3aTEIIN MIEPEIeiIoB

were carried out. Daily inclusion of bio-additives in the diets of quails, from 5 days to 107 days of
age, had a different effect on the safety and their productive performance. The control group received
the basic diet, the 1st experimental group — the basic diet with drinking aqueous solution of aurol with
arabinogalactan; in the 2nd experimental group 0.1% of bio-additive No. 1 consisting of roseroot pow-
der with arabinogalactan was added to 99.9% of the basic diet; in the 3rd experimental group — 98.4%
of the basic diet + 1.6% of bio-additive No. 2 consisting of roseroot powder, pine nut shell and pine
needles with arabinogalactan in the first period of growing; in the second period — 98.3% of the basic
diet + 1.7% of bio-additive No. 2a. Biochemical composition of blood, muscle tissue of quail car-
casses, quail eggs was studied. In the period of quails growing, inclusion of complex bio-additives of
plant origin with arabinogalactan No. 1 and No. 2 in the main composition of the diet of experimental
groups increased their live weight by 7.6 and 11.1%; average daily gain by 8.6 and 12.4%; slaughter
yield of gutted carcass by 0.9 and 1.5%; increased safety by 5.7 and 1.4% compared to the control
group. At the beginning of egg production, the best results were with natural complex bio-additives.
The laying hens of the 2nd and 3rd experimental groups started egg laying 2 days earlier, they had
the highest egg laying intensity (66,98 and 61,67%). In comparison with the control group, a higher
average weight of one egg was observed in the 2nd experimental group — by 5.7%, the intensity of
oviposition was higher — by 15.0%, egg mass — by 38.9.

Keywords: quail, aurol, arabinogalactan, bio-additives of plant origin, productivity, safety, egg
production
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INTRODUCTION and rhizomes of golden root have antioxidant,
adaptogenic, immunotropic, hepatoprotective,
anti-inflammatory and other properties [3-5]. As
a phytosupplement preparations of roots and rhi-
zomes of golden root are applied to poultry at a
dosage of 1 g per 1 kg of mixed fodder>.

Two compounds of rhodiola rosea have the
greatest adaptogenic activity: n-tyrosol and its
glucoside - salidroside’.

Synthetic adaptogen Aurol is an analog of
plant adaptogen n-tyrosol*. Application of the

Effective development of quail breeding re-
quires optimization of poultry feeding in order
to obtain the maximum amount of products at
the lowest cost [1]. One of the ways to solve this
problem is the use of natural biostimulants and
adaptogens from vegetable raw materials and
medicinal plants'.

Rhodiola rosea L., or golden root, is a source
of vitamins, trace elements and various metabo-
lites [2]. Biologically active substances of roots

Wakhrusheva T.I. Experience in the use of adaptogens of plant origin in industrial poultry farming // Principles and technologies
of ecologization of production in agriculture, forestry and fisheries: Proceedings of the 68th international scientific and practical
conference. Ryazan: Publishing House of Ryazan SAU, 2017, P. 3, pp. 37-41.

“Vakhrusheva T.I Morphometric indicators of thymus in chickens at the age of 1-40 days under the influence of Rhodiola
rosea // Problems of Modern Agrarian Science: Proceedings of the international extramural scientific conference / edited by A.A.
Kondrashev, J.N. Shmeleva, 2015, pp. 35-37.

3Kurkin V.A. Rhodiola rosea (Golden root): standardization and creation of medicinal preparations. Samara: LLC "Ofort", 2015, 240 p.

4 Pat. Ne RU 2063395 C 07 C 39/06, C 07 C 37/52. Method for preparation of 4-(hydroxyalkyl) phenols / A.P. Krysin, T.G.
Egorova, V.S. Kobrin; applied 18.07.1994, published 18.07.1996, Bulletin No. 19.
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Effect of complex bioadditives of phytogenic origin on productive
performance of quails

Nosenko N.A., Egorov S.V., Mager S.N., Sviyazova Yu.l.

drug in poultry farming has shown a positive ef-
fect, but it is used only in aqueous solution at
the rate of 1 mg/kg of live weight, which is not
always possible in the technological line [6].

A natural polymer (class of polysaccha-
rides) arabinogalactan consisting of galactose
and arabinose was isolated from sawmill waste
and biomass processing of Siberian larch (Larix
sibirica L.). Arabinogalactan has low toxici-
ty, shows immunomodulatory, antioxidant and
prebiotic activity, positively affects the safety,
productivity and reproductive qualities of poul-
try at doses from 3.6 to 6.0 mg/kg live weight®
[7, 8]. It is known that arabinogalactan has the
property to bind various hydrophobic, biologi-
cally active molecules, which leads to a signif-
icant increase in their solubility, bioavailability
and stability during storage [9].

When processing Siberian pine nuts (Pinus si-
birica Du Tour), the shell is a waste, but the pos-
itive effect of its use in poultry feeding is widely
known when included in the composition of the
diet up to 3.0 wt.% [10]. Pine nut shell contains
extractive substances with tannin, antioxidant,
anti-inflammatory, disinfectant properties [11].

Phenolic compounds, carboxylic acids, poly-
prenols, terpenoids, vitamins, minerals and oth-
er components contained in pine needles (Pinus
sylvestris L.) have antimicrobial, immunostimu-
lant, antioxidant, anti-inflammatory, hematopoi-
etic effects, positively affect poultry productivity
and feed conversion [12]. It is recommended to
introduce pine needle meal into poultry diet up
to 3%°.

Proceeding from the fact that all nutrients in-
cluded in the composition of plant components
are harmless, are in non-antagonistic combina-
tions, have a similar effect on the bird's body
and have not been previously used in quail diets,
we have developed complex phytobiotic supple-
ments of the following composition:

— aqueous solution of aurole and arabinoga-
lactan;

— bioadditive No. 1 - powder from the under-
ground part of R. rosea L. and arabinogalactan;

— bioadditives No. 2 and No. 2a - powder of
underground part of R. rosea L., powder of pine
nut shells of Pinus sibirica Du Tour, flour from
pine needles of Pinus sylvestris L. and arabino-
galactan.

The purpose of the study is to determine the
optimal variant of complex bioadditive of phy-
togenic origin and with synthetic adaptogen Au-
role in complex with arabinogalactan.

MATERIAL AND METHODS

The 103-day experiment was conducted in
2021 in the physiological yard of the SFSCA
RAS on Japanese quails formed at 5 days of age
into four groups of 70 quails each (see Table 1).

Intergroup differences were as follows: quails
of the control group received the basic diet
(BD); in the 1st experimental group - BD and
aqueous solution of Aurol with arabinogalactan
in equal amounts (1 g/liter of water each); in the
2nd experimental group, 0.1% of bioadditive
No. 1 consisting of Rhodiola rosea root powder
(93.0 wt.%) and arabinogalactan (7.0 wt.%) was
added to 99.9% of BD; in the 2nd experimen-
tal group, 0.1% of bioadditive No. 1 consisting
of Rhodiola rosea root powder (93.0 wt.%) and
arabinogalactan (7.0 wt.%) was added to 99.9%
of BD; in the 3rd experimental group up to 34
days of age of young animals the diet consist-
ed of 98.4% BD and 1.6% of bioadditive No. 2
(Rhodiola rosea root powder (1.0 g) + pine co-
niferous meal (5.0 g) + pine nut shell meal (10,
0 g)), in the next period - 98.3% of BD and 1.7%
of bioadditive No. 2a (Rhodiola rosea root pow-
der (2.0 g) + pine coniferous meal (5.0 g) + pine
nut shell meal (10.0 g)).

The studies were conducted in accordance
with the requirements of the generally accepted

SMedvedeva E.N., Babkin V.A., Ostroukhova LA Larch arabinogalactan - properties and prospects for use (review) // Chemistry

of plant raw materials, 2003, N 1, pp. 27-37.
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Tao6a. 1. Cxema ombita (n = 70)
Table 1. Experience scheme (n = 70)

Group Feeding conditions
Control BD*
Experimenta:
Ist
s BD + with water aurole + arabinogalactan
2nd BD (99,9%) + bioadditive Ne 1 (0,1%)
(rhodiola rosea root powder and
arabinogalactan)
3rd First period — BD (98,4%) + bioadditive
Ne 2 (1,6%);
second period—BD (98,3%) + bioadditive
Ne 2a (1,7%)

*BD — basic diet balanced according to VNIITIP norms
(2003) taking into account age requirements of quails’.

methods®. Daily accounting of feed and additives
consumption, monitoring of behavior and health
status of quails were carried out. Individual con-
trol weighing of birds was carried out at the time
of experimentation (at the age of 5 days), as well
as at the age of 34 and 64 days.

The influence of bio-additives on productivity
and safety of young quails up to 64 days of age
was studied, blood sampling and control slaugh-
ter of male quails (3 birds from each group) with
sampling of muscle tissue for biochemical stud-
ies were carried out.

The study of the biochemical composition
of quail blood serum samples and biochemical
composition of muscle tissue samples was car-
ried out by classical methods using modern bio-
chemical analyzers.

The scientific experiment was continued ac-
cording to the scheme of the experiment on the
remaining quail stock in order to study egg pro-
ductivity up to 107 days of age.

Aurole (n-tyrosol) [2-(4-hydroxyphenyl) eth-
yl alcohol] is an analog of the plant adaptogen
R. rosea L. - a synthetic drug represented by a
white to light yellow crystalline powder with a
faint phenol odor (synthesized at the Institute of
Organic Chemistry, Siberian Branch of the Rus-
sian Academy of Sciences).

Arabinogalactan (lavinol) - food additive,
obtained from the pith of Dahurian larch wood
[Larix dahurica Laws. (L. dahurica Turcz. et
Trautv., L. gmelinii (Rupr.) Rupr.)], the manu-
facturer CJSC "Ametis" (Blagoveshchensk). It
is a crystalline powder of white, pale gray or
pale cream color with a slight pine odor. Rhodi-
ola rosea root powder and pine needles powder
provided by a third-party organization.

Siberian pine nut shells were dried, crushed
on a hammer crusher, then the fractions up to
1 mm were separated under physiological yard
conditions.

The following zootechnical indicators of
quails were determined during the research: live
weight gain, feed consumption, safety, carcass
slaughter yield, egg production, egg weight.

Economic efficiency (conditional economic
effect) was calculated by the difference in costs
for the purchase of fodder means and prepara-
tions, the amount of feed costs per unit of pro-
duction, taking into account the price of its real-
ization.

The numerical material obtained during the
experiment was processed by the method of
variation statistics on a personal computer using
Microsoft Excel software and according to N.A.
Plokhinsky (1970).

RESULTS AND DISCUSSION

The inclusion of bioadditives in the basic diet
or feeding water to experimental quails during
rearing had a positive effect on the safety and
growth rate of the birds (see Table 2). Safety of
the quails in the experimental groups amounted
from 90.0 to 94.3% (88.6% in the control). The
best indicators were observed in the 2nd experi-
mental group.

In the first month of growing the quails of the
Ist experimental group were at the same level
with the control group in terms of live weight
(76.64 g each), in the 2nd and 3rd experimental
groups they exceeded the control and reached
85.65 and 85.93 g (p < 0.01). For the second
month the best results were also noted in the

$Methodology of scientific and production research on poultry feeding / edited by V.I. Fisinin and Sh.A. Imangulov. Sergiev
Posad: Russian Academy of Agricultural Sciences, ISTC "Plemptitsa", VNITIP, 2000, 33 p.
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Taoa. 2. Iloka3arenn COXpPaHHOCTHU, MHTCHCUBHOCTU POCTA, pacXxoda KOpMa Ha MMPUPOCT NEPCHCIAT 3a

MEpUOa BbIpallliBaHUA

Table 2. Indices of safety, growth intensity, feed consumption per gain of quails during the growing

period
Group
Indicator rol experimental
contro Ist 2nd 3rd

Number of heads:

at the beginning of the experiment 70 70 70 70

at the end of the experiment 62 63 66 65
Livability, % 88,6 90,0 94,3 92,9
Live weight, g:

when put on the experiment 17,98 + 0,41 17,97 £ 0,32 17,75 £ 0,28 18,50 £ 0,31

34 days 76,64 + 1,94 76,64 + 1,37 85,65 +£2,04™ 85,93 £ 1,80™

64 days 178,42 +3,16 186,63 +1,76 | 191,98 £ 1,33" | 198,25+ 1,99"
Average daily live weight gain at the age,
g

5-34 days 1,97 £ 0,14 1,96 £ 0,12 2,26 +0,13" 225+0,12

34-64 days 3,39+0,22 3,67+0,17 3,54 +0,11 3,74+0,18"

5-64 days 2,67+0,16 2,81 +0,21 2,90 + 0,09 3,00+ 0,16
Average daily feed intake, g:

5-34 days 2,60 2,53 2,45 2,49

35-64 days 42,15 37,25 33,38 32,36

5-64 days 34,10 31,25 28,95 28,62
Feed consumption per 1 g of gain, g 12,77 11,12 9,98 9,54

Note. Here and in Tables 3—7: the difference is significant in comparison with the control group:

*p < 0,05,
*kp < 0,01,
w3k < 0,001,

quails of the 2nd and 3rd experimental groups
- 191,98 and 198,25 g (p < 0,01), more by 7,6
and 11,1% than in the control group (178,42 g).
During the record period, the average daily gain
of the quails fed bioadditives No. 1 and No. 2-2a
were 8.6 and 12.4% higher than the young of the
control group and amounted to 2.90 and 3.00 g
(p <0.05).

During the first month of the study, feed in-
take by the quails of the experimental groups
was lower than the control from 2.7 to 5.8%,
during the second month - from 11.6 to 23.2%.
On average during the growing period feed con-
sumption by the quails of experimental groups
was lower from 8.1 to 16.1%. More economi-
cal feed consumption per 1 g of live weight gain
compared with the control was observed in the
quails of the 2nd and 3rd experimental groups.

The representative of para-substituted hy-
dro- xyalkylphenols - n-tyrosol (2-(4-hydroxy-
phenyl) ethyl alcohol), on the basis of which the
domestic drug Aurol was created, has not only
a pronounced stress-protective effect, but also
a central stimulating effect. It is known that the
main active substances of Rhodiola rosea - phe-
nolglycosides rhodioloside, salidroside and ro-
savin are used as the components of functional
nutrition’. Phenols and flavonoids not only re-
duce the effects of pathogens but also improve
the utilization of nutrients in the gastrointesti-
nal tract [13]. Apparently, the complex of bio-
logically active compounds of Rhodiola rosea
had a more active effect on the assimilation of
nutrients of the diet, which was reflected in the
reduction of feed costs per live weight gain of
the 2nd and 3rd experimental groups of quails,

Nikolaev E.V., Pinchukova E.V., Belik S.N. Functional properties of Rhodiola // Innovations in food production: from animal
breeding to food production technology: proceedings of the scientific conference. Persianovsky settl: Publishing House of the Don

State Agrarian University, 2018, pp. 121-127.
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respectively, by 21.8 and 25.3% compared with
the control and by 10.3 and 14.2% - with the 1st
experimental group.

A similar effect on feed payment by poultry
also has the inclusion of arabinogalactan in the
composition of diets [14]. Our study shows the
positive effect of a complex of natural phytonu-
trients with arabinogalactan. The results of con-
trol slaughter of the birds showed that the aver-
age live weight of 2-month-old male quails in the
experimental groups was higher than the control
group by 6.5-10.1% and ranged from 183.2 to
189.3 g (p <0.05), gutted carcass weight reached
133.0-140.3 g (p < 0.01), which was higher by
6.7-12.5%, respectively. However, a significant
difference with the control in the carcass slaugh-
ter yield by 0.9-1.5% (p < 0.01) was observed
only in the 2nd and 3rd experimental groups of
the quails (see Table 3).

For the main nutrient components of minced
meat (muscle tissue) of quails the most visible
changes were noted in the samples of the 3rd

experimental group: there was a decrease in the
protein level by 0.52% (p < 0.05), an increase in
fatty tissue by 3.21% (p < 0.05) and a decrease
in ash residue by 0.26% (p < 0.01) compared to
the control group. In the 1st experimental group,
the level of ash in minced meat was significantly
increased by 0.42% (p < 0.05).

The use of phytoadditives in the diets of ex-
perimental quails had different effects on the
biochemical composition of blood (see Table 4).
The level of protein in blood serum of the quails
of the 2nd experimental group was higher by
10.27 g/l (p < 0.01) compared with the control,
by 11.17 g/l - with the 1st experimental group (p
<0.01) and by 8.00 g/l (p <0.01) - with the 3rd
experimental group (p <0.01).

Increase of globulin level by 5,61 g/l (p <
0,01) in the quails of the 2nd experimental group
in comparison with the control group, by 7,71
g/l - with the 1st experimental group and by 4,62
g/l - with the 3rd experimental group indicates
the strengthening of their biological status. Ac-

Taoa. 3. Pesynbrarsl yoos 1 KaueCTBEHHBIE TTOKa3aTesn Msica-Qapiia nepemneios (17 = 3)

Table 3. Results of slaughter and quality indicators of minced meat of quails (n = 3)

Group
Indicator control experimental
1st 2nd 3rd

Pre-slaughter live weight, g 172,0 + 0,46 183,2 + 0,46 184,3+0,67" 189,3 + 1,57
Gutted carcass weight, g 124,7 + 0,86 133,0+ 0,71 135,3 £ 0,82 140,3 +1,70™
Carcass slaughter yield, % 72,5+ 0,47 72,6 £ 0,29 73,4+0,18" 74,0 £ 0,32
Content in meat-minced meat, %:

dry matter 33,36 £ 0,67 32,76 £ 0,42 31,93 +0,39 35,68 £ 1,04

protein 19,24 + 0,002 19,31 £0,21 19,32 £ 0,20 18,72+ 0,16"

fat 10,64 + 0,66 9,64 +0,67 9,21+£0,75 13,85+ 1,17

ash 3,38 £0,05 3,80+ 0,07 3,41+£0,20 3,12+0,05™

calcium, g 1,39 £ 0,24 1,46 £0,014 1,24 +£0,26 1,41 £0,23
Taba. 4. buoxumuyeckue MoKazaTeian CbIBOPOTKU KPOBHU MEPETIETIOB
Table 4. Biochemical parameters of blood serum of quails

Group
Indicator control Experimental
Ist 2nd 3rd

Total protein, g/l 30,92 + 0,99 29,98 + 0,70 41,15+0,59™ 33,15+0,87
Albumin, g/l 15,40 + 0,89 16,55+ 0,30 20,00 +£ 0,48 16,63 + 1,49
Globulin, g/L 15,53 +£0,34 13,43 £ 0,84 21,14 +£0,59™ 16,52 +2,03
AST, unit/l 181,68 £9,95 188,61 £20,76 112,12 £ 9,59 117,79 + 7,85
ALT, unit/l 37,44 +3.73 36,52+ 3,37 31,35+ 1,62 28,89 + 1,27
Creatinine, umol/L 31,33 +£1,43 35,12 +4,88 30,41 £0,36 28,16 = 1,69
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cording to the results of other researchers, the
inclusion of Rhodiola rosea in the diet of poultry
promotes an increase in the content of globulin
and globulin fractions in the blood, which sug-
gests an increased effect on metabolism'’.

Markers of the liver and kidney status - am-
ylotransferases (ALT and AST) and creatinine
- were within the physiological parameters, in-
dicating the absence of toxicity of the studied
complexes of phytogenic origin and their sub-
stitute (Aurol).

During the experiment on young quails, the
cost of mixed fodder (BD) for the first period in
the control group amounted to 26.25 rubles/kg;
taking into account the cost of the additive in the
Ist experimental group the cost was 26.84 rubles
/kg, in the 2nd experimental group - 26.95, in the
3rd experimental group - 36.82 rubles/kg. In the
second period of cultivation, the cost of 1 kg of
feed amounted to 21.92 rubles /kg in the control
group, in the Ist experimental group - 22.63, in
the 2nd experimental group - 23.11, in the 3rd ex-
perimental group - 32.87 rubles /kg. The cost of
realization of 1 kg of quail meat was 536 rubles.

The economic effect is calculated by the sum
of costs for feed and additives and the difference
with the cost of obtained products. During the
growing period, the conditional economic effect
per 1 head was higher in the 1st experimental
group by 6.74 rubles, in the 2nd experimental
group - by 11.65 rubles. In the 3rd experimental
group, it was negative due to the high cost of
additives compared to the control (see Table 5).

To study egg production of quail laying hens,
the experiment was continued up to 107 days of
age (under the same housing and feeding condi-
tions).

Quail laying hens receiving bio-additives had
a live weight higher than the control group by
9.58 g (p<0.05) or 5.3%, 13.56 g (» <0.001) or
7.7% in the 1st experimental group, and 21.36
g (p £0.001) or 11.9% in the 3rd experimental
group by 64 days of age.

Egg laying by laying hens of the 2nd and 3rd
experimental groups began at the age of 63 days, in
the 1st experimental and control groups - 65. The
most eggs for 43 days (average per 1 head) at the
end of the experiment were obtained from laying
hens of the 2nd experimental group - 28,80 pieces,
or more than in the control group by 31,7%, 3rd
experimental group - 26,52 pieces, more than in
the control group by 21,3% (see Table 6).

Positive effect on egg production of quail lay-
ing hens, quality and weight of eggs was noted
when including rhodiola rosea and arabinoga-
lactan in their diets, which is consistent with the
data of other researchers [15].

Average egg weight and egg production are
the main indicators of productivity of quail lay-
ing hens. By the weight of one egg young quails
of the 2nd experimental group surpassed the con-
trol group by 0.63 g (p < 0.001), or 5.7%, the
Ist experimental group - by 0.15 g (p < 0.05),
or 1.3%, the 3rd experimental group - by 0.25 g
(p £0.05), or 2.3%, by the intensity of egg pro-
duction - by 14.96; 14.26 and 5.31%, respectively.

Taoba. 5. Dxonomudeckas 3¢(HEeKTUBHOCTH BRIPAIIIMBAHIS MOJIOTHIKA TIEPETICIIOB TIPH yOoe

B Bo3pacte 64 mHs

Table 5. Economic efficiency of growing young quails at slaughter at the age of 64 days

Group
Indicator trol experimental
contro Ist 2nd 3rd
Cost of fodder including bio-additives spent per 1 head, rubles 48.88 46,59 42,91 60,23
Cost of bio-additives, % of feed cost — 3,14 5,17 34,38
Cost of production, rubles 66,84 71,29 72,52 75,20
Economic effect, rubles 17,96 24,70 29,61 14,97
+ to the control group, rubles - +6,74 | +11,65 -2,99

WYakhrusheva T.I. Biochemical and morphological indices of blood of chickens under the influence of meal levzea, rhodiola
rosea and enterophar // Bulletin of Krasnoyarsk State Agrarian University, 2014, N 6, pp. 206-210.
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Tada. 6. SuuHas NpoIyKTUBHOCTh HECYIIEK NEPETIETIOB

Table 6. Egg productivity of quail laying hens

Group
Indicator control Experimental
Ist 2nd 3rd

Number of laying hens, heads 42 37 30 27
Live weight of laying hens at the age, g
at 34 days 77,51 £2,67 78,34 + 1,35 85,24 £2,74* 86,32 £2,78%*

at 64 days 179,57 £2,72 | 189,05 £2,73* | 193,13 £ 2,11*** | 200,93 4+ 2,91***
Eggs obtained, pcs. 918 39 364 716

total

per laying hen 21,86 22,68 28,80 26,52
Egg-laying intensity, % 52,02 52,72 66,98 61,67
Average egg weight, g 11,15+ 0,15 11,63 £0,13* | 11,78 £0,21%** 11,52 £ 0,14*
Egg mass obtained, kg 0,244 0,264 0,339 0,306
Feed costs, kg:

total 1,156 1,547 1,605 1,734

for 10 eggs 0,529 0,682 0,557 0,653

Feed costs for the production of 10 eggs in
the experimental groups were higher compared
to the control: in the 1st group by 28.9%, in the
2nd group by 5.3, in the 3rd group by 23.4%.
However, these indicators were compensated
by obtaining higher egg mass from quail laying

characterized by a decrease in dry matter, fat and
ash, in the 2nd experimental group was at the
same level as the control (except for a decrease in
ash residue), in the 3rd experimental group there
was an increase in the level of fat (see Table 7).
The composition of yolk and egg shell was in

hens in relation to the control.

Biochemical composition of egg white from
laying hens of the 1st experimental group was

all groups without significant differences.

Taba. 7. buoxumudeckue MoKa3aTeIu sIUI] HECYLICK MEepenenon, %o

Table 7. Biochemical parameters of quail laying eggs, %

Inclusion of bio-additives in the diets of ex-
perimental groups had no effect on egg shell

Group
Indicator experimental
control Ist | 2nd | 3rd
Content in egg-white
Dry matter 13,18 £ 0,14 12,16 +£ 0,04* 13,14 £ 0,08 12,99 + 0,08
Protein 12,32+ 0,14 12,04 £ 0,31 12,33 £ 0,08 12,52 +0,11
Fat 0,097 + 0,004 0,083 +0,003* 0,103 + 0,002 0,113 £0,004 *
Ash 0,733 £ 0,004 0,710 £ 0,007* 0,713 £0,01* 0,693 £ 0,029*
Content in yolk
Dry matter 38,96 + 0,28 38,72+ 0,45 39,12+ 0,34 39,37 £ 0,45
Protein 18,94 +2.20 19,13 £1,48 19,26 +2,13 19,14 £ 3,38
Fat 19,25+ 0,40 19,01 + 4,01 19,22 + 1,88 19,25 £ 3,45
Ash 0,77+ 1,23 0,66 + 0,06 0,68 +0,09 0,67 £ 0,06
Calcium 0,32 +0,09 0,35+0,12 0,32 +0,09 0,31 +0,08
Content in egg shell

Dry matter 59,20 + 3,27 55,57+ 12,10 54,39 + 12,30 55,27 £15,16
Ash 45,34 + 2,60 42,29 £ 6,29 42,62 +3,44 42,61 +5,36
Calcium 19,56 + 7,11 18,13 +£9,95 20,24 £ 10,47 12,85 +9,40
Phosphorus 0,37 £0,08 0,34 +£0,16 0,35+0,12 0,34 +£0,12
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Taoa. 8. DxoHomuveckas 3PEeKTUBHOCT MPOU3BOJCTBA SIML B CPETHEM Ha OJHY HECYIIKY MepereioB

Table 8. Calculation of the economic efficiency of egg production on average per quail laying hen

Group
Indicator trol experimental
contro Ist 2nd 3rd
Realization value of edible eggs, rubles 96,18 99,79 126.72 116,69
Feed cost including bio-additives, rubles 2534 35,01 37,09 57.00
Economic effect, rubles 70,84 64,78 89.63 59.69
% to the control group _ 606 +18.79 _11.14

thickness, fluctuations in all groups were within
0.21-0.22 mm.

Economic effect is calculated similarly to the
first period of experience. It was obtained only
from laying hens of the 2nd experimental group
- profit per one bird by 18.79% more than from
laying hens of the control group, at the cost of 10
eggs 44 rubles for the period of the experiment
(see Table 8).

CONCLUSIONS

1. Inclusion of complex phytogenic bio-ad-
ditives No. 1 and 2 in the diet of the 2nd and 3rd
experimental groups of young quails during their
growing period from 5 to 64 days of age contrib-
uted to a decrease in feed consumption by 21, 8
and 25.1%, live weight 191.98 and 198.25 g (in
the control group - 178.42 g), or more by 7.6 and
11.1%, average daily live weight gain 2.9 and
3.0 g (in the control group -2.67 g), or higher by
8.6 and 12.4 g, respectively.

2. Slaughter yield of the carcasses from
male quails on average per 1 head of the 2nd and
3rd experimental groups was higher than in the
control group by 0.9 and 1.5%.

3. The best indicators of quail preservation
were obtained in the 2nd experimental group
- 94.3%. In the quails of the 2nd experimental
group on the strengthening of biological status
with the inclusion bio-additive No. 1 in the diet
indicates an increase in the level of protein in
the blood by 10.27 g/1, globulin by 5.51 g/l com-
pared to the control group, by 11.17 and 7.71 g/l
- with the 1st experimental group, by 8.00 and
4.62 g/l - with the 3rd experimental group, re-
spectively.

4. There was no significant effect on the per-
formance of young quails of the 1st experimen-
tal group receiving aqueous solution of arabino-
galactan with aurole.

5. Phytogenic bio-additive No. 1 was eco-
nomically favorable for young quails - condi-
tional profit per 1 head was 11.65 rubles higher
than the control group.

6. Egg production of quail laying hens of the
2nd and 3rd experimental groups began 2 days
earlier than in the control and Ist experimental
groups. The use of bio-additive No. 1 increased
the weight of one egg compared to the control
to 11.78 g (by 5.7%), egg mass yield per laying
hen by 95 g, the intensity of egg production by
14.78%.

7. The lowest effect on egg-laying intensity
and egg mass yield of quail laying hens among
the experimental groups was caused by applica-
tion of aqueous solution of arabinogalactan and
aurole (1st experimental group).

8. The application of phytogenic bio-additive
No. 1, consisting of powder of underground part
of Rhodiola rosea and arabinogalactan, in the
amount of 0.1% of the mass of mixed fodder,
which contributed to the increase of conditional
profit by 18.95% per 1 head from the level of
the control group, was economically justified for
young laying hens of quails.

9. Negative conditional economic effect was
obtained due to low zootechnical indicators in
the 1st experimental group and due to high cost
of plant components in the 3rd experimental
group.

10. Application of natural phytocomplexes
of bio-additives in combination with arabinoga-
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lactan to quails shows better results in compari-
son with synthetic preparation Aurole.

Recommendations for production
We recommend bio-additive No. 1, consist-

ing of 93.0% of the underground part of Rhodi-
ola rosea and 7.0% of arabinogalactan with the
inclusion of 0.1% of the mass of mixed fodder,
for introduction into fodder production during
the cultivation and productive use of quails.
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PE3VYJIBTATHI JOKJIMHUYECKOI'O UCIIBITAHUSA
OIIBITHOI'O ®UTOINPEIAPATA ITPU OCTPBIX PACCTPOMCTBAX
AKEJNYJOYHO-KUIIEYHOI'O TPAKTA TEJIAT

) Caseanena JI.H., Bongapuyk M.JI.

Hayuno-uccneooeamenvckuii uncmumym eemepunapuu Bocmounoii Cubupu — ¢punuan Cubupcrozo
Gedepanvroco nayunozo yenmpa acpoouomexnonocuti Poccuiickoi axademuu Hayx
3abaiikanbckuit kpaii, Yura, Poccus

(<De-mail: luba.saveleva@mail.ru

IIpeacrasiensl pe3yibTaThl anpobanuu puronpenapara st IpoQUIAKTUKY U JIEUEHUS JKeIy104-
HO-KHUILIEUHBIX PACCTPONUCTB y TeJIAT. MeTOMKa JTOKIMHIUYECKOTO UCTIBITAHUS ONBITHOTO 00pasua Gu-
tonpenapara coorserctBoBasia OCT P 53434—2009 u pykoBOACTBY 11O MTPOBEACHUIO TOKITMHUYECKUX
MCCIIeI0OBaHUM JIGKAPCTBEHHBIX CPeACTB. sl JOKIMHUYECKOrO MCCIIeIOBaHUsl ONBITHOTO Mpenapara
IO MPUHIUITY aHAJIOTOB C()OPMHUPOBAHEI JIBE IPYIIITBI TA00PATOPHBIX KUBOTHBIX (OECIOpOIHBIE Oeble
MbIIH) 10 10 TpI3yHOB B KaXJ10# TPyIIe B Bo3pacTe 2—5 Mec. B OmbITHOH rpyrine >KHBOTHBIM BbI-
MauBaIy pa3paboTaHHBIN npenapar (BOAHBIE SKCTPAKTHI IJIOJ0B IIUIIOBHUKA — Surrexit coxis, I0I0B
YepeMyXU — cerasis fructus, IBETOB POMAIKU — pyrethri flores, KOpHEBUIA amMapaHTa — amaranthus
rhizomatis). Jlo3a coctaBuiia 3 MiI/CyT Ha OIHO JJaOOPATOPHOE KUBOTHOE B TeueHue 10 qHeit. Paruon
KOPMJICHUSI HE MEHSUIM (3€PHO, OBOLIM, CEHO). [loydeHbl MonoXuTeIbHbBIC JaHHbIE 0 (PU3HOIOTHYE-
CKUX TOKa3aresisix (TeMIeparypa, MyJibC, JbIXaHue, MOUCHCITyCKaHUe, COCTOSIHUE (eKalliid, JIBUTra-
TeJIbHAsI aKTUBHOCTB JKUBOTHBIX ), KOTOPBIE COOTBETCTBOBAIN (PU3HOJIOTHUECKUM HOPMaM Uil OCIIbIX
Mmbimeii. [Ipenapar He o0agaeT TOKCHYHOCTBIO [Tl OpTraHU3Ma )KUBOTHBIX (OTCYTCTBUE TOKCHYECKON
JUCTPO(UM B OpraHax *XHBOTHBIX); YPOBEHb PaAHalliy ObUI B IIpeAeIax HOPMaTUBHOTO 3HAYCHUSI 110
ue3uto 137 (440 Bx/kr) u crponiuio 90 (110 bk/kr) cootBercTBenHo; Ph cocraui 6,7 en. dutomnpe-
napar siBjsieTcs ONaronpusTHOW Cpeliol JUIsl KEIyA04YHO-KUIIEYHOTO TPAKTa KUBOTHBIX U 00JagaeTt
aHTHOaKTepUaIbHBIM 3()(HEKTOM, TOCTOBEPHO HOBBIIIACT YUCIIO0 JIUM(OIMTOB Ha 23,8%, reMaToKpuTa
Ha 8,6%, remornoouna Ha 40% (p < 0,01) B KpOBH ONBITHBIX KUBOTHBIX. DPUTONpENapar 1mo Kjiac-
cU(UKaIUK, IPUHATONW B HacTosiIee BpeMs BceMupHO# opraHu3anueil 3apaBOOXpaHEHUs, MOXKHO
OTHECTH K IPYIIE MAJIOTOKCUYHBIX BEIIECTB U 110 CTENEHN TOKCMYHOCTH — K 1V Kiaccy onacHocTH
(BemecTBa MasioomnacHsie). [Ipenapar pekoMeHI0BaH A KIMHUYECKUX HCTIBITAHUA HAa MOJIOTHSIKE
KPYIIHOTO POTaToro CKOTa.

KawueBsble cioBa: Quromnpenapar, J1adopaTopHble KUBOTHBIE, JOKIMHUUECKUE HCCIISIOBAHUS,
reMaToJIorus, TaToMopdonorus

RESULTS OF PRECLINICAL TESTING OF AN EXPERIMENTAL
PHYTOPREPARATION FORACUTE GASTROINTESTINAL
DISORDERS IN CALVES

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

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

Chita, Trans-Baikal Territory, Russia

(<De-mail: luba.saveleva@mail.ru

The results of approbation of a phytopreparation for prevention and treatment of gastrointesti-
nal disorders in calves are presented. The methodology of preclinical testing of the phytoprepara-
tion prototype was in accordance with GOST R 53434-2009 and guidelines for preclinical testing of
medicines. Two groups of laboratory animals (mongrel white mice) with 10 rodents in each group aged
2-5 months were formed for preclinical study of the experimental drug according to the principle of
analogs. The developed preparation (aqueous extracts of rosehip fruit — surrexit coxis, cherry fruit —
cerasis fructus, chamomile flowers — pyrethri flores, amarantus rootstock — amaranthus rhizomatis)
was administered to the animals in the experimental group. The dose was 3 ml/day per laboratory
animal for 10 days. The feeding ration remained unchanged (grain, vegetables, hay). Positive data
on physiological indices (temperature, pulse, respiration, urination, fecal condition, motor activity of
animals) were obtained, which corresponded to physiological norms for white mice. The preparation
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PeSyJ'II)TaTLI JOKIIMHUYCCKOTO UCTIBITAHUSA OIIBITHOTO (I)MTonpenapaTa
IIpA OCTPBIX paCCTpOﬁCTBaX JKEJIYTOUHO-KHUIIEYHOI'O TpaKTa TEJIAT

Cagenbesa JI.H., bonmapayk M.JL.

has no toxicity for animal organism (absence of toxic dystrophy in animal organs); radiation level was
within the normative value for cesium 137 (440 Bq/kg) and strontium 90 (110 Bg/kg), respectively; Ph
was 6.7 units. The phytopreparation is a favorable environment for the gastrointestinal tract of animals
and has an antibacterial effect, significantly increases the number of lymphocytes by 23.8%, hema-
tocrit by 8.6%, hemoglobin by 40% (p < 0.01) in the blood of the experimental animals. According
to the classification currently adopted by the World Health Organization, the phytopreparation can be
attributed to the group of low-toxic substances and according to the degree of toxicity — to the [V class
of hazard (substances of low hazard). The drug is recommended for clinical trials on young cattle.

Keywords: phytopreparation, laboratory animals, preclinical studies, hematology, pathomorphology
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INTRODUCTION

At present, the world pharmaceutical mar-
ket is characterized by a trend towards the use
of drugs of natural origin for the prevention and
treatment of various human and animal diseases,
including diseases of the digestive organs (gas-
tritis, enteritis of various etiologies) of cattle.
Practicing veterinarians enjoy popularity with
medicines based on plant raw materials. There
are data on the use of complex medicines de-
rived from plant components, the effect of which
is associated with the synergistic action of their
constituent biologically active substances [1-5].

In order to conduct preclinical drug trials -
the study of biological and pharmacological ac-
tivity of a drug in in vitro and in vivo studies
- the requirements of the GLP (Good Laboratory
Practice) system are followed in the world prac-
tice [2-5].

An important criterion before preclinical tests
is the principle of inadmissibility of carrying a
number of pathogenic and opportunistic agents
of infectious and invasive nature: viruses, bac-
teria, parasites. Many countries have developed
standards for different categories of animal
health quality. They include a list of pathogens,
the carriage of which is prevented. The higher

the quality category of the animal, the larger the
list of inadmissible agents [6—8].

In this regard, it is important to confirm their
safe effect on the animal body and positive im-
pact on the physiological status of animals be-
fore clinical trials of newly developed drugs,
means, BAS.

The purpose of the research is to study the
safety of the developed phytopreparation of nat-
ural origin on laboratory animals.

MATERIALS AND MTHODS

The studies were conducted in the laboratory
of the Research Institute of Veterinary Medicine
of Eastern Siberia - branch of the Siberian Fed-
eral Scientific Centre of Agro-BioTechnologies
of the Russian Academy of Sciences taking into
account the developed rules'.

The experimental sample of the preparation
is an aqueous solution of brown color, the com-
position of which included phyto raw materials:
rosehip fruit - surrexit coxis, bird cherry fruit
- cerasis fructus, chamomile flowers - pyrethri
flores, root of amaranth - amaranthus rhizoma-
tis* 1, 2].

Preclinical tests of the prototype drug were
conducted in accordance with the requirements

!Order of the Ministry of Health of the USSR "Rules for Conducting Work Using Experimental Animals" No. 755 of 12.08.1977.
2Lysnyansky M.V. Medicinal plants of the millennium // Provizor, 2004, N 19, pp. 27-37.
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of GOST? and guidelines for preclinical studies
of medicines®.

Studies on radioactive substances of plant
raw materials for cesium 137 and strontium 90
were carried out on the Progress device. Ph of
the preparation was measured using a PH-me-
ter multi-precision PH-410. Antibacterial effi-
cacy of the preparation was determined by drop
and disk method with observation of the zone
of growth retardation of daily culture of E. coli
[9-12].

Two groups of laboratory animals (white
mice) of 10 rodents in each group at the age
of 2-5 months weighing 25-32 g were formed
to test the experimental preparation according
to the principle of analogs. In the experimental
group, the animals were given the developed
preparation, which was freely available to the
mice (the dose was 3 ml/day per one individual).
In the control group, the animals were not given
the phyto preparation. Feeding ration in all ani-
mals was not changed (grain, vegetables, hay).

Clinical status of animals (temperature,
pulse, respiration, examination of visible mu-
cous membranes, condition of feces, animal be-
havior) was evaluated daily in animals of these
groups by conventional methods’. Feeding of
animals was carried out in the usual way (vege-
tables, grain, hay).

To evaluate blood parameters during the
drug application in rodents of experimental (n
= 10) and control groups (n = 10) on the 10th
day of the experiment blood samples were tak-
en in Vacutainer vacuum tubes with K. EDTA.
A hematological analyzer PCE 90 Vet with a set
of special reagents® was used for hematological
analysis.

To assess the general toxic effect, the path-
omorphologic picture of internal organs of ex-

perimental animals was taken into account us-
ing the method of isolated organ extraction with
macroscopic experimental analysis’ [13].

RESULTS AND DISCUSSION

The preclinical study stages of the developed
preparations provide an opportunity to identify
the advantages and disadvantages of both the
constituent components of the preparation and
the complex composition of phyto raw materi-
als.

The pharmaceutical compatibility of the in-
gredients was determined at the beginning of the
experiment®. For this purpose, the raw materials
according to the formulation were dissolved in
distilled water mixed with 40% lactic acid in the
ratio of 6 : 1. It was found that all preparations
were well dissolved in this mixture, forming a
brown-colored solution.

According to the results of radiological anal-
ysis of phytopreparation the level of investigated
elements (cesium-137, strontium-90) was within
the permissible level (440 Bq/kg and 110 Bg/kg,
respectively). Ph of the preparation was 6.7
units, which is a favorable environment for the
gastrointestinal tract of animals.

Evaluation of physiological parameters of
animals in preclinical studies showed that on
the first day the experimental animals drank the
phytopreparation with caution, the average dose
was 1.0-1.5 ml per one individual. On the sec-
ond day the solution was drunk well, at a dose of
3 ml per one individual.

Physiological parameters of temperature,
heart rate and respiration rate in experimental
animals during the whole period of the exper-
iment were within normal limits. The state of
the gastrointestinal tract (fecal consistency) also
corresponded to normal homeostasis. No chang-

3GOST R 53434-2009 Principles of Good Laboratory Practice / National Standard of the Russian Federation. Moscow, 2009.
“Manual on conducting preclinical studies of drugs: part one / edited by A.N. Mironov. Moscow: Grif and K, 2012, 994 p.
SVinnikov N.T., Kalyuzhny I.I., Korobov A.V. Methodical instructions on laboratory methods of research in veterinary medicine.

Saratov: SSAU, 2000, 180 p.

A set of diagnostic reagents for hematological analyzers according to TS 9398-001-85747522- 2009 produced by "Clinical

Diagnostics Solutions" LLC (Russia).

"Zharov A.V., Ivanov LV, Strelnikov A.P. Postmortem and pathomorphologic diagnosis of animal diseases / Edited by A.V.

Zharov. Moscow: Kolos, 2000, 400 p.

8Banny I.P, Litvinenko M.M. Pharmacological analysis of medicinal plant raw materials / I.P. Banny, M.M. Litvinenko et al. //

Tutorial. Kh.: Golden Pages, 2003, 86 p.
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es in the mucous membranes and hair coat of the
experimental animals were observed. Motor ac-
tivity in animals of the experimental group was
more pronounced. We believe that this fact is
explained by the content of natural sugar in am-
aranth rhizome, respectively, at its breakdown in
the body more energy resource is formed.

By evaluating morphological indices of blood
of experimental animals it is possible to objec-
tively assess the physiological state of the ani-
mal organism. Data of hematological parameters
are shown in the table.

The result of the general blood analysis
showed that the use of phyto preparation has a
favorable effect on the content of the main blood
parameters - increase in the number of lympho-
cytes by 23.8%, hematocrit by 8.6%, hemoglo-
bin by 40%. By the number of monocytes and
eosinophils the difference between the animals
of the studied groups had no reliable differences.
The number of granulocytes was significantly
higher in mice in the control group (p < 0.05).
The shift in leukocytic formula was registered in

rodents of the experimental group - the number
of lymphocytes was increased and the number
of granulocytes was decreased. Differences in
the hemostasis system are noted in the number
of platelets, their content is 4.3% higher than in
animals of the control group. Blood color index,
which allows to determine the degree of satura-
tion of erythrocytes with hemoglobin, in exper-
imental rodents was 20.8%. This corresponds to
the normal physiological value. When studying
the bactericidal efficiency of the preparation, the
average level of the zone of growth retardation
of daily culture of E. coli (1.5-2.9 mm) was ob-
served.

At the end of the experiment the rodents from
the experimental group were selectively (n = 6)
euthanized (since no death of laboratory animals
was observed). At estimation of morphologic
picture of the experimental animals the paren-
chymatous organs and gastrointestinal tract had
no pathomorphologic changes corresponding to
toxic changes. In particular, in the liver - the most
sensitive organ to the action of toxic substances

CpaBHI/ITGHBHaH XapaKTCPUCTUKA IEMATOJIOTUICCKUX MoKas3atejieii OeNbIX MBIIIEH MoCIIe Ja4uu rnperapara

yepe3 10 gueit npumenenus (M + m; n = 20)

Comparative characteristics of hematological parameters of white mice after giving drugs after 10 days of

use (M £ m; n=20)

Hematologic indicator

Leukocytes (WBC, 10°g/1)
Lymphocytes (LYM, 10° g/1)
Monocytes, eosinophils (MIN, 10° g/1)
Granulocytes (GRA, 10° g/1)
Lymphocytes (LYM, %)

Monocytes, eosinophils (MON, %)
Granulocytes (GRAN, %)
Erythrocytes (RBC, 10'%/1)

Hemoglobin (HGB, g/1)

Hematocrit (HCT, %)

Average erythrocyte volume (MCYV, fl)

Average hemoglobin content in the erythrocyte (MCH, pg)

Average hemoglobin concentration in the erythrocytes (MCHC, g/1)
Platelets (PLT, 10°/1)

"» <0,05.
“p<0,01.

Regulatory range Group of animals
experimental control
1,8-10,7 9,8+ 1,70 9,4+ 1,10
1,0-9,8 8,0£1,25 6,1 £0,5"
0-1,1 0,1+0,07 0,3+0,21
0,1-4,1 0,7+0,34 0,3+0,55
55,8-91,6 89,8 £ 6,65 72,2 +5,11
1,5-6,2 1,7 £0,65 4,6 +3,43"
6,6-38,9 1,9 £842 8,5+0,75°
6,36-9,42 6,5+ 1,21 5,2+0,32
110-151 135,0 £24,50 95,0 £25,0™
35,1454 37,73 £4,65 29,1 £3,41"
45,4-60,3 65,0£0,75 62,0 +0,75
14,1-19,3 18,5+1,12 14,2+ 1,15
302-342 311,0+ 27,10 | 295,0 + 22,52
592-641 564,1 £76,21 588,0 + 48,10
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- macroscopic picture corresponded to the norm
(the organ parenchyma was homogeneous, no
structural and dystrophic changes were found in
the organ).

CONCLUSION

Preclinical tests with application of experi-
mental and comparative analysis methods, he-
matological and pathomorphological methods
of the developed experimental sample of phy-
topreparation (rosehip fruit - surrexit coxis, bird
cherry fruit - cerasis fructus, chamomile flow-
ers - pyrethri flores, amaranth root - amaranthus
rhizomatis) were carried out. Application of the
phytopreparation at a dose of 3 ml per one indi-
vidual administered per os to laboratory animals
had a positive effect on their physiological state
and did not adversely affect their behavior. The
preparation does not possess toxicity for animal
organism (absence of toxic dystrophy in animal
organs); it is not radioactive (MAC within the
normative value for cesium (137) and strontium
(90)); Ph is 6.7 units; it has antibacterial effect;
it significantly increases the number of lympho-
cytes by 23.8%, hematocrit by 8.6%, hemoglo-
bin by 40% (p < 0.01) in the blood of the exper-
imental animals.

Thus, guided by the classification currently
adopted by the World Health Organization, the
developed phytopreparation can be attributed to
the group of low-toxic substances, and, in ac-
cordance with GOST 12.1.007-76, according to
the degree of toxicity - to the IV class of hazard
(substances of low hazard). The drug is recom-
mended for clinical trials on young cattle.
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BUOPECYPCHbBII MOTEHIUAJI MEJJOHOCHBIX YTI'OJIU
B XOJIE CYKIIECCHUM JECHOM PACTUTEJIBHOCTH

Camconona U./1."-2, &) TlnaxoBa A.A.}

'Cankm-Ilemepbypeckuii cocyoapcmeennwiil iecomexnudeckutl ynusepcumem um. C.M. Kuposa
Cankr-IletepOypr, Poccus

’Bawkupckuii 2ocyoapcmeaennbiil nedazoeuyeckutl ynugepcumen um. M. Axmynivi

Ya, Poccust

SHosocubupckuil 20¢y0apcmeenuvlil azpaphblil YHUSEPCUment

HoBocubupck, Poccus
(<) e-mail: alla.kruglikova@bk.ru

[IpencraBieHsl pe3yabTaThl HCCIIEOBAHNN MEIOHOCHBIX YTOUI Ha JIECHBIX M HEJIECHBIX 3EMIISIX
necnoro ¢onna Kemeposckoit obnactu. [IpoBeneHa oueHKa MEIOHOCHBIX PECYPCOB MO KAaTErOpUsIM
3eMelb JIECHOTO POoHIa M OHOPEeCypPCHOTO MOTEHIMANA YTOAUN U1 Me0ocOopa B Mpolecce CyKIecCuu
JICCHOM pacTUTENbHOCTHU. M3ydueHrne BUIOBOTO COCTaBa MEIOHOCHBIX PacTeHUM BhIMOIHSUIH B 2018—
2022 rT. Ha pa3’IMYHBIX KaTeropuax 3eMenb. VccienoBanus MpOBOAMIN B COOTBETCTBUHN C OOIIETIPH-
HATBIMHA METO/IaMH1 TIPOBEIEHUS HAyTHO-UCCIIEOBATEIHCKUX Pa0OT B MYETIOBO/ICTBE. YUEeT MEIOHOC-
HBIX PAacTEHHUH MPOBOIWIM HA TPAHCEKTaX W YYETHBIX IJIOMIA/IKAX, UCIIONb3yS METOANKY TaKCaIlHH
jeca. YCTaHOBJEHO, YTO B MPOILECCE CYKLECCHH JIECHOM PAaCTUTENbHOCTH MU3MEHSIOTCS MUKPOKIIH-
MaTHYeCKHEe U JECOPACTUTENIbHBIC YCIOBHS MEIOHOCHBIX yroauid. Ha BeipyOkax BBICOKOH MenoBOI
MIPOIYKTUBHOCTHIO OTMEUEHBI aKallvs KeJTasi, UBOBbIE, )KUMOJIOCTh TaTapcKasi U CheA00Has, MalnHa
JiecHasi ¥ PEACTABUTENH TPABSIHUCTHIX (PUTOIIEHO30B — JSTHIIb CHOMPCKUH, KUMPEH Y3KOIUCTHBIH.
MenoBast IPOyKTUBHOCTh YTOAMA, HE TTOKPBITHIX JIECHOW PaCTUTENBHOCTHIO, HA BRIPYOKax, B Taek-
HBIX Jiecax coctapisieT 229,4 kr/ra. Ha jiecHBIX 3eMIIsIX, HE TIOKPBITHIX JIECHOW PacTUTEILHOCTHIO B
panuyce naceku, Ha momany 414 ra GuopecypcHbI OTEHIMA YToAUH Ui MeIocOopa COCTaBHI
68 464 xr. Menosslii 3arac 88 600 Kr M0O3BONSET CoAEpkKATh HA YUETHOM TeppuUTOpUH 738 MUENHHBIX
cemeid. [lomydeHHBIE IOCTOBEPHBIC HAyYHBIC CBEIICHHS C MPAKTHUYECKOH CTOPOHBI HEOOXOIUMBI IS
KOPPEKTHPOBKH JIECHBIX TUIAHOB TEPPUTOPHUH H JIJIs1 CBOEBPEMEHHOTO TNIAHUPOBAHUS U OpTaHU3aIHH
TEPPUTOPHUHN TIACEK.

KuroueBbie cjioBa: MEIOHOCHBIE YTO/Ibs, OMOPECYPCHBIN MOTEHITNA, IECHBIE M HEJIECHBIC 3€MIIH,
MEZIOBBIH 3arac, MYEINHbIE CEMbI
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The results of the studies of honey-making lands on forest and non-forest lands of the forest fund

of the Kemerovo region are presented. The assessment of honey- making resources by categories of
forest lands for honey collection and bioresource potential of lands for honey collection in the process
of succession of forest vegetation was carried out. The study of the species composition of honey
plants was carried out in 2018-2022 on various categories of lands. The research was carried out in
accordance with the generally accepted methods of conducting research in beekeeping. The account-
ing of honey plants was carried out on transects and discount areas using the methodology of forest
taxation. It is established that microclimatic and forest-growing conditions of honey- making lands
change during the succession of forest vegetation. Siberian pea-tree, willow family, Tartarian honey-
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suckle and edible honeysuckle, forest raspberry and the representatives of herbaceous phytocenoses
- Siberian garden angelica, rosebay willowherb - are noted on clearings with high honey productivity.
Honey productivity of the lands not covered with forest vegetation, on clearings, and in taiga forests
is 229.4 kg/ha. The bioresource potential of the lands for honey collection amounted to 68,464 kg on
forest lands not covered with forest vegetation within the radius of the apiary on the area of 414 hect-
ares. The honey stock of 88,600 kg makes it possible to keep 738 bee colonies on the registration plot.
The obtained reliable scientific information from the practical side is necessary for the adjustment of
forest plans of the territories and for the timely planning and organization of the territory of apiaries.
Keywords: honey-making lands, bioresource potential, forest and non-forest lands, honey stock,

bee families
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INTRODUCTION

Significant areas are occupied by honey-mak-
ing lands which are characterized by a rich spe-
cies diversity of honey-bearing flora on the ter-
ritory of the Russian Federation. Among natural
lands, forest lands are of interest as pastures for
bees. Plants growing under the forest canopy
and on forest edges, as well as on the lands not
covered with forest vegetation and non-forest
lands are characterized by their honey-bearing
value. The composition of honey-bearing re-
sources, their ecological and biological proper-
ties depend on natural and climatic factors. In
different geographical zones, forest conditions
are formed, which affect the growth and devel-
opment of melliferous plants, physiological pro-
cesses, in particular, the intensity of secretion of
biological substances - nectar and pollen [1-3].
During the beekeeping season, the area where
the apiary is based is characterized by peculiar-
ities of honey collection conditions. The species
diversity of honey bee flora, ecological and bio-
logical features and flowering dates depend on
the microclimate: light, moisture, temperature
and soil nutrition [4, 5].

Determination of the bioresource potential of
forest lands is based on observations and regis-
tration of wild honeybees in all components of
forest phytocenosis [6-8]. Forest pastures for
bees are a source of valuable bee products, con-
tribute to the conservation of natural populations
in forests by pollination of entomophilous plants
by bees' [9]. Therefore, clarification of honey
productivity of the main honeybees of forest
lands is of great importance for timely planning
and organization of apiaries for the beekeeping
season.

The purpose of the research is to identify hon-
ey bearing resources by categories of forest land
for honey collection and to determine the biore-
source potential of the lands for honey collection
in the process of succession of forest vegetation.

MATERIAL AND METHODS

The territories of the Kemerovo region were
chosen as the objects of the study:

Gornaya Shoria, Barzasskaya taiga (Kemero-
vo district), Chebulinsky, Izhmorsky, Krapivin-
sky districts of the Kemerovo region. Specifica-
tion of the species composition of honey-bearing

'Do Van Thao Integrated assessment of honey-bearing plants of birch forests and bioresource potential of sites in the Baltic-Be-
lozersky taiga forest region: Extended abstract of candidate's thesis, St. Petersburg, Russia, 2020. 24 c.
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plants was carried out in 2018-2022 on different
categories of lands. Registration of honey-bear-
ing plants was carried out on transects and dis-
count areas, using the methodology of forest
taxation. Observations and collection of the data
necessary to clarify the honey productivity of
the main species were carried out according to
the generally accepted methodology [10].

Bioresource potential was determined for the
forest lands of the apiary of the Kemerovo re-
gion by the area of the radius of the effective
flight radius of bees to obtain productive honey
collection. Honey stock is 0.625 of the biore-
source potential, as honey from the nectar of the
main honey bees contains about 80% of sugars
and uses half of the forest resource potential for
honey collection [11].

RESULTS AND DISCUSSION

Observations have shown that after logging
and forest fires in taiga conditions, the main
valuable honey bee, great willowherb (Epilobi-
um angustifolium L.), grows actively for the first
5-7 years and secretes nectar intensively. During
the flowering period, the honey weight in the
control hive of the apiary reached 18 kg.

Scientists have established that practically
all forest areas of Siberia belong to the rasp-
berry-willowherb type of honey collection. Ac-
cording to the assessment of the Kemerovo re-
gion lands, great willowherb is in the first place
among other forest honeybees in terms of distri-
bution area and honey-bearing value. However,
the variation of control hives on the stands of
willowherb from 400 g to 5-6 kg in the eastern
districts of the region is associated with forest
conditions [12].

The results of the studies of I.D. Samsonova
[13] on morphobiological parameters and bio-
logical productivity of great willowherb allowed
to reveal peculiarities in the process of growth,
development of honey bee and nectar secretion.
Comparing the density of species and flower-
ing intensity on forest edges and burned areas,
the advantage in the studied indicators on the
lands after forest fires was established. This is
due to the favorable ecological conditions of the
burned areas, where there is no competition of

other species for light, moisture and nutrition-
al elements in the soil [13]. After 7 years, the
potassium content in the soil decreases, which
affects the nectar production of great willow-
herb. Honey bee thickets also actively develop,
but at the same time they become less interest-
ing for apiaries. The intensity of nectar secretion
decreases, the control hive per day makes 0.5-
1.8 kg of honey. Instead of willowherb, thickets
of Siberian angelica (Archangelica decurrens
Ledb.) and wood angelica (4Angelica sulvestris
L.) appear in the taiga. These mellifers provide
honey yield of 10-14 kg per day. They grow
for 10-16 years, and nectar secretion in these
plants does not stop, as in willowherb. Felling
in mature taiga stands creates favorable lighting
conditions for honey-bearing shrubs Siberian
pea-tree (Saragana arborescens Lam.), Tartar-
ian honeysuckle (Lonirera tatarika L.), edible
honeysuckle (Lonirera edulis Turcz.), Europe-
an red raspberry (Rubus idaeuns L.), Tatarian
dogwood (Cornus alba L.). In good light, these
shrubs abundantly release nectar, the yield per
day reaches 16.7 kg of honey from Siberian pea-
tree [13]. These plants release nectar for 20-26
years. In 20-26 years after deforestation of tai-
ga or forest fires, honeybee plants are replaced
by poisonous perennial herbs: aconite (A4coni-
tum septentrionale Koelle), bee larkspur (Del-
phinium elatum L.), field larkspur (Delphinium
consolida L.), lance-shaped groundsel (Senecio
sagittatus L.).), thickets of poplar aspen (Popu-
lus tremula L.) and white birch (Betula alba L.),
rarely coniferous trees. At this time, there are no
honey-bearing plants in the taiga and bees die en
masse while collecting nectar and pollen from
poisonous plant species [14]. In this regard, if
the apiaries are not relocated from such an area,
the existing forest conditions can negatively af-
fect the vital activity of bee families. For a more
accurate assessment of the forage base, forest
surveys were conducted in the Kemerovo region
(see Table 1).

As a result of the observations made in the
chern fir-aspen taiga in forest glades, as well as
on the lands not covered with forest vegetation
(clearings and garlands), abundant growth of
honey-bearing species is noted. Along the banks
of mountain rivers there are honey-bearing for-

300TEXHUS U BETEPUHAPHS

89

CHOUPCKHUI BECTHHK CEITbCKOXO3SIHCTBEHHOM HayKH ® 2023 « 53 « 9



Bioresource potential of honey-making lands during
the succession of forest vegetation

Samsonova I.D., Plakhova A A.

mations consisting of willow trees and shrubs.
Large thickets of Siberian pea-tree are found on
open slopes.

European red raspberry is widespread in 10-
year thickets. Red currant (Ribes rubrum L.)
adapts to favorable forest conditions in the ligni-
fied forests. There are valuable spring mellifers:
Siberian mountain ash (Sorbus sibirica Hedl.),
common bird cherry (Padus avium Mill.), cran-
berry tree (Viburnum opulus L.), Tatarian honey-
suckle (Lonicera tatarica L.) and other shrubs.
On forest glades and non-forested lands (mead-
ows) herbaceous vegetation reaches its maxi-
mum height in summer. Among herbaceous mel-
lifers, early-flowering species are widespread in
taiga conditions: Siberian Trout Lily (Erythroni-
um sibiricum Kryl.), Irkutsk anemone (4nemo-
nea ltaic Fisch. Ex C.A. Mey.), Hairy Lungwort
(Pulmonaria mollissima A. Kerner). There are
also nectar-pollenos with a prolonged flowering
period - woodland beakchervil (Anthris cussyl-
vestris L.); late-flowering ones - Saussurea lati-
folia (Saus-surea latifolia Ledeb.), forest thistle
(Cirsium heterophyllum L. All.) and other. In the
first years on the burned areas great willowherb

(Epi-lobium angustifolium L.), Greek valerian
polemonium (Polemonium ceruleum L.), wood-
land angelica (Angelica sylvestris L.), Siberian
angelica (Archangelica decurrens Ledb.) and
summer honey bees - white clover (7rifolium re-
pens L.) and pink clover (Trifolium repens L.)
develop. ), Siberian angelica (Archangellica de-
currens Ledb.) and summer honey bees - white
clover (Trifolium repens L.) and Swedish clover
(Trifolium hybridum L.), which are rarely visited
by bees.

Based on the data on the species composition
and the areas of honey-bearing plants within the
effective flight radius of bees, the honey balance
of apiaries in the Kemerovo region was com-
piled (see Table 2).

Studies of the apiary area within the effective
flight radius of bees have shown that 414 ha of
the logged land in the Kemerovo region annu-
ally without sowing and maintenance release
68,464 kg of nectar (see Table 2). Bees deliver
50% of this bioresource potential of the lands to
the hives. The remaining nectar cannot be uti-
lized by bees due to bad weather, due to nectar
collection by other insects, and not all plants are

Ta6ua. 1. MenoBas npoJyKTUBHOCTb HE MOKPBITHIX JIECHON paCTUTEIBHOCTEIO 3eMelb KeMepoBckoit

oOnactu
Table 1. Honey productivity of non-forested lands in the Kemerovo region
Honey plant Occurrence, % Honey productivity, kg/ha
Clearings
Siberian pea shrub (Caragana arborescens Lam.) 20 70
Tartarian honeysuckle (Lonicera tatarica L.) 1 )
European red raspberry (Rubus idaeus L.) 1,5 2,1
Willows of all kinds (Salix L.) 13 26
Common bird cherry (Prunus padus L.) 5 2
Siberian angelica (Archangelica decurrens Ledb.) 10 40
Forest glades

Woodland angelica (4Angelica sylvestris L.) 5 15
Greek-valerian polemonium (Polemonium coeruleum L.) 55 33
Common dandelion (7araxacum officinale Wigg.) 21 21
White clover (7rifolium repens L.) 3 3
Great willowherb (Epilobium angustifolium L.) 15 45
Total 2294
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Ta6a. 2. buopecypcHbIi MOTEHITUAN YTOAMA U MEIIOBBIN OallaHC MaceKu

Table 2. Bioresource potential of the lands and honey balance of the apiary

Honey collection Biore- Honey
period Honey plant Area, ha | source po- supply, kg
tential, kg ¥,
Forest lands (clearings)

I (spring) Goat willow (sallow) (Salix caprea L.) 108 25920 16 200
Siberian pea shrub (Caragana arborescens Lam.) 49 27 440 17 150
European mountain ash (Sorbus aucuparia L.) 25 400 250

II (early summer) | Common bird cherry (Padus avium Mill.) 166 5312 3320
Currant (Ribes L.) 41 4592 2870

[T (summer) European red raspberry (Rubus idaeus L.) 25 4800 3000

Non-forest lands (meadow)

I-1I (spring and | Meadow mixed herbs .

carly summer) 68 (20-30%) 3264 2040

[T (summer) Siberian angelica (Archangelica decurrens Ledb.) 32 11776 7360
Dissected cow parsnip (Heracleum dissectum Ledeb.) 31 5050 3720
Great willowherb (Epilobium angustifolium L.) 3 24 080 15 050
White and pink clover (7rifolium repens L., Trifo- 44 7040 4400
lium hubridum L.)
Dropwort (Filipendula vulgaris Moench.) 78 448 280

IV (late summer) |Melancholy thistle (Cirsium heterophullum (L.) Hill 40 11 520 7200
Broad-leaved saussurea (Saussurea latifolia Ledeb.) 16 3072 1920
Canada thistle (yellow thistle) (Cirsium setosumWilld.) 32 6144 3840

Total 748 141 760 88 600

visited by bees for nectar collection. According
to our calculations, the honey stock on forest
lands in this area reaches 88,600 kg. With apiary
productivity of 30 kg of commercial honey from
one family and 90 kg of forage honey, it is possi-
ble to keep 738 bee families and receive 22 tons
of commercial honey only in the clearings of the
Kemerovo region.

Taking into account that significant areas of
forest felling only for one year give an opportu-
nity to increase the number of bee families, the
forest is cut down annually and almost as much
1s burned, then on these areas the number of bees
can be increased by 7 times, the density of bee
families can be increased to 51 hives/km?.

CONCLUSIONS

1. In the process of succession of forest
vegetation, microclimatic and forest conditions
of honey lands change, which are reflected in
their honey value.

2. Siberian pea shrub, willow family, Tatar-
ian and edible honeysuckle, European red rasp-
berry and representatives of herbaceous phyto-
cenoses - Siberian angelica and great willowherb
- are characterized by high honey productivity
in clearcuts. Honey productivity of non-forested
lands is 229.4 kg/ha.

3. The bioresource potential of the land for
honey collection amounted to 68,464 kg on for-
est land not covered with forest vegetation with-
in the apiary radius on the area of 414 ha. The
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honey stock of 88,600 kg allows to keep 738 bee
families on the discount area.

4. Reliable data on floristic composition of
honey-bearing vegetation, honey reserve of for-
est lands, on abundance and territorial distribu-
tion of honey-bearing resources within different
plant communities are necessary for adjustment
of forest plans of the territories, development of
forest exploration projects, for timely planning
and organization of apiary territories.
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Anmaiickuti 20cy0apcmeennvlii acpapHulil YHUGEPCUMEm
bapnayn, Poccus

(C<De-mail: aleks tav@mail.ru

IIpeacraBieHsl pes3yabTaTbl MCCICIOBAaHUKA METONOB JieueHHs OPOHXOIIHEBMOHUH MOJIOIHSKA
KPYIIHOTO poraroro ckora. OTMeueHo, 4To 3a00JIeBaHHE CBSI3aHO C BO3JCHCTBHEM psla Pa3IHUHBIX
STHOJIOTHYECKUX YCIOBUH (OHIKEHHEM TEMIIEpaTyphbl BO3yXa, YBIAKHEHHEM BO3/1yXa, a TAKKE ero
3arps3HEHHEM U T.JA.) Ha OPTaHU3M XHUBOTHOTO. BpOHXONMHEBMOHMS TEJAT PErHMCTPUPYETCSA Ha JKH-
BOTHOBOJYECKHX KOMIUIEKCAX B XOJIOAHOE M CHIPOE BpeMsi roJja Kak ce30HHOe 3aboneBanue. B cBs3u
¢ 3TUM pazpaboTka 3(pPEeKTUBHBIX CXeM JIeUeHUs JaHHOW IaTOJIOTHH SBIISETCS aKTyaIbHOH 3aadei.
N3zyuyena 3PeKTUBHOCTs NPUMEHEHHS IIPENapaToB 3aMECTUTEIbHON TEepaluy MpH JeYeHUH OpOH-
XOITHEBMOHUM TelIT. MccnenoBanne MpoBEIEHO B XO3AMCTBE ANTAaWCKOrO Kpasi B OCEHHUHN MEPHOA.
s peanuzanuy JaHHOTO OMBITA MO NPUHIMITY aHAJIOTOB ObLIM C()OPMUPOBAHbI BE PABHBIE TPYIIIIHI
TeJAT (ONBITHAS U KOHTPOJIBHAS) IO 5 TOJI. B KaXK0W. B cxeMy nedeHns o6eux rpymn BXOJWIN pena-
parsl Pecduop u Jlokcuk 2%. Tensra KOHTPOJIBHOH IPYyMIbl B KaYeCTBE Tpernapara 3aMeCTUTETbHON
Tepanuu nony4dann ButOkel, onbiTHON — Butam. Bo Bpems skciepuMeHTa mpoBeieHa OlleHKa KITH-
HUYECKUX MPU3HAKOB U MOPGOIOTUYECKUN aHaNIN3 KPoBH. IIpy KIMHUYECKOM HCCIIEIOBAHUM TEISAT
OTMEYEHBI CIENYIOIUE MPU3HAKU: TOBBIIIEHHAs TEMIIEpaTypa TeJa, XPUIIbI, Kallelb, O4aru IpUTy-
TUICHUSI B JIETKUX B OOJIACTH MEPEJHMX U 3aJHUX JO0JIeH, alaTHYHOCTb, HCTEUCHUSI U3 HOCA, MOTEPS
anmneTuTa, spurponeHus (1o (4,6 + 0,2) x 10'%/mn), nefikounTos (10 (16,5 + 0,6) x 10%/1), noBeiIeHHE
COD (mo 1,2 £ 0,1 MM/4), HEUTPODUIBHBIN JICUKOIIMTO3 CO CIBHIOM Spa BJICBO M MOHOIIMTOIIC-
Hus. K 5-M cyTkam jiedeHus y TeJST OMBITHOW TPyNIbl OTCYTCTBOBAIM XPHITBI B JIETKUX, Kalllelb,
TemIeparypa Tena Oblia B Ipeaenax HopMbl. Ha 7-e cyTku OoTMedanuch HOBBIIICHUE 3PUTPOLUTOB
((6,4 £0,3) x 10'%/m), camxenwue seiikoruros ((10,6 + 0,3) x 10%/1) u COD (0,4 + 0,1 mm/4). [Tpume-
HEHHE BUTAMUHHO-aMHUHOKHCIIOTHOTO KOMIUIEKCA B KOMIUIEKCHOHM Tepaniy OPOHXOMHEBMOHHUH TEIST
COKpaIllaeT ATUTEIBHOCTD U TSHKECTh TEUEHHsI 3a00IeBaHHUA.
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COMPARISON OF THE EFFECTIVENESS OF SUBSTITUTION THERAPY
PREPARATIONS IN BRONCHOPNEUMONIA OF CALVES

)Trebukhov A.V., Bagina V.0O., Demeneva A.E.
Altai State Agricultural University

Barnaul, Russia

(X)e-mail: aleks tav@mail.ru

The results of research on the methods of bronchopneumonia treatment of young cattle are present-
ed. It is noted that the disease is associated with the effect of a number of different etiological condi-
tions (lower air temperature, air humidification, and air pollution, etc.) on the animal's body. Broncho-
pneumonia of calves is registered at livestock complexes in cold and wet seasons as a seasonal disease.
In this regard, the development of effective treatment schemes for this pathology is an urgent task. The
effectiveness of the use of substitution therapy preparations in the treatment of bronchopneumonia
of calves was studied. The study was conducted at a farm in the Altai Territory in the autumn period.
For realization of this experiment two equal groups (experimental and control) of 5 calves in each
were formed according to the principle of analogies. The treatment regimen for both groups included
Resflor and Loxic 2% preparations. Calves of the control group received VitOkey as a substitution
therapy, the experimental group — Vitam. Clinical signs and blood morphologic analysis were evalu-
ated during the experiment. Clinical examination of the calves showed the following signs: elevated
body temperature, wheezing, coughing, foci of blunting in the lungs in the anterior and posterior lobes,
apathy, nasal discharge, loss of appetite, erythropenia (up to (4.6 + 0.2) x 10'%/1), leukocytosis (up to
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(16.5£0.6) x 10°/1), increased ECR (up to 1.2 + 0.1 mm/h), neutrophilic leukocytosis with a leftward

shift of the nucleus, and monocytopenia. By the 5th day of treatment, the calves of the experimental

group had no pulmonary rales, coughing, and the body temperature was within normal limits. On the

7th day, there was an increase in erythrocytes ((6.4 + 0.3) x 10'¥1), a decrease in leukocytes ((10.6 +

0.3) x 10°/1) and ESR (0.4 + 0.1 mm/h). The use of vitamin-amino acid complex in complex therapy

of bronchopneumonia of calves reduces the duration and severity of the course of the disease.
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INTRODUCTION

One of the strategic objectives of the agri-
cultural industry is to provide the population
of the country with high-quality livestock
products. The increase in production volumes
is achieved, among other things, by acceler-
ating metabolic processes in the organism of
farmed animals. However, this leads to an in-
crease in the risk of homeostasis disorders and
the development of various pathologies in both
adult cattle and young animals [1-3]. Diseases
of respiratory organs occupy the second place
among all pathologies in young farm animals
after diseases of gastrointestinal tract [4, 5].
The most common among respiratory diseases
is bronchopneumonia [6, 7]. Bronchopneumo-
nia of calves is registered at livestock com-
plexes in cold and wet seasons as a seasonal
disease [8, 9]. It is a classical factor disease,
which is caused by the combined effect of in-
fectious pathogens and unfavorable environ-
mental factors [10-12]. Diagnosis is made on
the basis of clinical signs and blood tests [13-
20]. In this regard, the development of effec-
tive treatment schemes for this pathology is an
urgent task.

The purpose of the study was to investi-
gate the effectiveness of substitution therapy
drugs in the treatment of bronchopneumonia
of calves.

MATERIAL AND METHODS

The study was conducted at the farm LLC
"Michurinets" in the village of Altayskoye, Altai
Territory, in the autumn period. For the exper-
iment 10 calves of the Black-and-White breed
of 3 months of age and live weight 102 = 9.1 kg
were selected. Bronchopneumonia was detect-
ed based on the clinical picture specific for this
disease: increased body temperature, wheezing,
coughing, foci of blunting in the lungs in the
anterior and posterior lobes, apathy, nasal dis-
charge, loss of appetite. All calves were in the
same feeding and housing conditions. For the
experiment the selected young cattle were di-
vided into two groups: control and experimen-
tal. Calves of the control group were treated in
accordance with the scheme of therapy used on
the farm, including VitOkey, which was used
at a dose of 2 ml/10 kg of animal body weight
(once a day, intramuscularly, every 24 h). The
treatment regimen of both groups included: anti-
bacterial drug Resflor in a dose of 10 ml (once a
day, subcutaneously, every 48 h); non-steroidal
anti-inflammatory drug Loxic 2% in a dose of
2.5 ml/100 kg body weight of the animal (once a
day subcutaneously every 24 h). In the treatment
scheme of the experimental group the same ther-
apy scheme was used, but VitOkey was replaced
by Vitam at a dose of 3 ml/10 kg of animal body
weight (once a day intramuscularly every 24 h).
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VitOkey is a combined vitamin preparation for
prevention and treatment of hypovitaminosis
and diseases developing on their background in
animals. VitOkey in 1 ml as active substances
contains vitamin A (10 000 ME), vitamin D3
(2000 ME), vitamin E (10 mg), vitamin K (2),
vitamin B1 (10), vitamin B2 (4), vitamin B6 (3
mg), vitamin B12 (10 mcg), nicotinamide (30
mg), calcium pantothenate (20), folic acid (0.2
mg), biotin (10 mcg), as well as auxiliary sub-
stances: Lactalbumin protein hydrolysate, nipa-
gin, glucose, tween-80 and water for injection.
Resflor is a medicinal product intended for treat-
ment of diseases of bacterial etiology and man-
agement of inflammatory processes in cattle.
As an active substance in 1 cm?® the preparation
contains 27.4 mg of flunixin meglumine (which
corresponds to 16.5 mg of flunixin) and 300 mg
of florfenicol, as excipients - N-methyl-2-pyrro-
lidone, propylene glycol, citric acid anhydride
and polyethylene glycol. Loxik 2% is a medic-
inal product intended for treatment of inflam-
mation of various etiologies in animals. 1 ml of
Loxik 2% contains 20 mg of meloxicam as an
active ingredient, as well as excipients (up to 1
ml). Meloxicam, included in the composition of
the medicinal product, has pronounced anti-in-
flammatory and analgesic activity. Vitamin-ami-
no acid complex Vitam refers to complex vita-
min-containing products for farm animals. The
preparation contains a complex of biologically
active substances, thanks to which it optimiz-
es metabolic processes in the body, normalizes
blood formula, increases bactericidal activity of
blood serum, has immunomodulatory and gen-
eral biotonizing effect. As active ingredients,
the preparation contains arginine hydrochloride
(60 mg), lysine hydrochloride (60), isoleucine
(17.3), leucine (52), methionine (13), phenyl-
alanine (21.5), threonine (26), tryptophan (8.6),
glutamine (86), valine (21.5), tyrosine (34.6),
cystine hydrochloride (22.4), serine (21.5), gly-
cine (43), alpha-alanine (21.5), proline (32.0),
asparagic acid (26), oxyproline (8.6), glutamic
acid (60 mg), and others. As excipients, the drug
contains the following components: ascorbic
acid (0.075 mg), sodium chloride (8000 mg),
potassium chloride (400), magnesium chloride
(106), sodium phosphoric acid (121), carbon-

ic acid sodium (600), calcium chloride (276),
magnesium sulfuric acid (100), sodium acetic
acid (79.3), potassium phosphoric acid (60 mg),
phenol red. Blood was taken from the calves of
both groups for morphological analysis. In mor-
phological blood examination, the quantitative
content of erythrocytes, leukocytes and hemo-
globin, erythrocyte sedimentation rate and per-
centage of leukocyte species were determined.
Laboratory blood tests were performed on a
veterinary hematology analyzer Mindray BC-
2800 Vet (China) and on a biochemical analyzer
Pointcare V3 (Japan). All clinical and laboratory
tests were performed in 2022.

RESULTS AND DISCUSISON

At the beginning of the experiment, apathy,
decreased appetite were observed in calves of
both groups. The animals had hyperemia of vis-
ible mucous membranes, serous and mucous
discharge from the nasal cavity. At auscultation
of the lungs in calves vesicular breathing, moist
wheezes were noted. Cough was dry at first, then
became moist. Percussion of the lungs revealed
foci of blunting of the anterior and posterior
lobes. Breathing is rapid, difficult. The results
of morphologic studies of blood are presented
in Table 1.

The results of blood leukogram studies of
calves of the studied groups are presented in Ta-
ble 2.

The analysis of Tables 1, 2 shows that in the
blood of the calves of both groups before the
beginning of treatment there was a decrease in
the number of erythrocytes in the blood and ac-
celerated ESR, leukocytosis, hemoglobin was at
the lower limit of the norm (see Table 1). The
leukogram showed neutrophilic leukocytosis
with a shift of the nucleus to the left, indicating
an acute course of the disease. Monocytopenia
was established in the animals of both groups
(see Table 2). These changes, in our opinion, are
associated with the impact on hematopoietic or-
gans of various toxins and underoxidized meta-
bolic products, which appeared in the process of
pathogenesis of bronchopneumonia.

During treatment the animals were subjected
to daily clinical examination. One of the efficacy
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Taoda.1. Mopdonornueckne nokazarenu Kposu (M + m, n = 10)
Table 1. Morphological parameters of blood (M £ m, n = 10)

Physiological norm
. Group of On the 7th day of the .
Indicator . Before the treatment according to A.P.
animals treatment . .
Demidovich !
Erythrocytes, x 10'%/1 Experimental 4,7+0,2 6,4 £ (3% %% 5-10
Control 4,602 5,2+0,1
Leukocytes, x 10%/1 Experimental 15,8 +£0,7 10,6 + 0,3%* 4-12
Control 16,5+ 0,6 11,7 £ 0,4%*
Hemoglobin, g/l Experimental 109,6 £5,3 116,7+5,8 80-150
Control 107,4+ 4,6 113,6 £5,6
ESR, mm/h Experimental 1,2+0,1 0,4 £0,1** 0,1-0,6
Control 1,1+£0,2 0,5+0,2
Here and in Table 2. *p < 0.05 between groups.
**p < 0.05 relative to baseline data.
Ta6a. 2. Jleiikorpamma Tensr, 60bHBIX OpoHXOTTHEBMOHUEH (M + m, n = 10), %
Table 2. Leukogram of the calves with bronchopneumonia (M + m, n = 10), %
Neutrophils
Group E L M
y | BN | SN
Physiological norm according to A.P. Demidovich (see footnote 1)
2-20 0-1 0-2 15-45 45-75 3-10
Before the treatment
Experimental 2,613 3,6£1,1 1,2+0,7 30,2+ 0,4 554+5,8 1,2+£1,2
Control 24+0,5 40+1,5 1,2+0,8 29,4+0,5 55,6 £4,7 1,6 +1,1
On the 7th day after the start of the treatment
Experimental 5,0£1,5% 0,2+04 0,8 1,1 342+42 56,3 + 8,2* 5,6 £0,8%
Control 34+1,1 1,2+ 1,3 1,4+1,2 31,1 £3,6 574+7,1 32+1,8

indicators of the treatment regimen of the ex-
perimental group was the weakening of specific
signs of the disease, as well as morphological
blood parameters.

Thus, in the course of treatment the calves of
the experimental group already on the 5th day
had improved breathing, no rales were detect-
ed at auscultation, coughing was absent, body
temperature varied within physiological lim-
its, appetite appeared. According to the results
of morphological blood examination on the 7th
day after the beginning of treatment of broncho-
pneumonia in calves of the experimental group

there was observed an increase in the content of
erythrocytes relative to the initial data by 36% (p
< 0.05), a decrease in the number of leukocytes
- by 33% (p < 0.05), ESR decreased 3 times (p <
0.05) and reached physiological norms.

In calves of the control group, visible weak-
ening of clinical signs began only on day 7. In
control calves the number of erythrocytes rela-
tive to the first study increased by 13%, leuko-
cyte content decreased by 29% (p < 0,05), ESR
was at the upper physiological limit (0,5 + 0,2).
On the 10th day the animals of the control group
were clinically healthy.

'Demidovich A.P. Diagnostic value of blood biochemical indicators (protein, carbohydrate, lipid metabolism), educational
and methodological manual for students in the specialty "Veterinary Medicine" // Vitebsk State Academy of Veterinary Medicine.

Vitebsk: VSAVM, 2019, p. 32.
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The average group values by the 7th day of
treatment were significantly higher in the exper-
imental group relative to the control group in the
number of erythrocytes by 23% (p < 0.05), eo-
sinophils by 47% (p < 0.05), monocytes by 1.8
times (p < 0.05), and in the content of leuko-
cytes, on the contrary, lower by 9.4% (p < 0.05).
The number of segmented neutrophils was also
in this period higher in the blood of experimen-
tal calves by 10%, hemoglobin by 3%, and the
content of juvenile neutrophils, neutrophils, ba-
cilli, ESR, lymphocytes was lower by 83.3; 9.4;
43.0; 20.0%, respectively, but there were no sig-
nificant differences between the groups.

Thus, in the experimental group of the calves
by the 7th day of the study not only clinical
signs, but also the results of the general blood
analysis testified to the effectiveness of Vitam in
the complex therapy of bronchopneumonia of
calves.

CONCLUSIONS

1. Clinically, bronchopneumonia of calves
was manifested as follows: apathy, decreased
appetite, serous and mucous discharge from
the nasal passages, dry cough, moist wheezing
and foci of blunting in the anterior and posterior
lobes of the lungs.

2. In the blood in calf bronchopneumonia,
erythropenia (up to (4.6 £ 0.2) x 1012/1), leu-
kocytosis (up to (16.5 = 0.6) x 109/1), increased
ESR (up to 1.2 £ 0.1 mm/h), neutrophilic leu-
kocytosis with leftward shift of the nucleus and
monocytopenia are noted.

3. Application of vitamin-amino acid com-
plex in the therapy of bronchopneumonia con-
tributed to the improvement of clinical status on
the 5th day (coughing, wheezing in the lungs
were absent, appetite appeared), on the 7th day
there was a positive trend in the changes of the
main morphological blood parameters (increase
in erythrocytes, decrease in the number of leu-
kocytes, recovery to the physiological value of
the ESR).
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OAXOAbI K PETAKTUPOBAHUIO TEHOMA CEJIbCKOXO3SMCTBEHHBIX
AKNBOTHbBIX

Jonnuk U.M., Makytuna B.A., Kpuonorosa A.C., XX)UcaeBa A.I, [leiikun A.B., Komjaes A.I.
Vpanvcruii hedepanvuviii acpaphulil HAyYHO-UCCIE008AMENbCKUL YEHMD
Vpanvcroeco omoenenus Poccuiickou akademuu HAyK

ExarepunOypr, Poccus
(<De-mail: isaeva.05@bk.ru

[IpencraBneHs! pe3ynbTaThl HCCIEAOBAHNS TEHETUUECKUX METOA0B CO3/IaHHSI CEIIbCKOX03HCTBEH-
HBIX J)KUBOTHBIX C YJIy4IIEHHBIMH XapaKTepUCTHKaMU. B HacTosIee BpeMs I0JIy4eHO 3HAUUTEIbHOE
KOJINYECTBO )KUBOTHBIX C OTPEAAKTUPOBAHHBIM FeHOMOM. MeToibl Mo (D MKAIIMY TEHOMA Yy KPYITHOTO
poraroro ckota (KPC) nmoctossHHO coBepuieHCTBYIOTCS. M3yueHbl HOAX0ABI TEHHOTO PelakKTHPOBAHMS
SMOPHOHOB KPYITHOTO POraToro CKOTa, NOCTABKU OTPENAKTHPOBAHHBIX KOHCTPYKLUM, MOBBILICHUS
BBDKMBAEMOCTH SMOPHOHOB I1OCJIC BHECEHHS CUCTEM pelakTUpoBaHusl. MccnenoBanus npoBoAUIN Ha
ambOpuonax KPC. Pa3paboransl n anpoOupoBaHbl cHCTEMBI peqakTiupoBannus reHoB BLG u CJ1209.
W3yuensl BapuaHThl 1OCTaBKU CUCTEMbI pefakTupoBanus B kieTku KPC: MUKpOMHBEKIUS B 3UTOTY
wiasmuaHon JIHK ¢ 3akonuposanHoi nocnenoBareiabHocThio ¢ CRISPR/Cas9 ¢ sgRNA, crioco0 Bu-
PYCHBIX BEKTOpOB (ajieHoaccolMupoBaHHble BUpycsl AAV, cepotunsl AAV1, AAV2, AAV6, AAVY,
AAVDJ), comectHoe BBenenue miazmuanor JJHK u crnepmaro3ouna B oouut Ha craguu MII, a
taxke Mukponnbekiun PHK Cas9 u rugossix PHK. MccnenoBansl 1 ycOBEpIIEHCTBOBAHbI Pa3JIny-
HBIE METOIUKH BBIIOJIHEHUS] MUKPOUHBEKLINI 1 OPOOOBaHbl Pa3IniyHbIe BAPUAHTHI IIPUTOTOBICHUS
cmecu PHK Cas9 u runoseix PHK. Ha ocHOBE mOSTy9eHHBIX pe3ylIbTaTOB ONTUMH3HPOBAH TTPOTOKOIT
BBITTOJIHEHUS] MUKPOHUHBEKIINN CHCTEMBI PEAAKTUPOBAHUS M TIPOBEICH MOJEIBHBIN SKCIIEPUMEHT Ha
160 oonmtax, mo 80 KJIETOK Ha KaXIyI0 KOHCTPYKLUIO. B pesyinbrare ycraHoBuin, 4to 3¢(dexTHs-
HOCTb PEAAKTHpPOBaHUA B LienoM noBbicuiack. [Ipu uabekuuu runosoil PHK nporus rena BLG u
MPHK spCas9 npobnenne nauanu 84% BBIKMBIIMX KIETOK, OnacTysinust coctaBuiia 20%, oka3ainuch
¢ HokayToM 110 BLG — 69,2%. Ilpu nabpexkunu npotus reda CD209 u MPHK spCas9 npobnenune Haua-
mu 44,4% BBDKUBITNX SMOPHOHOB, OmacTyssius coctaBuia 16,7%, ¢ Hokaytom mo CD209 — 44,4%.
HoBwu3Ha paboThl 3aKit0uaeTcs B MOJNyYSHUHN JIAHHBIX O pa3paboTKe CUCTEM PelaKTHPOBaHMUsI C OIpe-
JICJIEHHBIMI T€HaMH-MHUIICHSMH, B YCOBEPIIEHCTBOBAHMHM CHUCTEMbI JOCTABKH U KYJIBTUBUPOBAHUS
smbpuonos KPC.

Kurouessle ciioBa: CRISPR/Cas9, nocraBka cucreM peJakTHpOBaHuUsl, BUPYCHBINH BEKTOP, MUKPO-
nabekin PHK, nonvmranranmonnsie smopuonst KPC

APPROACHES TO GENOME EDITING IN AGRICULTURAL ANIMALS

Donnik .M., Makutina V.A., Krivonogova A.S., xJ)Isaeva A.G., Deikin A.V., Kostschaev A.G.
Ural Federal Agrarian Scientific Research Centre, Ural Branch of the Russian Academy of Sciences
Ekaterinburg, Russia

(><)e-mail: isaeva.05@bk.ru

The results of research into genetic methods of breeding agricultural animals with improved char-
acteristics are presented. By now a significant number of animals with an edited genome have been
selected. Methods of genome modification in cattle are constantly improving. The approaches of gene
editing of bovine embryos, delivery of edited constructs and improvement of embryo survival after in-
troduction of editing systems have been studied. The studies were performed on cattle embryos. BLG
and SD209 gene editing systems were developed and validated. Delivery options of the editing sys-
tem into cattle cells were studied: microinjection into the zygote of plasmid DNA encoded sequence
with CRISPR/Cas9 ¢ sgRNA, the method of viral vectors (adeno-associated AAV viruses, serotypes
AAVI1, AAV2, AAV6, AAVY, AAVDIJ), co-injection of plasmid DNA and sperm into the oocyte at the
MII stage, and microinjection of Cas9 and guide RNAs. Different techniques for performing micro-
injections have been investigated and refined, and different preparation of Cas9 RNA and guide RNA
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mixtures have been tested. Based on these results, the protocol for performing microinjection of the
editing system was optimized and a model experiment was performed on 160 oocytes, with 80 cells
per each construction. The findings have shown that the efficiency of editing has generally improved.
When injected with guide RNA against BLG gene and spCas9 mRNA, 84% of the surviving cells
initiated cleavage, blastulation was 20%, and BLG knockout was 69.2%. When injected against the
CD209 gene and spCas9 mRNA, 44.4% of the surviving embryos started cleavage, blastulation was
16.7%, with CD209 knockout at 44.4%. The novelty of the work lies in obtaining data on the devel-
opment of editing systems with specific target genes, in improving the delivery system and cultivation
of bovine embryos.

Keywords: CRISPR/Cas9, delivery of editing systems, virus vector, microinjections of RNA,
pre-implantation bovine embryos
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INTRODUCTION using this approach is genetic mosaicism arising
in the offspring [6]. One of the proposed ways to
eliminate mosaicism is the early introduction of
CRISPR/Cas9 system at the metaphase II stage
of the oocyte or at the early zygote stage imme-

diately after pronucleus formation [7].

Gene editing methods allow making pre-
cise and specified modifications in the genome
of livestock. Genome editing in goats and pigs
is currently performed quite efficiently using
SCNT (somatic cell nuclear transfer) through

CRISPR/Cas9-edited cells [1, 2]. The efficiency
of genomic editing is about 60% [1, 3]. In mice,
monkeys, dogs, and rabbits, another method is
more often used, which consists in direct injec-
tion of the editing system into the cytoplasm
of embryos at the single-cell zygote stage [4,
5]. It has been shown that the introduction of
CRISPR/Cas9 constructs directly into zygotes
can lead to the production of the offspring with
specified traits. However, a serious problem in

Effective microinjection of growth hormone
and insulin-like growth factor I genes into pig
zygotes has been reported. Later, two lines of
transgenic pigs expressing growth hormone
gained 11.1 and 13.7% more weight than the
control pigs'2.

Also targeted for research is the myostatin
protein gene. Reduced expression of the myo-
statin gene (also known as GDF8 or growth dif-
ferentiation factor 8) has been found to enhance

"Pursel V.G., Bolt D.J., Miller K.F,, Pinkert C.A., Hammer R.E., Palmiter R.D., Brinster R.L. Expression of Growth Hormone

Transgenes in Swine. J. Reprod. Fertil. 1990, vol. 40, pp. 235-245.

*Pursel V.G., Wall R.J., Mitchell A.D., Elsasser T.H., Solomon M.B., Coleman M.E., DeMayo F., Schwartz R.J. Transgenic An-
imals in Agriculture. U.S. Department of Agriculture; Washington, DC, USA. Expression of insulin-like growth factor-I in skeletal

muscle of transgenic swine. 1999.
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muscle growth. Even single nucleotide polymor-
phisms in the myostatin gene trigger significant
changes®. A large number of animals with edited
genome have now been obtained, including pigs
with edited MSTN (myostatin) gene, pigs with
edited anti-PRRS (porcine reproductive and re-
spiratory syndrome) gene and tuberculosis resis-
tant transgenic cattle*®. These genetically modi-
fied/edited farm animals have demonstrated im-
provements in weight gain or disease resistance
and other beneficial traits.

Methods of genome modification (especially
ZFN and TALEN) in cattle are constantly being
improved’. TALEN technology has been used,
for example, to insert the SP110 gene into the
cattle genome, resulting in transgenic cattle re-
sistant to tuberculosis®.

In addition, using ZFN and TALEN ap-
proaches, the B-lactoglobulin (LGB) gene in
bovine embryos was altered with good efficien-
cy’. Using TALEN, cattle with a knockout of the
MSTN gene were created. TALEN has also been
used to eliminate the POLLED allele in Holstein
cattle and to produce hornless dairy cattle'.

A significant share of genome modification
works was performed on cell cultures, in partic-
ular, inclusion of NRAMP1 using CRISPR/Cas9

in fetal fibroblasts to create genetically modified
cattle resistant to tuberculosis'!. In another study,
knockout of the PRNP gene, which encodes the
infectious protein PrPSc that causes diseases in
cattle and humans (cattle spongiform encepha-
lopathy, Creutzfeldt-Jakob disease and chronic
wasting disease in deer) in fetal fibroblasts and
early embryos was performed. In brucellosis,
transduction of infected cells with lentiviral
vectors containing CRISPR/Cas9 gene editing
system was carried out to inactivate the gene
involved in brucella replication in host cells; a
significant increase in the resistance of culture
cells to brucellosis infection was obtained!'? [8].

Currently, significant progress has been made
inthe methodology of genome editing using DNA
nucleases. There are four main types of technol-
ogies based on programmed nucleases: meganu-
cleases, zinc finger nucleases (ZFN), transcrip-
tion activator-like endonucleases (TALEN), and
clustered regularly spaced short palindromic re-
peats Cas9 (CRISPR/Cas9). These genome edit-
ing tools are capable of precisely cutting DNA in
a given nucleotide sequence'.

The CRISPR/Cas9 system is most attractive
to use primarily because it is a relatively simple,
efficient and economically the cheapest method

3Grobet L., Martin L.J.R., Poncelet D., Pirottin D., Brouwers B., Riquet J., Schoeberlein A., Dunner S., Ménis-sier F., Massa-
banda J. et al. A deletion in the bovine myostatin gene causes the double—muscled phenotype in cattle // Nat. Genet, 1997, vol. 17,

pp. 71-74. DOI: 10.1038/ng0997-71.

*Burkard C., Lillico S.G., Reid E., Jackson B., Mileham A.J., Ait-Ali T., Whitelaw C.B.A., Archibald A.L. Precision engineering for
PRRSV resistance in pigs: Macrophages from genome edited pigs lacking CD163 SRCRS domain are fully resistant to both PRRSV
genotypes while maintaining biological function. PLoS Pathog. 2017, vol. 13, p. €¢1006206. DOI: 10.1371/journal. ppat.1006206.

SGao Y, Wu H., Wang Y., Liu X., Chen L., Li Q., Cui C., Liu X., Zhang J., Zhang Y. Single Cas9 nickase induced generation of
NRAMP1 knockin cattle with reduced off-target effects. Genome Biol. 2017, vol. 18, p. 13. DOI: 10.1186/s13059-016-1144-4.

*Wang K., Ouyang H., Xie Z., Yao C., Guo N., Li M., Jiao H., Pang D. Efficient Generation of Myostatin Mutations in Pigs Using
the CRISPR/Cas9 System. Sci. Rep. 2015, vol. 5, pp. 1-11. DOI: 10.1038/srep16623.

"Liu Z., Foot R.H. Development of bovine embryos in KSMO with added superoxide dismutase and taurine and with five and

twenty percent O2. Biol Reprod. 1995, vol. 56, pp. 786—790.

SWu Y., Zhou H., Fan X. et al. Correction of a genetic disease by CRISPR-Cas9-mediated gene editing in mouse spermatogonial

stem cells // Cell Res. 2015, vol. 25, pp. 67-79.

Wei J., Wagner S., Lu D., Maclean P, Carlson D.F.,, Fahrenkrug S.C., Laible G. Efficient introgression of allelic variants by
embryo-mediated editing of the bovine genome // Sci. Rep. 2015, vol. 5, pp. 1-12. DOI: 10.1038/srep11735.

YCarison D.F, Lancto C.A., Zang B., Kim E., Walton M., Oldesculte D., Seabury C., Sonstegard T.S., Fahrenkrug S.C. Produc-
tion of hornless dairy cattle from genome-edited cell lines. Nat. Biotechnol. 2016, vol. 34, pp. 479—481.

"Gao Y, Wu H., Wang Y., Liu X., Chen L., Li Q., Cui C., Liu X., Zhang J., Zhang Y. Single Cas9 nickase induced generation of
NRAMP1 knockin cattle with reduced off-target effects. Genome Biol. 2017, vol. 18, p. 13. DOI: 10.1186/s13059-016-1144-4.

2Liu X., Wang Y., Tian Y., Yu Y, Gao M., Hu G., Su F,, Pan S., Luo Y., Guo Z., Quan F., Zhang Y. Generation of mastitis resis-
tance in cows by targeting human lysozyme gene to B-casein locus using zinc-finger nucleases // Proc. Biol. Sci. 2014, vol. 281, p.

20133368.

BCox D.B.T, Platt R.J., Zhang F. Therapeutic genome editing: prospects and challenges. Nature Medicine, 2015, vol. 21 (2),

pp. 121-131.
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of genome editing. Therefore, the use of CRIS-
PR/Cas9 technology has made gene editing of
farm animals more accessible, bringing it closer
to application in practical animal husbandry.

However, some experts argue that altering
the genomes of farm animals to improve pro-
duction efficiency may lead to secondary effects.
For example, accelerated muscle growth when
the myostatin gene is mutated may lead to more
caesarean sections, limb and respiratory system
abnormalities'®. Finally, genome editing by so-
matic cell nucleus transfer can have a negative
impact on animal welfare: increased embryonic
death, postnatal mortality and congenital disor-
ders [9]. In addition, genome editing can lead to
off-target mutations or unintended consequences
that will accumulate and manifest themselves in
subsequent generations'>, However, given the
many advantages of the technology, genome
editing with CRISPR can be used to improve
breeds of farm animals. Studying and improv-
ing any new technology takes time, but CRISPR
technology has already proven to be an effective
research tool for scientific endeavor that requires
further improvement, especially in productive
animals.

To realize the delivery of CRISPR/Cas9 sys-
tem into the cell, transfection by different meth-
ods, and transduction by viruses are used; com-
binations and modifications of different methods
are constantly studied and used in experimental
works. For effective gene editing, CRISPR/Cas9
protein complexes must cross both cellular and
nuclear membranes. Delivery of the CRISPR/
Cas9 system inside a eukaryotic cell can be ac-
complished through viral or non-viral vectors
and physical manipulation. The most common

methods of physical delivery are liposome and
microparticle transfection, microinjection and
electroporation; other methods: hydrodynamic
delivery, gene gun, and impalefaction are cur-
rently being actively studied and improved at the
research stage.

Microinjection is considered the "gold stan-
dard" for introducing CRISPR components into
cells. It is best suited for in vitro work with em-
bryos or cell cultures. There are three main meth-
ods of microinjection: injecting DNA directly
into the cell nucleus, injecting mRNA molecules
transcribed in vitro into the nucleus, and inject-
ing mRNA into the cytoplasm. These different
methods have advantages and disadvantages (in-
cluding significant off-target effects)'. Despite
the traumatic nature of microinjections, in a
number of cases they were used to achieve high
editing efficiency, for example, simultaneous
knockout of four genes using a single injection
into rat zygotes'”. With few exceptions, micro-
injection of CRISPR/Cas9 RNA components
into cells results in a finite duration of the edit-
ing system due to natural mRNA decay within
eukaryotic cells. Microinjection is a well-estab-
lished technology and its use is widespread [10].

One of the physical methods of gene delivery
to a population of cells is electroporation. This
method uses high voltage pulsed electric cur-
rents to temporarily open nanometer-sized pores
in the cell membrane of the cells suspended in
buffer, allowing the components with diameters
of tens of nanometers to penetrate the cell'®.

A method for delivery of an editing system
using an adeno-associated virus (AAV) belong-
ing to the genus Dependovirus and the family
Parvoviridae has been developed. It represents a
virus used for gene therapy with single-stranded

1Schultz-Bergin M. Is CRISPR an ethical game changer. J. Agric. Environ. Ethics, 2018, vol. 31, p. 219. DOI: 10.1007/s10806-
018-9721-z.

SRodriguez E. Ethical issues in genome editing for non-human organisms using CRISPR/Cas9 system. J. Clin. Res. Bioeth,
2017, vol. 8, p. 10. DOT: 10.4172/2155-9627.1000300.

1SURL: https://gmf.fas.harvard.edu/talen-or-crispr-microinjection.

“Ma Y, Shen B, Zhang X, et al. Heritable multiplex genetic engineering in rats using CRISPR/Cas9 // PLoS One. 2014, vol. 9,
p- €89413.

8Lino C.A., Harper J.C., Carney J.P, Timlin J.A. Delivering CRISPR: a review of the challenges and approaches Drug Deliv.
2018, vol. 25 (1), pp. 1234-1257. DOI: 10.1080/10717544.2018.1474964.
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DNA. The virus is able to efficiently infect the
cells with little or no induction of innate or adap-
tive immune response or associated toxicity, at
least when this serotype is first used [11]. The
artificial deletion of sequences associated with
pathogenicity factors from the viral genome and
the size of the viral DNA allow AAV to be used
as a container for atraumatic delivery of the ed-
iting system into the nucleus of target cells. Due
to the multiple serotypes of the virus with broad
tropism, the problem of immune response to the
virus can often be circumvented. AAV viral par-
ticles can be used in vitro, ex vivo and in vivo,
making them versatile delivery vehicles.

The purpose of the research is to study ge-
netic methods of creating farm animals with im-
proved characteristics.

MATERIAL AND METHODS

A complex of laboratory and clinical methods
of donor biomaterial preparation, artificial matura-
tion and fertilization of oocytes, cultivation of ear-
ly pre-implantation mammalian embryos, cryo-
preservation thawing of oocytes and embryos,
micromanipulations on oocytes, zygotes and early
embryos of animals, as well as molecular-biolog-
ical methods of development and testing the effi-
ciency of editing systems were used in this work.

Ovaries of cows were selected postmortem and
transported to the laboratory in a controlled envi-
ronment (temperature +37,5 °C or +4 °C) within
3-4 hours after receipt. Follicle aspiration and all
further work with oocytes and embryos were car-
ried out in sterile conditions of the "clean zone" in
laminar boxes with a heated surface. Commercial
media were used for maturation of oocyte-cumu-
lus complexes. The medium for IVM was a com-
mercially produced Continuous Single Culture
Complete human embryo culture medium (CSCC,
Irvine Scientific, USA), developed for human in

vitro fertilization procedures, with the addition of
50 pg/mL hCG (Human Chorionic Gonadotropin,
RF) and 0.5 pg/mL FSH (Gonal, Serono). Vitrifi-
cation Media kits (Kitazato, Japan) and Cryotop
straws (Kitazato, Japan) were used for cryopres-
ervation of cattle cells and embryos. Microma-
nipulations, including injection of mRNA into the
cytoplasm of oocytes were performed on a micro-
manipulation unit Narishige (Japan). Visual anal-
ysis was performed using Nikon (Nikon Eclipse
Ti-U, Japan) and Leica (DMI3000 B, Germany)
inverted microscopes, OCTAX software (OCTAX
EyeWare with ICSI Guard, Germany).

Recombinant AAVs for transduction were
obtained by triple transfection [11]. The design
and synthesis of guide RNAs (SgRNAs) for mi-
croinjection were performed using the CRIS-
POR online algorithm; the criteria for guide se-
lection were high MIT with the smallest number
of non-target sites and the absence of self-com-
plementary sites. The second exon of the CD209
gene and the promoter of the BLG gene were
selected as targets (no quality SgRNA could be
found for the BLG gene itself)!**°. CRISPR effi-
ciency was analyzed by searching for cuts in the
genes of interest in blastocysts using the Sanger
sequencing method.

Statistical analysis of the obtained data was
performed in MS Excel and Statistica 10.0
programs using parametric and nonparametric
methods. In case of normal distribution Stu-
dent's t-criterion was used, in other cases when
analyzing independent samples - U-criterion
(Mann-Whitney), when analyzing dependent
samples - W-criterion (Wilcoxon).

RESULTS AND DISCUSSION

Genetic modification is a modern approach
that allows to obtain organisms with specified
characteristics. However, when working with

YDeykin A.V., Kubekina M.V., Silaeva Y.Y., Krivonogova A.S., Isaeva A.G. Using CRISPR/Cas9 for generation the cd209 knock-
out is a way to get cattle breeds resistant to the Bovine leukemia virus (BLV) E3S Web of Conferences. 2020, vol. 176, p. 01007.

NSilaeva Y.Y., Kubekina M.V., Bruter A.V., Isaeva A.G., Koshchaev, A.G. Gene editing CRISPR/Cas9 system for producing cows
with hypoallergenic milk on the background of a beta-lactoglobulin gene knockout E3S Web of Conferences. 2020, vol. 176, p. 01006.
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large farm animals, the ability to detect the ef-
fects of genome editing is limited by the fact that
the total period of prenatal development, onset
of reproductive age, and subsequent pregnancy
in cows exceeds 2 years. In addition, most eco-
nomically important traits in cattle are quantita-
tive in nature (controlled by many genes), and
therefore, improving cattle through genetic ma-
nipulation almost always requires genome edit-
ing at multiple sites. The introduction of CRIS-
PR/Cas9-associated RNA into zygotes often re-
sults in mosaicism?'*?, In general, it can be seen
that there are very few successful attempts at
genome modifications in cattle that have yield-
ed a low degree of mosaicism.

We have investigated several options for
delivery of the editing system into cattle cells,
including microinjection of plasmid DNA en-
coded with CRISPR/Cas9 ¢ sgRNA sequence
into the zygote, the method of viral vectors (ad-
eno-associated AAV viruses), co-injection of
plasmid DNA and sperm into the oocyte at the
MII stage, and microinjection of Cas9 RNA and
guide RNAs.

Species-specific features of the bovine o0o-
cyte cytoplasm structure - a large number of
lipid inclusions - make visualization of pronu-
clei much more difficult, so the first method of
introducing the editing system directly into the
pronucleus of the zygote did not yield positive
results. The delivery method using viral vectors
proved to be more effective. Five different se-
rotypes of recombinant AAV were pre-tested,
with the green fluorescent protein (GFP) gene
encoded in the sequence. Then serotypes AAV 1,
AAV2, AAV6, AAV9, AAVDJ were used to ob-
tain GFP-positive cattle embryos.

A total of 116 embryos obtained after fer-

tilization of oocytes from 114 cows were used
for these experiments. Three independent ex-
periments were conducted for each group of se-
rotypes of AAV-infected embryos [12]. It was
found that the AAV9 serotype showed minimal
efficiency (38.10%) as a tool for transferring
genetic material. Four other AAV serotypes
(AAV1,AAV2,AAV6 and AAVDJ) showed very
close transduction efficiency (52.94-58.33%).
Based on the results of the experiments, AAV2
serotype was selected for knockout of the gene
associated with the CD209 receptor. CD209 is a
C-type lectin receptor located on the surface of
macrophages and dendritic cells and recognizes
a wide range of pathogens, including bovine leu-
kemia virus. Potentially, knockout of this gene
could allow animals to become resistant to a va-
riety of infections. After editing of experimental
cattle zygotes with delivery of adeno-associated
virus (serotype AAV2), the resulting blastocysts
were analyzed by Sanger sequencing: 3 out of
22 cases showed mosaic shifts of the reading
frame of the CD209 region [12].

In our experiments, the most efficient meth-
od of gene editing in cattle was the use of an
editing system based on spCas9 RNA and guide
RNAs delivered into the cell using an improved
and species-specific microinjection method
(see footnotes 19, 20). Zygotes were placed
in G-MOPS buffer (Vitrolife, Sweden) for the
time of injection. Only oocytes that ejected the
first and second polar bodies after in vitro fer-
tilization were used for injection. Injection was
performed using a retention pipette (Sooreg
Surgical, USA) and a microinjection needle.
Two independent experiments were performed
for each editing system, and a total of 200 cells

" Mashiko D., Young S.A., Muto M., Kato H., Nozawa K., Ogawa M., Noda T, Kim Y.J., Satouh Y., Fujihara Y., et al. Feasibility
for a large-scale mouse mutagenesis by injecting CRISPR/Cas plasmid into zygotes // Dev. Growth Differ. 2014, vol. 56, pp. 122—

129. DOI: 10.1111/dgd.12113.

2Wang X., Yu H., Lei A., Zhou J., Zeng W., Zhu H., Dong Z., Niu Y., Shi B., Cai B., et al. Generation of gene-modified goats tar-
geting MSTN and FGF5 via zygote injection of CRISPR/Cas9 system // Sci. Rep. 2015, vol. 5, p. 13878. DOI: 10.1038/srep13878.
BWang K., Ouyang H., Xie Z., Yao C., Guo N., Li M., Jiao H., Pang D. Efficient Generation of Myostatin Mutations in Pigs Using
the CRISPR/Cas9 System // Sci. Rep. 2015, vol. 5, pp. 1-11. DOI: 10.1038/srep16623.
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were injected. In the process of manipulations
about 10% of cells died, which, in our opin-
ion, is associated with high traumatization of
microinjections as such. 98 cells initiated frag-
mentation, of which 67.6% reached the eight-
cell stage, and 11 embryos reached the blasto-
cyst stage, representing 5.5% of all cells used.
In 32.3% of zygotes arrest occurred soon after
the start of fragmentation. Sequencing of biopsy
material from embryos showed the presence of
characteristic changes in the genes of interest.
The obtained chromatograms of individual
embryo samples after microinjections of genetic
constructs for making a cut in BLG and CD209
genes showed the main sign of the presence of
genetic modification - double sequences. Cut-
ting was detected in 5 of 17 embryos (29.4%) af-
ter microinjections of guide RNA against BLG
gene and spCas9 mRNA and in 2 of 9 embry-
0s (22.2%) after microinjections of guide RNA
against CD209 gene and spCas9 mRNA. Thus,
the knockout rate in the experimental cell group
did not exceed 30%, with about 5.5% of the
embryos reaching the blastocyst stage, which
is presumably due to the high traumatic nature
of microinjection and the death of a significant
number of early embryos at the initial stages of
fragmentation. Despite this, in general, our data
showed the success and efficiency of this deliv-
ery system, but further improvement of the ex-
ecution technique was required to increase the
survival rate of the embryos after manipulation.
The key criterion was to achieve the mini-
mum possible traumatization of microinjec-
tions. We investigated different ways of per-
forming microinjections, studied the influence
of the needle shape on the manipulation effi-
ciency, and tested different variants of prepar-
ing a mixture of Cas9 RNA and guide RNA,
differing in viscosity and concentration of the
components. Two types of needles were tested:
those with a 45° bend, similar to the instruments
used for ICSI (intracytoplasmic sperm injec-
tion), and straight needles, usually used for mi-

croinjections in small laboratory animals. Tech-
nical solutions were developed that allowed to
perform microinjections with a straight needle
using a retaining suction cup with a 45° bend,
standard for ICSI, in a "semi-open" chamber for
microinjections in a horizontal plane. The opti-
mal concentration of Cas9 RNA and guide RNA
in the mixture for microinjections was also de-
termined. As a result of the studies, a method
of gradual reduction of the mixture concentra-
tion was developed to obtain a solution of opti-
mal viscosity and fluidity corresponding to the
parameters of needle filling: 50 ng/ul of Cas9
RNA and 15 ng/ul of guide RNA.

Based on the obtained results, the protocol
of microinjection of the editing system was op-
timized and a model experiment was conducted
on 160 oocytes, 80 cells per each construct. As a
result, it was found that despite increased initial
cell death, the efficiency of the editing itself was
higher. When the guide RNA against the BLG
gene and spCas9 mRNA was injected, cell death
was 68.8%, 84% of surviving cells initiated
fragmentation, and the ratio of blastulation ini-
tiated to arrested zygotes was 20 to 80%. At in-
jection of the editing system against the CD209
gene, cell death was 66.3%, 44.4% of surviving
embryos started fragmentation, and blastulation
was 16.7%. All developmentally arrested em-
bryos were sent for sequencing: 13 and 10 (one
was broken) in two groups, respectively. As a
result, it was found that out of 13 embryos there
were 9 with BLG knockout (69.2%), and out of
9 embryos - 4 with CD209 knockout (44.4%).

CONCLUSION

According to the studies [8], the efficiency
of b-lactoglobulin gene knockout on the edited
1511 cattle zygotes has the following indica-
tors: the level of growth to blastocyst - 15%, the
number of embryos carrying the deletion - 21%.
In the present studies using the CRISPR/Cas9
system, similar results were achieved: 20-30%
knockout rate and 16% blastulation rate. The
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frequency of blastocyst formation was compa-
rable with the control (intact) group. Taking into
account that cattle oocytes were obtained after
the slaughter of animals culled from farms due
to age changes and low milk yield, and without
preliminary hormonal preparation, the low level
of competence to develop such oocytes is quite
understandable.

Our results showed that delivery of the ed-
iting system by micro-injection of a mixture of
spCas9 and guide RNAs is quite effective and
can be used to obtain knockouts by genes of in-
terest. However, there is a problem of reducing
the level of mosaicism after editing embryos. In
this regard, it is promising to introduce editing
reagents as early as possible (in MII oocytes)

before the beginning of DNA synthesis.
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Paccmorpena mpobiiema mpakTHUECKOTO MPUMEHEHUSI COPHSIKOB B CEJIbCKOM Xo3siiicTBe. CopHast
(hitopa Tak ke, Kak U J{pyras paCTUTEIIbHOCTb, BBITIOIHSICT PSIJT SKOJIOTMYSCKUX (PYHKIIUH U, 110 OIpe-
JICTICHUIO OMOTCOXMMHUIECKON HAYKH, SIBIISIETCS (PUTOMACCOM, HeCyIIeH B cebe OobIie 3amachkl Ono-
¢umpaBIX (C, O, N, H, Ca, P, S) u psina npyrux XuMu4eckux ameMeHToB. OcraeTcs He J0 KOHIA
M3y4eHHOW (DYHKIIMSI COPHOW PACTUTENBHOCTH KaK COCTABIISIONICH KOJIOTHYECKOH CTa0MIBHOCTH
arporieHo30B. B CBs3M ¢ 3TUM B CTaThe MPEACTABICHBI JJAHHBIC 110 PE3yJIbTaTaM HCIIOIb30BAHHS COP-
HOHM PaCTUTEILHOCTH B aJalTHBHO-OMOJIOTHUSCKOM 3EMIICACIUHN B KA4eCTBE 3€JICHOTO YIOOpEHMUSI.
[IpuBeneHbl TPUMEPBHI TIOJIOKUTEIIBHOTO BIUSHUS COPHSKOB Ha MOYBESHHOE IUIOMOPOJUE U ypOXKaii-
HOCTB BO3/ICITBIBAEMBIX KYIIBTYD.

KuroueBblie cjioBa: COpHSKH, pUTOMAcca, OpraHUYECKOE BEIIECTBO TIOYBHI, CUACPATHI, ECTECTBEH-
HBIH (PUTOTIEHO3
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The problem of practical application of weeds in agriculture is considered. Weed flora, just like
other vegetation, performs a number of ecological functions and, according to the definition of bio-
geochemical science, is a phytomass carrying large reserves of biophilic (C, O, N, H, Ca, P, S) and a
number of other chemical elements. The function of weed vegetation as a component of ecological
stability of agrocenoses remains incompletely studied. In this regard, the article presents data on the
results of using weed vegetation in adaptive-biological farming as a green manure fertilizer. Examples
of positive effects of weeds on soil fertility and yields of cultivated crops are given.
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Use of weed plants as green manure in agriculture

Arsentiev I.A., Timoshina N.A.

INTRODUCTION

Weed-field plants are a group of plants histor-
ically formed as a result of human activity. The
process of its formation does not stop at present.
It should be noted that this group of vegetation
is an integral part of agrophytocenoses, its phy-
tomass in most cases does not exceed 20% of
the value of the same indicator of the cultivated
crop [1].

At this stage, agriculture is largely inherent in
the negative perception of weeds, which is quite
justified by science. Having a higher ecological
plasticity, weeds survive in any conditions, so
they compete very successfully with cultivated
plants in agroecosystems and have a versatile
negative impact on them" 2 It is known that the
degree of weed infestation of crops directly af-
fects the quantitative and qualitative indicators
of crop yields. In recent years, the phytosanitary
situation in Russia has deteriorated significantly.
Most of the crops are contaminated, about 70%
of them in high and medium degree. Despite
the fact that the volume of applied herbicides is
growing, in our country there is still a significant
infestation of grain crops [2]. Annual potential
losses in irrigated crops due to the negative im-
pact of weeds are estimated at about 15 million
tons in terms of grain [3]. The average level of
yield losses from weeds in the Russian Federa-
tion is 15% [4].

However, the scientific community has data
on the positive impact of segetal vegetation on
agroecosystems. Weeds are usually considered
as competitors of crops in the use of water, nu-
trients or sunlight, but in most cases the fact
that weeds are a natural component of bio-
cenoses that performs the functions of main-
taining their biodiversity and sustainability is

not taken into account®*. All agrocenoses are
considered to be unstable ecosystems, as the
number of species in them is artificially limited
by man. The inclusion of fields with weeds in
agricultural use can contribute to the resilience
of agrocenoses. Scientific studies have been
conducted to prove the usefulness of weeds:
it has been found that weeds contribute to the
increase in the number of beneficial insects
(pollinators) and the overall biodiversity of the
ecosystem. The emergence of various hypoth-
eses addressing this phenomenon and the suc-
cess of some studies in proving this fact indi-
cate that the subject described above deserves
further study [5].

Cultivated plants, and above all row crops,
have approximately the same root systems
(as a rule, superficial) and for the most part
effectively use nutrients only from the upper
soil layers [1]. Therefore, nutrients in deeper
layers are not available to cultivated plants
and can be lost through leaching. Weeds with
strongly developed root systems extract nutri-
ent elements from deep soil layers and parent
rock and are their reservoirs. Under conditions
where competition for nutrients does not prove
to be a limiting factor, weed growth can con-
tribute to the retention of these substances in
the agroecosystem [1]. In this regard, at pres-
ent, agricultural science should shift from the
paradigm of weed control to the paradigm of
management of the weed component of agro-
phytocenosis.

The destruction of weed vegetation by
chemical methods causes enormous damage to
ecosystems. When using pesticides, soils are
regularly polluted by a large group of chemi-
cals of different classes. The normal function-

'Korchagin A.A., Mazirov M.A., Shchukin I.M. General agriculture: textbook. Vladimir: Vladimir State University Publishing

House, 2021, 193 p.

2Eryomin D.I., Konischeva V.A. Biogenic removal of nutrients of wheat agrophytocenosis in the conditions of forest-steppe zone
of Trans-Urals // Agrarian Bulletin of the Urals, 2014, N 1, pp. 9-13.

3Sorokin 1.B. Application of weed plants as green manure crops // Plant Protection, 2008, N 7, pp. 34-35.
4Petit S., Boursault A., Mélanie Le G., Munier-Jolain N. Weeds in agricultural landscapes. A review // Agronomy for Sustainable

Development, 2011, N 2, pp. 309-317.
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ing of plants and soil biota is determined by
the physical, chemical and biological process-
es that take place in the soil, and pesticides
can be incorporated into these processes. Most
pesticides are highly toxic and mutagenic com-
pounds that can not only accumulate in soil,
tissues of living organisms, but also migrate in
the biosphere due to abiotic and biotic process-
es’. All this points to the need to reduce the
pesticide load on ecosystems, so weed control
should be carried out within the framework of
biologization of farming. In this regard, it is
worth thinking about the practical use of weeds
in agriculture.

The purpose of the work is to present material
reflecting the current state of the problem of us-
ing weed plants as green manure.

MATERIAL AND METHODS

The review is written based on published lit-
erature sources.

RESULTS AND DISCUSSION

The system of row spacing maintenance in
fruit-bearing vineyards was studied in Dagestan
at the enterprise "Caspiy", located in the Kay-
akentsky district. It was revealed that in recent
years the soil was subjected to strong compac-
tion under the action of agricultural machinery.
This phenomenon is considered to be the main
reason for obtaining low average yields of ag-
ricultural crops in the republic (5-8 tons/ha). In
this regard, a number of authors have developed
recommendations to improve soil condition®. It
is proposed to use a grass deck of cut weeds to
prevent direct contact of wheels, sunlight with
the soil and to preserve moisture in the hot sea-
son. This layer also performs the function of or-
ganic fertilizer, enriching the soil with nutrients

and creating favorable conditions for microor-
ganisms and root systems of plants.

Research was conducted in the experimen-
tal-production farm "Tsentralnoe" (Krasnodar,
OJSC "Agronom") on the role of weeds in the
row spacing of apple-tree plantations. In the first
year after the cessation of tillage, the most typ-
ical for the local flora weeds prevailed (lamb's
quarters, barnyard grass, redroot amaranth, etc.),
phytomass of which reached 30 tons/ha, in terms
of dry mass up to 6.8 tons/ha. In the fifth and
sixth years, loose-bush cereals with legume in-
clusions (field bromegrass, wall barley, annual
meadow grass, etc.) prevailed, phytomass of
which was about 33.8 t/ha, dry mass - 4.58 t/ha.
Agrochemical properties of leached chernozem
changed under grasses: the content of humus,
mobile P,O,, exchangeable K O, the degree of
saturation of bases and their sum increased, the
acidity of the medium decreased. Also, in the
soil under grasses various yeasts were more
frequent, the largest reserves of microbial pool
were recorded and an increase in the number of
some soil animals was noted, which together
indicates an improvement in soil fertility. The
introduction of herbs into the ecosystem of ap-
ple orchard from 2-3 years of age of fruit plants
contributed to their earlier onset of fruiting. The
first four years from the beginning of fruiting,
the yield in the variants with grasses was reli-
ably higher than when the soil was kept under
autumn fallow. The highest yield was obtained
from the trees whose inter-row spacing were oc-
cupied by natural grasses’.

At present, the scientific community has suf-
ficient data on the balance of organic matter
(OM) in soil. The main source of OM post-accu-
mulation in the soil is phytomass. It determines
the input and accumulation of OM in the form of
plant residues in the upper soil horizons, which

SShilnikova N.V., Andriyashina T.V. Influence of pesticides on soil biocenosis // Bulletin of the Technological University, 2012,

N 7, pp. 140-144.

*Chupanov M. A., Kaziev M.-R.A., Alichaev M.M. Weed Vegetation to Enhance Soil Fertility in Vineyards // Agricultural Sciences,

2014, N 5, pp. 839-842.

"Popova V.P, Chernyavskaya N.V. Protective role of weeds in the garden ecosystem // Pomiculture and small fruits culture in

Russia, 2010, vol. 24, N 2, pp. 329-337.
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affects humus content, structure, absorption ca-
pacity and a number of other soil characteristics.
The main cause of degradation of arable land is
the loss of humus, which occurs as a result of
mechanical cultivation and violation of the natu-
ral balance of OM. It is established that in natu-
ral phytocenoses, unlike agrocenoses, 5-7 times
more plant residues remain annually [6]. In the
context of this problem good results are shown
by green manure. In the course of numerous
studies, it has been revealed that green manure
in various crop rotations have a beneficial effect
on soil fertility, replenishing the reserves of nu-
trient elements and, at least, reducing the deficit
of OM and humus [7-9]. In the Non-Chernozem
zone of the Russian Federation, green manure
crops are not inferior to traditional organic fertil-
izers in terms of their impact on yield. Their in-
troduction into the fertilizer system increases the
profitability of field crop rotations up to 30%?.
It should be taken into account that communi-
ties of segetal flora, like other plants, according
to the definition of biogeochemical science, are
phytomass, but unlike cultural green manure the
weed phytomass is given to the farmer for free.
Some authors recommend introducing sideral
fallows of weed vegetation as natural sources of
increasing plant productivity under conditions of
small-scale production’. In their opinion, there
are several reasons for this. First, these phyto-
cenoses allow to obtain 25-30 tons/ha of organ-
ic matter with a narrow ratio of C: N, which is
especially important for the beginning of active
microbial activity. Secondly, weeds accumulate
nutrition elements not only from the upper cul-
tivated, but also from deep soil layers, which
are practically inexhaustible sources of miner-
al substances. Thirdly, weed vegetation actively
interacts with rhizosphere, endophytic and other

types of microorganisms, as a result of which the
biological cycle involves elements of nutrition,
in normal conditions are not available to culti-
vated plants.

In conditions of Western Siberia (Tomsk re-
gion, Novoarkhangelskoye and Luchanovo vil-
lages) on gray forest soils in grain and fallow
crop rotations the influence of green manure
crops and straw on the balance of organic mat-
ter was studied. It was found that annual weeds
(Echinochloa crus galli - 52-93% of mass) were
not inferior in quantity and quality of phyto-
mass to cultural green manure crops (22 t/ha).
Their average absolutely dry mass reached 4.1
tons/ha. At plowing up of annual green manure
crops in the III ten-day period of September
(taking into account the growth of tallow af-
ter cutting in early July), the deficit of OM de-
creased to 2.55 t/ha, i.e. by 80% in comparison
with complete fallow (deficit of OM - 12.8 t/ha),
but the deficit-free balance was not achieved. In
Novoarkhangelskoye village there was a reliable
increase in grain yield by 16% (by 2.6 c/ha) on
average for two years as a result of lupine appli-
cation. In this variant the share of segetal flora in
the green mass was more than 85%, so their total
impact should be taken into account. On more
fertile dark gray forest soil, the influence of sid-
eral fallow from weeds on grain yield was at the
level of complete fallow (more by 40-50%). But
unlike it, sideral fallow increased grain yield due
to decomposition of introduced green fertilizer,
preserving soil OM™,

The experience of using weeds as a green
fertilizer in potato growing in Russia is not in-
significant for science. Thus, in the Blagovesh-
chensky district of the Amur region in the peas-
ant (farmer) farm "Shchegorets" a short-rotation
crop rotation was used in potato cultivation:

8Novikov M.N., Tamonov A.M., Frolov L.D., Ermakov L.I. Green manure crops in farming of the Non-Chernozem zone //

Agrochemical Herald, 2013, N 4, pp. 20-26.

*Syumak A.V., Rusakov V.V, Mungalov V.A., Selin A.V., Tsyban A.A. Production testing of resource-saving technological and
technical system of production of environmentally friendly agricultural products in grain-soybean crop rotation for small-scale

production // Far East Agrarian Herald, 2009, N 3, pp. 59-63.

9Sorokin I.B. Renewable bioresources for increasing the fertility of arable soils in the sub taiga zone of Western Siberia: Extended

abstract of candidate’s thesis, Omsk, 2013, 41 p.
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sideral fallow - potato - potato. The natural
phytocenosis of various weeds with dominance
of ruderal hemp, lamb's quarters, redroot am-
aranth, barnyard millet was used as green ma-
nure crops. The phytomass consisting of weed
plants was chopped by rotary mower KIR 1.5
to small segments and plowed to a depth of 10-
15 cm no later than mid-July. High potential of
ecological plasticity of weed vegetation allowed
to form phytomass of sideral fallow up to 70 t/
ha. Productivity of natural weeds exceeded this
indicator of soybean green manure by 2-3 times.
Dry matter in natural "crops" was from 5.7 to
37.8 t/ha and contained colossal amounts of
nitrogen, phosphorus and potassium: N - 350-
1659 kg/ha, PO, - 85-352 and K,O - 455-956
kg/ha. The highest values were characteristic of
ruderal hemp. The use of weedy plants as green
manure crops showed their efficiency as excel-
lent forecrops for potatoes - the soil received a
large dose of organic and mineral substances,
which allowed to harvest 30-45 t/ha (over 20 t/
ha in the most unfavorable years). Under these
conditions, green manure from weeds was the
cheapest type of fertilizer that did not require
costs for soil preparation, sowing, and care.
The level of profitability of potato production
at application of green manure crops from nat-
ural weeds amounted to 487%, which is 2 times
higher than when using soybean as a green ma-
nure crop (212%)' 2. Consequently, sideration
with weeds increased the level of biologization
of farming, which was also reflected in its sus-
tainability.

In field experiments on meadow-chest-
nut heavy loamy soils in the Tarumovsky and
Khasavyurtovsky districts of Dagestan the fol-
lowing alfalfa forecrops were studied: winter
wheat (control), natural phytocenosis of weed-
field vegetation grown after harvesting winter

wheat, corn, sunflower. It was found that the
best alfalfa forecrop was natural phytocenosis
formed after harvesting wheat for green fertil-
izer or fodder. Phytomass of weed-field vege-
tation in both variants was harvested at the end
of August and in the second ten-day period of
October. It reached 5,50-5,75 t/ha, contained on
average 52,95 kg/ha K O and 27,84 kg/ha PO,
which was 2,1 (by K O) and 2,7 times (by P,0,)
higher than in the control. The natural phyto-
cenosis yielded 5.58 and 3.82 t/ha more plant
matter inalienable from soil compared to the
control (4.04 t/ha) and 4.48-6.34 t/ha more than
after tilled forecrops (3.38 and 3.28 t/ha). Alfalfa
hay yield (total for two years) increased by 1.7-
4.1 and 3.6-6.2 t/ha relative to the control when
this mass was plowed up compared to corn and
sunflower [10, 11].

In conditions of irrigated agriculture of the
Tersko-Sulaksky lowland of Dagestan the sys-
tems of light chestnut soil maintenance in the
crop period were studied. Significant results
were shown by "energy accumulation" system.
After harvesting winter wheat in the first ten-day
period of July, irrigation was carried out at the
rate of moistening of the meter layer of soil to
100% MWC to provoke weed germination. The
natural phytocenosis (NP) formed after that was
used as a sideral fallow. Green mass of weeds in
the phase of milk-wax ripeness of seeds (or 5-7
days before sowing the crop) was chopped with
heavy disc harrows and plowed to a depth of 20-
22 cm. As a result, this system allowed to ob-
tain more than 20 t/ha of green mass containing
121.90 kg N, 26.87 P,O, and 32.09 kg K,O in
the afterharvest period, without any cultivation
costs, except for irrigation using the existing irri-
gation network. The incorporation of green mass
of the green manure provided an increase in the
yield of the cultivated crop by an average of 0.7

WShchegorets O.V. Experience of biological farming in Priamurye // Agro-industrial complex: problems and prospects of
development: materials of the international scientific and practical conference (Blagoveshchensk, April 5, 2017). Blagoveshchensk,

2017, pp. 85-90.

12Shchegorets O.V. System of fallow and sideral fallow treatment in potato crop rotation // Agro-industrial complex: problems
and prospects of development: materials of the All-Russian scientific and practical conference (Blagoveshchensk, April 20-21,

2022). Blagoveshchensk, 2022, pp. 349-358.
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t/ha (up to 4.78 t/ha) and 4.2 thousand p/ha of
additional net income". When applying mineral
fertilizers in the rotation link "NP - winter wheat"
fractionally in two terms (by N, P,  under NP and
culture), the yield of green mass of NP increased
by 1.75 t/ha, wheat grain - by 1.57 t/ha [12]. This
allowed better utilization of nutrients, as they are
gradually released during decomposition of or-
ganic mass of the green manure, evenly used by
plants and there is no danger of nitrogen losses
from the root-inhabited layer [13].

The results of the experiments with afterhar-
vest natural phytocenoses of weeds are interest-
ing from the point of view of production of early
vegetables, when the fields after harvesting the
crop for a long time (up to 2 months and more)
remain without vegetation, and the soil is sub-
jected to various types of erosion.

In India, the All India Coordinated Weed Re-
search Program (AICRP) plays a major role in
the study of weed vegetation. One of the key
objectives of the program is to study the poten-
tial use of weeds for various economic purpos-
es'*. Also, some studies have revealed that cer-
tain weed genera are capable of forming large
reserves of biomass with high nutrient content:
parthenium - 50-200 t/ha, chromolena - 93, cas-
sia - 30, lantana - 10-15, eichhornia - 100-115
t/ha'>. According to some authors, many weed
plants can be used for food, fodder, as green ma-
nure plants, for bioethanol production, for me-
dicinal and other purposes (see footnote 15) [14,
15]. Such species as Cassia sofera, Cassia tora,
Tephrosia purpurea, Ipomoea carnea, Eichhor-
nia crassipes, Vernonia, Calotropis gigantia,
Water hyacinth are used in agriculture as green
manure crops. Weeds Chromolaena ordorata,
Cassia serecia and genus Parthenium are rec-
ommended to be used for composting'¢.

Studies conducted in the eastern Himalayas
(Aruchal Pradesh, Basar) proved the increase in
the yield of Oryza sativa rice and Brassica rapa
thoria seeds when mixed weed biomass (WBM),
rice crop residues (CRR), thoria (CR) and mi-
crobial inoculants were applied to the soil. With
the combined application of WBM and CRR
(or CR) at 2 t/ha each (under rice at 1 t/ha), rice
grain and thoria seed yields reached 3.52- 3.90
and 0.90-1.11 t/ha, respectively. When only 4 t/
ha CRR and 2 t/ha CR were applied, the yields
of the above-described crops were lower at
2.83-3.22 and 0.76-0.84 t/ha. Yield after weed
biomass application was slightly inferior to the
variant that provided for the joint application of
WBM and CRR (CR). Incorporation of WBM
and crop residues into the soil jointly and sep-
arately increased the content of basic nutrients
and carbon, reduced soil acidity [16].

CONCLUSION

The above material proves that weed vegeta-
tion can be used in the cultivation of agricultural
crops as a green fertilizer. A promising direction
is the green manuring of soil by small (one- and
two-year) weeds, which allows to significantly
save on the costs associated with the purchase
of seeds of typical green manure crops and their
sowing, to obtain phytomass, the size is not in-
ferior to annual green manure crops (in some
conditions both to perennial). For further devel-
opment of this topic, it is necessary to conduct
scientific research, clarifying the species com-
position of weeds suitable for green manuring,
the value of the phytomass of weed communities
in different natural zones of the Russian Federa-
tion, their influence on the balance of soil organ-
ic matter, methods and terms of cultivation. It

BHasanov G.N., Arslanov M.A. About the systems of soil maintenance in the harvest period under irrigation conditions in the
south of the Russian Federation and their classification // Zemledelie, 2017, N 1, pp. 21-24.

YSurinder S.R., Rajinder K., Neelam Sh. A Collocate of Publications on Weed Science (Under AICRP — Weed Management,

Palampur Centre). Palampure, 2016, 49 p.

YSPriya H.R., Veena, Pavithra A.H., Divya J. Prospects and Problems of Utilization of Weed Biomass: A Review // Research and
Reviews: Journal of Agriculture and Allied Sciences. 2014, vol. 3, Is. 2, pp. 1-11.

16Singh P, Srivastava D. Exploitation of weed plants as beneficial purpose // Journal of Biological and Scientific Opinion. 2013,

vol. 1 (2), pp. 123-127.
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is important to study the potential for the use of
weed communities as green manure crops in the
conditions of the Non-Black Earth region, since
the green manure crops, which are familiar to
this region, are an effective organic fertilizer that
increases the profitability of crop rotations.
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