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PACTEHHUEBO/ICTBO U CEJIEKLJUA
PLANT GROWING AND BREEDING

https://doi.org/10.26898/0370-8799-2025-2-1 Tun crarbu: OpUrHHAIBHAS
VIK 633.15:581.132:631.524.84(470.1/.2) Type of article: original

DOTOCUHTETHYECKAS] AKTUBHOCTD JIUCTHEB
U NIPOAYKTHBHOCTH PAHHECIeJI0ro rudpuaa Kykypyssl Jlopka
B ycioBusix CesepHoro HeuepHo3embs

)T'oaoBko T.K., Tabanenxona I H., Manbimes P.B., Cuiunna E.B.

Hnemumym d6uonocuu Komu nayunoeo yenmpa Ypanvckozo omoenenus Poccutickoti akademuu HayK
CrixThIBKap, Poccus

(<)e-mail: golovko@ib.komisc.ru

Pabota nocesieHa u3y4eHu0 (OTOCHHTETHYECKOH aKTUBHOCTH M MOCJIENCHCTBHUS HU3KOH MO-
NIOKUTENbHOM Temmneparypbl Ha CO,-ra3000MeH JIMCTLEB B CBA3H C NPOAYKTHBHOCTBIO PaHHECIIE-
Joro rubpuaa Kykypy3ssl [lopka B IIEHTpaJIbHOM arpOKJIMMaTHueckoM paiioHe PecryOmuku Komwu
(61°40" c. m. 50°49' B. 1.). ONBITH TPOBOAMIN B TUIIMYHBINA MO TOTOJHBIM YCIOBHUSM CE30H Bere-
TalMd Ha y4acTKE CO CPEAHEOKYJIbTYPEHHON MOA30JUCTON MouBoi. CeMeHa BBICEBAIN B CEPEANHE
HIOHA PYYHBIM criocoOoM B Tpsaasl. K yoopke (I mexkama ceHTsOps) chipas Macca HaI3€MHOUM 4acTH
pactenuii cocrapisia okono 690 r. OcHoBHast yacTb OrMomaccel (okoio 80%) Oblia mpencrasieHa
CTEONSIMH C BIIAraJIMIIAMH JIUCTHEB, MMOYATKH OTCYTCTBOBaIM. CpeaHss 3a TPH ToAa YpOXKaHOCTb
3eJICHOM Macchl cocTaBmia 355 1/ra. YcTaHOBJICHO, UTO HE3aBUCHMO OT BO3pacTa pacTeHni (hoToCHH-
TeTHYeCKass akKTUBHOCTD JIMCThEB BO3PACTAET C YBEIWYEHHEM OCBEIIEHHOCTH. [Ipn MHTEHCUBHOCTH
(hoTOCHHTETHYECKY aKTUBHON paguaIiiy, OJU3KOH K ITOJTHON coHedHOM, u Temmeparype 20 °C cko-
POCTh HETTO-(hOTOCHHTE3A JIUCTHEB BEPXHETO SIPyca MOJIOABIX PACTEHUH KYKypY3bl COCTaBIISAIA OKOJIO
14 mxmons CO,/M’c, y 3pesibIX pacTeHHil 9TOT moKasaTenb He npesbiman 8 mkmons CO,/m*c. Boinep-
JKUBAHHE MOJIOJIBIX pacTeHul ((pa3a 4—5 nucTheB) B X0JI0AHOHN Kamepe 1ipu 6 °C B TeueHue 7 4 ciiabo
BIIMSUIO Ha (POTOCHHTE3, HO CHIYKAJIO JIbIXaHUE JIMCThEB. YBEIMYEHUE IKCIO3ULUH 10 12 4 IpuBeno
K Pa3BUTHIO MPU3HAKOB OKHUCIMTEIBHOTO CTpecca U MojaBieHnto accuMuisauu Ha 40%. Tlomyden-
HBIE JIaHHbIE JOIOJIHAIOT SKOJIOT0-ONOJI0IHYECKYI0 XapaKTEPUCTUKY U3y4aeMoro ruopuia KyKypys3sl.
Pesynbrare! uccnenoBaHuil MOKa3bIBAIOT, YTO CPABHUTENIBHO HU3KAasl ACCUMMIISILIMOHHAS aKTUBHOCTD
1 4yBCTBUTENBHOCTh CO,-ra3000MeHa K CHUKEHUIO TEMIIEPATyphl OTPaHMYMBAIOT peanu3anuio ¢o-
TOCHHTETUYECKOTO MMOTEHIIMAIA IPOAYKTUBHOCTH THOpUAa KyKypy3bl Jlopka B XOJIOZHOM KIMMare.

Kirouesbie ciiopa: CO,-ra3000MeH, TeMIIEpaTypa, OKUCIMTENbHbIN CTPECC, IPOAYKTUBHOCTD, KY-
Kypy3a, XOJIOIHBIA KJIUMaT

Photosynthetic activity of the leaves and productivity
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The paper is devoted to the study of photosynthetic activity and aftereffect of low positive tem-
perature on CO,-gas exchange of the leaves in connection with the productivity of early maturing
corn hybrid Dorka in the central agroclimatic region of the Komi Republic (61°40'N, 50°49'E). The
experiments were conducted in a typical growing season in a plot with a medium-cultivated podzolic
soil. The seeds were sown in mid-June by hand in the ridges. By harvesting (I ten-day period of Sep-
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tember), the raw weight of the above-ground part of the plants was about 690 g. The main part of the
biomass (about 80%) was represented by stems with leaf sheaths, the cobs were absent. The three-year
average yield of the green mass amounted to 355 c/ha. It was found that regardless of the age of the
plants photosynthetic activity of the leaves increases with increasing illumination. At the intensity of
photosynthetically active radiation close to full solar radiation and temperature 20 °C, the net photo-
synthesis rate of the upper tier leaves of young corn plants was about 14 pmol CO, /m’s, in mature
plants this index did not exceed 8 pmol CO,/m’s. Keeping young plants (phase of 4-5 leaves) in
a cold chamber at 6 °C for 7 h had little effect on photosynthesis, but reduced leaf respiration. Increa-
sing the exposure to 12 h resulted in the development of the signs of oxidative stress and suppression
of assimilation by 40%. The obtained data complete the ecological and biological characterization
of the studied corn hybrid. The results of the research show that relatively low assimilatory activity
and sensitivity of CO, gas exchange to temperature decrease restrain the realization of photosynthetic
productivity potential of corn hybrid Dorka in cold climate.
Keywords: CO,-gas exchange, temperature, oxidative stress, productivity, corn, cold climate
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INTRODUCTION temperatures ensure efficient water use by plants
and realization of the productivity potential of
this crop in regions with warm and arid climate.
According to researchers, the value of net photo-
synthesis of corn leaves was 40 umol CO,/m’s in
northern Italy', in semi-arid conditions in China
it was from 22 to 26 umol CO, /m’s [1], and was
1.5-2.0 times higher when irrigated [2].

The noticeable warming of climate in the
Northern Hemisphere observed in recent de-
cades, the emergence of early maturing and

Corn is a valuable fodder and grain crop of
subtropical origin. As it belongs to the group of
heat-loving plants, the optimum temperature for
its growth and development is 25-30 °C. Corn
is characterized by C4-type carbon metabolism
and two photosynthetic cycles with carboxyl-
ating enzymes localized in different leaf cells.
The presence of the so-called CO, concentrating
mechanism, suppression of ribulosebiphosphate

carboxylase oxygenase activity and, consequent-
ly, photorespiration, shift of the temperature op-
timum of photosynthesis to the zone of higher

cold-resistant varieties and hybrids, the use of
modern cultivation technologies (seed encap-
sulation and dredging, planting in beds, etc.)

Witale L., Tommasi P.D., Arena C., Fierro A., Virzo De Santo A., Magliulo V. Effects of water stress on gas exchange of field
grown Zea mays L. in Southern Italy: an analysis at canopy and leaf level // Acta Physiologiae Plantarum, 2007, vol. 29, N 4,

pp. 317-326.
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create conditions for growing corn for green
mass in Siberia® [3] and the northern part of the
Non-Chernozem region [4, 5].

Three-year data on biomass accumulation of
early-maturing relatively cold- and drought-re-
sistant three-line hybrid corn Dorka (included in
the State Register for the East Siberian region for
silage cultivation) indicate the variation of yield
of this crop depending on the weather conditions
of the growing season when grown in the central
agroclimatic region of the Komi Republic [5].

In 2018, with the sum of daily average active
temperatures above 10 °C (DAAT, ) of about
1500 °C for May-August and hydrothermal co-
efficient (HTC) equal 2, the green matter yield of
hybrid Dorka was about 570 kg/ha. A decrease
in DAAT by almost 30% and moderate rainfall
(HTC = 2.3) in 2020 resulted in a proportion-
al decrease in green matter yield. In 2019, the
daily average temperatures of the vegetation pe-
riod were 2-3 °C below the mean annual value,
and precipitation was 1.5-2.0 times higher than
usual. This resulted in a 6-fold decrease in green
biomass accumulation compared to 2018. As a
result, in 2018-2020, the yield of green mass
amounted to 565, 87 and 415 c/ha, respectively
[5]. The average yield for the three years was
355 c/ha, which is comparable to the average
yields for the Russian Federation®. Corn biomass
is characterized by a relatively high nutritive
value, contains carotenoids, sugars, amino acids,
mineral elements, not inferior to these indicators
of single- and perennial cereal grasses cultivated
in the Komi Republic [5, 6].

Photosynthesis is the basis of the production
process, but systematic studies of photosynthetic
activity of corn in the north of the Non-Cherno-
zem region have not been practically conduct-
ed. Their relevance is due to the need to study
the physiological basis of corn yield under cold
climate conditions, to assess the stability of the
varieties and hybrids, their suitability for use in
northern crop production.

In this connection, the purpose of our work
was to study photosynthetic activity and the af-
tereffect of reduced temperature on CO -gas ex-
change of the leaves of corn hybrid Dorka under
cultivation in the conditions of the central agro-
climatic region of the Komi Republic.

MATERIAL AND METHODS

The experiments were conducted in 2020 in
the vicinity of Syktyvkar (middle taiga zone).
The soil of the experimental plot was podzolic,
medium degree of cultivation, humus content of
4.5%, pH_ = 6.8. The seeds were sown in the
middle of June on a plot of 100 m2 by hand in
the ridges. The distance between the rows was
0.7 m, seeding rate 6—7 seeds/rm. The sprouts
appeared 2 weeks after the sowing. Appear-
ance of panicles was noted 45-50 days after full
sprouting, cobs were absent. The plants were
harvested in the first ten days of September, 70
days after sprouting.

The growing season 2020 was moderately
warm and humid, weather conditions did not
differ much from the mean annual value. July
was the warmest and sunniest, in June and Au-
gust the air temperature was significantly lower
(see Table 1). It should be noted that the research
region is characterized by significant daily tem-
perature variations. During the period of active
vegetation, average night temperatures are usu-
ally 5-10 °C lower than day temperatures.

To assess biomass accumulation during the
harvesting period, 15 typical plants were se-
lected, each of which was separated by organs
and weighed. Water content in the biomass was
determined by drying a part of the samples at
105 °C. Photosynthetic activity of the leaves was
studied in the phases of 4-5 and 9-10 leaves,
as well as after panicle emergence. The rate of
CO,-gas exchange was measured on the mid-
dle part of the completed growth of the upper
tier leaves in 5-6-fold biological repetition in
an open system using an infrared gas analyzer

2qvetisyan A.T., Danilov V.P, Mudrova VE. Productivity of maize and basic cultivation techniques under conditions of
Krasnoyarsk forest-steppe // Siberian Herald of Agricultural Science, 2017, vol. 47, N 6, pp. 57-65.

3Yield of corn for fodder - total (weight of green mass) in 2016, c/ha (according to Rosstat data) // AgroVestnik: Internet portal.
URL: https://agrovesti.net/lib/industries/forage/urozhajnost-kukuruzy-na-korm-vsego-ves-zelenoj-massy-v- 2016-godu-ts-ga.html

(date of reference: 28.12.2024).
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Ta6a. 1. Ilorogaple yCIOBUS BETETAITIOHHOTO
cezona 2020 .

Table 1. Weather conditions of the growing

season 2020
Long-run annual 2020
average
Month [ Ajr tem- Precipi Air tem- .
recipita- Precipita-
perature, | . ° T | perature, | .G
oC g OC >
June 14,8 74 13,8 41
July 17,5 73 20,0 59
August 13,7 75 13,7 71
Septem-
ber 8,1 57 10,0 96

Note. Compiled on the basis of the data from the Syktyvkar
hydrometeorological station (synoptic index 23804), presented
on the site “Weather Schedule” (https://rp5.1u).

(LI-7000, USA) at a temperature of 20 °C and
photosynthetically active radiation (PAR) flux
density from 0 to 1600 pmol quanta/m?s. A sys-
tem of red (maximum at 634 nm) and blue (max-
imum at 447 nm) LEDs (in a ratio of 11 : 1) was
used as a light source. The leaves were detached
from the plant and immediately placed in a leaf
chamber to measure CO, uptake in the light and
CO, release in the dark. Biological repetition
was 6—7-fold, and a freshly harvested leaf was
used for each repetition.

To reveal the effect of temperature reduction
during night hours, whole plants in the phase of
4-5 leaves were kept in a dark chamber at 6 °C
for 7 and 12 h. Immediately after exposure, the
rate of CO,-gas exchange was measured at 0,
700 and 1600 pmol quanta/m?s and at a tempera-
ture of 20 °C. The level of plant stress after cold
exposure was assessed by changes in the con-
tent of lipid peroxidation products reacting with
thiobarbituric acid, accumulation of hydrogen
peroxide and activity of superoxide dismutase
(SOD), which is a key enzyme of antioxidant
defense®.

Statistical processing of the data was per-
formed using Statistica 10 program (StatSoft
Inc., USA). All calculations were performed at

a given significance level of p < 0.05. The tables
and figures show arithmetic mean values and
their standard errors.

RESULTS AND DISCUSSION

By harvesting the height of the plants aver-
aged 160 cm, the raw weight per plant reached
800 g (see Table 2). The main part of the biomass
was represented by stems with leaf sheaths. The
contribution of leaf laminae to the total biomass
of the plant was 4 times less than that of stems,
and of roots accounted for slightly more than
10%. Cobs were absent. Water content in plant
organs varied within 81-89% of raw biomass.
The highest water content was characterized by
stems with leaf sheaths, which accounted for al-
most 80% of the aboveground mass.

Determination of CO,-gas exchange showed
that regardless of plant age, photosynthetic ac-
tivity of leaves increased with increasing illu-
mination (see fig. 1). The highest rate of visible
CO, absorption was registered at PAR intensi-
ty of 1600 umol quanta/m?s. The value of this
indicator in young plants (phase of 4-5 leaves)
was about 14 pumol COZ/mzs, in mature, formed
plants it was 40% less. Decrease in the ability of
the upper tier leaves to use high-intensity light,
apparently, is caused not only by the age of
plants, but also by adaptation of photosynthetic
apparatus to cenosis thickening. The rate of dark

Taba. 2. Ceipas 6moMacca u coaep>kaHnue BOIIbI
B PACTCHUSIX B TIEPHOJL YOOPKH ypOxKast

Table 2. Raw biomass and water content of the
plants during the harvesting period

Plant organs and parts Raw biomass, | Water contept,
g/plant % of wet weight
Laminas 129+ 8 81
Stalk + leaf sheaths 547 £ 68 89
Panicle 162 81
Roots 105+ 11 82
The whole plant 796 + 83 86

‘Radyukina N.L., Ivanov Yu.V., Shevyakova N.I. Methods for assessing the content of reactive oxygen species, low-molecular-
weight antioxidants and the activity of major antioxidant enzymes // Molecular-genetic and biochemical methods in modern plant

biology, Moscow, 2012, pp. 347-364.
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CO, release reached about 1.5 umol/m?’s, which
is on average 10% of the maximum rate of visi-
ble photosynthesis.

The results of model experiments with expo-
sure of young plants (phase of 4-5 leaves) at 6
°C showed that cooling had a stronger effect on
CO, release in the dark than on the rate of CO,
uptake in the light (see fig. 2). Already after 7
hours of exposure, the respiration rate measured
at 20 °C was 2.5 times lower than the control
(parameters of control plants: respiration rate —
1.5 umol CO,/m* photosynthesis rate — 8 and
14 pmol CO,/m? at 700 and 1600 pmol quanta/
m2s illumination, respectively). As it is known,
inhibition of respiration at decreasing tempera-
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Puc. 1. 3aBucumocts CO,-razoo0MeHa JIMCThEB
BEPXHETo sipyca oT UHTeHCUBHOCTH PAP:
1 — daza 4-5 nuctees; 2 — paza 9—10 muctbeB; 3 — MOsB-
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Fig. 1. Dependence of CO,-gas exchange of the up-
per tier leaves on PAR intensity:
1 — the phase of 4-5 leaves; 2 — the phase of 9—10 leaves;
3 — the phase of panicle appearance

ture leads to a reduction in the formation of en-
ergy and metabolites necessary for plant growth.
Changes in photosynthetic rate after 7-h chilling
were weakly pronounced, whereas 12-h expo-
sure suppressed assimilation almost 2-fold com-
pared to the control.

After 12-hour cold exposure of plants, the
amount of lipoperoxidation products (TBA-RP)
in the leaves increased by 15%, the concentra-
tion of hydrogen peroxide almost doubled (see
Table 3). The lowered temperature led to a 1.6-
fold increase in the SOD activity level.

Corn genotypes differ in cold tolerance
and ability to acclimatize to suboptimal tem-
peratures® ¢ [7—11]. According to J. Leipner
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Puc. 2. llocneneiicTBuE OXJAXICHUS PACTCHUU
KyKypy3bl Ha CO,-ra3000MeH JIMCThHEB:

1, 2 —»oxkcno3uust 7 v 12 94 COOTBETCTBEHHO; & — CKOPOCTh
BBIJICTICHUS CO2 B TEMHOTE; 0, 8 — CKOPOCTb BUAMMOTO I10-
DIIOIIEHUS CO2 nipu uHTeHcuBHoctd GAP 700

u 1600 MKMOJIb KBAHTOB/MC COOTBETCTBEHHO
Fig. 2. Effects of corn plant chilling on the CO-gas

exchange of the leaves:
1, 2 —the exposure for 7 and 12 h accordingly; a — the rate
of CO, release in the dark; 6, 6 — visible CO, absorption

rate at PAR intensities of 700 and 1600 pmol quanta/m?s,
respectively

SKoscielniak J., Janowiak F., Kurczyeh Z. Increase in photosynthesis of maize hybrids (Zea mays L.) at suboptimal temperature
(15 °C) by selection of parental lines on the basis of chlorophyll a fluorescence measurements // Photosynthetica, 2005, vol. 43,

pp. 125-134.

SSobkowiak A., Jonczyk M., Adamczyk J., Szczepanik J., Solecka D., Kuciara I., Hetmanczyk K., Trzcinska-Danielewicz J.,
Grzybowski M., Skoneczny M., Fronk J., Sowinski P. Molecular foundations of chilling-tolerance of modern maize // BMC Genomics,

2016, vol. 17, Art. 125.
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et al.”, corn plants grown at suboptimal tem-
perature (15 °C) reacted less to low-temperature
effects than those cultivated at 25 °C, which indi-
cates the ability of corn to acclimatize.

Corn cold resistance is a complex trait provid-
ed by many physiological and molecular mecha-
nisms [8—15]. The data available in the literature
indicate the negative effect of low temperature
on the growth and development of heat-loving
plants, including corn. Cold stress increases the
generation of reactive oxygen species, leads to
activation of membrane lipid peroxidation pro-
cesses, disruption of cellular homeostasis, and
suppression of photosynthesis.

In our experiments, a significant decrease in
assimilatory activity of the leaves of corn hybrid
Dorka was observed after 12-h exposure at 6°C,
whereas respiration was suppressed after 7 h of
cold exposure. The content of hydrogen perox-
ide in the leaves of experimental plants increased
by 45%, while the amount of lipoperoxidation
products increased to a lesser extent — only by
15%. Apparently, this was promoted by the ac-
tivation of SOD, an antioxidant defense enzyme
that performs the dismutation reaction of the ag-
gressive superoxide radical (O,”) to O, and the
more stable form of activated oxygen (H,O,).
Judging from the response of CO, gas exchange
and pro-/antioxidant metabolism of the leaves,

Taoa. 3. IlocneneiicTBue 12-4acoBoro oxiax/e-
HUSI pacTeHUH KYKypy3bl Ha TIPO-/aHTHOKCHIAHT-
HBII METa0ON3M JINCTHEB

Table 3. Effects of 12-h chilling of corn plants on
pro-/antioxidant metabolism of the leaves

TBA-RP, SOD,
Option nM/g dry %202’ M M }itg units/mg of
weight Yy welg protein
Control 220,0£6,1% | 54,0+3,3% | 9,7+0,2%
Experiment b b b
(6°C, 12 h) 261,2+52 98,5+0,9 15,7+ 0,6

Note. Different letters indicate significant differences.

it can be assumed that young plants of the corn
hybrid Dorka are sensitive to a temporary de-
crease in temperature under natural conditions,
especially during night hours. The obtained data
complete the ecological and biological charac-
terization of the studied hybrid.

Current trends of agricultural production ex-
pansion to the northern regions are based on the
consideration of the factors caused by global cli-
mate warming [16]. Climate warming observed
in recent decades in the central and southern
regions of the Komi Republic has led to an in-
crease in the sum of active temperatures above
10 °C from 1400 to 1560 °C and an increase in
the duration of the growing season with average
daily temperatures above 10 °C from 88 to 95
days [4]. Warming and increase in the duration
of the growing season create conditions for ex-
panding the base of northern fodder production
by growing cold-resistant early maturing variet-
ies of corn for green mass.

CONCLUSIONS

1. The rate of net absorption of CO, in the
leaves of young plants of the corn hybrid Dorka
in the conditions of the central agroclimatic re-
gion of the Komi Republic was about 14 pmol/
m?s, in mature plants it did not exceed 8 umol/
m?s, which is 2-3 times lower than the values
typical for corn in more southern regions.

2. The effect of 12-hour exposure of the plants
in the phase of 4-5 leaves at 6 °C was manifested
in the development of oxidative stress and sup-
pression of CO, gas exchange.

3. Despite the temperature limitation of photo-
synthetic potential, cold-resistant early maturing
corn hybrid Dorka under cold climate conditions
is able to accumulate green biomass comparable
to average yields in the Russian Federation.
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Photosynthetic activity of the leaves and productivity
of the early-maturing corn hybrid Dorka in the conditions
of the northern Non-Chernozem Zone

Golovko T.K., Tabalenkova G.N., Malyshev R.V., Silina E.V.
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Binsinue npenaparoB 0HOJIOrHY€CKOT0 MPOUCXOKAEHHUS HA YPOKAIHOCTH
ceMsIH JIbHA MACJIHYHOro B ycjioBusix KupoBckoii o0aacTn

JIpi0enko E.C., CX)EmesnieB C.A.

Bamckutl cocyoapcmeennwiii acpomexnHonio2uyeckull YHugepcumem
Kwupos, Poccus

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

IIpeacraBieHsl pe3yabTaTbl U3YUEHUS] NPOU3BOACTBA SKOJIOIMYECKH YUCTBIX Macel U3 CeMSH U
TUIOJIOB CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYP IO TEXHOJIOTHSIM, PAMOHAIEHO COUYETAIOIINM XUMHYECKUE
1 OMOJIOTHYECKUE HAINpaBJICHUS 3alIMThl pacTeHHd. JIeH MacIu4HBINA SBJISETCS LEHHBIM MCTOYHH-
KOM TTOJIMHEHACHIILIEHHBIX JKUPOB, COACPKUT 3HAYUTEIBHOE KOJIMYECTBO O€JIKa, MHIICBBIX BOJIOKOH,
OTHOCHUTCS K IPOAYKTaM (PyHKIIMOHAIBHOW HarpaslieHHOCTH. B ycnoBusix Kuposckoii obmactu mpo-
BEJICHBI UCCIICIOBAHUS BIUSHUS [IPENIApaToOB OMOJIOrMYECKOrO MIPOMCXOKACHHUS Ha yPOXKANHOCTD Ce-
MSH JIbHA MacJIM4HOTO. B moneBom ombITe M3yueHO NMPUMEHEHHE MpernapaToB rymar +7 «310poBbli
ypoxaii» u ncerodakrepun-22K. McenenoBanus npoBoauian Ha JbHE MacauyHOM copta CeBepHBIH,
00pabarpiBas €ro ceMeHa, BereTUPYIOIINE pacTeHus B a3y «eIouKa», a TaKKe coueTast 3TH JIBa CIIO-
coba o0pabotku. [IpumMeHsIM pernaparbl B YUCTOM BUJIC M MCIIOJIB30BAIM UX KOMIUICKCHOE COYeTa-
HUE. YCTaHOBJIEHO, YTO Mpenaparsl OMOIOrMYECKOr0 MPOUCXOKICHHS TOCTOBEPHO MOBBIMIAIOT TOJIe-
BYIO BCXOX€eCTh Ha 2,4% B CpeAHEM IO BapuaHTaM OIIbITOB. MaKkcuMalbHOE IPEBBIIICHUE KOHTPOJIS
OTMEYEHO B BapraHTax ¢ 00paboTKO# ceMsH rymMaToM +7 «3100pOBEIi ypoxkait» (85,6%), a Takxke ¢
KOMIIJICKCOM IIPENapaToB ONOIOrHYECKOTO MPOUCXOXKIeHHS (TyMaT +7 «300pOBBIN ypokaii» + mces-
nobakrepun-2XK) (86,3%), AByKpaTHOE HCIIOJIb30BAHUE KOMIUICKCA IPUBOMT K YBEIMYCHHUIO COXPaH-
HocTH Ha 7,4%. Hanbonpumii 3 QeKT mpruMeHeHUsI Ha YPOXKaHOCTh CeMsIH OTMEUEH IPH MpoBeie-
HUH U3y4aeMbIMH TMpenapaTaMy peIroceBHON 00pab0oTKH M UCTIONIb30BAHUH WX ABYKpaTHO. Makcu-
MaJIbHBIH YPOBEHb YPOXKAHHOCTH OTMEUEH IIPU ABYKPATHOM HCIIOJIb30BAHUU KOMILJIEKCA IIPerapaTros
Oouosyornmyeckoro poucxokaeHus (1,43 1/ra). YcTaHOBIIGHO TOCTOBEPHOE IMOJOKUTEIEHOE BIIMSHHE
JBYKPaTHOTO MPUMEHEHUs KOMIUIEKCA MPenaparoB OMOIOTHYECKOTO MPOUCXOXKICHHS Ha YHCIIO KOPO-
Oouek Ha onHOM pacteHuu (12,3 wT.). Yucno NoIHOLEHHBIX CEMSH B KOPOOOUKE yBEIHMYMBAET 00pa-
00TKa ceMsiH TymaToM +7 «3I0pOBBIi ypokaii», a TakKe AByKpaTHOE MPUMEHEHNE U3y4aeMBbIX Tpe-
MapaToB U UX KOMIUIeKca (B cpeaHeM Ha 16%). He ycTaHOBIEHO TOCTOBEPHOTO BIUSHUS MpENapaToB
Ouoyornyeckoro mpoucxoxaeHus Ha Maccy 1000 cemsH. J{s BbIpammuBaHUS MAaCIUIHOTO JbHA TI0
TEXHOJIOTUH, IPEAYCMAaTPUBAIOLLIECH yBEIMUCHNE CTEIIEHN OMOIOTN3alH, MOKHO PEKOMEHI0BATh HC-
MOJIb30BaHKE KOMITJIEKCa TyMaT +7 «3I0poBBIH ypoxaii» + mcepmobakrepuH-2XK s npenmnoceBHON
00paboTKH ceMsH 1 Tocieayomei 00paboTKu pacTeHui B a3y «eIoukay.

KaroueBble cjioBa: jieH MacIMYHbIH, OMOJIOTH3aLHUSs, TPOLYKTUBHOCTh, PACTUTEIbHBIEC KHUPHI, ITe-
CTHUIMJIHAS HAarpy3Ka

The effect of preparations of biological origin on the yield
of oil flax seeds in the conditions of the Kirov region

Lybenko E.S., ©<)Emelev S.A.

Vyatka State Agrotechnological University
Kirov, Russia

(pe-mail: emeleffsergej@yandex.ru

The results of studying the production of ecologically pure oils from seeds and fruits of agricultural
crops using the technologies rationally combining chemical and biological directions of plant protec-
tion are presented. Oil flax is a valuable source of polyunsaturated fats, contains a significant amount
of protein, dietary fiber, belongs to the products of functional orientation. The research on the effect of
preparations of biological origin on the yield of oil flax seeds was carried out in the Kirov region. The
application of the preparations humate +7 “Healthy Harvest” and pseudobacterin-2L was studied in
the field experiment. The studies were conducted on oil flax of the Severny variety, treating its seeds,
vegetative plants in the “herringbone” phase, as well as combining these two methods of treatment.
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BnusiHue npenapatoB OHOIIOTMYECKOTO TIPOUCXOKICHUS JIsibenxo E.C., Emenes C.A.
Ha YPOXKaiHOCTb CEeMsH JIbHA MACIIMYHOTO B YCIIOBUSIX

Kuposckoii obnmacti

The preparations were applied in pure form and their complex combination was used. It was found
that preparations of biological origin significantly increase field germination by 2.4% on average in
the variants of the experiment. Maximum excess of control was observed in the variants with seed
treatment with humate +7 “Healthy Harvest” (85.6%), as well as with a complex of preparations of
biological origin (humate +7 “Healthy Harvest” + pseudobacterin-2L) (86.3%), double use of the
complex leads to an increase in viability by 7.4%. The greatest effect of application on seed yield was
observed when the studied preparations were used for pre-sowing treatment and applied twice. The
maximum level of yield was observed with twofold use of a complex of preparations of biological
origin (1.43 t/ha). A reliable positive effect of double application of the complex of preparations of
biological origin on the number of bolls on one plant (12.3 pcs.) was established. Treatment of seeds
with humate +7 “Healthy Harvest” as well as double application of the studied preparations and their
complex (on average by 16%) increases the number of full-grown seeds in a boll. No reliable effect
of biological origin preparations on 1000 seed weight was found. The use of complex humate +7
“Healthy Harvest” + pseudobacterin-2L for pre-sowing seed treatment and subsequent treatment of
plants in the “herringbone” phase can be recommended to grow oil flax according to the technology
that provides for an increase in the degree of biologization,
Keywords: oil flax, biologization, productivity, vegetable fats, pesticide load
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INTRODUCTION Among oilseed crops in our country the most
widespread are soybean, sunflower, rape (spring

and winter) [3], as well as oilseed flax. In the

Due to the increasing number of people living
on the planet, the needs of the population and

the processing industry to intensify and expand
the range of work of the industry involved in the
production of oils and fats are increasing [1].
Vegetable fats are of great importance both di-
rectly in human nutrition and for the production
of various products (food or technical).

Our country is characterized by very diverse
soil and climatic conditions. In this regard, the
list of oilseed crops capable of producing sus-
tainable yields of seeds of a given quality differs
by regions of the Russian Federation [2]. Ac-
cording to the Federal State Statistics Service,
18,728.0 thousand hectares of crops that are a
source of vegetable oil were sown in our coun-
try in 2022, of which a significant share (6133.8
thousand hectares) accounts for the Volga Fed-
eral District'.

"URL: https://rosstat.gov.ru/

Kirov Oblast, significant areas are allocated to
spring rape. However, there is a tendency to in-
crease the area of oil flax. In 2022 it was sown
on the area of 2.9 thousand hectares, which is
73% more than in 2021.

The main part of the crops for 2023 in the
Kirov region is occupied by the varieties
VNIIMK 620, Severny (9.1-9.6% each) and
Lirina (13.0%), as well as a high share of un-
sorted flax (more than 60%). In 2024, the crops
increased to almost 7.0 thousand hectares, and
the share of unsorted flax decreased to 37%,
while the crops of the Severny variety increased
to 14.4% and Lirina to 37.4% (with an average
yield level of 10—16 c/ha depending on the con-
ditions of the year).
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The effect of preparations of biological origin
on the yield of oil flax seeds in the conditions of the Kirov region

Lybenko E.S., Emelev S.A.

Oil flax seeds are a source of fat and protein.
Flax oil belongs to the category of drying oils.
Due to its ability to form a thin strong film in the
air, it is widely used in various industries: phar-
maceutical, aviation, printing, etc. [4]. [4]. Fatty
acidic composition of flax oil allows us to refer
it to the food products of functional orientation.
The lack of essential fatty acids affects the car-
diovascular system, functioning of biological
membranes, fat metabolism processes, etc.?

High content of unsaturated fatty acids in the
oil, when used for food purposes, helps to re-
duce the risk of alimentary-dependent diseases.

Flax seed protein is characterized by a signif-
icant list of essential amino acids, its composi-
tion is close to soy protein. Its introduction into
the diet will help to achieve a balanced diet by
filling the deficiency of amino acids [5-8].

The document “On the Strategy of Scientific
and Technological Development of the Russian
Federation™ identifies as a priority the need ...
to ensure food security...”, which can be realized
by obtaining environmentally friendly products.

Currently, the level of pesticide load in agri-
culture remains quite high [9, 10]. Nevertheless,
the trend of increasing the degree of biologiza-
tion of the industry remains significant [11, 12].
An actual direction of research is the search for
a balance between the use of chemical plant pro-
tection products and the use of biopesticides [13,
14].

The search for analogs of chemical prepara-
tions that have a protective effect on plants from
abiotic and biotic stressors corresponds to the
priority directions of agricultural research. The
study of the effectiveness of the integrated plant
protection components that increase the degree
of its biologization is an important aspect of the
introduction of new format farming elements
into the practice of agricultural production.

The purpose of research was to study the ef-
fectiveness of the effect of preparations of bio-
logical origin on the yield of oil flax seeds and
their quality.

Objectives of the research were as follows:
analyzing the influence of the use of preparations
of biological origin on the formation of the den-
sity of oil flax crops; studying the level of yield
formed under the influence of the preparations
of biological origin; determining their influence
on the elements of the productivity structure.

MATERIAL AND METHODS

The object of research were oil flax plants
and seeds of the Severny variety, a reproduction
of sown elite seeds. It is bred in the Federal Sci-
entific Center “V.S. Pustovoit All-Russian Re-
search Institute of Oil crops”. Pedigree: created
by repeated individual selection from a hybrid
population from crossing a line from the VIR
collection sample (Morocco K-1994) to breed-
ing line No. 157. The variety was included in
the State Register in 1994 and allowed for culti-
vation in the Volga-Vyatka region. Plants of this
variety are characterized by uniform flowering
and maturation, and the growing season in the
Kirov region is characterized by an average du-
ration of 91-95 days. Depending on the meteo-
rological conditions, the height of the Severny
flax can vary between 50-70 cm. Its flattened
stalks are suitable for mechanized harvesting.

The effectiveness of two preparations of bio-
logical origin was studied on oil flax: humate +7
“Healthy Harvest” and pseudobacterin-2L (both
produced in the Kirov branch of the Rosselk-
hozcenter). In the conditions of the Kirov region
(north-east of the Non-Chernozem zone), which
1s part of the fourth agroecological (Volgo- Vyat-
ka) region, these products were studied on ce-
reals, leguminous crops and perennial grasses.
No studies have been conducted on oil flax. Both
products are approved for use in our country.

The basis for production of humate +7
“Healthy Harvest” is natural raw materials of
organic origin (peat or coal), from which humic
substances are extracted. The product is addi-
tionally enriched with trace elements in che-
late form and can be used both for pre-sowing

2Zaporozhskaya L.1., Gammel I.V. Characterization and biological role of essential polyunsaturated fatty acids // Medical Council,

2012, N 12, pp. 134-137.

3Strategy of Scientific and Technological Development of the Russian Federation: approved by the Decree of the President of
the Russian Federation of February 28, 2024, N 145, 2024 // URL: http://publication.pravo.gov.ru/document/0001202402280003 ?i

ndex=2 (date of reference 29.02.2024).
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Brinszue npenapaTtoB 6MOIOTUYECKOTO IPOUCXOKACHUS
Ha ypOXaifHOCTh CEeMsIH JIbHAa MAaCIMYHOTO B YCIIOBUSX
Kuposckoii obnmacti

JIeioenko E.C., Emenes C.A.

treatment of seed material and for application to
vegetative plants. Pseudobacterin-2L is a prod-
uct of biological synthesis based on the bacteri-
um Pseudomonas aureofaciens BS 1393, which
has a positive effect on the phytosanitary condi-
tion of plants by suppressing the development
of pathogenic microorganisms. In addition, the
preparation stimulates the growth of the root
system of plants.

Field experiments to study the effect of the
preparations of biological origin were laid in
2022-2023 on the extrafield of Agrotechnopark
of the Vyatka State Agrotechnological Universi-
ty, sod-podzolic soils of which were character-
ized as light- and medium-loamy in granulomet-
ric composition. The content of mobile forms of
phosphorus (P,O,) was very high (288 mg/kg
according to Kirsanov), exchangeable potassi-
um (K,0) was high (178 mg/kg). The content of
organic matter was low at 1.34%, the soils were
very acidic with pH 4.1%.

According to the results of the agrochemical
survey, acidic soils occupy 3/4 of arable land
in the Kirov region. In general, soil conditions
meet the requirements of oil flax, the limiting
factor in obtaining high yields is the soil acidity
(optimally pH 5-6 is required).

The forecrop in both years was spring bar-
ley. Tillage in the spring period is aimed at weed
control and creation of granular and finely com-
pacted layer. It consisted of harrowing at phys-
ical ripeness of the soil (harrow cart SG-15),
two-fold complete cultivation (cultivator KBM-
4,2) and final combined cultivation (cultivator
KOMBI 3). The rate of the applied fertilizer
was N, P, K. kg a.i./ha with the spreader RMU
950 “Farmer”. Sowing was carried out by a row
method (row spacing of 15 cm) with a seed drill
SSFK-7M in the middle of the second ten-day
period of May with a seeding rate of 8 million
germinated seeds/ha to a depth of 3—4 cm. Place-

ment was randomized, fourfold repetition, the
accounting area of plots was 4.5 m?. Harvesting
of the plots was carried out by combine harvest-
er Terrion SR 2010. Laying of the experiment,
observations, research and evaluation of the re-
sults were carried out according to standard and
generally accepted methods (see Table 1)™°.

When treating the seeds, the preparations
dosage of 1 1/t was used, when treating vegeta-
tive plants — 1 1/ha (pseudobacterin-2L) and 0.5
I/ha (humate +7 “Healthy Harvest”).

RESULTS AND DISCUSSION

Unfavorable conditions during the sprouting
period can have a significant impact on crop
yields. In the conditions of the Kirov region
optimal (for sowing and sprouting) soil and air
temperatures are observed at the end of I and be-
ginning of II ten-day period of May. In 2022, the
beginning of the II ten-day period was character-
ized by an average air temperature of 14.5 °C. In
2023 at the same time there was cooler weather
(11.5 °C), but it fully corresponded to the needs
of oil flax to the temperature factor at the initial
stage of development. Usually at this time there
is a sufficient degree of soil moistening. The
amount of precipitation practically did not differ
from the usually observed norms, and it also did
not become a limiting factor for seed germina-
tion. The Selyaninov Hydrothermal Coefficient
of humidification (HTC) for the growing season
2022 was 2.3 (due to high precipitation in June—
July — 117-130 mm), which characterizes it as
overwatered, in 2023 it was quite humid — HTC
1.9 (high precipitation was observed in July —
177 mm). Field germination of oil flax seeds of
the Severny variety in all the variants was, as a
rule, more than 80% (see fig. 1).

In the control, the field germination of the
seeds averaged 82.2% over the years of research.

“The data are presented according to the results of analyses of the accredited laboratory of soil and agrochemicals analyses of

FSBI SCAS “Kirovsky”.

SDospekhov B.A. Methods of field experiment: with the basics of statistical processing of research results. 5th edition, suppl. and

revised. Moscow: Agropromizdat, 1985, 351 p.

®Methods of field experiments with oil crops / edited by V.M. Lukomets. Krasnodar, 2010, 327 p.

PactreHneBoncTBO M ceneKIus

CubupCKHUil BECTHHK CEITbCKOXO3IHCTBEHHON HayKu ¢ 2025 ¢ 55 ¢ 2 17



The effect of preparations of biological origin
on the yield of oil flax seeds in the conditions of the Kirov region

Lybenko E.S., Emelev S.A.

Ta6a. 1. Cxema onbiTa
Table 1. Experiment scheme

Full name Short name
1. Control — without treatment 1. C
2. Seed treatment with humate +7 “Healthy Harvest” 2. Hum (S)
3. Seed treatment with pseudobacterin-2L 3. Ps-2L(S)
4. Seed treatment with humate +7 “Healthy Harvest” + pseudobacterin-2L 4. Hum (S) + Ps-2L (S)
5. Treatment of plants in the “herringbone” phase with humate +7 “Healthy Harvest” | 5. Hum (P)
6. Treatment of plants in the “herringbone” phase with pseudobacterin-2L 6. Ps-2L (P)

7. Treatment of plants in the “herringbone” phase with humate +7 “Healthy Har-

vest” + pseudobacterin-2L

7. Hum (P) + Ps-2L (P)

8. Double treatment (seeds and plants in the “herringbone” phase) with humate +7

“Healthy Harvest”

8. Hum (S) + Hum (P)

9. Double treatment (seeds and plants in the “herringbone” phase) with pseudobac-

terin-2L

9. Ps-2L (S) + Ps-2L (P)

10. Double treatment (seeds and plants in the “herringbone” phase) with humate +7

“Healthy Harvest” + pseudobacterin-2L

The lower value compared to the control was
observed in the variants with no seed pre-sowing
treatment (variants 4-6) and ranged from 77.4 to
80.8%. The coefficient of variation by years of
the indicator characterizing the presence of fa-
vorable conditions for the development of plants
from the seed and for the emergence of seedlings
in field conditions ranged from 11.2 to 14.3 de-
pending on the variants of the experiment. No
significant deviations in the coefficient of varia-
tion between varieties were observed.

The meteorological conditions of the grow-
ing season affect not only the amount of yield,
but also the safety of plants for harvesting (plant
survival rate). During the period from the emer-
gence of sprouts to the onset of the “herringbone”
phase, meteorological conditions 2023 slightly
differed from the average annual values. The ob-
served air temperatures during this period ranged
from 16 to 20°C on average for 1 day, and the
amount of precipitation was small, but not af-
fecting the period of sprouting - “herringbone”.
In 2022, during the similar period of develop-
ment of young flax plants, air temperatures were

10. Hum + Ps-2L (S) + Ps-2L (P)

30-70% lower than the mean annual data. Night
temperatures during this period ranged from 0 to
7°C, while daytime temperatures ranged from 5
to 13°C. Low temperatures were accompanied
by precipitation in the form of rain. The devel-
opment of flax plants in 2022 was slower com-
pared to the following year.

The period of rapid growth, observed in flax
from the end of the “herringbone” phase to bud-
ding, occupied 30-33 days during the study pe-
riod. Temperature characteristics of June 2022
and 2023 were close to the mean annual. A dis-
tinctive feature of this period was the amount of
precipitation, which in 2022 exceeded the norm
by 48%, and July 2023 could be characterized
as dry. Plant development was slower at this
time, but rainfall at the end of the period of rapid
growth had a favorable effect on plant growth.

The transition from budding to flowering
averaged 8 days in 2022 and 7 days in 2023.
Precipitation was absent during most of the pe-
riod, and air temperatures were at or slightly be-
low the long-term average (18-20°C) in 2023
(14-16°C) in 2022.
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Fig. 1. Field germination of oil flax seeds (average for 2022-2023)

During the period from flowering to ripening,
the weather was warm enough for the north-east
of the Non-Chernozem zone in both years. In the
second half of July and most of August 2022,
the average temperature per day was about 19—
20 °C, which is 2-3 °C higher than the usually
observed values. This period 2023 was charac-
terized by an increase in average temperatures
by 2.5-4.5 © C compared to the mean annu-
al data. The amount of precipitation in August
was significantly below the norm both in 2022
and 2023. Seed formation and maturation were
under favorable conditions in the Kirov region.
The duration of the ripening period in flax did
not differ significantly by year and amounted to
52-54 days.

In general, during the vegetation periods of
the studied years the conditions were quite fa-
vorable for flax development and the final safety
of plants was quite high and ranged from 84.0 to
88.7% (see fig. 2).

In the control, which was not subjected to any
treatment with preparations of biological origin,
the safety of plants for harvesting amounted to
81.3% on average across the repetitions. In the

variants, the excess of the proportion of surviv-
ing plants was from 3.3 to 9.1 p.p., which in-
dicates the influence of the use of preparations
on this parameter in the prevailing meteorolog-
ical conditions. The survival rate was higher in
the variants with double application. Treatment
of the seeds and vegetative plants with humate
+7 “Healthy Harvest” and pseudobacterin-2L
increases survival rate by 6.3 and 6.8%, respec-
tively. Joint treatment with the complex of prepa-
rations according to the same scheme increases
the proportion of surviving plants by 7.4%.

The use of biological origin preparations con-
tributed to the growth of seed yield in most of
the studied variants (1.37 t/ha on average for the
variants) (see Table 2).

During the period under consideration, there
was no reliable decrease in any case. As a rule,
seed treatment or application of the preparations
twice had a greater effect on the yield. On aver-
age for 2022-2023, the yield significantly higher
than the control was recorded in such variants
and reached 1.37-1.43 t/ha. More significant
germination was recorded in the variant with
double treatment with complex preparations and

PactreHneBoncTBO M ceneKIus
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amounted to 0.14 t/ha with the control yield of
1.29 t/ha.

Sowing density in the described experiment
was sufficient due to good field germination
and favorable meteorological conditions during
growth and development. In this case, branching
in the lower part of the stem was absent in most
plants and formation of a single stem took place.
The number of productive stems was 1.12 per
plant.

On average, 11.62 bolls were formed on each
flax plant (see Table 3). More bolls than the
control were formed in the variants with double
treatment with humate +7 “Healthy Harvest”
(12.1 bolls) and double treatment with a com-
plex of preparations of biological origin (12.3
bolls).

In the control variant, an average of 6.2 full-
grown seeds were formed in a boll. In a number
of variants, the increase in the number of seeds
amounted to more than 11%. More than seven
seeds were formed in variants 2 and 7 (7.1 piec-
es each), as well as in variants 8 (7.4 pieces) and
9 (7.3 pieces).

The weight of 1000 seeds varied from 7.4 to
7.5 g. This indicator in the studied variants was

at the level of control or exceeded it. The pro-
portion of the variants with 1000 seeds weight
below the control level was 30%. At the same
time, there was no significant effect of applica-
tion of the preparations of biological origin on
this parameter.

CONCLUSION

When analyzing the influence of meteorolog-
ical factors on the density of oil flax crops, their
significant negative and reliable influence on this
parameter was not observed. Pre-sowing treat-
ment of oil flax seeds influenced its field germi-
nation. On average, it was higher by 2.4% com-
pared to the control. The best field germination
was observed in the variants that provided seed
treatment with humate +7 “Healthy Harvest”
(85.6%), as well as with a complex of prepara-
tions of biological origin (humate +7 “Healthy
Harvest” + pseudobacterin-2L) (86.3%). Preser-
vation of plants for harvesting in agrometeoro-
logical conditions of the experiment was higher
when flax was treated with preparations of bi-
ological origin. The percentage of safety was
higher in case of double treatments (pre-sowing

90
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Fig. 2. Preservation of oil flax plants, %
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Tabda. 2. YpokallHOCTb CEMSH MaCIMYHOTO JIbHA, T/Ta
Table 2. Yield of oil flax seeds, t/ha

. 2022 2023 Average
Option
t/ha +to1.C t/ha +to1.C t/ha +to1.C

1. C 1,27 — 1,31 — 1,29 —

2. Hum (S) 1,34 0,07 1,41 0,10 1,38 0,09
3. Ps-2L(S) 1,37 0,10 1,44 0,13 1,41 0,12
4. Hum (S) + Ps-2L (S) 1,31 0,04 1,43 0,12 1,37 0,08
5. Hum (P) 1,31 0,04 1,34 0,03 1,33 0,04
6. Ps-2L (P) 1,33 0,06 1,31 0,00 1,32 0,03
7. Hum (P) + Ps-2L (P) 1,28 0,01 1,34 0,03 1,31 0,02
8. Hum (S) + Hum (P) 1,35 0,08 1,47 0,16 1,41 0,12
9. Ps-2L (S) + Ps-2L (P) 1,37 0,10 1,39 0,08 1,38 0,09
10. Hum + Ps-2L (S) + Ps-2L (P) 1,39 0,12 1,46 0,15 1,43 0,14
LSD, 0,06 0,08 0,07

treatment of seeds and vegetative plants). Appli-
cation of the same-name preparations gives an
increase in safety by 6.3-6.8%. Twofold use of
complex humate +7 “Healthy Harvest” + pseudo-
bacterin-2L increases plant density by 7.4%.

The use of preparations of biological origin
contributed to the growth of seed yield in most
of the studied variants. The greatest effect of ap-
plication was observed in case of influence on

the seeds by pre-sowing treatment and use of
preparations twice. On average for two years,
the maximum yield level, characterized by a
reliable excess, was observed when using the
complex of preparations of biological origin
twice (1.43 t/ha).

A significant positive effect of double appli-
cation of the complex of preparations of biolog-
ical origin on the number of bolls per plant (6%

Taba. 3. DIeMeHTHI CTPYKTYPBI IPOTYKTUBHOCTH JIbHA MACIUYHOTO (B cpeaHem 3a 2022-2023 rr.)
Table 3. Elements of the structure of oil flax productivity (on average for 2022-2023)

Option Bolls on one plant, pcs. Sebe(ji i;c(;le Weight of 1000 seeds, g
1. C 11,6 £0,2 6,2+0,3 7,5+0,1
2. Hum (S) 11,8 +£0,3 7,1 £0,2% 7,4+0,1
3. Ps2L(S) 11,2+0,3 6,1 £0,3 7,6 0,2
4. Hum (S) + Ps-2L (S) 10,8 £ 0,4 6,8 £0,2 7,6+0,2
5. Hum (P) 11,2+0,3 6,5+0,2 7,4+0,2
6. Ps-2L (P) 11,4+0,3 6,2+0,3 7,5+0,2
7. Hum (P) + Ps-2L (P) 11,9+0,3 6,8+0,2 7,4+0,1
8. Hum (S) + Hum (P) 12,1 +£0,2 7,1 £0,3* 7,5+0,1
9. Ps-2L (S) + Ps-2L (P) 11,9+0,3 7,4+ 0,2%* 7,5+0,1
10. Hum + Ps-2L (S) + Ps-2L (P) 12,3 +0,3* 7,3 +£0,2%* 7,5+0,2

Note. The differences are significant at the probability level:*P>0,95; **P>0,99.
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more than the control) was found. The formation
of full-grown seeds in one boll was significant-
ly influenced by seed treatment with humate +7
“Healthy Harvest”, as well as by double appli-
cation of the studied preparations and their com-
plex (by 16% on average). No significant effect
of humate +7 “Healthy Harvest”, pseudobacter-
in-2L and their complex on the weight of 1000
seeds was recorded.

Thus, it is possible to recommend the dou-
ble application (treatment of seeds and vegeta-

tive plants) of the complex of preparations of 9

biological origin humate +7 “Healthy Harvest”
+ pseudobacterin-2L for oil flax in order to in-
crease seed yield in the system of biological
farming in the agrometeorological conditions of
the north-east of the Non-Chernozem zone.

CIIMCOK JIUTEPATYPbI

1.  Bunnuuyex JI.b., Ilocopenosa E.B., Cyxano-
6a O.H. K Bompocy 00 s dhekTuBHOM pa3Mmertie-
HUU U TIPOU3BOJICTBE MACJIOCEMsH // DKOHOMHU-
Ka cenmbckoro xo3siicTBa Poccuu. 2018. Ne 12.
C. 98-101.

2. Cmennvix H.B., Hecmeposa E.B., 3apea-
pan A.M. 3HaueHHWE MAaCIHYHBIX KYyIbTyp B
MOBBIIICHUN YCTOHYMBOCTH PACTCHUEBOJCTBA
B TPHUPOAHO-KIMMATHUECKUX YCIOBUAX HOxk-
HOoro Ypana u 3aypanbsi // ArpapHblii BecT-
HUK Ypama. 2023. Ne 7 (236). C. 57-70. DOL:
10.32417/1997-4868-2023-236-07-57-70.

3. Jlykomey A.B. MecTto ceMEHOBOACTBA MaciIdy-
HBIX KYJBTYpP B CHUCTEME IPOJIOBOJILCTBEHHOTO
obecnieuenust Poccnm // DKOHOMHKA CEITBCKOTO
xo3stiictBa Poccun. 2020. Ne 10. C. 54-61. DOLI:
10.32651/2010-54.

4. Konomos A.1l., Cepeeesa JI.b. YpoxxallHOCTb U
OMOXMMHYECKHI COCTaB CEMsIH HOBBIX COPTOB
JbHA MACIMYHOTO B YCIOBUSAX CBEpATIOBCKOM
obnmactu // Bectruk Kpac[AY. 2023. Ne 10
(199). C. 114-120. DOI: 10.36718/1819-4036-
2023-10-114-120.

5. Kocwix JI.A. JIeH MacaIU4HbBIN — KyJAbTYypa MUILLE-
BOTO UCIOJb30BaHus (0030p) // ArpapHas Hay-
ka. 2021. Ne 10. C. 56-59. DOI: 10.32634/0869-
8155-2021-353-10-56-59.

6. Ilomoposa IO.10., Oscenan C.K., Ceposa FO.M.
XUMUKO-OMOJIOTHYECKUE CBOWCTBA U TIOTCH-
IUajdbHAs IIEHHOCTh CEeMSH MAaCIHYHOTO JIbHA

10.

11.

12.

13.

14.

(0630p) // Macnnunsie KynbTypbl. 2023. Bei. 1
(193). C. 73-84.

Marambe H.K., Wanasundara J.PD. Flaxseed
(Linum usitatissimum L.) for Protein Based
Products // Sustainable Protein Sources. Aca-
demic Press. 2024. P. 339-356.

Noreen S., Tufail T, Ul Ain H.B., Awuchi Ch.G.
Pharmacological, nutraceutical, and nutritional
properties of flaxseed (Linum usitatissimum):
An insight into its functionality and disease
mitigation // Food Science & Nutrition. 2023.
Vol. 11. N 11. P. 6820-6829.

Hoeaouna M.A., Tapaxun A.B., Henamosa I A.,
Cmenanosa E.U., Benxkosa E.U., Kacamouxu-
na M.IO., Ilpasowk A.U., Kpusopomosa E.U.
ACTIEKTBl CHIDKEHHUSI TMECTHLUJAHOW HArpy3Ku
Ha JKOCUCTeMBbl // BecTHHMK arpapHOil HayKH.
2022. Ne 5 (98). C. 107-113. DOI: 10.17238/
ISSN2587-666X.2022.5.107.

Cnacma HM.B. OueHka HKOJIOTO-TOKCHKOJIO-
TUYECKOW OMacHOCTHM MPHMEHEHUS MeCTH-
uunoB // BectHuk Boponekckoro rocymap-
CTBEHHOTO arpapHoro yHuBepcutera. 2023.
T. 16. Ne 1 (76). C. 53-60. DOI: 10.53914/
issn2071-2243 2023 1 53.

Macnunckaa M.E. Binsnue GuorpenaparoB Ha
pa3BUTHE TIEPBUYHON KOPHEBOW CHCTEMBI JIbHA
MacingHOro // CHOMPCKUN BECTHHUK CEITbCKOXO-
3siictBenHOM Haykn. 2023. T. 53. Ne 1. C. 121-
131. DOI: 10.26898/0370-8799-2023-1-15.
Hepwarxos A.FO., [lemun E.A., Bonxosa H.A.,
Meoanux H.II. Biusane OHOMOTHYECKUX TIpe-
MaparoB Ha YPOXKaHHOCTb U Ka4eCTBO CEMSH
JIbHAa MacJIMYHOTO B YCJIOBHSX JIECOCTEITHOM 30-
HBI 3aypanbs // BectHuk MudypuHCKOTO TOCY-
JMApCTBEHHOTO arpapHoro yHuBepcutera. 2023.
Ne 4 (75). C. 70-75.

IOpuna TA., Berux M.A., Heepeba O.H., Ep-
makos A.A. TloBblllIeHHE YPOXKAMHOCTH Celb-
CKOXO3SIMICTBEHHBIX KYJIbTYpP IIPH YaCTUYHOU
Ouonoruzaunu npousBoactsa // TexHuka u 000-
pynoBanme s cema. 2023. Ne 4 (310). C. 22—
24. DOI: 10.33267/2072-9642-2023-4-22-24.
Coxonos M.C. O310pOBJIGHUE TOYBBI M OHO-
JIOTU3AIUSl 3eMIICAeNUsl — BaKHeHmme Qax-
TOPBI ONTHMHU3AIMU JKOJOTHIECKOTO CTaryca
arpoperuona (benroponckuit onsiT) // Arpo-
xumust. 2019. Ne 11. C. 3-16. DOI: 10.1134/
S0002188119110127.

22 Siberian Herald of Agricultural Science * 2025 « 55 » 2

Plant growing and breeding



Brinszue npenapaTtoB 6MOIOTUYECKOTO IPOUCXOKACHUS
Ha ypOXaifHOCTh CEeMsIH JIbHAa MAaCIMYHOTO B YCIIOBUSX
Kuposckoii obnmacti

JIeioenko E.C., Emenes C.A.

REFERENCES

L.

Vinnichek L.B., Pogorelova E.V., Sukhano-
va O.N. To a question of effective placement and
production of oil seeds. Ekonomika sel'skogo
khozyaistva Rossii = Economics of Agriculture
of Russia, 2018, no. 12, pp. 98-101. (In Rus-
sian).

Stepnykh N.V., Nesterova E.V., Zargaryan A.M.
The importance of oilseeds in increasing the sus-
tainability of crop production in the natural and
climatic conditions of the Southern Urals and
Trans-Urals. Agrarnyi vestnik Urala = Agrarian
Bulletin of the Urals, 2023, no. 7 (236), pp. 57—
70. (In Russian). DOI: 10.32417/1997-4868-
2023-236-07-57-70.

Lukomets A.V. The place of seed farming of
oil-bearing crops in the system of food supply
in Russia. Ekonomika sel'skogo khozyaistva
Rossii = Economics of Agriculture of Russia,
2020, no. 10, pp. 54-61. (In Russian). DOI:
10.32651/2010-54.

Kolotov A.P., Sergeeva L.B. Yield and bio-
chemical composition of oilflax new varieties
seeds under the Sverdlovsk Region conditions.
Vestnik KrasGAU = Bulletin KrasSAU, 2023,
no. 10 (199), pp. 114-120. (In Russian). DOI:
10.36718/1819-4036-2023-10-114-120.
Kosykh L.A. Oil flax — food culture (re-
view). Agrarnaya nauka = Agrarian science,
2021, no. 10, pp. 56-59. (In Russian). DOI:
10.32634/0869-8155-2021-353-10-56-59.
Pomorova Yu.Yu., Ovsepyan S.K., Serova Yu.M.
Chemical and biological properties and poten-
tial value of oil flax seeds. Maslichnye kul'tury =
Oil Crops, 2023, is. 1 (193), pp. 73—84. (In Rus-
sian).

Marambe H.K., Wanasundara J.P.D. Flaxseed
(Linum usitatissimum L.) for Protein Based
Products. Sustainable Protein Sources. Acade-
mic Press, 2024, pp. 339-356.

Noreen S., Tufail T., Ul Ain H.B., Awuchi Ch.G.
Pharmacological, nutraceutical, and nutritional
properties of flaxseed (Linum usitatissimum):
An insight into its functionality and disease
mitigation. Food Science & Nutrition, 2023,
vol. 11, no. 11, pp. 6820—6829.

10.

I1.

12.

13.

14.

Dogadina M.A., Tarakin A.V., Ignatova G.A.,
Stepanova E.I.,, Velkova E.I., Kasatochki-
na M.Yu., Pravdyuk A.l., Krivorotova E.IL
Aspects of reducing pesticide load on eco-
systems. Vestnik agrarnoi nauki = Bulletin of
Agrarian Science, 2022, no. 5 (98), pp. 107-
113. (In Russian). DOI: 10.17238/ISSN2587-
666X.2022.5.107.

Slastya 1.V. Assessment of environmental
health and toxicological hazard of pesticides.
Vestnik  Voronezhskogo  gosudarstvennogo
agrarnogo universiteta = Vestnik of Voronezh
State Agrarian University, 2023, vol. 16, no. 1
(76), pp. 53—60. (In Russian). DOI: 10.53914/
issn2071-2243 2023 1 53.

Maslinskaya M.E. Influence of biological prepa-
rations on the development of oil flax primary
root system. Sibirskii vestnik sel'skokhozyaist-
vennoi nauki = Siberian Herald of Agricultu-
ral Science, 2023, vol. 53, no. 1, pp. 121-131.
(In Russian). DOI: 10.26898/0370-8799-2023-
1-15.

Pershakov A.Yu., Demin E.A., Volkova N.A.,
Medyanik N.P. The influence of biological
preparations on the yield and quality of oil flax
seeds in the forest-steppe zone of the Trans-
Urals. Vestnik Michurinskogo gosudarstvenno-
go agrarnogo universiteta = Bulletin of Michu-
rinsk State Agrarian University, 2023, no. 4
(75), pp- 70-75. (In Russian).

Yurina T.A., Belik M.A., Negreba O.N., Erma-
kov A.A. Increasing crop yields with partial bio-
logization of production. Tekhnika i oborudovanie
dlya sela = Machinery and Equipment for Rural
Area, 2023, no. 4 (310), pp. 22-24. (In Russian).
DOI: 10.33267/2072-9642-2023-4-22-24.
Sokolov M.S. Soil rehabilitation and biologiza-
tion of agriculture — important factors optimi-
zing the ecological status of the region (Bel-
gorod experience). Agrokhimiya = Agricultural
Chemistry, 2019, no. 11, pp. 3—16. (In Russian).
DOI: 10.1134/S0002188119110127.

PactreHneBoncTBO M ceneKIus

CubupCKHUil BECTHHK CEITbCKOXO3IHCTBEHHON HayKu ¢ 2025 ¢ 55 ¢ 2 23



The effect of preparations of biological origin
on the yield of oil flax seeds in the conditions of the Kirov region

Lybenko E.S., Emelev S.A.

NH®OPMALIUA Ob ABTOPAX

JIbi0enko E.C., noueHt xadenpsl, KaHauaat
CEJIbCKOX035IMCTBEHHBIX Hayk, noieHt; ORCID
0000-0001-8853-1903, SPIN-kox 3688-0476

<)EmeneB C.A., nomneHt kadeapsl, KaH-
JMJIaT  CEJIbCKOXO3SIMCTBEHHBIX — HAyK,  J0-
rienT; ORCID 0000-0003-4178-051X, SPIN-
ko 4903-7819; anpec naaA  NepenuCKH:
Poccus, 610017, Kuposckas ob6nacts, . Kupos,
OxkTsa6pbekuii mpocnekT, 133; e-mail: emeleff-
sergej@yandex.ru

AUTHOR INFORMATION

Elena S. Lybenko, Assistant Professor,
Candidate of Science in Agriculture, Associ-
ate Professor; ORCID 0000-0001-8853-1903,
SPIN-code 3688-0476

<)Sergey A. Emelev, Assistant Professor,
Candidate of Science in Agriculture, Associ-
ate Professor; ORCID 0000-0003-4178-051X,
SPIN-code 4903-7819; address: 133, Okty-
abrsky Prospekt, Kirov, Kirov Region, 610017,
Russia; e-mail: emeleffsergej@yandex.ru

Hama nocmynnenuss cmamou / Received by the editors 16.10.2024
Hama npunsmus x nyénuxayuu / Accepted for publication 02.12.2024
Jlama ny6auxayuu / Published 14.03.2025

24 Siberian Herald of Agricultural Science * 2025 « 55 » 2

Plant growing and breeding



https://doi.org/10.26898/0370-8799-2025-2-3 Twrr cTaTeu: OpUTHHATBHAS
VK 633.491/631.53/581.143.6/631.53.01 Type of article: original

Pa3pa6oTka cnnoco00B BHIPANIUBAHMS 0310POBJIEHHBIX MUKPOPACTEHH I

kaprodesst copra CoHeUYHbII

<)PomanoBa M.C., Xakcap E.B., Manyksn A.HU.

Cubupckutl Hay4HO-UCCIe008aAMENbCKULL UHCIMUMYM CEelbCKO20 X035AUcmea u mopga — unuarn
Cubupckoco ghedepanbroco HayuHo20 yermpa azpobuomexuonozuti Poccutickou akademuu Hayk
Tomck, Poccus

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

WzydeHo BaMsHME pa3iUyYHBIX YCIOBHH BBIPAIMBAHMS, BKIIOUAIOMIMX Pa3HbIE COCTaBbl MUTATEINb-
HOH cpe/ibl U pa3iiMuHble HCTOYHUKH OCBEILICHUS], Ha Pa3BUTHE MUKpOpacTeHui kapTodens copra Con-
HEYHBIN B JJA0OPATOPHBIX YCIOBHSAX in Vitro. [Ipy UCTIONB30BaHUH MOITHOCTIEKTPAITBHBIX CBETOAMOTHBIX
JaMO U MOIU(HUUUPOBAHHOW NMUTATeNbHON cpenbl Mypacure-Ckyra ¢ MOHMKEHHBIM COIEp)KaHHEM
arap-arapa y pacTeHHil OTMEUYEHO YBEJIMUYCHHE BBICOTHI Ha 25% W CHU)KEHHUE TUIOLIAIH TIOBEPXHOCTH
JMCTOBBIX TacTUH Ha 19%. MukpopacTeHns, BHIPAIMBAEMbIE C UCTIONB30BAHUEM TOTHOCIIEKTPAIIh-
HBIX CBETOAMOAHBIX JIAMIT M MOAU(HUINPOBAHHON MHUTATENBHOM cpenbl Mypacure-Ckyra ¢ MOHMKEH-
HBIM COJICpP)KaHUEM arap-arapa u J00aBJIeHUEM UHIOJIMITYKCYCHOM KUCIIOTHI B KOHLeHTparmu 0,1 mr/n
OTIIMYAJIACh OT KOHTPOJBHBIX YMEHBIIEHHBIMU BBICOTOH (Ha 23%), uncioM Mexaoy3nuit (Ha 24%) u
YHCIIOM JMCThEB (Ha 26%). [Ipy ncnonb30BaHUM OTHOCHEKTPATBHBIX CBETOJMOIHBIX JIaMIT K MOau(u-
[UPOBAHHOMN MUTATENILHON cpebl Mypacure-Ckyra ¢ MOHH)KEHHBIM COZICpIKaHHeM arap-arapa (4 r/i)
1 100aBIeHNEM UHJIOIFITYKCYCHON KHCIIOTHI B KOHIIEHTparuu 0,5 MI/i OTMEYeHO yMEHbBIIIEHHE Yrcia
MeXJ10y31ui Ha 24%, nucTheB — Ha 14, miomaay NoBEpXHOCTH JINCTOBBIX TUIACTHH — HA 39%, ycko-
peHHue pU30TeHe3a U YBEIUICHNE MACChl KOPHEBOM cUcTeMbl — Ha 117%. Mukpopactenusi, BrIpalinBa-
€MbIe C MCIOJIh30BAaHUEM JIMHEHHBIX CBETOAMOMHBIX JIAMIT U MOAU(UITPOBAHHON MUTATEITHHON CPEIbI
Mypacure-Ckyra ¢ 100aBIeHHEM HHIONMIYKCYCHOM KHCIOTHI B KoHIeHTpauuu 0,1 mr/m, Obut Bblie
KOHTPOJIBHBIX Ha 70%, uMenu cHMKEeHHYIO Ha 48% Maccy JHCThEB, YMEHBIIICHHYIO Ha 53% Iiommans
ITOBEPXHOCTH JICTOBBIX IIACTHH, a TaKXKe YBEIW4eHHYI0 Ha 36% maccy ctebist. Y MHUKPOpPaCTeHHH,
BBIPALMBAEMBIX C HCIOIB30BaHUEM JIMHEHHBIX CBETOJHOIHBIX JIaMI X MOAU(DUIIMPOBAHHON MUTATEINb-
HOH cpenpl Mypacure-Ckyra, 0OTMEUEHO yBeTHUEHHE BBICOTHI cTeOus Ha 73%, uncia MeXA0y3/Iuil Ha
20%, wu 1 mT., JTUHBI KOpHEBOH cucTeMbl Ha 17%, yCKopeHHe pr30oreHe3a W CHIDKEHHE TUTONIaan
JMCTOBOM moBepxHOCTH Ha 39%. Pa3paboTtansl criocoOb! KyIbTHBUPOBAHHUS 03J0POBICHHBIX MUKpOpac-
TeHuit kaproders copra ColHEYHbIH, HaNPaBlICHHBIE HA YCKOPEHHOE TOy4YeHHEe OOJIBIIOro KOJTMYeCcTBa
pacTeHHit ¥ TOATOTOBKY MUKPOPACTEHHH K TIepeCaKUBAHNIO Ha a3POTHIPOIIOHHBIE YCTAaHOBKH.

KiroueBsble ciioBa: kaprodenb, MEpUCTEMHAsT TEXHOJIOTHSI 0310POBJICHHUS, COCTAB MUTATEIBLHOM
Cpe/ibl, ICTOYHHUKH OCBEIICHUS, CIIOCO0 BBIPAIIMBAHHS PACTCHUI

Development of the methods for growing healthy potato microplants
of the Solnechny variety

(<)Romanova M.S., Khaksar E.V., Manukian A.IL

Siberian Research Institute of Agriculture and Peat — Branch of the Siberian Federal Scientific Centre

of Agro-BioTechnologies of the Russian Academy of Sciences
Tomsk, Russia
(X)e-mail: estrel@yandex.ru

The effect of different growing conditions, including different compositions of nutrient medium
and different sources of illumination, on the development of potato microplants of the Solnechny va-
riety under in vitro laboratory conditions was studied. Using full-spectrum LED lamps and modified
Murashige-Skoog nutrient medium with reduced agar-agar content, plants showed a 25% increase in
height and a 19% decrease in lamina surface area. The microplants grown using full-spectrum LED
lamps and modified Murashige-Skoog nutrient medium with reduced agar-agar content and addition
of indolylacetic acid at a concentration of 0.1 mg/ | differed from the control ones by reduced height
(by 23%), the number of internodes (by 24%) and the number of leaves (by 26%). Using full-spectrum
LED lamps and modified Murashige-Skoog nutrient medium with reduced agar-agar content (4 g/1)
and addition of indolylacetic acid at a concentration of 0.5 mg/l, a decrease in the number of internodes
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Development of the methods for growing healthy potato microplants Romanova M.S., Khaksar E.V., Manukian A.I.

of the Solnechny variety

by 24%, leaves by 14, lamina surface area by 39%, acceleration of rhizogenesis and increase in root
system weight by 117% were observed. Microplants grown using linear LED lamps and modified Mu-
rashige-Skoog nutrient medium supplemented with indolylacetic acid at a concentration of 0.1 mg/I
were 70% taller than controls, had 48% reduced leaf mass, 53% reduced lamina surface area, and 36%
increased stem mass. Microplants grown using linear LED lamps and modified Murashige-Skoog
nutrient medium showed a 73% increase in stem height, a 20% or 1 unit increase in the number of
internodes, a 17% increase in root system length, an acceleration of rhizogenesis, and a 39% decrease
in leaf area. Methods of cultivation of healthy potato microplants of the Solnechny variety have been
developed, aimed at accelerated generation of a large number of plants and preparation of microplants
for transplanting to aerohydroponic plants.

Keywords: potato, meristem health recovery technology, nutrient medium composition, illumina-
tion sources, plant cultivation method
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INTRODUCTION tion process of cultivation of cultural plants [3].
The most promising direction for solving this
problem is the use of clonal micropropagation
methods® *[4].

Biotechnological methods most effectively
allow mass and accelerated multiplication of
healthy potato clones directly in an in vitro cul-
ture, which reduces the time of obtaining seed

tubers. This is due to the high multiplication rate

Potato as the most important food crop, which
is one of the first places in the world crop pro-
duction, has a serious disadvantage: it is infected
by a wide range of various diseases and pests. In
this regard, at the present stage of agricultural
science development, biotechnological methods
of seed material health improvement are more

and more widely introduced into the practice of
seed production’2[1, 2]. Modern methods of ag-
ricultural biotechnology allow placing the pro-
duction of agricultural crops on a new techno-
logical level, which makes it possible to expand
the range of the products manufactured, improve
its quality and significantly reduce the produc-

of meristem plants microcuttings in the in vitro
culture® ¢, One of the ways to improve the ef-
ficiency of biotechnological methods in potato
seed production is the search for optimal condi-
tions for cultivation of the obtained potato mi-
croclones, which makes it possible, on the one
hand, to achieve the desired results (a large num-

'Uskov A.I. Production of improved source material for potato seed production: strategy substantiation // Achievements of

Science and Technology of AIC, 2009, N 6, pp. 30-33.

*Fedorova Yu.N., Fedorova L.N., Lebedeva N.V. Study of potato miniplants of the Belarusian selection in the conditions of the

Pskov region // Bulletin of KrasSAU, 2013, N 9, pp. 103—105.

3Anisimov B.V., Smolegovets D.V., Shatilova O.N. Recommendations on the technology of in vitro cultivation of microtubers and
their use in the process of original seed production: recommendations; RASKhN VNIIKh. Moscow, 2009, 21 p.

4Zamalieva FF., Gareev R.G. State and prospects for the development of potato seed production on the improved basis in the
Republic of Tatarstan // Potato seed production in modern market conditions: interregional scientific and practical seminar. Kazan,

2004, pp. 7-10.

SAnisimov B.V., Tulcheev V.V. Variety resources of seed potatoes on the Russian market // Potato seed production in modern
market conditions: interregional scientific and practical seminar. Kazan, 2004, pp. 1-6.

$Zamalieva F.F,, Gareev R.G. State and prospects for the development of potato seed production on the improved basis in the
Republic of Tatarstan. / Potato seed production in modern market conditions: interregional scientific and practical seminar. Kazan,

2004, pp. 7-10.
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ber of plants, a certain quality of plants, etc.), on
the other hand, to reduce the costs of production.

The following growing conditions are of
great importance in the cultivation of potato mi-
croplants: composition of the nutrient medium,
spectral composition and intensity of illumina-
tion [2, 5], photoperiod [6, 7], and temperature
[8, 9]. When developing cultivation methods, all
these factors are taken into account or they work
on individual elements. Studies by many authors
have proved the variety-specific response of
potato to growing conditions, in particular, the
spectral composition of light” [10—-13], and the
composition of the nutrient medium [13—15]. In
this regard, it is necessary to develop methods
of potato cultivation separately for each variety.

Authors of this work for several years stud-
ied the reaction of potato microplants of the
Solnechny variety to different compositions of
the nutrient medium, the presence or absence of
phytohormones in the nutrient medium, the use
of different sources of illumination in laboratory
conditions in vitro. Based on the results of these
studies, the best variants with a favorable effect
on plant development were selected and combi-
nations of them were made to study their effect
on plant development and further development
of the cultivation methods.

The purpose of the research is to develop
methods of growing healthy potato microplants
of the Solnechny variety under in vitro laborato-
ry conditions.

MATERIAL AND METHODS

The work was carried out at the Siberian Re-
search Institute of Agriculture and Peat — branch
of the Siberian Federal Scientific Centre of
Agro-BioTechnologies of the Russian Academy
of Sciences. The object of the experiments was
healthy maternal microclones of potato Solanum
tuberosum L. of the Solnechny variety.

The Solnechny variety is medium-maturing,
suitable for processing into potato products. The
commercial yield of the variety is 178-290 c/ha.
The tuber is rounded with eyes of medium
depth. The skin is smooth, yellow. The flesh
is yellow. The weight of a marketable tuber is
139-290 g. The starch content is 14.4-16.0%.
The taste is good. The marketability is 85-98%,
storability 94%. It is resistant to potato cancer
pathogen, and is slightly affected by the golden
potato cyst-forming nematode. It is included in
the State Register of the Russian Federation for
the West Siberian (10) region®.

Healthy plants were selected in the field, and
the harvest was stored for storage. After the end
of the dormancy period, the tubers were given
thermotherapy for 40 days at 37°C, after which
the tubers were germinated until sprouts of
2-3 cm in size were obtained. Apex meristem
was isolated from the sprouts and then full-
grown microplants were grown from it, which
were subsequently used in the experiments. Be-
fore the experiment, all microplants were diag-
nosed by real-time PCR to confirm the absence
of pathogens in them. The plants were grown
in a light rack, isolated sections of which were
equipped with different light sources. The num-
ber of lamps used was calculated taking into ac-
count equal illumination of each section, which
was 4000 lux. During the experiment, micro-
plants were cultivated at 20-22 °C with a pho-
toperiod of 16/8 h (light/dark) in test tubes for
28 days.

35 plants of each variety were grown on
each variant in threefold repetition. During the
experiment on the 3rd, 7th, 14th, 21st, 28th
days, the parameters characterizing plant de-
velopment were measured: plant length, root
presence, number of leaves and internodes per
plant. On the 28th day, the weight of the root
system, shoot, leaves, stem and leaf area were
measured.

"Burdysheva O.V., Sholgin E.S., Remennikova M.V., Maximov A.Y., Lisina T.N., Tsema L.G., Latypova A.L., Yakhina A.1I. Effect of
illumination of different spectrum on morphometric indices, protein and proline content in potato leaves (in vitro) varieties Nevsky,
Gornyak, Udacha, Kamensky // Development of modern systems of farming and animal husbandry, providing ecological safety of
the environment: Proceedings of the All-Russian Scientific Conference (Perm, July 5-7, 2023), Perm, 2023, pp. 194-201.

Shttps://gossortrf.ru/registry/gosudarstvennyy-reestr-selektsionnykh-dostizheniy-dopushchennykh-k-ispolzovaniyu-tom-1-

sorta-rasteni/solnechnyy-kartofel/
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The purpose of the work was to develop two
methods of growing healthy potato microplants
of the Solnechny variety:

— for rapid production of large numbers of
potato microplants;

— for preparation of the Solnechny potato mi-
croplants for transplanting to aerohydroponic
plants.

For the development of the methods, the se-
lection of plant cultivation conditions was car-
ried out to achieve the goals with the lowest
costs. The considered variants of the cultivation
conditions were selected based on the results of
preliminary studies and are presented in Table 1.

The compositions of the nutrient medium
used are given in Table 2.

The composition of the nutrient medium used
as a control is selected based on the literature
sources” '°. For several years, it has been suc-

cessfully used by the authors of this work to
grow healthy potato microplants by microcut-
tings.

Statistica 10.0 software package for Win-
dows was used for statistical processing of the
results. The nonparametric Mann-Whitney test
was used to compare the numerical values of the
indicators.

RESULTS AND DISCUSSION

The results of studying the effect of different
growing conditions on the healthy potato micro-
plants of the Solnechny variety at different cul-
tivation periods are presented in Tables 3 and 4.

Plants of variant 2 differed from the control
plants by increased height (on the 28th day of
cultivation the difference amounted to 25%),
slightly reduced number of the leaves (by 7% on

Taoa. 1. Cxema 3KCIIEpUMEHTOB MO U3YUYECHHUIO BIMSHUS PA3IMYHBIX YCIOBUH BhIpaIllUBaHUs HA 03110~
POBJICHHBIE MUKpOpacTeHus KapTodens copra ConHeuHbII

Table 1. Scheme of the experiments to study the influence of various growing conditions on healthy

microplants of the Solnechny potato variety

Experiment option

Illumination source

Nutrient medium

1. Control

OSRAM fluorescent lamps, cool
daylight, 36 W power

Murashige-Skoog medium
modified for microcutting (MS)

2. To prepare for transplanting plants to
aeroponic systems

Full spectrum LED lamps, power 42 W

MS with reduced agar-agar content
4 g

3. To prepare for transplanting plants to
aeroponic systems

Full spectrum LED lamps, power 42 W

MS with reduced agar-agar content
(4 g/1) and addition of indoleacetic
acid (IAA) at a concentration of
0.1 mg/l

4. To prepare for transplanting plants to
aeroponic systems

Full spectrum LED lamps, power 42 W

MS with reduced agar-agar content
(4 g/1) and addition of [AA ata
concentration of 0.5 mg/1

5. For rapid increase in the number of
plants

OSRAM-3000 K linear LED lamps,
warm white light, 18 W power

MS with the addition of [AA ata
concentration of 0.1 mg/I

6. For rapid increase in the number of
plants

OSRAM-3000 K linear LED lamps,
warm white light, 18 W power

MS

*Trofimets L.N., Boyko V.V., Anisimov B.V. et al. Virus-free potato seed production: recommendations. Moscow: Agropromizdat,

1990.

Lebedeva N.V. Influence of nutrient medium composition on the formation of potato microplants under in vitro conditions:
extended abstract of candidate’s thesis in agriculture, Moscow, 2015.
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Taoda. 2. CocraBbl IUTATEIBHON CPE/IbI ISl BBIPALIMBAHUS 03/10POBJICHHBIX pacTeHUN KapTodens, Mr/i
Table 2. Compositions of the nutrient medium for growing healthy potato plants, mg/1

MS with reduced agar lc\glsltgfzfdﬁ)czg JEA| MS with the ad-
Composition MS with reduced | content and the addi- it e dition of [AA at a
. MS . addition of [AA at a .
of the medium agar-agar content | tion of IAA at a con- . concentration of
. concentration of 0.5
centration of 0.1 mg/l mg/l 0.1mg/1
Macro salts
NH,NO, 825 825 825 825 825
KNO, 950 950 950 950 950
CaCl,  2H,0 220 220 220 220 220
MgSO, 4H,0 185 185 185 185 185
KH,PO, 85 85 85 85 85
H,BO, 3,1 3,1 3,1 3,1 3,1
MnSO, 4H,0 11,15 11,15 11,15 11,15 11,15
CoCl,-6H,0 0,0125 0,0125 0,0125 0,0125 0,0125
ZnSO, - TH,0 4,3 4,3 4,3 4,3 4,3
CuSO, - 5H,0 0,0125 0,0125 0,0125 0,0125 0,0125
Na,MoO, ' 2H,0 0,125 0,125 0,125 0,125 0,125
KI 0,415 0,415 0,415 0,415 0,415
Iron chelate
Fe, SO, 7H,0 13,9 13,9 13,9 13,9 13,9
Na,- EDTA 2H,0 18,65 18,65 18,65 18,65 18,65
Thiamine 2,5 2,5 2,5 2,5 2,5
Pyridoxine 5 5 5 5 5
AC-K 2,5 2,5 2,5 2,5 2,5
Growth regulators
Saccharose 30000 30000 30000 30000 30000
Agar-agar 7000 4000 4000 4000 7000
IAA - - 0,1 0,5 0,1

the 28th day) and reduced total surface area of
the leaf plates (by 19% on the 28th day). There
was a tendency to increase stem weight on the
28th day of cultivation.

In plants of variant 3 on the 28th day of cul-
tivation, the height was 23% lower than in the
control, the number of internodes was 24%
lower (1.3 pieces), and the number of leaves
was 26% lower. There was also a tendency to
decrease leaf and shoot weight, as well as to in-
crease the weight of the root system.

Starting from the 7th day of cultivation, the
number of internodes and leaves was reduced in

the plants of variant 4 compared to the control.
On the 28th day of cultivation, the difference in
the number of internodes was 24% (1.3 pieces),
in the number of leaves — 14%. Rhizogenesis
was accelerated in the plants of this variant, and
on the 28th day of cultivation the weight of the
root system was 117% higher than in the control.
At the same time, the total surface area of lami-
nas was reduced by 39%.

There was an increase in plant height of vari-
ant 5 compared to the control, on the 28th day of
cultivation the difference amounted to 70%. The
leaf mass of plants of this variant was reduced

PactreHneBoncTBO M ceneKIus
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Tao6a. 3. BrusHue pa3anyHbIX YCIOBUH BhIpalllMBaHUs HAa IOKA3aTeIH Pa3BUTUSI MUKPOPACTCHUN KapTo-

¢ens copra CoaHeUHbBIH

Table 3. The influence of various growing conditions on the development indicators of potato
microplants of the Solnechny variety

Experiment 24 hours
option 3rd 7th 14th 21st 28th
Height, cm

1 (control) 0,16 £0,02 0,41 +£0,05 2,65+0,22 4,18+ 0,32 6,06 £ 0,41
2 0,10 £ 0,02 0,30 £ 0,03 2,89 +0,30 5,59 £ 0,49%* 7,57 £ 0,54%
3 0,16 £0,02 0,48 £ 0,07 2,03 £0,23* 3,30 £ 0,37* 4,60+0,41%*
4 0,11+ 0,02 0,30 £ 0,04 2,55+0,30 4,13 +0,43 5,78 +£ 0,39
5 0,21 +£0,04 1,07 + 0,14%** 4,70 £ 0,44 7,39 £ 0,57%** 10,27 £ 0,65***
6 0,16 £0,03 0,76 £ 0,11%%* 4,72 £ 0,39%** 7,61 £0,57%** 10,49 = 0,56%**

Number of nodes

1 (control) 0,02 £ 0,02 0,55+ 0,09 2,39+0,15 3,13+£0,21 5,22+ 0,30
2 0+0 0,51 £ 0,09%** 2,17+0,16* 3,41 £0,24%** 5,11 +£0,26
3 0,02 £ 0,02 0,67 £ 0,12%** 1,69 £ 0,16%** 2,71 £0,26%** 3,94 £ 0,30%**
4 0,04 £ 0,03 0,34 + 0,08%** 1,72 £ 0,19%** 2,85 £ 0,25%** 3,94 4+ 0,24%**
5 0,02 £ 0,02 0,81 + 0,11%* 2,83 +£0,19 3,91 £ 0,26%** 5,30+ 0,28
6 0,04 £ 0,04 0,89 £0,12%* 3,28 £0,16% 4,37 £ 0,22%%* 6,13 £0,25%

Number of leaves

1 (control) 0,09 £ 0,05 0,80+ 0,13 3,52 +£0,21 4,44 +0,27 6,20 + 0,33
2 0+0 0,89 & 0,14*** 3,15+ 0,23%* 4,75 + 0,30%*** 5,80+ 0,27*
3 0,05 £ 0,04 0,96 £ 0,17%** 2,42 £ 0,25%** 3,47 £0,32%** 4,60 £ 0,34%***
4 0,04 £ 0,03 0,60 £ 0,14%** 2,73 £0,27** 4,17 £ 0,30%*%* 5,32 £ 0,24%**
5 0,04 £ 0,02 1,22 + 0,19** 3,54 +£0,24 4,82 + 0,29%** 6,18 £ 0,31
6 0,05 £ 0,05 1,24 £0,17** 4,09 + 0,19 5,13 £ 0,25%** 6,65+ 0,27

Number of plants with emerging roots

1 (control) 6 45 73 75 75
2 15 45 74 75 75
3 13 46 73 75 75
4 21 50 75 75 75
5 10 49 74 75 75
6 17 73 75 75 75

Note. Differences are statistically significant compared to the control group:

*p < 0,05,

#%p < 0,01,

w3k < 0,001,
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Taoxa. 4. Biausaue Ppa3JINYHBIX yCJ'IOBHI?I BbIpalllMBaAHUA Ha MOp(bOJ'IOFI/I‘{eCKI/IC TMOKa3aTejin 0O3J0POBJICH-

HBIX MUKpopacTeHnil copra ComHeuHbIN Ha 28-€ CyTKH KYJIETHBHUPOBAHHUS

Table 4. The influence of various growing conditions on the morphological parameters of healthy
microplants of the Solnechny variety on the 28th day of cultivation

AP | ot g [ Sm g, g| W00 | Rotspem | oot tom | Toul o i
1 (control) | 0,48+0,08 | 044+0,06 | 091+0,13 | 041+0,07 | 592+0,33 4314028

2 0,46+ 0,07 | 0,57+0,08 | 1,04+0,14 | 039+005 | 5383+039 3,51 +0,20%*

3 0244004 | 038+0,06 | 0,62+0,10 | 081+0,19 | 536%0,40 4,09 + 0,50

4 0,37+0,07 | 0,39+0,06 | 0,77+0,12 | 0,89+ 0,14** | 6234029 | 2,64+0,26%**

5 0,25 +0,04* | 0,60 £0,09% | 0,85+0,12 | 0,89+0,16 | 7,02+048*% | 2,03+0,20%%**

6 0,26+0,04 | 0,52+0,07 | 0,78+0,11 | 0,71£0,12 | 692+031* | 2,67+0,24%%x

Note. Differences are statistically significant compared to the control group.:

*p < 0,05,
*xp < 0,01,
w55 p <0,001.

by 48%, stem mass was increased by 36%, the
total lamina surface area was reduced by 53%.

Plants of variant 6 differed from the control
by increased height (73% difference on the 28th
day) and the number of internodes (by 20%, or 1
piece), accelerated rhizogenesis, increased root
system length (by 17% on the 28th day of culti-
vation), and decreased total leaf area (by 39% on
the 28th day of cultivation).

When calculating the economic efficiency of
the application of different conditions for grow-
ing potato microplants, only the cost of nutrient
medium of different composition, purchase and
operation of different lighting sources were tak-
en into account, since all other costs were the
same.

When calculating the cost of using different
lighting sources, the following characteristics
were taken into account: cost per lamp, rec-
ommended lifetime, luminous flux and power
consumption. When calculating the cost of one
month of operation, the different number of
lamps of different types required to illuminate
one section of the experimental rack in accor-
dance with the requirements of the methodology
of growing potato plants in vitro was taken into
account. The cost of nutrient medium of different
composition and the cost of using different light

sources in accordance with the studied variants
are presented in Table 5. The period of operation
of lighting sources (one month) was chosen due
to the fact that the preparation of nutrient medi-
um for repeated microclonal propagation occurs
once a month. 250 tubes with microplants are
placed on one section of the light rack. Growing
250 microplants for one month requires 2.5 li-
ters of nutrient medium.

The studied variants differed significantly in
the costs of nutrient medium and light sources.
The cheapest were variants 5 and 6, the most ex-
pensive was variant 1 (control).

CONCLUSION

Based on the conducted studies, two meth-
ods of growing healthy potato microplants of
the Solnechny variety under in vitro laborato-
ry conditions were developed. The cultivation
variant including the use of full-spectrum LED
lamps and Murashige- Skoog nutrient medium
modified for microcuttings with a reduced con-
tent of agar-agar (4 g/l) and addition of TAA at
a concentration of 0.5 mg/l is recommended to
be used to prepare the Solnechny variety potato
microplants for transplanting to aerohydroponic
plants. In order to quickly obtain a large num-
ber of potato microplants of the Solnechny pota-
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Taoba. 5. CtouMocTh MUTATENBHON CPEIbI U OTHO-
TO Mecsila SKCILTyaTallud HCTOYHUKOB OCBEILICHUS

110 BapuaHTaM B COOTBCTCTBHU CO CXEMOH JKCIIe-
PUMEHTA B paCuCTC Ha OJHY CCKIIMIO CBCTOBOT'O
CTCJlIaxKa, p.

Table 5. The cost of the nutrient medium and 1

month of operation of the lighting sources according
to the options in accordance with the experimental

design per one section of the light rack, rubles

Exper- Cost of the Costs for one Ttohtal C(;S.ts t
iment | nutrient me- | month of lamp op- on e;u nen
option dium eration anr(rileliglﬁglng
L(con-1 149 50 740,40 880,90
trol)
2 95,50 621,00 716,50
3 95,53 621,00 716,53
4 95,55 621,00 716,55
5 140,53 266,00 406,53
6 140,50 266,00 406,50

to variety, it is recommended to use cultivation
variant 6, in which linear LED lamps and the
Murashige- Skoog nutrient medium modified

for microcuttings are used.
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DOu31n0JI0r0-0HOXUMHUYECKAs OI[€HKA MOPO30CTOHKOCTH BUHOTPajIa
B KpacHomnapckom kpae

<) Kucenena I'K., Uabuna U.A., 3anopo:xken H.M., XoxJioBa A.A.

Cesepo-Kasxasckuil ghedepanbHulii HAYUHbIL YeHMpP ca00800CMEd, BUHO2PAOAPCMEA, GUHOOETUs.
Kpacnonap, Poccus

(X)e-mail: galina-kiseleva-1960@mail.ru

[IpencraBnensr pe3yiabTaTsl (U3AOIOTO-OMOXUMUIECKOH OIEHKH MOPO30CTOMKOCTH IIECTH COp-
TOB BUHOTPAJ[a Pa3IMIHOTO HKOJIOTO-TeorpahndecKoro MporUCXoKIeHH B yCIoBUsIX KpacHomapckoro
kpast: Jocroinslii, Kpacnocron A3OC, Bocropr (Poccust), Kpucrann (Benrpust), Anurore (Ppan-
uus), 3apu¢ (Tamkukucran). B xone uccnenoBaHusi OBOAHEHHOCTh MOOETOB OMPEACISUTH BECOBBIM
METO/IOM I0CJIe BBICYIINBaHUS HaBecok B TepmocTare npu 105 °C 1o nmoctosHHON Macchl. Comepika-
HUE yTJIEBOJOB (Kpaxmalia ¥ PaCTBOPUMBIX CaXxapoB) ONPEACISIH (POTOKOIOPUMETPUIECKIM aHTPO-
HOBBIM METOJIOM, KOHIIEHTPAITMIO TIPOJIMHA — METOIOM KallMIIJISIPHOTO AIIeKTpodopesa. YCTaHOBIIEHO,
YTO OBOAHEHHOCTH MOOETOB ¥ CO/Iep KaHNe KpaxMaja CHIDKAIHNCh B TEUYCHHE OCEHHE-3UMHETO TepH-
ofla W 3aBHUCceNH OT copta. Y coproB Kpucrami, Kpacnocton A30C, Boctopr obHapyxeHo Hanbosb-
1Iee CHIKEHUE OBOJIHEHHOCTH TKaHel moberos (Ha 13,54—15,11%), Torna kak y Anurore u 3apuda
JTAHHBIN MMOKa3zareas CHU3MWICS Ha 6,50 1 7,83% cOOTBETCTBEHHO. Y BCEX M3YyYaEeMBIX COPTOB BEISIBIIC-
Ha TIOJIOKUTENbHAS KOPPENISAINOHHAS 3aBUCUMOCTh MKy OBOJHEHHOCTHIO IIOOETOB M COAEPKAHIEM
kpaxmana (r = 0,91). B pesynprare ruaponusa 3amacHoro kpaxmana y coproB Kpucramn, KpacHoctomn
A30C, Boctopr conepxkanue caxapo yBeianumiioch B 1,90-1,98 paza, y Anurore u 3apuda—s 1,22 u
1,41 paza. OtpuuarenbHasi Koppersauus 3ahuKCHpoBaHa MEKAY COAEPKaHHEM KpaxMalla i pacTBOPH-
MBIX caxapoB (7 = —0,88). IloBbIIeHHAs KOHIIEHTPAIIUS IPOJIMHA K HaYaly Meproja MOKOsl OTMEUYEeHA
y coproB Kpucramn, Kpacnocron A3OC, Bocropr (20,01-25,34 MKI/T chIpo#t Macchl), y AUrore
u 3apuda BeMMUWHA JAHHOTO TMOKa3aTens coctaBmia 15,16—18,04 MKT/T chIpoii Macchl. BEISIBICHBI
KOPPEISIIUOHHBIE 3aBUCUMOCTH MEXIY paccMaTpUBaeMbIMH (PU3HUOJIOTO-ONOXUMHYECKIMH TTapame-
Tpamu. boJee BRICOKYIO KOPPEISAINI0 HAaOMIa MeKIy OBOIIHEHHOCTRIO U COMIEpyKaHUEM KpaxMaia
(r=10,91), uem Mex1y OBOJJHEHHOCTBIO U cojiepkanueM nponuHa (r =—0,47). CoracHo pe3ylibraraMm
uccnenosanus, copra Kpucrami, Kpacaocron A3OC, BocTopr, BelienuBIIUECs 10 (PU3NOIOr0-0no-
XUMHYECKUM TTOKa3aTesIM KaK BRICOKOYCTOMYMBBIE K HU3KUM OTPHUIIATEIBHBIM TEMIIepaTypam, MOTYT
OBITH UCTIONIL30BAHBI B CEJICKIIMH AJISI BBIBEICHHS MOPO30CTOMKHIX COPTOB.

KuroueBblie cji0Ba: BUHOTPA, MOPO30CTOWKOCTh, OBOJJHEHHOCTh, KpaxXMaJl, paCTBOPHMEIE caxapa,
MIPOJIMH

Physiological and biochemical assessment of frost resistance of grapes
in the Krasnodar Territory
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The article presents the results of physiological and biochemical assessment of frost resistance of
six grape varieties of different ecological and geographical origin in the conditions of the Krasnodar
Territory: Dostoyny, Krasnostop AZOS, Vostorg (Russia), Crystal (Hungary), Aligote (France), Zarif
(Tajikistan). Shoot water content was determined by the gravimetric method after drying the samples
in a thermostat at 105 °C to constant weight. The content of carbohydrates (starch and soluble sugars)
was determined by photocolorimetric anthrone method, the concentration of proline was determined
by capillary electrophoresis. It was found that shoot water content and starch content decreased during
the autumn-winter period and depended on the variety. The Crystal, Krasnostop AZOS, Vostorg va-
rieties showed the greatest decrease in shoot tissue water content (by 13.54-15.11%) compared to
the Aligote and Zarif varieties, for which this indicator decreased by 6.50 and 7.83%. All the studied
varieties demonstrated a positive correlation between shoot hydration and starch content (» = 0,91).
As a result of reserve starch hydrolysis, the sugar content increased by 1.90-1.98 times in Crystal,
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Krasnostop AZOS, Vostorg, compared to Aligote and Zarif, where it increased by 1.22 and 1.41 times.
A negative correlation was observed between starch and soluble sugar content (» = —0,88). Increased
concentration of proline by the beginning of the dormancy period was observed in the varieties Crys-
tal, Krasnostop AZOS, Vostorg (20.01-25.34 pg/g crude weight), in Aligote and Zarif the value of this
indicator amounted to 15.16—18.04 pg/g crude weight. Correlation dependencies between the studied
physiological and biochemical parameters were revealed. A higher correlation was observed between
water content and starch content (» = 0.91) than between water content and proline content (» =—0.47).
The varieties Crystal, Krasnostop AZOS, Vostorg, distinguished by physiological and biochemical
indicators as highly resistant to low negative temperatures, can be used in selection for developing

frost-resistant varieties.

Keywords: grapes, frost resistance, water content, starch, soluble sugars, proline

s uurupoBanus: Kucenesa I'K., Unvuna H.A., 3anopoowcey H.M., Xoxnosa A.A. ®uznonoro-omoxmMudeckas OLECHKA
MOpOo30CToiikocTH BUHOrpana B Kpacuomapckom kpae // CHOMPCKHiA BECTHUK CEIIbCKOXO3sHCTBeHHON Hayku. 2025. T. 55. Ne 2.

C. 35-42. https://doi.org/10.26898/0370-8799-2025-2-4

For citation: Kiseleva G.K., Ilyina I.A., Zaporozhets N.M., Khokhlova A.A. Physiological and biochemical assessment of frost
resistance of grapes in the Krasnodar Territory. Sibirskii vestnik sel skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2025, vol. 55, no. 2, pp. 35—42. https://doi.org/10.26898/0370-8799-2025-2-4

KondaukT naTEpEecoB

ABTOpBI 3asBIISIFOT 00 OTCYTCTBUM KOH()IUKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

In most countries grapes are considered an
economically important agricultural crop. Cur-
rently, about 12 thousand grape varieties are
known, the area of its cultivation in the world is
over 6.7 million hectares [1]. In the Krasnodar
region vineyards occupy 24.8 thousand hect-
ares, i.e. 28.3% of the total area of vineyards in
Russia [2]. In recent years, not only the area of
cultivation, but also the gross harvest and yield
of this crop have increased in the Krasnodar Ter-
ritory [3]. At the same time, there is a decrease in
the adaptability of some varieties [4]. This prob-
lem is associated with the change of weather and
climatic conditions in the region, in particular,
with the decrease in recent years of minimum
winter air temperatures by 2.2 °C. If in 1977—
1996 temperatures below -18 °C were observed
1 time, in 1997-2017 extremely low tempera-
tures were recorded 5 times. In other countries
of the world, changes in the growth and develop-
ment of grapevine affecting its adaptability have
also been observed [5, 6].

Low winter temperatures are the main abiot-
ic stressor affecting the growth and productivity
of grapes. In this regard, winter hardiness and
frost resistance are important components of
the adaptive potential of grape varieties in the

breeding programs. Physiological and biochem-
ical parameters serve as reliable diagnostic crite-
ria of plant resistance to abiotic stresses and are
often used to identify winter-hardy and low neg-
ative temperature tolerant varieties of various
agricultural crops. It has been shown that carbo-
hydrates (starch and sugars) play an important
role in ensuring winter hardiness of nut, grain
and fruit crops, as well as grapes [7-13]. An ex-
tensive list of metabolites (phenolic compounds,
ascorbic and abscisic acids, proline, antioxidant
enzymes) ensures the ability of plants to survive
in unfavorable conditions [8-10, 14].

Objectives of the study:

1) assessment of the degree of frost resistance
of grape varieties of different ecological and
geographical origin by a number of physiolog-
ical and biochemical parameters;

2) selection of the most frost-resistant variet-
ies for subsequent cultivation in the Krasnodar
region and use in the breeding process.

MATERIAL AND METHODS

The study was conducted in the autumn-win-
ter period 2022/23. The objects of research were
interspecific grape hybrids of different ecologi-
cal and geographical origin: Dostoiny, Krasnos-
top AZOS, Vostorg (Russia), Crystal (Hungary),
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Aligote (France), Zarif (Tajikistan). Variety sam-
ples were provided by the Center for Collective
Use “Anapa ampelographic collection” of the
Anapa Zonal Experimental Station — a branch of
the Federal State Budgetary Institution ‘“North
Caucasian Federal Scientific Centre of Horticul-
ture, Viticulture, and Winemaking”.

The plants were of 1995, scion — Kober 5BB.
Formation — bilateral high-stemmed spiral cor-
don AZOS. The planting scheme was 3.0 x
2.5 m, soil — southern carbonate chernozem.

Water content of the shoots was determined
by the weight method after drying the samples in
the thermostat at 105 °C to constant weight ex-
pressed as a percentage of the raw weight [12].
The content of starch and sugars was determined
by photocolorimetric anthrone method', proline
concentration was determined by capillary elec-
trophoresis on a Kapel 104P device according
to the methodology based on obtaining an elec-
trophoregram by direct detection of absorbing
components of the sample’.

The instrumentation of the Center of collec-
tive use of high-tech equipment of the North
Caucasian Federal Scientific Centre of Horti-
culture, Viticulture, and Winemaking was used.
The measurements were carried out in threefold
analytical repetition on ten annual shoots of each
variety®. The calculations were performed using
the program package Microsoft Excel 2010.

According to the data of Anapa weather sta-
tion, the average annual air temperature in the
research area is 12.5...13.5 °C, during the peri-
od of active vegetation of grapes (May — Sep-
tember) it reaches 20.5 °C, during the period of
forced dormancy of plants (January — February)
it is up to 2.7 °C. The minimum temperature
during the wintering period of grapes can fall to
—26 °C. The annual sum of atmospheric precipi-
tation is 550—-600 mm [15].

In the autumn-winter period 2022/23, average
monthly air temperatures gradually decreased
from 20.5 °C in September to 3.3 °C in Feb-
ruary. The minimum air temperature (—10 °C)
was recorded in January 2023, and the maxi-
mum (27.7 °C) in September 2022. The average
monthly precipitation amounted to 29-107 mm
(see fig. 1).

RESULTS AND DISCUSSION

The period of preparation for winter dorman-
cy, which begins in September, plays an import-
ant role in the formation of winter hardiness of
vines. The strongest influence on the completion
of tissue maturation processes and the passage of
hardening phases is exerted by the temperatures
of autumn months. During hardening, complex
physiological and biochemical changes occur
such as accumulation of reserve nutrients, os-
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Fig. 1. Meteorological conditions at the research
site
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moprotectants, outflow of water from cells with
subsequent reduction of water content [10, 12].

According to some researchers, the water
content of non-woody shoots of grapevine is
65-80%, by the end of the growing season it de-
creases to 45-55%, in winter it can reach 50%. In
frost-resistant varieties water content of shoots
and buds decreases to a greater extent [10—12].

In our study, water content of shoots de-
creased during the autumn-winter period and
depended on the variety. In September, the max-
imum water content was observed in Zarif vari-
ety (65.35%), and the minimum was recorded in
the Aligote variety (55.04%) (see the Table).

By January, when grape plants showed the
greatest frost resistance, shoot water content de-
creased to 42.61-57.23% depending on the vari-
ety. It decreased most of all in the varieties Crys-
tal, Krasnostop AZOS, Vostorg by 15.11; 13.54;
13.81%, respectively, which indicates their in-
creased frost resistance. Water content of the
Dostoiny variety decreased by 11.99%, Aligote
by 6.50, Zarif by 7.83%. In February, shoot wa-
ter content did not change significantly. Similar
dynamics of water content of annual shoots and
buds in the autumn-winter period was found in
grapes under conditions of Iran and Turkey [10,
12].

Carbohydrates make a significant contribu-
tion to the realization of the potential of frost
resistance of grapes. By the fall (September —
October) the vine contains up to 20% of carbo-
hydrates (starch and sugars) [11]. Starch under

the action of low negative temperatures is trans-
formed into sugars that perform osmoprotective
function. Not only the high content of carbohy-
drates, but also the degree of starch conversion
into sugars is important for a favorable overwin-
tering. It was found that in more frost-resistant
varieties of various horticultural crops (walnut,
apple, almond, plum), as well as grapes, starch
hydrolysis begins earlier and proceeds more in-
tensively [7, 8, 11, 12].

In our studies, the starch content in the shoots
in September amounted to 29.32-35.05 mg/g
dry weight (see fig. 2, a). Throughout the au-
tumn-winter period, the starch concentration
decreased, and in January it amounted to 15.82-
25.30 mg/g of dry weight, depending on the va-
riety. A positive correlation between shoot water
content and starch content was observed in all
the studied varieties; as water content decreased,
the amount of starch decreased. The average
correlation coefficient 7 between these indicators
for September — February was equal to 0.91. It
was found that to a greater extent the concentra-
tion of starch decreased in the varieties Crystal,
Krasnostop AZOS, Vostorg by 1.95; 1.90; 1.99
times, respectively. In the variety Dostoiny it de-
creased by 1.66 times, Aligote and Zarif by 1.31
and 1.33 times.

As a result of starch hydrolysis, the value
of the sum of soluble sugars (glucose, sucrose,
fructose) increased. In September, it amounted
to 12.01-16.91 mg/g of dry weight, depending
on the variety (see fig. 2, 6). In January, by the

OBOITHEHHOCTD TOOETOB B OCeHHE-3uMHMH niepruon 2022/23 1., %
Water content in grape shoots in the autumn-winter period 2022/23, %

Variety September October November December January February
Crystal 65,15+0,23 | 60,08+0,57 | 57,25+ 1,17 | 55,42+ 0,47 | 50,04 +0,42 | 50,26 + 0,57
Dostoyny 55,16+1,43 | 51,31 +£0,19 | 47,43 +1,03 | 45,49+0,71 | 43,17+0,73 | 43,52+0,32
Krasnostop AZOS | 57,97 +0,19 | 55,61+0,27 | 49,51 +0,49 | 47,27+0,73 | 44,43 +£0,72 | 44,08 0,32
Vostorg 56,42 +0,68 | 53,03+0,41 | 46,41 +£1,12 | 45,81 +0,64 | 42,61 +1,08 | 42,20+ 0,81
Aligote 55,04+0,40 | 5341+1,25 | 50,42+0,73 | 49,08+0,91 | 48,54+0,57 | 48,37+ 1,01
Zarif 65,35+ 0,46 | 62,27+0,71 | 60,54+0,27 | 58,29+0,97 | 57,23 +£0,28 | 57,52+0,35

Note. The differences are significant between varieties and months according to the t-test at p < 0,05.
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time of the end of starch hydrolysis, the con-
tent of soluble sugars reached 18.71-32.98 mg/g
of dry weight. A negative correlation between
the content of starch and soluble sugars was
revealed (» = —0,88). Thus, in winter, enrich-
ment of the shoots with sugars occurs due to the
breakdown of starch. The most intensive process
of conversion of starch into sugars was observed
in the varieties Crystal, Krasnostop AZOS, Vost-
org, as a result of which the content of sugars in
these varieties increased by 1.90; 1.98 and 1.95
times, respectively. In comparison with them the
concentration of sugars in Aligote and Zarif in-
creased by 1.22 and 1.41 times.

One of the most important metabolites in-
volved in the formation of frost resistance of
plants is the amino acid proline. Studies have
reported an increase in proline content in re-
sponse to low temperatures in various berry and
grain crops. However, the increase in its content,
which is necessary to achieve a certain level of
frost resistance, occurs only after exposure to
hardening temperatures [8]. Thus, a sharp in-
crease in proline content was observed during
the hardening period in industrial table grape
varieties [10].

In our studies in September, the increased
level of proline was observed in the variet-
ies Crystal, Krasnostop AZOS, and Vostorg at
20.01-25.34 pg/g of crude weight (see fig. 2, ¢).
Proline content increased until the middle of
winter. While in September the value of this in-
dex reached 15.16-25.34 pg/g crude weight, in
January it varied from 52.05 to 87.06 ug/g crude
weight depending on the variety. In all the stud-
ied varieties, proline concentration increased by
3.20-3.60 times. A negative correlation between
shoot water content and proline content was re-
vealed; as shoot tissue water content decreased,
the amount of proline increased. The average
correlation coefficient » for September—February
was equal to —0,47.

CONCLUSION

As a result of the conducted physiological
and biochemical evaluation of six grape vari-
eties of different ecological and geographical
origin for frost resistance by indirect indicators

of resistance, the highly frost-resistant varieties
Vostorg, Crystal and Krasnostop AZOS have
been selected.

For these varieties during the autumn-win-
ter period the following features have been re-
vealed:

1) greater reduction in shoot water content
(by 13,54-15,11%) as compared to the Aligote
and Zarif varieties, which had a decrease of
6,50-7,83%;

2) more complete hydrolysis of starch, as a
result of which the content of sugars increased
by 1.90-1.98 times, in Aligote and Zarif — by
1.22 and 1.41 times, respectively;

3) increased level of proline content by the
beginning of the dormancy period (20.01-25.34
ng/g crude weight), in Aligote and Zarif it was
15.16-18.04 pg/g of crude weight.

Correlations between the studied physio-
logical and biochemical parameters were es-
tablished. A higher correlation was observed
between water content and starch content (r =
0.91). The correlation coefficient between water
content and proline content was equal to —0,47.

Thus, the high-frost-resistant varieties Vost-
org, Crystal and Krasnostop AZOS can be used
in breeding for the development of frost-resis-
tant varieties.
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¢ ¢eKTUBHOCTH UCIOJIb30BAHUSA a3PO- U TMIPONOHHBIX YCTAHOBOK NPH
BbIpAllMBAHMU MUHUKJIYOHEeH kapTodeis
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Cubupckuii Hay4HO-UCCIe008AMENbCKULL UHCIMUNY M PACMEeHUe800CmEa U CeleKyuu —
Qunuan PedepanbHoeo Uccied08amenbeKo2o yeHmpa « Mnemumym yumono2uu u 2enemuxu
Cubupcrozo omoenenus Poccuiickoii akademuu Hayky

HoBocubupckas obnacts, p.i. KpacHooock, Poccust

(<)e-mail: kristina.koloshina@yandex.ru

[IpoBeneHpl HccIeOBaHUS TI0 BBIPAIIMBAHUIO MHHUKIYOHEH KapToQels YeThpeX COPTOB Ha
a’po- U TUAPOIIOHHBIX YCTAHOBKAX B CPABHEHUH C TPAJUIMOHHBIM CIIOCOOOM MOITY4YCHUS] MUHHUKITYO-
Hell (B mone). Jly4muii pe3ynbTar MoimydeH Ha a’pONOHHBIX YCTAaHOBKaX, ypoKall MUHUKIYOHEH C
OJTHOTO pacTeHHs cocTaBuia 54,1 mIT., Ha THAPOTIOHHBIX YCTAHOBKAX U B 1OJI€ OH ObUT MeHbIIE B 5,0 1
5,6 paza. Copra xapTodems mo-pasHoMy pearupoBaIl Ha KOHTPOIHUPYEMBIC YCIOBHUS adPOIIOHUKH U
ruaponoHuku. bonee agantupoBaHHbBIMU OKa3anuch copra CoKyp U 31marka ¢ ypo:kaeM COOTBETCTBEH-
Ho 77,8 n 60,0 wt. Ha a’pononuke u 17,5 u 11,2 wTt. Ha ruapononuke. MeHee aganTUPOBAHHBIMU
obutn copra Jluna u Cado c yporkaem Ha asporionuke 35,5 u 43,0 wT., Ha rugpononuke — 8,0 u 6,1 mrT.
COOTBETCTBEHHO. MCKyCCTBEHHBIE YCIOBUS BBIPALIMBAHUS MUHUKIYOHEH KapTo(elss 1 MoKa3aHus K
yOOpKe MUHUKITYOHEH TI0 pa3Mepy, KOTOPhIE OMPEICISIIOT 3pEI0CTh KIIYyOHs, He MO3BOJSUIA PEaanu3o-
BaTh COPTOBOM MOTEHIIMAJ COPTa IO COAEPKAHHUIO CYXOTO BellecTBa U Kpaxmaina. HemoOop mo atum
[0Ka3aressiM cocTaBisieT B cpeaneM 6,2 u 4,4% no a3ponoHHbIM ycTaHOBKaM U 6,7 u 4,2% — 0o ru-
JIPOTIOHUKE 10 CPABHEHUIO C TTOJIEBBIME KITYOHSIMH. BBICOKUIT ypoxkaii (YUUCIIO MUHHKITYOHEH C OTHOTO
pacTeHus1) — OCHOBHOM IOKa3arenb MpH MPOU3BOACTBE HCXOJHOIO MaTepuala JUulisi CEMEHOBOJCTBA
kaptoderst, OH 1aeT OCHOBaHUE CUUTATh adPOTIOHHBII METO/ MOTyYeHNs MUHUKITYOHEH JTydIeil ab-
TEpHATUBOW TPAJUIMOHHBIM CIIOcO0aM IMOTYYEeHHUs] MaTepHaja B ToJie W Teruiniax. JJaHHbIid MeTos
MTO3BOJISIET 3HAYUTEIHHO YBEIUIUTH TIPOU3BOJCTBO MHHUKITYOHEH, COKpAaTHTh MPOIIeCC MPOU3BOCTBA
CEMEHHOTO MaTepuaia 3a CUeT YBeTHIeHHUs Kod(pPUIeHTa Pa3SMHOKEHHUS B TNTOMHUKAX.

KuaroueBsbie ciioBa: kaprodels, adpornoHnKa, THAPOTIOHNKA, MUHUKITYOHH, KITyOHE00pa3oBaHUE

Efficiency of using aeroponic and hydroponic plants in growing potato
minitubers

(<) Koloshina K.A., Polukhin N.I., Avdeenko K.V.

Siberian Research Institute of Plant Production and Breeding — Branch of the Institute
of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<)e-mail: kristina.koloshina@yandex.ru

Studies on growing potato minitubers of four potato varieties on aeroponic and hydroponic plants
in comparison with the traditional method of minitubers production (in the field) were carried out.
The best result was obtained on aeroponic plants, the yield of minitubers from one plant amounted
to 54.1 pieces, on hydroponic plants and in the field, it was less in 5.0 and 5.6 times. Potato varieties
responded differently to controlled aeroponics and hydroponics conditions. The varieties Sokur and
Zlatka were more adapted with the yields of 77.8 and 60.0 pieces, respectively, on aeroponics and 17.5
and 11.2 pieces on hydroponics. Lina and Safo varieties were less adapted with the yields of 35.5 and
43.0 pieces on aeroponics and 8.0 and 6.1 pieces on hydroponics, respectively. Artificial conditions for
growing potato minitubers and indications for harvesting minitubers by size, which determines tuber
maturity, did not allow to realize the varietal potential of the variety in terms of dry matter and starch
content. Underperformance on these parameters averaged 6.2 and 4.4% for aeroponic plants and 6.7
and 4.2% for hydroponics compared to field tubers. High yield (number of minitubers from one plant)
is the main indicator in the production of source material for potato seed production, it gives reason to
consider the aeroponic method of minitubers production as the best alternative to traditional methods
of material production in the field and greenhouses. This method allows to significantly increase the
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production of minitubers, reduce the process of seed production by increasing the multiplication rate

in nurseries.
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INTRODUCTION

At present, innovative technologies of potato
minitubers production are coming to the forefront,
which allow maximizing the acceleration of the
process of potato seeds production on a healthy
basis. The most promising methods are hydro-
and aeroponic methods of plant cultivation, each
of which has its pros and cons [1].

The use of modern technologies for obtaining
potato minitubers with a high multiplication rate
and preserving the effect of health improvementis
an extremely urgent task, it is these technologies
that will determine the prospects and efficiency
of potato seed production [2, 3].

Aeroponics is a high-tech process of growing
plants in an airy environment without the use of
soil, in which nutrients are delivered to the plant
roots in a form of a spray of aerosols [4, 5].

The main advantages of this technology are
that this pathogen-free method of obtaining
healthy plants (with a shortened vegetation period
of plants) has a continuous process of growing
minitubers without depending on weather
and climatic conditions of the environment.

The proposed method allows growing larger
quantities of plants on limited planting areas
than in the open ground or in a greenhouse.
In addition, the absence of soil in this method
eliminates sterilization of the substrate, control
of relevant diseases and simplifies plant care. It
significantly increases the multiplication rate,
eliminates contamination of plants by vectors or
other means [6].

The duration of vegetation of plants under
aeroponics conditions, according to literature
data, can be from four to eight months. During
this period, 45 minitubers can be obtained from
one plant. In traditional cultivation methods, one
plant produces 4 to 8 minitubers within three
to four months and they are harvested in one
go. The new technology allows increasing the
number of minitubers per plant to almost 100 pcs.
According to some authors, the natural potential
of plants can reach 250...300 minitubers per one
plant' [7].

Not all tubers are harvested in one go, they
are harvested over a longer period of time, which
allows for a specific tuber size and stimulates
the plant to form new tubers. All of this makes

Sadbekov D.Zh., Akhmetov S.G., Otto A.S., Demchuk E.V. Aero-hydroponics. The role of research work of students in the
development of agro-industrial complex: Collection of articles of the Russian scientific research conference. Omsk: Omsk SAU
named after P.A. Stolypin, 2020, pp. 265-268. URL:www.elibrary.ru/item.asp?id=42620748&pff=1
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it possible to get a higher yield for the same
production costs.

15 years have passed since the introduction of
hydroponic technologies, but these technologies
have not become widespread in our country.
The reasons are not straightforward: high cost
of equipment, insufficient tuber formation,
need for continuous energy supply, spread of
infections through nutrient solutions. However,
these technologies are very promising for potato
multiplication compared to the traditional method
of obtaining minitubers from microplants in
the ground. Foreign colleagues compared the
efficiency of minitubers production atan aeroponic
facility in comparison with the traditional method
of growing microplants in the ground. According
to the study it was found that the yield on the
aeroponic facility is 7 times higher [8].

The advantage of growing plants in an
aeroponic facility compared to greenhouse
conditions is the creation of optimal regulated
temperature conditions and the frequency of tuber
harvesting. Similar results were achieved in the
experiments on hydroponic facilities [7]. Field
tests of tubers obtained using aeroponics show
that their quality and viability are not lower than
those grown in the traditional way [9]. However,
the production of minitubers on aeroponic
facilities and ensuring the specified productivity
are largely determined by the variety [10-12].
Moreover, the detected varietal characteristics
do not always coincide with the characteristics
of the variety in terms of the growing season
duration, growth and development, and
productivity of the variety when grown in an
open ground. In order to increase the efficiency
of new technologies, further study of variety
behavior under new conditions is required.

The purpose of the research is to determine
the efficiency of using aero- and hydroponic
facilities in the production of potato minitubers.

MATERIAL AND METHODS

The study was conducted in 2017-2019.
A single-tier aeroponic module and two-tier
hydroponic plants were used. The traditional
technology of growing minitubers in the field
was used as a control.

The study included varieties of different
maturity dates: medium-early — Lina and
Safo, medium-maturing — Sokur and Zlatka.
Each variety was planted on at least one plant
or 16 plants. In vitro material obtained in the
laboratory was used for growing minitubers. All
plants were tested for virus content by a PCR
method. The leaf area was determined by the
die-cut method.

The cycle of operations on the plants began
with the planting of test tube plants. Before
planting, the plants were washed from the
agarized medium. During vegetation, plants
underwent three phases of ontogenesis:
adaptation, active growth, and tuberization. The
beginning of tuber formation and its end were
marked.

For each phase, a regulation including
duration of the photoperiod, temperature,
nutrient solution composition, nutrient solution
feeding mode, nutrient solution pH, salt content,
and phase duration is presented. As the nutrient
solution was consumed, it was replenished with
the necessary amount of water. The nutrient
solutions presented by the developers were used
in the experiment.

GOST established a range of minitubers size
from 9 to 60 mm for the category of minitubers,
which was an indicator for harvesting. In
the experiment, when determining plant
productivity (the number of minitubers from
one plant), harvesting was carried out every 3—5
days depending on the variety when minitubers
reached the size of 15-20 mm. Mathematical
processing of the yield data was carried out
accordingto B.A. Dospekhov, for other indicators
it was not carried out. The plot area in the open
ground was 3.9 m2, there were five repetitions,
one for analysis (dynamics of leaf area), single
harvesting. Cultivation of experimental plants
was carried out according to the technology
adopted in seed production.

RESULTS AND DISCUSSION

Growth and development of plants on
aeroponic and hydroponic plants were carried
out under similar conditions as in the field. On
average (for comparison of technologies) the
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beginning oftuber formation was observedinfield
conditions in 48 days, in plants on aeroponic and
hydroponic plants in 62 and 53 days, respectively.
The vegetation period averaged 86 days in field
conditions, 143 and 133 days in aeroponic and
hydroponic conditions, respectively. The feature
“early maturity” in growing potato minitubers
on the installations lost its significance. Thus, the
middle-early variety Safo on aeroponic facilities
started tuberization later than all others, only on
the 72nd day from planting, while the medium-
maturing variety Zlatka began tuberization
on the 65th day. On hydroponic facilities, the
middle-early variety Lina started tuberization on
the 60th day, as well as the medium-maturing
variety Sokur (see Table 1).

One of the indicators that determine the
productivity of plants is the leaf area. In this
study, on average (to compare technologies)
leaf area in all varieties regardless of maturity
group had approximately the same value, 10

days after planting it amounted to 12.7-11.6 cm?
on the plants, in the field it was 11.8 cm?. The
leaf area of the Zlatka variety during the period
of intensive tuber formation was the largest and
amounted to 0.8 m? on aeroponic plants, 0.3
m? on hydroponic plants and 0.9 m? in the field
(see Table 2). With age, hydroponic plants were
inferior in the value of leaf area to aeroponic and
field plants.

The highest yield of minitubers was obtained
on aeroponic plants, on average (for comparison
of technologies) 54.1 tubers were harvested
from one plant. Much less was obtained on
hydroponic plants and in field conditions — 10.7
and 9.7 tubers per plant, respectively (see Table
3).

Among all, two varieties (Lina and Safo)
marked as low-yielding varieties when grown
under controlled conditions, on aeroponic and
hydroponic facilities, they formed respectively
35.5-43.0 units on the first and 8.0-6.1

Taoa. 1. IIporomkuTensHOCTh OCHOBHBIX MIEPHOAOB (POPMUPOBAHUS YpOKasi MUHUKITyOHEH (cpenHee

32 2017-2019 rr), cyT

Table 1. Duration of the main periods of minitubers harvest formation (average for 2017-2019), days

Aeroponic facilities Hydroponic facilities Field conditions
The period from . The period from . The period from
Variety plgntinv to The period plIz)mting to The period plznting to The
= of tuberiza- of tuberiza- period of
the start of the last e the start of | the last . the start of the last s
N ion . tion . tuberization
tuberization | harvest tuberization | harvest tuberization | harvest
Sokur 63 143 80 60 127 67 55 86 36
Lina 50 124 74 60 128 68 50 86 36
Safo 72 157 85 41 140 99 38 86 48
Zlatka 65 150 85 50 137 87 50 86 36

Tao6a. 2. JlnHaMuKa IJIOMIATHN JINCTHEB PACTCHUH KapTodess B IEPUO/ BRIpAIIUBaHUs (CpeIHEe

3a2017-2019 1)

Table. 2. Dynamics of leaf area of potato plants during the growing period (average for 2017-2019)

Aeroponic facilities Hydroponic facilities Field conditions
Variety 10 days Intense tuber forma- 10 days from Intense tuber forma- 10 days from Intense tuber formation
from the . . 5 the sowing, . . ) the sowing, . )
. ) tion period, m ) tion period, m ) period, m
sowing, cm cm cm
Sokur 12,4 0,5 11,8 0,2 11,8 0,8
Lina 10,5 0,6 10,8 0,1 11,0 0,8
Safo 15,0 0,6 13,5 0,2 10,4 0,7
Zlatka 12,8 0,8 10,4 0,3 13,9 0,9
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units on the second plants. Sokur and Zlatka
varieties were the most productive in almost all
cultivation variants, except for the field. Each
plant of these varieties formed respectively: 77.8
and 60.0 pieces on aeroponic facilities, 17.5 and
11.2 pieces on hydroponic facilities. The highest
number of minitubers per plant was obtained by
the variety Sokur (77.8 pcs.), the lowest by the
variety Lina (35.5 pcs.). The most productive
varieties by the number of minitubers per plant in
field conditions were Lina (10.4 pcs.) and Zlatka
(11.2 pcs.). Aeroponic facilities with appropriate
technology were much more efficient than
hydroponic facilities and the field. Aeroponic
technology produced an average of 54.1 pieces
per plant, while hydroponic and field technology
produced 5.0 and 5.6 times less, respectively.
Biochemical parameters of minitubers
obtained on aero- and hydroponic plants had
equal values for dry matter, starch and vitamin C,
but significantly differed from field minitubers

(see Table 4). The dry matter content of aerial
and hydroponic minitubers was 14.9 and 14.4%,
while that of field minitubers was 21.1%, or
1.4 and 1.5 times higher than that of minitubers
from the facilities. Starch content of minitubers
obtained in controlled conditions amounted to
6.6-6.4%, field — 10.8%, or was 1.7 times higher
(see Table 4).

The content of vitamin C on average was
marked approximately the same for all methods
of minitubers production. Minitubers of the Safo,
Zlatka and Lina varieties both on aeroponic and
hydroponic facilities showed high values for dry
matter and starch.

CONCLUSION

Minitubers obtained in the field, on modern
facilities and according to modern technologies
are the main and most common source material
that is used in the establishment of the first field
generation nursery.

Tao6ua. 3. [IpomykTrBHOCTH COPTOB KapTOoderst P BhIpalMBaHUN MUHUKITYOHEH (cpennee 3a 2017-2019 rr)

Table 3. Productivity of potato varieties in the cultivation of minitubers (average for 2017-2019)

Aeroponic facilities Hydroponic facilities Field conditions
Variety Number Number of minitubers Number Number of minitubers Number Number of minitubers
of har- of har- of har-
from one plant from one plant from one plant
vests vests vests
Sokur 13,3 77,8 9,0 17,5 1,0 8,6
Lina 14,0 35,5 13,0 8,0 1,0 10,4
Safo 16,0 43,0 14,0 6,1 1,0 8,6
Zlatka 15,2 60,0 14,0 11,2 1,0 11,2
LSD,, 7,3 4,2 4,1

Taoa. 4. buoxumuyeckuii cocTaB cCOpTOB KapTodelisi IpH BhIpallliBaHU MHUHUKITYOHEH (cpenHee 3a
2017-2019 rr)

Table 4. Biochemical composition of potato varieties in the cultivation of minitubers (average for

2017-2019)
Aeroponic facilities Hydroponic facilities Field conditions
Variety Dry matter, Starch. % Vitamin C, | Dry matter, Starch. % Vitamin C, | Dry matter, Starch. % Vitamin C,
% areh, 7o | mg/100 g % ArchL 70 | mg/100 g % areh, 7o 1 me/100 g
Sokur 11,3 6,5 8,0 10,4 6,0 6,5 18,6 10,0 8,0
Lina 15,2 7,0 8,0 15,0 7,2 7,7 22,8 11,7 8,0
Safo 16,7 6,2 7,7 15,5 6,0 8,0 20,8 10,4 7,5
Zlatka 16,4 6,0 7,9 16,6 7,2 7,0 22,2 11,2 8,0
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The best option for obtaining minitubers from
the methods of soil-less plant cultivation is the
aeroponic method. The efficiency of this method
is determined by optimal conditions of tuber
formation (the latter came when a sufficient leaf
area of 0.6 m? was formed), high productivity
of all the studied varieties in comparison with
hydroponic and traditional (field) methods of
minitubers production. On average it is possible
to get 54.1 minitubers per plant on aeroponic
facilities, while on hydroponics 5.0 times and in
the field 5.6 times less. The success of growing
minitubers on aeroponics and hydroponics
i1s largely determined by the variety, yield
fluctuations by variety can reach 46%, or 42.3
pieces per plant (varieties Sokur and Lina). The
most productive varieties were Sokur and Zlatka
both on aeroponics and hydroponics, the yield of
minitubers per plant for these varieties was 77.8
and 60.0 pcs. on aeroponics and 17.5 and 11.2
pcs. on hydroponics, respectively.

The use of hydroponic facilities for growing
minitubers is justified and effective, especially
in view of year-round cultivation.
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OueHka KOJJIEKIIUOHHBIX 00PAa3110B COM MO X0351iiCTBEHHBIM MPU3HAKAM
U CTPYKTYpe JUCTOBOIO anmapara

X byroBen E.C.!, Jlykpsinuyk JI.M.!, Bypynaykosa O.J1.%, 3psirunueBa C.A.!
L@edepanvroiii nayunviil yenmp acpobuomexnonoeuil /lanvneco Bocmoxa um. A.K. Yatiku
[Ipumopckuii kpaii, I. Yecypuiick, . TumupsizeBckuii, Poccust

2Dedepanbuviil HAYUHLLIL YeHmp OUOPA3HO0OPasUs HazemHol 6uomsl Bocmounoi Azuu
Jlanvresocmounozo omoenenus Poccutickoii akademuu Hayk

[Ipumopckuii kpali, Bnagusoctok, Poccus

(<X)e-mail: otdelsoy@mail.ru

[IpuBeneHbI pe3ynbTaThl H3yYEHUS XO3SIMCTBEHHBIX MPU3HAKOB K MOP(OJIOTHYECKHX TTOKa3aTesen
JIMCTHEB KOJUIEKLIMOHHBIX 00pa3oB COU, BBIPALICHHBIX B YCIOBHsIX [IpuMopckoro kpas. YcraHoBie-
HO BIUSHHUE CTPYKTYpPHBIX DJIEMEHTOB JIUCTAa HA ypOXKaWHOCTH KyJIbTypbl. HaydHble mccienoBaHus
BeImonHATINCh ¢ 2021 mo 2023 . B nmaboparopun cenekiuu cou. CTaOMiIbHBIE BBICOKHE 3HAUEHUS
YPOXKaMHOCTH HAONIONAIM Y COPTOB POCCHMCKOTO MpoucxoxaeHus — IIpumopckas 4 (277,1 t/m?),
bpus (286,4 r/m?), Ipumopckast 13 (290,7 r/m?). KpyHOCEMSHHOCTBIO Xapakrepu3oBaiuch 33,3%
o0pasioB cou (Macca 1000 cemsta 6omee 190 r). Beicokoe copeprkanue Oenka B ceMeHax (Oonee 40%)
chopmupoBasiocs y obpasunoB Kuoro, bpus, [Ipumopckas 13; macna (6onee 24%) — [Ipumopckas 4,
XN 4, [lIapm. KpymHbIM pa3MepoM JHCTOBO# MIIACTHHKU XapakTepu3oBaiuchk copra XN 4 (237,8 cm?)
u bpus (180,7 cm?), menkum — HC Muna (101,3 cm?). Uaaekc mromaau auctbeB (UIJT) copror
BapbUpPOBAI OT 5,5 mo 8,7 M*M?%, BeICOKME 3HadeHMs Habmomanu y obpasmnos Kuoro, llapm, bpus,
XN 4. MakcumalibHOE coziepkaHue XJI0po(uiuia B JUCThIX O0OHApyKeHO B copTax Xei-xe 4 u Jloup
Buxunra. BeisiBreHa criibHas KOPPENIAIMOHHAS CBS3b MPOIYKTUBHOCTH C HHICKCOM TUIOIIAAH JTUCTA
y 58,3% coptoB cou. Ilpu yBennyeHnun miomay JMCTOBON TUIACTHHKU COPTa CHIKAIN MPOTYKTHB-
HOCTb, Koppensuus cocranisiia ot —0,05 10 —0,98. C yBennueHueM KoJIMuecTBa JUCThEB Ha PaCTeHUH
MOBBIMIAJICS YPOBEHb NMPOJIYKTHBHOCTH COpTOB. [Ipn yBenmmueHHn cojepikaHus XJI0pouiuia B J-
CTBSIX COM CHIDKAJach MPOIYKTHBHOCTH, 32 UCKIIOYEHNEM JBYX CpeAHEpaHHecCIebIX copToB KnoTto
u Xen-xe 4.

KuaroueBsbie c10Ba: cosl, COPT, KOJUIEKIIHS, TUTOMIA b JINCTA, HHJEKC TUTOMIAIH JIUCTa, XJIOPO(HILL,
MIPOIYKTUBHOCTh

Evaluation of soybean collection samples on economic traits
and leaf apparatus structure

(<) Butovets E.S.!, Lukyanchuk L.M.', Burundukova O.L.%, Zvyagintseva S.A.!

!Federal Scientific Center of Agricultural Biotechnology of the Far East named after A.K. Chaiki
Ussuriysk, Timiryazevsky stl., Primorsky Territory, Russia

*Federal Scientific Center of the East Asia Terrestrial Biodiversity

Vladivostok, Primorsky Territory, Russia

(<X)e-mail: otdelsoy@mail.ru

The results of the study of economic traits and morphological indices of the leaves of collection
samples of soybean grown in the conditions of the Primorsky Territory are presented. The influ-
ence of leaf structural elements on the crop yield was established. The research was performed
from 2021 to 2023 in the Soybean Breeding Laboratory. Stable high yield values were observed in
the varieties of Russian origin — Primorskaya 4 (277.1 g/m?), Briz (286.4 g/m?), Primorskaya 13
(290.7 g/m?). 33.3% of soybean samples were characterized by large seeds (1000 seeds weight of
more than 190 g). High content of protein in seeds (more than 40%) was formed in the samples
Kyoto, Briz, Primorskaya 13; oil (more than 24%) — Primorskaya 4, XN 4, Charm. The large size
of the leaf lamina was distinguished in the varieties XN 4 (237.8 cm?) and Briz (180.7 cm?), while
the small size was observed in NS Mina (101.3 cm?). Leaf area index (LAI) of the varieties ranged
from 5.5 to 8.7 m*/m?, with high values observed in the accessions Kyoto, Charm, Briz, and XN 4.
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Evaluation of soybean collection samples on economic traits
and leaf apparatus structure

Butovets E.S., Lukyanchuk L.M., Burundukova O.L.,
Zvyagintseva S.A.

Maximum chlorophyll content in leaves was found in the varieties Hei-he 4 and Doch Vikinga. A
strong correlation between productivity and leaf area index was found in 58.3% of soybean vari-
eties. As the leaf lamina area increased, varieties decreased in productivity, the correlation ranged
from —0.05 to —0.98. As the number of leaves on the plant increased, the productivity level of the
varieties increased. With increasing chlorophyll content in soybean leaves, productivity decreased,
except for two medium-early maturing varieties Kyoto and Hei-he 4.

Keywords: soybean, variety, collection, leaf area, leaf area index, chlorophyll, productivity
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INTRODUCTION

Soybean is a common agricultural crop in the
Far East. Due to the monsoon climate in the re-
gion, the maximum amount of precipitation is
observed in the second half of summer, which
provides plants with the necessary amount of
moisture during critical phases of growth and
development (flowering, bean formation and
filling, green mass accumulation)' [1-3].

Soybean is sensitive to changes in environ-
mental factors, their mismatch with the biolog-
ical characteristics of the crop reduces its yield
level®[4, 5].

To increase productivity and improve the
quality of soybean yield, it is necessary to have
forms and varieties with rational plant morpho-
types capable of maintaining the maximum in-
tensity of photosynthesis in different climatic
conditions, which determines the yield by 90—
95% [6]. The highest and most stable soybean
yields can be obtained only in the crops where
the formation of optimal leaf area in relation to
certain cultivation conditions is observed. It has
been established that in many respects the yield
depends on the growth rate and duration of ac-
tive leaf functioning and is closely related to the
structure of the leaf apparatus [7, 8]. The leaf

area of each variety is formed due to the combi-
nation of all its constituent elements, taking into
account morphological differences, which is dy-
namic and constantly changing throughout the
growing season [9, 10].

In order to study and identify a number of the
issues related to production and physiological
processes of soybean, the Federal Scientific Cen-
ter of Agricultural Biotechnology of the Far East
named after A.K.Chaiki has formed a collection
of varieties of various introductions which are
subjected to comprehensive evaluation [11-13].

The purpose of the research was to study soy-
bean samples of different origin by economic
traits and morphological leaf parameters in the
conditions of the Primorsky Territory and to de-
termine the influence of leaf structure elements
on the level of crop productivity.

MATERIAL AND METHODS

The research was carried out on the fields of
the Soybean Breeding Laboratory of the Federal
Scientific Center of Agricultural Biotechnology
of the Far East named after A.K.Chaiki (near
Ussuriysk) in 2021-2023.

In 2021 weather conditions were character-
ized by increased air temperature and lack of

'"Mamonova A.G., Semenova E.A., Kamolykh V.O. Change in the biochemical composition of soybean seeds during cultivation in
different environmental conditions of the Far Eastern region // Far East Agrarian Herald, 2015, N 1 (33), pp. 34-39.

*Lopatkina E.F., Ala A.Ya. Morphophysiological analysis of soybean varieties and hybrids // Specific issues of genetics, biology
and physiology of soybean: scientific and technical bulletin. VASKhNIL, Siberian Branch, Novosibirsk, 1977, vol. 7, 8, pp. 66-77.
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OneHKa KOMIEKIMOHHBIX 00Pa3IoB COH IO XO35HCTBEHHBIM
MIPU3HAKaM U CTPYKTypE JIMCTOBOTO anmapara

Byrosen E.C., Jlykpsnuyk JI.M., Bypynnykosa O.J1., 3srunnesa C.A.

precipitation. In 2022, the total amount of pre-
cipitation exceeded the average annual norms,
2023 differed from the previous year by pro-
longed periods of excessive moisture and in-
creased temperature background (the average
air temperature per month during the growing
season of soybean exceeded the average annual
values by 1.4-2.3 °C).

Soil of the experimental site was mead-
ow-brown bleached soil with heavy mechanical
composition, organic matter content of 2.5%
with pH of the soil solution at 5.7.

The objects of research were 12 collection
samples of soybeans from the Federal Scientific
Center of Agricultural Biotechnology of the Far
East named after A.K.Chaiki of two groups of
ripeness of different origin: Chinese (He Nong
62, XN 4, Hei-he 4), Serbian (NS Mina), Ca-
nadian (0331), American (Kyoto), Ukrainian
(Charm), Russian (Doch Vikinga, Briz, Musson,
Primorskaya 4, Primorskaya 13).

The experiments were conducted according
to the methodology?. Cultivation of the crop was
carried out in accordance with the agrotechnics
adopted for the Primorsky Territory*. The seed
sowing rate was 500 thousand seeds/ha, the area
of one plot was 1.8 m?. Sowing and harvesting
were carried out manually.

Material description, phenological observa-
tions, yield estimation and records on the main
economically valuable traits were carried out
during the growing season of soybean according
to the methodological guidelines™®.

The sample size for analysis of leaf mor-
phological parameters and productivity was 10
plants of soybean. Observations, counts and
measurements of the elements of plant and leaf
structure were carried out in the first ten-day
period of August (from the 5th to the 10th day)
during the bean filling phase. Leaf area index
(LAI), characterizing the ratio of plant leaf area

to soil area, was calculated according to the in-
structions’.

The average area of the complex (triple) leaf
(S,) was determined on the basis of field pho-
tographs of soybean leaves on millimeter paper
with subsequent processing of the material in a
specially developed program in the laboratory of
cell biology and developmental biology of the
Federal Scientific Center of the East Asia Ter-
restrial Biodiversity. The level of chlorophyll
content in the leaf plate of soybean varieties was
measured using the atLEAF CHL instrument
(USA).

Calculation of mean values of the trait with
setting the error of the sample mean and correla-
tion analysis of straight-line dependence were
performed according to the method of field ex-
periment (see footnote 3) in the program Micro-
soft Office Excel for Windows.

RESULTS AND DISCUSSION

Duration of soybean vegetation period is one
of the main varietal traits of the crop, which de-
termines the possibility of genotype cultivation
in certain climatic conditions. During the exper-
iment, the variation of the indicator values de-
pending on weather conditions was observed —
in the mid-early maturing group from 102 to
109 days, in the mid-ripening group from 110 to
114 days (see Table 1). The least variation of this
trait was observed in the samples Charm, 0331
and He Nong 62.

Lack of moisture, as well as its excess, can sig-
nificantly reduce crop yields during critical peri-
ods of soybean development. The lowest yield-
ing varieties were Doch Vikinga (160.0 g/m?)
and Hey-he 4 (167.3 g/m?). The maximum val-
ues of yield by years were observed in the vari-
eties of Russian selection — Primorskaya 4, Briz,
Primorskaya 13. By the weight of 1000 seeds
33.3% of soybean samples were characterized

3Dospekhov B.A. Methodology of field experiment (with the basics of statistical processing of research results). Moscow: Book

on Demand, 2012, 352 p.

*Chaika A.K., Tilba V.A., Moiseenko A.A. et al. Adaptive and progressive technologies of soybean and corn cultivation in the Far
East: method. recommendations. Vladivostok: Dalnauka, 2009, 139 p.

*Methodology of state variety testing of agricultural crops. Moscow, 1989, vol. 2, 194 p.
®Korsakov N.I., Myakushko Yu.P. Soybean. Methodical instructions on breeding and seed production. L.: VIR, 1975, 159 p.
"Eshchenko V.E., Trifonova M.F,, Kopytko P.G. et al. Fundamentals of experimental work in crop production. Moscow: KolosS, 2009, 268 p.
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Taoa. 1. XozsiicTBeHHBIE MTOKAa3aTeJINM KOJUIEKLIMOHHBIX cOpTOB cou (cpenHee 3a 2021-2023 rr), X + Sx

Table 1. Economic indicators of collection soybean varieties (average for 2021-2023), X + Sx

Variety Vield, gim? | “eIEN d‘;f é 000 | blant height, cm Vegle’fartii‘(’)if’gays Céntent in the seeds, /
oil | protein
Middle-early ripeness group
Doch Vikinga 160,0 + 50,9 170,7 £ 8,3 62,9+8,6 102 +2,1 23,1+1,3 37,1+ 1.3
Kyoto 2653+64,1 | 198,3+225 61,4+19,0 109 +6,0 23,8+ 1,3 414+13
NS Mina 227,6 £87,3 146,3+7,8 70,5+ 11,8 107 £3,0 23,7+14 39,0+2,3
Hei-he 4 167,3 £55,6 180,0 = 6,2 46,1 £10,4 102+5,3 23,0+1,1 40,1 +0,7
Charm 272,2+84,2 | 166,0+252 69,2 £ 14,5 106 + 1,8 244+1,9 37,6 £2,6
Middle ripeness group

Primorskaya 4 277,1+77,0 | 166,7+11,5 73,8 £26,3 110£3,0 242421 353+0,6
0331 262,3 + 84,8 175,3+4,6 61,9+ 18,9 111+£1,5 23,7+1,6 384+26
He Nong 62 227,9+38,0 | 195,7+144 62,3 +8,7 110+£0,6 23,5+ 1,7 39,0+£29
XN 4 181,0 +59,3 174,3+9,3 72,0 £20,3 114 £3,6 24,7+ 1,7 36,9 +32
Briz 286,4+ 68,7 | 198,3+23,6 63,7+19,0 114+4,0 222+1,5 41,0+0,7
Musson 181,3+23,0 | 162,0+ 18,4 73,2 £26,2 113+£29 21,9+ 1,0 40,0 +2,0
Primorskaya 13 | 290,7+75,0 | 193,3+15,3 74,0 £26,3 112 £2,1 222+1,3 40,8 +0,8
LSD,,, 52,4 20,7 11,3 4,1 1,1 2,5

by large-seededness, the indicator of which
ranged from 193.3 to 198.3, g. The varieties Hei-
he 4 and 0331 were stable in this trait.

All varieties in the trial had average plant
height, except for the Chinese sample Hei-he
4. Stably high protein content (more than 40%)
during three years of study was observed in the
samples Kyoto, Briz, Primorskaya 13. Varieties
Primorskaya 4, XN 4, Charm were distinguished
by oil content (more than 24%).

One of the conditions for the organization of
effective breeding is knowledge of the morph-
ophysiological type of the initial forms that are
planned to be used in hybridization. Soybean
lacks mechanisms to restrain leaf lamina growth
and is predisposed to the formation of excessive
leaf area, which increases the risk of excessive
transpiration and a tendency to lodging of plants.

According to the results of observations, the
average area of soybean complex leaf in the

studied samples varied by years and ranged from
101.3 to 237.8 cm? (see Table 2). Varieties XN 4
(237.8 cm?) and Briz (180.7 cm?) were charac-
terized by the largest leaf lamina size, while NS
Mina (101.3 cm?) appeared to be the smallest.
Significant variation in the leaf area was present
in soybean accessions Charm (£ 76.5) and 0331
(£ 64.0 cm?).

With the same value of stem density on the
plot (40.3 plants/m?), the samples Doch Vikin-
ga and Briz formed a greater number of lateral
branches compared to the others, which in this
case is their varietal peculiarity. The lower densi-
ty of XN 4 plants did not contribute to the forma-
tion of a greater number of additional branches.

The leaf area index (LAI) of the varieties
ranged from 5.5 to 8.7 m*m?. The index above
8.0 m*m? was observed in soybean samples
both in the mid-early ripeness group (Kyoto,
Charm) and in the middle (Briz, XN 4). In the
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Taoa. 2. Mopdonornueckue noxkasaresiu JUCTbEB U pacTeHnii cou (cpeanee 3a 2021-2023 rr.), X + Sx

Table 2. Morphological parameters of soybean leaves and plants (average for 2021-2023), X + Sx

vaimy | Lk Nomberotienes, | g | Dot | L | Chorons
pes /plant
Middle-early ripeness group
Doch Vikinga 6,3+238 11,3+£3,6 133,5+ 14,8 40,3+£7,8 2,7+0,6 46,8 +4,5
Kyoto 8,5+3,3 12,8 £2,1 156,1 +453 43,0+7,9 0,7+0,3 439+1,0
NS Mina 6,1 £1,9 13,1+1,7 101,3 +£12,8 45,0+7,9 1,7+0,6 42,7+32
Hei-he 4 6,1 +1,8 10,7+ 1,9 1452 + 58,3 41,3+7.6 0,8+0,3 47,6 +2.5
Charm 8,7+5,0 11,0£1,0 174,1 £76,5 44,0+53 0,7+0,4 458+33
Middle ripeness group

Primorskaya 4 7,1+2,1 10,5+ 1,5 170,8 £ 57,4 40,3+5,5 1,3+04 42,4+39
0331 6,1 £2,7 12,7+3,7 131,4 £+ 64,0 39,3+6,1 1,3+£0,1 44,6 £43
He Nong 62 55+1,3 10,4+19 133,7+ 15,5 39,7+23 0,4+0,4 43,0+1,9
XN 4 82+04 10,6 0,6 237,8+39,6 33,7+8,1 0,5+0,6 41,6 £4,1
Briz 8,7+2,3 11,8+ 1,4 180,7 £22.,6 40,3+5,5 2,3+0,6 44,5+2,6
Musson 7,7+ 1,4 129+1,3 138,1 £25.8 433+2,1 0,6+0,3 40,3+ 5,1
Primorskaya 13 7,9+2.4 11,2+ 0,9 163,5+534 44,0+ 5,3 1,5+0,3 40,1 £2,0

Note. LAl - leaf area index; S — compound leaf average area.

previously conducted studies in the conditions
of the Primorsky Territory typical results were
obtained on another set of soybean varieties®, the
variation of this trait was 6.0—8.0 m?*/m?.

The difference in the number of leaves per
plant was insignificant and amounted to 10.4—
13.1 pieces. Chlorophyll content in the leaves of
the middle-early soybean group was higher than
that of the medium-ripening group. The maxi-
mum value of chlorophyll was formed in the
leaves of Hei-he 4 and Doch Vikinga varieties.

A search for relationships between the values
(see Table 3) was performed to establish the in-
fluence of the plant and leaf structure elements
on the formation of productivity of soybean va-
rieties.

Table 3 shows the variation of the correlation
index over the test period, the value of which
did not significantly change by years. The result
of the correlation analysis revealed a strong di-
rect reliable relationship between the productiv-

ity and the leaf area index in 58.3% of soybean
varieties, negative strong dependence was ob-
served in XN 4. It was found that the produc-
tivity of soybean varieties positively depended
on the number of leaves, which changed in a
greater direction with increasing plant height.
The opposite phenomenon was characteristic of
the Serbian variety NS Mina. Basically, soybean
varieties decreased productivity with increasing
leaf lamina area, there was an inverse correlation
with different level of relationship (from -0.05
to -0.98), except for the variety 0331, the value
of productivity of which increased with the for-
mation of leaf lamina of a larger size. It should
be noted that the level of productivity of mid-
dle-early ripeness group varieties decreased to a
lesser extent.

The formation of productivity level depend-
ing on the number of lateral branches occurred
individually for each variety, which reacted dif-
ferently to the increase/decrease in the number

$Vashchenko A.P, Mudrik N.V., Fisenko P.P, Dega L.A., Chaika N.V,, Kapustin Y.S. Soybean in the Far East. Vladivostok:

Dalnauka, 2014, 435 p.
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Taoa. 3. KoadunuenTs! Koppensuuu (7) MeKAy NPOLYKTUBHOCTBIO U DIIEMEHTAMH CTPYKTYPBI

pacrenus u aucra cou, 2021-2023 rr., r_ —r

max

Table 3. Correlation coefficients () between yield and elements of plant and soybean leaf structure,

2021-2023, 7~

max

Variety LAI Number of leaves S Numg)r Zrngflflzzteral Chlorophyll
Middle-early ripeness group
Doch Vikinga 0,54...0,92 0,37...0,52 0,06...0,10 -0,89...-0,96 -0,19...-0,49
Kyoto 0,97...1,00 0,34...0,60 —-0,13...-0,31 -0,77...-0,90 0,40...0,71
NS Mina 0,00...0,07 -0,52...-0,78 —-0,05...-0,32 —-0,87...-0,98 -0,67...-0,93
Hei-he 4 0,42...0,69 0,92...1,00 —0,25...-0,43 0,00...-0,04 0,98...1,00
Charm 0,94...1,00 0,97...0,99 —-0,16...-0,41 0,21...0,46 -0,71...-0,86
Middle ripeness group

Primorskaya 4 0,97...1,00 0,21...0,46 -0,10...-0,23 0,00...0,04 —-0,59...-0,71
0331 0,82...0,96 0,72...0,93 0,53...0,70 -0,50...-0,74 —-0,90...-0,98
He Nong 62 0,72...0,91 0,91...0,98 -0,92...-0,98 0,81...0,93 -0,77...-0,95
XN 4 -0,87...-0,98 0,93...0,98 0,07...0,11 0,66...0,92 -0,68...-0,73
Briz 0,93...1,00 0,89...0,96 —-0,62...-0,79 -1,00...-1,00 —-0,93...-0,99
Musson 0,95...0,99 0,36...0,50 —-0,62...-0,85 0,00...-0,07 -0,81...—-1,00
Primorskaya 13 0,61...0,89 0,98...1,00 -0,42...-0,53 —0,94...-1,00 -0,96...-0,99

of additional branches. Inverse correlation with
a complete connection by years was character-
istic of the variety Briz. When the chlorophyll
content of soybean leaves increased, productivi-
ty decreased, except for two mid-early maturing
varieties Kyoto and Hei-he 4.

CONCLUSION

High yield values were observed in soybean
varieties of the Russian selection (Primorskaya 4,
Briz, Primorskaya 13). Large seeds (1000 seeds
weight index of more than 190 g) were distin-
guished in 33.3% of soybean samples. High con-
tent of protein in the seeds (more than 40%) was
formed by the varieties Kyoto, Briz, Primorska-
ya 13; oil (more than 24%) by Primorskaya 4,
XN 4, Charm. The average area of complex leaf
of soybean samples varied by years from 101.3
to 237.8 cm?. The largest size of leaf lamina was
characteristic of the varieties XN 4 and Briz,
small size was typical of NS Mina. Leaf area in-
dex above 8.0 m2 / m2 was observed in soybean
samples in the medium-early ripeness group
(Kyoto, Charm) and medium (Briz, XN 4). The

maximum chlorophyll content was formed in the
leaves of the varieties Hei-he 4 and Daughter of
Viking. A strong direct correlation between pro-
ductivity and leaf area index was found in 58.3%
of soybean varieties. Soybean productivity pos-
itively depended on the number of leaves. The
varieties decreased productivity with increasing
plant leaf area (r r ranged from —0.05 to —0.98)
and chlorophyll levels in soybean leaves.
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CpaBHUTEJbHAS YPOKANHOCTH COPTOB 03MMOM PKH
HA JIETKHUX [0YBAaX IEPHOBO-II0A30JIUCTOI0 THIIA

Hparanckas M.I'; Anamko B.H.!, (X) beaibuenko C.A.

'H0603b10K08CKAs1 CENbCKOXO3ANUCMBEHHAsL ONbIMHAsL cmanyust — ghunuan PedepanbHO20 HAYYHO20
YeHmpa KopMonpouzeo0cmea u azpodxkonoauu um. B.P. Bunvamca

Bpsinckas obnacte, HoBo3b10KOBCKHMI OKpYT, 1. OnbITHas ctanuus, Poccus

2BpsiHcKull 20CYO0apCmeeHHblll a2PapHblll YHUGEPCUMENT

Bpsinckas obnacte, Beironnuckuii paiton, c. Kokuno, Poccus

(<)e-mail: sabel032@rambler.ru

B HeueprozemHoii 30ue Poccuiickoii @eaepalninu, B 4aCTHOCTU B yCJIOBUAX bpsHCKOro peruoxa,
CKJIaJIbIBACTCSl TCHACHIMSI CHIPKCHUS TIOCEBHBIX TUIOIIAACH 03UMOH PiKH, HO IIPH ATOM OTMEUYEH POCT
ypokaiiHoctu 3epHa ¢ 1,74 o 3,10 1/ra. OHaKO NPaKTUYECKOE MCIIOJIb30BAaHKUE TOYBECHHO-KITMMATH-
YECKHMX YCIIOBHH pErMOHA MO3BOJISET MOMYYaTh YPOKAWHOCTH 3epHA O3MMBIX 3€PHOBBIX KYJIBTYD JIO
8,0 T/ra. O3uMast po’kb 00J1aJaeT BEICOKMM ITOTCHIINAJIOM YPOXKAHHOCTH 32 CUET UCIIOIB30BaHUS HO-
BBIX ITEPCIICKTUBHBIX COPTOB, 00JTaTAlOIINX XOPOITUMH XapaKTepUCTHKaMK KadecTBa 3epHa. B 2024 1.
locynapcTBeHHOI KOMHCCHEH IO OXpaHe CeNEKIIMOHHBIX JIOCTHKEHUH BBIJIaH IMaTeHT Ha COPT JTUTLIO-
UAHOM 03uMOii pku HoBO3BIOKOBCKast HUBA. 3a ToAbl KOHKYpCcHOTO HctbiTanust (2020-2023) ypoxaii-
HOCTb 3epHa kosiebanach ot 4,50 10 6,66 1/ra ¢ uncnom nageHus or 200 mo 260 c. Coprt obnanaer
Pa3HBIM THUIIOM KOJIOCA: YETHIPEXPSAHBIN (TUM 2), MIEeCTUPSAHBIA (TUN 3) W BETBUCTHIN (THIl 2a) B
cootromrennu 40 : 5 : 55%. Bricota pactenuii He npesbimaer 150 cMm, 9UCIIO MPOAYKTUBHBIX CTE-
oneit m3meHsI0ch 0T 6 mo 20 mmT., Macca 3epHa ¢ koioca — 1,5-3,0 1, macca 1000 cemstH — 33-40 1.
Konkypcroe coproucmeitanue 3a 2020-2021 rr. ¢ copramu Bannait (ctanmaprt), Mockosckas 12, [Tu-
Kacco u cenekunoHHbIM HoMepoM CH-251-14-150 mokasano, 4To OH MO ypOKalHOCTU 3€epHa Ipe-
BoCcxoam oreuecTBeHHbie Ha 00,73—0,92 T/ra (c HOpMOU BbiceBa 2 MIIH BCXOXKUX 3epeH/ra), Ha 0,55—
0,70 t/ra (4 muH 3epen/ra), Ha 0,71-1,01 T/ra (6 MiH 3epeH/ra) u MHOCTpaHHbIH — Ha 0,46-0,45 T/ra
(2 u 6 MymH 3epen/ra). Ilpu anamornaaoM ucteiTannu B 2022 u 2023 rT. ¢ copramu [Iukacco, DtepHo,
ITa6o, Banmait m MockoBckast 12 u ¢ HOpMoii BeIceBa 4 MiTH 3epen/Ta (170 kr/ra) oH okazaics Oomee
YpO’KaltHBIM OTHOCHTEIHHO oTeuecTBeHHBIX — Ha 0,40—0,52 1/ra u 3apyOexHbix — Ha 0,78—1,75 T/ra.

KuiroueBble ci10Ba: o3umast poxb, CEJICKLUS, KOHKYPCHOE COPTOUCTIBITAHNE, COPTOOOpaseL, Mpo-
JTyKTUBHOCTH CTEOJICH, ypOKaitHOCTh

Comparative yield of winter rye varieties
on light soils of sod-podzolic type

Draganskaya M.G.', Adamko V.N.!, (<) Belchenko S. A.?

'Novozybkovskaya ShOS - branch of the Federal Research Center "V.R. Williams VIC",
Bryansk region, Novozybkovsky district, Opytnaya stanziya settl., Russia

’Bryansk State Agrarian University

Bryansk region, Vygonichsky district, Russia

(<) e-mail: sabel032@rambler.ru

In the Non-Black Earth zone of the Russian Federation, in particular in the conditions of the
Bryansk region, there is a tendency of a decrease in sown areas of winter rye, but at the same time
the growth of grain yield from 1.74 to 3.10 t/ha has been noted. However, the practical use of the soil
and climatic conditions of the region makes it possible to obtain up to 8.0 t/ha of winter grain crops.
Winter rye has a high yield potential due to the use of new promising varieties with good grain quality
characteristics. In 2024, the State Commission for the Protection of Breeding Achievements granted
a patent for a variety of diploid winter rye Novozybkovskaya niva. During the years of competitive
testing (2020-2023), grain yields ranged from 4.50 to 6.66 t/ha with a drop rate of 200 to 260 C. The
variety has different ear types: four-row (type 2), six-row (type 3) and branched (type 2a) in a ratio of
40:5:55%. The height of the plants does not exceed 150 cm, the number of productive stems varied
from 6 to 20 pcs., the weight of grain per ear is 1.5-3.0 g, the mass of 1000 seeds is 33—40 g. Com-
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petitive variety trial for 2020—2021 with the varieties Valdai (standard), Moskovskaya 12, Picasso and
the selection number CH-251-14-150 showed that it exceeded domestic grain yields by 0.73—0.92 t/ha
(with a seeding rate of 2 million grains/ha), by 0.55—0.70 (4 million grains/ha), by 0.71-1.01 t/ha
(6 million grains/ha) and foreign at 0.46—0.45 t/ha (2 and 6 million grains/ha). In a similar test for
2022 and 2023, with Picasso, Eterno, Pabo, Valdai and Moskovskaya 12 varieties and a seeding rate of
4 million (170 kg/ha), it turned out to be more productive than all of them: domestic by 0.40-0.52 t/ha

and foreign by 0.78—1.75 t/ha.

Keywords: winter rye, breeding, competitive variety trial, variety sample, stem productivity, pro-

ductivity
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INTRODUCTION

Winter grain crops have significant advan-
tages over spring crops in terms of productivi-
ty, which is associated with the peculiarities of
climatic conditions in 2010s (late autumn, low
snowfall winter, early spring with dry April and
May, 2—-3-week periods without precipitation or
with insignificant precipitation during the sum-
mer) and other factors [1, 2]. Winter rye for the
zone of soils with light mechanical composition
is a strategic crop that affects food security [3—
5]. It has the lowest requirements for soil fertil-
ity, fertilizers and chemical plant protection. In
terms of total nutritional value, bread from rye
flour has a low-calorie content, it is more nutri-
tious due to the content of calcium, phosphorus,
fiber, vitamin B1 [6-9].

Taking into account all the above-mentioned
circumstances, the Novozybkovskaya farm since
1930 was engaged in winter rye breeding and
achieved certain successes: Novozybkovskaya 4
and 24, Krupnozernaya and Novozybkovskaya
150 varieties were created. The Chernobyl ac-

cident stopped breeding work and the material
was lost.

Starting from 2012, the research was resumed
from 300 grains of the former variety Novozyb-
kovskaya 150 obtained from the collection of
the N.I. Vavilov All-Russian Institute of Plant
Genetic Resources (VIR), by individual sin-
gle-family perennial selections. In 2020 a new
varietal material SN-251-14-150 of winter rye
was created and a patent for a breeding achieve-
ment diploid variety of winter rye Novozyb-
kovskaya niva was obtained in 2024"2[10-14].

The purpose of the research is to compare the
yield of different varieties of winter rye on the
soils of light mechanical composition of sod-
podzolic type in combination with the emerging
climatic conditions of the south-west of the Bry-
ansk region.

MATERIAL AND METHODS

The work was carried out during 2020-2024 at
the Novozybkovskaya agricultural experimental
station located in the south-west of the Bryansk

'Belchenko S.A., Dronov A.V., Belous N.M. et al. Increasing the competitiveness of domestic seed production and ensuring
sustainable development of crop production in the Russian Federation. Agroecological aspects of sustainable development of the
AIC: Proceedings of the XX International Scientific Conference. In 4 parts. Bryansk: Bryansk State Agrarian University Publishing

House, 2023, vol. 1V, pp. 292-301.

2Savvicheva LK., Zaslavskaya M.V. Winter rye Novozybkovskaya 150 // Plant breeding and seed production, 1991, N 6,

pp- 41-42.
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region on sod-podzolic sandy soil of light me-
chanical composition (humus content 1.0—1.2%,
sub-mobile phosphorus and exchangeable po-
tassium (according to Kirsanov) — 200-250
and 5-7 mg/kg at slightly acidic reaction of soil
solution).

The research is aimed at restoration of winter
rye variety Novozybkovskaya 150 by continu-
ous individual and single-family selection in or-
der to create a new variety material on a number
of indicators: stalk height, ear length, number of
spikelets in an ear, productive bushiness, grain
yield per ear, using the method of “halves”.

Nursery planting was carried out in the sec-
ond ten-day period of September. Sowing took
place under different moisture conditions: au-
tumn 2020 and 2023 — dry (HTC - 0.5), optimal
(HTC - 0.9) in 2019, humidified in 2021- 2022
(HTC - 2.3 and 3.0, respectively). Plants went
into wintering in good condition with 5-8 stems
tillering*>[12, 15, 16].

When forming winter rye populations of new
plant morphotypes in the following years, they
were multiplied and studied in a competitive
trial with varieties cultivated in the Bryansk re-
gion (Valdai (standard), Moskovskaya 12), and
foreign varieties with CMS (cytoplasmic male
sterility) (Picasso, Pabo, Eterno). The plot area
was 5 m? in 4-6-fold repetition in 2020-2021
with seeding rates of 2, 4, 6 million germinating
grains/ha, in 2022-2023 — 4 million germinating
grains/ha. A part of seed material of PR-1 was
tested under production conditions. Statistical
processing of the data was carried out according
to B.A. Dospekhov.

RESULTS AND DISCUSSION

Scientists have noted that selection for
high-yielding varieties is not always combined
with adaptability to adverse climate factors and
therefore they rarely realize their potential, es-

pecially under production conditions. Breeding
aimed at increasing yield and at the same time
for resistance to growing conditions is not al-
ways successful.

The results of our research confirm this con-
clusion: all cultivated winter rye varieties are not
adaptive to unfavorable factors of climatic con-
ditions (see Table 1).

The maximum yield of all varieties was ob-
served in 2020 under optimal climatic condi-
tions of vegetation. It is worth noting that selec-
tion number SN-251-14-150 was not inferior to
the variety with CMS Picasso, which was most
widespread at the beginning of the second mil-
lennium in the Bryansk region. In 2021 May
was abundant in precipitation (HTC —2.9), June
with HTC — 0.5 was dry, which affected the poor
grain filling. In the first ten days of July, heavy
rain (HTC - 3.5) and “threshed” the ear, which
sharply reduced yields: in SN-251-14-150 (2.4—
2.5 times), Valday (2.6-3.4), Moskovskaya 12
(2.3-3.1) and Picasso (2.6-3.9 times) relative to
the previous year. However, in two years (2020
and 2021) SN-251-14-150 at seeding rates of 2
and 6 million grains/ha exceeded the Picasso va-
riety by 0.46 and 0.45 tons/ha and was of the
same level at 4 million grains/ha. Winter rye
yield of domestic varieties Valdai (standard) and
Moskovskaya 12 was lower than the selection
number 251-14-150 by 0.55-0.92 and 0.73-
1.01 t/ha, respectively (see Table 2).

In 2022-2023 two foreign varieties Eterno
and Pabo were included in the competitive va-
riety trial with the experimentally established
optimal seeding rate of 4 million germinating
grains/ha. The growing conditions of winter
rye were characterized by uneven precipitation:
2022 was more optimal. Two-week dry periods
in May and June affected grain yield, reducing it
by 17-39% relative to 2020, with a lower value
for Moscow 12 and a higher value for Picasso.

*Draganskaya M.G., Kovalenko E.A. Maintaining the identity of varietal material of winter rye on the basis of seed production
on the indicator of yield // Konyaev Readings: Proceedings of the international sci. and pr. conf., 2020, pp. 6-9. URL: www elibrary.

ru/ item. asp? id =49290324

4Shpilev N.S. Selection and seed production of agricultural plants: method. recommendations for practical, laboratory classes and
independent work of postgraduate students of training direction 35.06.01 Agriculture, selection and seed production of agricultural
plants. Bryansk: Bryansk State Agrarian University Publishing House, 2018, 43 p.

*Dospekhov B.A. Methods of field experiment: (with the basics of statistical processing of research results): textbook for students
of higher agricultural educational institutions in agronomic specialties. 6th ed., reprinted from the 5th ed. 1985. Moscow: Alliance,

2011, 350 p.
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Tao6a. 1. MeTeopooruiaecKre yCIOBHUS 32 BECCHHIOIO BETETAIIUI0 03UMOH PiKU
Table 1. Meteorological conditions for the spring growing season of winter rye

Year

2020 2021
Indicator

2022 2023

Ten-day period

Ivi{ v v |va|1v | v (v |vll|I1v | v [ VI |VI|IV | V | VI | VI

Air Average 9,2 [13,1]23,6]120,8| 7.8 |14,5]22,5|25,0] 7,1 |14,0]23,1]20,6|11,3]15,5]{19,6]20,8
tem- Long-time
pera- average
ture, °C | annual 7,4 115,0/18,4120,0| 7.4 |14,9]18,4(20,0| 7,4 |14,9]18,5]20,1| 7,4 |114,9]18,6|20,0
Precip- Sum 74 [107,7] 73,9 | 50,5 | 41,7 |126,7] 33,9 |103,4]130,9| 44,5 | 35,2 | 67,0 | 68,2 | 26,2 | 88,8 |104,4
itation, Long-time
mm average
annual 53,5(71,1|81,0137,9|54,1|71,1|80,8|37,8|54,8|70,7|81,0|38,8|54,6|70,3|80,9
Sum 2711010808 (29(05|1,4|109|10]05|1,2(22]06]|1,5]|1,7
HTC Long-time
average
annual L1313 (131,101,313 121,113 |1,2]1,1|13]1,3]|1,2

Tada. 2. YpoxallHOCTb 3€pHa O3UMOM PXKHU B KOHKYP
Table 2. Yield of winter rye grain in the competitive

cuoMm ucneitannu 2020-2023 rr., 1/Ta
trial 0of 20202023, t/ha

Year Seed.ing rate, m.illion CH-251- Valdai Moskovska- Picasso Pabo Eterno
germinating grains/ha 14-150 (standard) ya 12
2020 2 6,60 5,88 5,90 6,63
4 6,28 5,60 5,04 6,42
6 6,66 6,10 5,30 6,43
2021 2 2,65 1,54 1,90 1,71
4 2,56 2,15 2,24 2,46
6 2,79 1,92 2,11 2,10
2022 4 4,55 3,90 4,21 3,89 3,77 3,84
2023 4 3,32 2,92 2,85 0,47 2,08 2,46
Average for 2020— 2 4,63 3,71 3,90 4,17
2021 4 4,42 3.87 3,64 4,44
6 4,72 4,01 3,71 4,27
.illxl\éegrlgieng)ﬁ athe norm of 4 million germinat- 4.18 3,64 3,58 331 2.52 3,15
LSD,, 0,29 For the first four varieties

Winter rye grain yield in 2022 showed that it
was at the level of the Picasso variety (3.89 t/ha)
at 3.77 and 3.84 t/ha for the two new foreign va-
rieties Pabo and Eterno. In 2023 it decreased by
46 and 36%. In 2023 climatic conditions were
more arid: for two ten-day periods of April, the
whole of May and the first two ten-day periods of
June (71 days) 63.3 mm (annual average 125.9
mm) of precipitation was observed. Phases of
winter rye development (trumpeting, flowering

and the beginning of grain filling) were reduced
by 7-10 days in total. Precipitation (117.8 mm)
from 25.06 to 10.07 (long-term average 63.1
mm) contributed to the “expiration” of grain
with a 44-48% decrease in the yield of domestic
varieties.

Results of the data analysis of the studied va-
rieties on grain yield at a seeding rate of 4 mil-
lion germinating grains/ha varied significantly
by year, but on average (for four years) in the
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sample SN-251-15-150 it was higher than the
variety Valday (standard) by 0.54 t/ha, variety
Moskovskaya 12 by 0.60 t/ha and Picasso ac-
cording to the data of three years (without taking
into account 2023) by 0.20 t/ha, taking into ac-
count 2023 by 0.87 t/ha.

The seed material of the 2022 harvest for
domestic winter rye varieties and varieties
with CMS Picasso was used for nursery com-
petitive varietal testing in 2023. By harvesting,
200 plants were preserved on 1 m*in the variety
Moskovskaya 12 and the sample CH-251-14-
150, Eterno — 120, Pabo — 80 and Picasso — 30.
Consequently, for cultivation of the Picasso va-
riety in order to obtain high grain yields annual
purchase of F1 hybrid seed is necessary, which
is not always economically viable, as unfavor-
able climatic conditions significantly reduce
productivity (0.47 t/ha).

Thus, the selection number CH-251-14-150
turned out to be more adapted to soils of light
mechanical composition of sod-podzolic type
and to those climatic conditions, which were
formed during the last years during the growing
season.

The variety SN-251-14-150 has significant
morphobiological differences of plants relative

to the variety with CMS Picasso (see Table 3).
It is medium-sized, heterogeneous in stem, char-
acterized by greater width and length of the mid-
dle and flag leaf in flowering, the stem is thick,
strong and elastic, productive in the autumn and
spring tillering, having three types of spikelets
forms significantly more spikelets, and due to
this higher weight of grain from one spikelet.
Considering that the seed material of domestic
varieties for PR-1 is used three or four years in
the cultivation of winter rye, it can be reported
about their economic benefits relative to foreign
varieties.

Thus, the selection number CH-251-14-150
turned out to be more adapted to the soils of light
mechanical composition of sod-podzolic type
and to those climatic conditions, which were
formed during the last years during the growing
season.

CONCLUSION

The results of the studies on winter rye yield
of various domestic and foreign varieties indi-
cate the effectiveness of cultivation of the va-
riety Novozybkovskaya niva, created on light
soils of sod-podzolic type. At an optimum seed-
ing rate of 4 million germinating grains/ha (170

Ta6a. 3. MopdoOuonorudeckue pa3inyuus paCTeHHA 03UMON PIKU
Table 3. Morphobiological differences of winter rye plants

Morphobiological index
Flowering phase
Variety Heioh Ear
sample e1ght e ath, Middle leaf Flag leaf Tillering .
cm cm Prqductlve
Width, | Length, | Width, L autumn, | spring, bushiness, pes.
ength, cm
cm cm cm pcs. pcs.
CH-251- 120-130 16 1,78 24.8 1,2 1,52 13 8 21
14-150
Picasso 115-127 12 1,44 21,7 1,1 1,39 11 5 16
Ripening phase
Vari . Ear Internode Straw thick- Number | Number of | Weight of
ariety Height, I . ness (bot- . . :
ength, | Tiering Ear type | of spike- | productive | grain per
sample cm lower, upper, tom top),
cm lets, pcs. | stems, pcs. ear, g
cm cm mm
CH-251- 127 15 1-3 24 35-40 5-6 2,2a,3 | 42-63 14-16 2,5
14-150 2,0-2,5
Picasso 124 11 1,0 2-3 26-28 34 2 40-42 7-10 2,0
1,5-2,0

PactreHneBoncTBO M ceneKIus
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kg/ha), it is able to give an average of up to 10
productive strong elastic stems, which excludes
lodging, with a yield potential of up to 8.0 tons/
ha, as it has three types of ear: four-row (type
2) (40%), six-row (type 3) (5%) and branched
(type 2a) (55%), where five to six rows in the
middle of the last two types of spikelets produce
10 to 24 full-grown grains depending on grow-
ing conditions.
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HoBbli1 cOpPT KJI€Bepa Jyroporo AccoJb

Kamesapos H.U., C<) onronnna P.U.

Cubupckuii (hedepanvhviili Hayuuslil yeHmp azpobuomexnono2utl Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooock, Poccust

() e-mail: revmira.polyudina@yandex.ru

OnHOYKOCHBIE IO3IHECTIENbIE COpTa, KOTOPBIE BO3JENBIBAIOT B 30HAX KIEBEPOCESHUS 3aragHo-
u Boctouno-CHOMPCKOTO PEerHoHOB, HE YAOBJIETBOPSIOT B MOJHOW Mepe MOTPEOHOCTSM MPOU3BOI-
ctBa. OHH CO3PEBAIOT B OCHOBHOM B KOHIIE CEHTSIOPSI BO BpeMsi OOMIIBHBIX OCAJIKOB, UYTO 3aTPYyIHSET
yOOpKY CEeMSIH U BeJleT K OOJNBIIMM MOTepsiM yporkas. Huzkast yposkaitHOCTh MPUBOJHUT K MOCTOSTHHO-
My neduruty cemstH. Co3manne Hapsay C MO3IHECIENBIMI PAHHECTIETIBIX COPTOB akTyanbHO 11 CH-
oupckoro peruoHa u Poccuiickort @enepannu B 1ieioM. [IpeacraBieHbl HCCIeT0BaHMs 110 CO3IAHUIO
copTa KJIeBepa JIyroBOro ACCOJIb paHHECIIEJIOTO THIA HA TETPAINIONIHON OCHOBE C YPOXKaHOCTBHIO
cyxoro BemectBa 60-70 w/ra, cemsn — 1,5-2,0 m/ra, 3uMOCTOMKOT0, 0OJIce YCTOWYMBOTO K OCHOB-
HBbIM OoJe3HsIM. B yclIoBUSX MCKYCCTBEHHOTO KIIMMaTa METOIAMH THOpUIM3alnH, MOJHILIONINN H
0oTOOpOB co3maHa rubpumHas nomyisaus 16-9-T(4x). JlanpHeHue nccaenoBaHus MPOIOJDKEHBI B
2006-2021 rr. B ycnoBmsix ecocrenu 3anagnon Cuoupu. [IpoBeaeHb! 0TOOPHI 3MMOCTOUKIX BBICOKO-
YpOKalHBIX (OPM U3 CIOKHOTHOpHUIHON romyisinuu 16-9-T(4x). Co3nanHas MOMyISIHS UCTIBITAaHA
B TpeX LHKJIAX KOHKYpCHOro coproucnbiTanus (moces 2013, 2015, 2017 rr.). Copt Acconb paHHe-
CIIEJIOTO THUIA Ha TETPAIUIONIHON OCHOBE MOKa3all BEICOKYIO 3UMOCTOUKOCTE — 97%. [IponomkuTens-
HOCTBH BETETAIMOHHOTO Tepuoaa coctaBisieT 114 mueit. Cpemnsis ypoKaifHOCTh 3€JIEHONW MacChl 3a
nBa ykoca 451 1/ra, cyxoro BemiectBa — 89,2, cemsid — 1,67 n/ra. Copt OTJIM4aeTcsi yCTOWYHMBOCTHIO K
MYYHHUCTOH poce u (py3apro3y, OT3BIBYMB Ha YBIKHEHHE KaK B MEPBOW, TaK U BO BTOPOH MOJIOBHHE
nera, (hopMUpYs BBICOKHI ypokaii mepBoro u BToporo ykocoB. C 2024 1. copt Accolsib BKIIIOYEH B
locynapcTBeHHBIN peecTp CENeKIMOHHBIX AOCTHKEHNH, TOMYIIEHHBIX K HCIOIb30BAaHMIO 110 3anal-
Ho-Cubupckomy perrnony Poccuiickoit denepanui.

KuroueBble cj10Ba: KieBep JIyrOBOH, CEJIEKIWs, THOPUIM3AIIMS, MMOJUIUIONINsS, OTOOPbBI, COPT,
YPOXKaHOCTh

New variety of meadow clover Assol

Kashevarov N.I., <) Polyudina R.I.

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

(<)e-mail: revmira.polyudina@yandex.ru

Single-cut late maturing varieties cultivated in clover-sowing areas of the Western and Eastern Si-
berian regions do not fully meet the needs of production. They ripen mostly in late September during
heavy rainfall, which makes seed harvesting difficult and leads to high yield losses. Low yields lead to
a constant shortage of seeds. Creation of early maturing varieties along with late maturing varieties is
relevant for the Siberian region and the Russian Federation as a whole. The research on creation of ear-
ly maturing meadow clover Assol variety on tetraploid basis with dry matter yield of 60-70 c/ha, seed
yield of 1.5-2.0 c/ha, winter-hardy, more resistant to major diseases is presented. A hybrid population
of 16-9-T (4x) was established under artificial climate conditions by hybridization, polyploidy and se-
lection methods. Further studies were continued in 2006-2021 in the conditions of the forest-steppe of
Western Siberia. Selections of winter-hardy high-yielding forms from the complex-hybrid population
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Kashevarov N.I., Polyudina R.I.

16-9-T (4x) were made. The established population was tested in three cycles of competitive variety
trials (sowing of 2013, 2015, 2017). Early maturing Assol variety on tetraploid basis showed high
yield — 97.0%. The duration of the vegetation period is 114 days. Average yield of green mass for two
harvests was 451 c/ha, dry matter — 89.2, seeds —1.67 c/ha. The variety is characterized by resistance
to powdery mildew and fusarium, responsive to moisture both in the first and second half of summer,
forming a high yield of the first and second cut. Since 2024 the Assol variety has been included in the
State Register of Breeding Achievements approved for use in the West Siberian region of the Russian

Federation.
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INTRODUCTION

In the conditions of Western Siberia, the prob-
lem of fodder supply is acute. Short growing sea-
son and lack of heat lead to variation in forage
and seed yields of meadow clover and decrease
in forage quality in some years [1]. Meadow clo-
ver is the most important high-protein crop for
fodder production, capable of accumulating ni-
trogen in the soil, improving physical and chem-
ical properties' [2, 3].

114 varieties of meadow clover have been
released in different zones of the Russian Fed-
eration as of 2024, including 18 on a tetraploid
basis. In Siberia, 28 varicties are released, three
of them on a tetraploid basis (Delets, Meteor,
Assol)?.

Eight varieties of meadow clover were devel-
oped in the breeding center of the Siberian Fed-
eral Scientific Centre of Agro-BioTechnologies
(SFSCA RAS) from 1976 to 2024 using differ-
ent selection and genetic methods: four of the
late-maturing type on a diploid basis (SibNIIK
10, Rodnik Sibiri, Atlant, Ogonek) and four of
the early-maturing type on a tetraploid and dip-
loid basis (Meteor (4x), Pamyati Lisitsyna (4x),
Prima (2x), Assol (4x%)).

Single-crop late maturing varieties, which

are cultivated in clover-sowing zones of the
West Siberian and East Siberian regions, do not
fully meet the needs of production. They ripen
mainly in late September during heavy precipi-
tation, which makes it difficult to harvest seeds
and leads to high yield losses (plants sprout and
lodge). Low yield leads to a constant shortage of
seeds [4-6]. In this regard, the development of
early maturing varieties along with late maturing
varieties is relevant for the Siberian region and
the Russian Federation as a whole [7].

The hybridization method is used in breeding
work with meadow clover in the Federal Wil-
liams Research Center of Forage Production &
Agroecology, where hybrids are obtained from
crossing geographically distant wild populations
of clover with high-yielding early maturing, but
poorly winter-hardy forms. In clover-sowing
areas scientific institutions have created new
winter-hardy varieties of early-maturing mead-
ow clover, such as Meteor, Ranniy 2, Trio, with
high winter-hardiness and early maturity, yield
up to 100 kg dry matter/ha and up to 5 kg seeds/
ha [8-10].

As aresult of a combination of hybridization,
polyploidy and selection methods, M.Yu. No-
voselov solved a complex problem of meadow

'Novoselova A.S. Selection and seed production of clover. Moscow: Agropromizdat, 1986, 199 p.
2The State Register of Breeding Achievements Approved for Use, vol. 1, Plant varieties, Moscow, 2023, 631 p.
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clover breeding for early maturity, where the ge-
netic negative correlation between the traits of
winter hardiness and early maturity of meadow
clover genotypes on a tetraploid basis was over-
come?® [11]. Winter hardiness of tetraploid forms
of meadow clover was increased in the condi-
tions of the West Siberian region using selection
methods in extreme conditions.

Tetraploid forms of meadow clover have a
number of valuable economic traits, more pro-
nounced in comparison with the original diploid
samples. Tetraploids of meadow clover have
thicker long branching stems and are more re-
sistant to lodging. Leaves and inflorescences of
tetraploids are larger, and foliage of the stems is
higher. The vegetative weight gain of tetraploids
can reach 15-20% in the first year of life and
30-40% in the second [6, 7], which is confirmed
by our studies for 2013-2019. Tetraploids have
larger sizes and seed mass (see footnote 3) [6, 7,
12]. Thus, the diploid variety SibNIIK 10 has a
mass of 1000 seeds of 1.8 g, tetraploid varieties
Assol and Meteor — 2.72 and 2.93 g, respective-
ly. One of the important techniques of adaptive
breeding is the selection of source material of
meadow clover by a set of morphobiological
traits [13].

The purpose of the work is to present the re-
sults of research on the development of early
maturing meadow clover variety on tetraploid
basis with dry matter yield of 60—70 c/ha, seed
yield of 1.5-2.0 c/ha, winter-hardy, more resis-
tant to major diseases.

MATERIAL AND METHODS

A complex-hybrid population 16-9-T (4x),
which was converted to tetraploid basis (see fig.
1), was created in the Federal Williams Research
Center of Forage Production & Agroecology
(1996-2005) under artificial climate conditions
using hybridization method (VNIIL 4586 x Ar-
lington k-40654) and selections. The authors of
the variety are R.I. Polyudina (SFSCA RAS) and
M.Yu. Novoselov (Federal Williams Research
Center of Forage Production & Agroecology).

The research was continued in the breeding
center of SFSCA RAS in the conditions of the
forest-steppe of Western Siberia in 2006—-2021.
Meteorological conditions during the research in
the competitive variety trial varied significant-
ly among themselves. Dry and hot were 2014,
2016, wet and cool conditions were in 2018,
2019, close to long-term averages in terms of
precipitation and air temperature was 2017. This
allowed a sufficiently objective assessment of
the created new variety of meadow clover Assol.

Nursery planting for competitive varietal
testing of meadow clover was carried out in a
special breeding rotation. The technology of
nursery establishment is generally accepted for
cultivation of meadow clover in clover-sowing
zones of Western Siberia®.

Selections of winter-hardy high-yielding
forms from hybrid tetraploid population 16-9-
T (4x) were carried out. The created population
was tested in three cycles of competitive va-
riety trials (sowing of 2013, 2015, 2017) with
two methods of planting: row — for green mass,
wide-row — for seeds. The registered area of the
plot was 25 m?. The research results were pro-
cessed according to B.A. Dospekhov’.

RESULTS AND DISCUSSION

As a result of the conducted research for
2014-2019 Assol variety showed high winter
hardiness — 97%.

The period from spring growth to the first
cutting in the new variety is 59-82 days, from
the first to the second cutting — 44-51, from
growth to maturity — 103—128 days, in the stan-
dard Meteor — 5978, 42—57 and 104124 days,
respectively.

As a result of research for three cycles of the
CVT, the yield of fodder mass in the first cutting
of Assol varied depending on the weather con-
ditions and on the year of grass use from 133
to 546 c/ha, in the second cutting it varied from
109 to 284 c/ha. Its maximum yield for two har-
vests (818 kg/ha) was established in conditions
of over moistened 2018.

3Novoselov M. Yu. Selection of meadow clover. Moscow, 1999, 183 p.
“Cultivation of meadow clover in Western Siberia: scientific and practical manual. Novosibirsk, 2013, 24 p.
*Dospekhov B.A. Methodology of field experiment. Moscow: Kolos, 1979, 416 p.
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Puc. 1. Cxema coznanusi copTa KieBepa JIyroBoro Accoib
Fig. 1. Scheme for creating the variety of meadow clover Assol

The vegetation period of 2018 was character-
ized by lower average daily air temperature in
May and July (-4.0, -0.9 °C from the long-term
average), moisture content in the third ten-day
period of April at 52% of the long-term average,
in May — 120%, June — 29%. This had a posi-
tive effect on the formation of vegetative mass
of plants of the first year of use. The yields of
green mass in the competitive variety trial of the
studied complex-hybrid populations of meadow
clover in the first, second ear and in total for two
harvests amounted to 384-550, 105-291 and
488-841 c/ha, respectively, seeds — 1.71-3.55 ¢/
ha (see fig. 2).

Dry matter yield for two harvests of the Assol
variety was 57-129 c/ha, average for 6 years of
study — 89.2 c/ha, which is higher than the stan-
dard tetraploid variety Meteor by 9.2%, in com-
parison with the diploid variety of late maturing
type SibNIIK 10 by 29.0% (see Table 1).

Foliage varied in the Assol variety in the first
cutting from 36 to 53%, in the second from 36 to
58%, in the tetraploid variety, the standard Me-
teor, from 34 to 52 and from 37 to 59%, in the
diploid variety, the standard SibNIIK 10, from
35 to 47 and from 42 to 61%, respectively. On
average for two harvests, foliage varied from 36
to 55% in the standard Meteor, from 36 to 61%
in the standard SibNIIIC 10, and from 38 to 55%
in the variety Assol (see Table 2).

The Assol variety had a protein content of
14.7%, which is 0.7% higher than the early ma-
turing tetraploid variety Meteor, fiber 24.7% —
1.3% lower than the standard Meteor. Seed yield
of Assol varied by years from 1.00 to 2.99 c/ha,
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amm P, MM 2018 == p, mm 2019 ——=p, mm norm
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Puc. 2. CpenHecyTouHasi TEMIIEpaTypa BO3AyXa U
CyMMa 0CaJIKOB 3a BereTalMoHHbIN nepuon 2018,
2019 rr. (marabie ATMC «OryprioBo)

Fig. 2. Average daily air temperature and
precipitation amount for the vegetation period
2018, 2019 (data from meteorological station
“Ogurtsovo”)

70  Siberian Herald of Agricultural Science ¢ 2025 « 55 ¢ 2

Fodder production



HoBelii copT KiteBepa 1yroBoro Accolns

Kamesapos H.H., [Tomonuna P.1.

average — 1.67 /ha, in comparison with the tet-
raploid standard Meteor variety Assol exceeded
this indicator by 11.2%, SibNIIK 10 variety by
16.5% (see Table 1).

Seeds ripen in early maturing varieties Assol
and Meteor in II-III ten-day periods of August
(in dry years July 30-31). This allows harvesting
of Assol seeds before harvesting of grain crops,
which is important in production conditions.

The tetraploid Assol variety has an insemination
rate of 19%, Meteor — 18, SibNIIK 10 — 35%.
Complex-hybrid population 16-9-T (4x) to-
gether with the Federal Williams Research Cen-
ter of Forage Production & Agroecology was
transferred to the State Variety Trial as variety
Assol in 2021. In 2024, the variety was included
in the State Register for the West Siberian re-
gion. The copyright certificate (No. 82590 dated

Ta6a. 1. YpoxaiiHOCTh KJIeBepa JyroBoro copra Accojb (KOHKYPCHOE COPTOMCIIBITAHUE), 1I/Ta
Table 1. Yield of meadow clover Assol variety (competitive variety trial), c/ha

Assol
Year Year of use Meteor SibNIIK 10 (stan- ) LSD
of sowing (standard 1), c/ha dard 2), c/ha c/ha * to the stan- 7o to the stan- 0
dard 1 / standard 2 | dard 1 / standard 2
Herbage
2013 First 227 336 242 15/-94 107/72 16,4
Second 457 223 506 49/ 283 111/126 47,4
2015 First 328 297 379 51/82 116/128 30,2
Second 386 279 462 76/183 120/166 27,6
2017 First 680 488 818 138/330 120/168 38,7
Second 223 173 296 73/123 133/171 26,2
Average 384 299,3 451 67/152 17,4/50,7
for 6 years
Dry matter
2013 First 53 81 57 4/-24 108/70 3,9
Second 114 78 129 15/70 113/120 10,7
2015 First 65 59 71 6/12 109/120 9,4
Second 69 51 81 16/30 117/96 3,1
2017 First 96 101 97 1/-4 101/96 13,2
Second 92 44 99 7/55 108/225 8,6
Average
for 6 years 81,5 69 89 7,5/20 9,2/29
Seeds
2013 First 0,9 1,5 1,0 0,1/-0,5 111/66 0,1
2015 First 0,78 2,55 1,02 0,24/-1,53 131/40 0,21
2017 First 2,81 2,0 2,99 0,18/0,99 106/150 0,16
Average
for 3 years 1,49 2,0 1,67 0,18/-0,33 11,2/-16,5
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Ta6a. 2. OOIUCTBEHHOCTH KJIEBEpa JIyTOBOTO
copta Accoib (KOHKYPCHOE COPTOHCITBITaHuE), %

Table 2. Foliage of meadow clover Assol variety
(competitive variety trial), %

Foliage
Year Assol
of Year of dStaél'l Standard 2 =0
SOW- use ar (SibNIIK £ (o the
ing (Mete- 10) % | standard 1/
or) standard 2
First 55 45 53 -2/8
2013
Second | 45 42 45 0/3
First 36 36 38 2/2
2015
Second | 54 61 55 1/-6
First 48 47 48 0/-1
2017
Second | 46 53 50 4/-3

28.05.2024) and a patent for breeding achieve-
ment (No. 13701 dated 28.05.2024) were ob-
tained

Morphobiological and economically valu-
able traits of meadow clover Assol

The variety is tetraploid, double-cutting type,
has a multistemmed plant (41-56 stems). Plant
height before the first cutting is 67 cm, before
the second — 57 cm. Foliage of stems on average
for two harvests is 48%, weight of 1000 seeds is
2.72 g. The period from spring growth to the first
harvest ripeness (beginning of flowering, 10%)
is 68 days, from the first to the second harvest —
57 days to maturity of heads at 80% — 114 days.
At the same time, the early maturing tetraploid
variety standard Meteor has a period from re-
growth to maturity of 112 days, while the late
maturing diploid variety SibNIIK 10 — 124 days.

The average yield of green mass for two
harvests is 451 kg/ha, which is higher than the
standard by 67 kg/ha (17.4%), dry matter — 89.2
(9.2%), seeds — 1.67 kg/ha (12.2%). The max-
imum yield of green mass for two harvests is
818 c/ha, which is higher than the standard by
20.3%, seeds — 2.72 c/ha. Protein content is

Ta6a. 3. IlopaxxaemocTs O0JIE3HSIMH KIIEBEpa
ayroBoro Accoinb (16-9-T(4x)) 3a 2014-2019 rr.
(mannbie JI.O. AmmapuHoit), %

Table 3. Disease incidence of meadow clover

variety Assol (16-9-T(4x)) for 2014-2019
(data of L.F. Ashmarina), %

Damage
(average for all years)
Variety sample _
Powdery | Stemphyli- | ¢ . oo
mildew | um leaf spot
Meteor (standard) 44,3 25,9 19,3
Assol (16-9-T(4x)) 29,1 29,1 15,2
% to the standard 65,69 100,89 78,76

14.9%. The variety is characterized by resis-
tance to powdery mildew and fusariosis, respon-
sive to moisture both in the first and second half
of summer, forming a high yield of the first and
second harvests.

In the competitive variety trial, meadow clo-
ver varieties were annually affected by a com-
plex of soil (fusariosis) and leaf-stalk infections
(powdery mildew, Stemphylium leaf spot) (see
Table 3).

On average, the Assol variety (16-9-T(4x))
was affected below the standard by powdery mil-
dew (29.1% on average) and fusariosis (15.2%),
and by Stemphylium leaf spot at the level of the
standard Meteor variety (see Table 3).

CONCLUSION

A new high-yielding winter-hardy early-ma-
turing (double-cut) variety of meadow clover on
a tetraploid basis Assol was created in the breed-
ing center of the SFSCA RAS together with the
Federal Williams Research Center of Forage
Production & Agroecology by hybridization,
polyploidy and selection. The variety has been
included since 2024 in the State Register of
Breeding Achievements, allowed for use in the
West Siberian region. The variety is being mul-
tiplied for introduction into production in farms
in the West Siberian region of the Russian Fed-
eration.
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BiusiHue KOMILIEKCAa IKOJIOTHYECKUX (paKkTopoB
Ha ANIEKJIAIKY [epe3MMOBABIINX CAMOK KOJIOPAJACKOI0 KyKa
B ycjaoBusix Jecocrenu IIprnoobst

C)Yymukosa H.C., Mamora A.A.

Cubupckuii ¢hedepanvhviil Hayuublil yeHmp azpoduomexnonoutl Poccutickoll akademuu Hayk
Hosocubupckast oo6macts, p.im. KpacnooOck, Poccus

(<) e-mail: natalya-chulikova@yandex.ru

B cratpe npeacTaBieHbl pe3yabTaTbl MHOTOJICTHUX MCCIICIOBAHUM MO OICHKE BIUSHUS SKOJIOTH-
4ecKkuX (haKTOpPOB (TEMIEPaTyphl W BIAKHOCTH BO3/1yXa, KOJMYECTBA OCAIKOB, CYMMBI 3(PQEKTHB-
veIx Temmeparyp (COT) u mpoaomKUTETbHOCTH CBETOBOTO JHs) HA HA4Yallo, MPOAOIDKUTEITFHOCTD
Y OKOHYAHUE SIMIEKIIAJKU IMePE3UMOBABIINX UMAaro KOJIOPaJCKOTO XKyKa B MOCaJKax kaprodens Ha
TEPPUTOPHH LIEHTpaNIbHO-IecocTenHoro [Iprobekoro arpomanamadTHOrO paifoHa. 3a TOIBI HCCie-
JIOBaHUI TIPOIIeCC OTKIAAKH SUIl HAUMHAJCS 19 mroHs &+ 12 mHeH npu cpenHecyTOIHON TeMIlepaTrype
Bozayxa 18,3 + 10,7 °C, COT 165,6 = 78,2 °C, BnaxxHoctu Bozayxa 66,8 + 24,3%, komudyecTBe oca-
koB 0,4 + 0,4 MM U IPOAOIKUTENBHOCTH ¢BETOBOrO HA 17:19 + 0:09 4. YcTaHOBIEHO KOMIUIEKCHOE
BO3JIeiicTBHE BCeX aOMOTHUECKHX (akTopoB. PaccmarpuBaemble dakTopsl Ha 74,9% onpenensiy duc-
JIO SIUII, OTJIOKCHHBIX B TICPBBIN JICHb SUICKITAIKN (HAUOOJIBIICE BIUSHAE UMEJIO0 KOJIMYECTBO OCal-
koB). [IponomxurenbHOCTh TIEpHO/a SUIIEKIAJIKH 3aBUCeNa OT DKOJIOTH4YecKux (akropoB Ha 54,1%
(MakcuMaIpHOE BIUSHUE OKa3aga TeMIieparypa Bo3ayxa). Jloss BIUsSHAS BCero KoOMITIEKca (haKTOpOB
cocraBuia 75,7% (uanbonpiiee BiusHue okazana COT). CpeaHsisi NpOAOIKUTEIBHOCTD MpoLecca
siinexnaaku cocraswia 18,8 + 10 aHel npu cpenHecyTouyHoM Temmeparype Bo3ayxa 19,1 £ 5,8 °C,
COT 132,3 £ 77,6 °C, BnaxHoCTH Bo3myxa 66,7 £ 25,2%, xonmdectBe ocaakoB 39,6 £ 39,6 MM, mpo-
JOJIKUTEIBHOCTU CBETOBOTO JHs 17:15 4+ 0:12 4. 3a 3T0 BpeMs nepe3uMOBaBIIINE CAMKH OTKJIA IbIBAIIN
B cpeaneM 0,30 + 0,27 sifnexinagok Ha oqHo pactenue. Mzyuaemsie dakropsl Ha 83,3% onpenesnsiau
YUCIIO SIWI, OTIOKCHHBIX Ha JaTy OKOHYAHUS MEepHoja SUICKIAnKu (HaumOobIIee BIUSHAE OKa3a-
JI0 KOJTMYECTBO 0CAJKOB). B cpeHeM okoHYaHuWe Tporiecca sUIeKIaJ ki MPUXOAmIoch Ha 10 urons +
10 nHelt mpu cpeanecyTouHoi Temneparype Bo3ayxa 19,0 + 3,4 °C, COT 306,4 + 113.9 °C, BnaxHo-
ctu Bo3ayxa 71,4 = 19,3%, xonmdecTBe ocankoB 5,7 £ 5,7 MM U IPOIOIDKUTEIIFHOCTH CBETOBOTO JTHS
17:04 + 0:25 4. YnucaeHHOCTh AWIEKIAIOK HA ATy OKOHYAHHS MEPUOa OTKIAIKU SUIl COCTABIISLIA
0,1 + 0,09 sk3./pacT.

KuroueBble cioBa: Leptinotarsa decemlineata Say, siinieknaaka, TeMrepaTypa 1 BIaKHOCTh BO3-
nyxa, cyMMa 3(pQeKTHBHBIX TeMIIepaTyp, CyMMa OCaKOB, IPOJOKUTEIILHOCTh CBETOBOTO JIHS

Influence of a complex of environmental factors on oviposition
of overwintering females of Colorado potato beetle
in the conditions of the Priobie forest-steppe

(<) Chulikova N.S., Malyuga A.A.

Siberian Federal Scientific Centre of AgroBioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<)e-mail: natalya-chulikova@yandex.ru

The article presents the results of long-term research on the influence of environmental factors (air
temperature and humidity, precipitation, sum of effective temperatures (SET) and daylight duration)
on the beginning, duration and end of oviposition of overwintered imago Leptinotarsa decemlineata
Say in potato plantings in the central forest-steppe Priobsky agro-landscape area. During the years
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of study, the egg-laying process began on June 19 £ 12 days at an average daily air temperature of
18.3 +10.7 °C, SET of 165.6 + 78.2 °C, air humidity of 66.8 + 24.3%, precipitation of 0.4 + 0.4 mm,
and daylight hours of 17:19 + 0:09 h. The complex impact of all abiotic factors was found. The factors
considered had 74.9% influence on the number of eggs laid on the first day of oviposition (rainfall
showed the greatest influence). The duration of the oviposition period depended on environmental
factors by 54.1% (air temperature had the maximum influence). The share of influence of the whole
complex of factors amounted to 75.7% (SET had the greatest influence). The average duration of the
oviposition process was 18.8 + 10 days with an average daily air temperature of 19.1 £ 5.8 °C, SET
of 132.3 £ 77.6 °C, air humidity of 66.7 £ 25.2%, precipitation of 39.6 £ 39.6 mm, and daylight hours
of 17:15 + 0:12 h. During this time, overwintering females laid an average of 0.30 = 0.27 ovipositors
per plant. The studied factors determined the number of eggs laid on the date of the end of the ovi-
position period by 83.3% (precipitation influenced the most). On average, the end of the oviposition
process occurred on July 10 = 10 days with an average daily air temperature of 19.0 + 3.4 °C, SET
0f 306.4 £ 113.9 °C, air humidity of 71.4 + 19.3%, precipitation of 5.7 + 5.7 mm, and daylight hours
of 17:04 + 0:25 h. The number of ovipositors at the end of the egg-laying period was 0.1 + 0.09 eq/plant.

Keywords: Leptinotarsa decemlineata Say, oviposition, air temperature and humidity, sum of ef-
fective temperatures, sum of precipitation, photoperiod duration
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INTRODUCTION obtained data allow explaining the development

Abiotic factors have a significant impact on
living things. Observations of the reactions of
living organisms to environmental factors (tem-
perature, precipitation, humidity, daylight hours)
are fundamental for predicting the reproduction
and dispersal of these organisms, determining
the stages and timing of their development. The

of species in a particular area, and in relation to
phytophages, such information can be used in
the development of plant protection systems.
The biology of the Colorado potato beetle
has been studied in great detail by many scien-
tists 12 [1-16], but a number of issues still lack
detailed descriptions. For example, there is no

YUshatinskaya R.S., Yirkovsky G.G. Ecology and physiology of the Colorado potato beetle. Moscow: Nauka, 1976, 132 p.
*Colorado potato beetle: phylogeny, morphology, physiology, ecology, adaptation, natural enemies / edited by P. S. Ushatinskaya.

Moscow: Nauka, 1981, 376 p.
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of Colorado potato beetle (Leptinotarsa decemlineata Say) adults and eggs // Zemdirbyste-Agriculture, 2014, vol. 101, pp. 431-436.

‘Zhang Y.H., Zhang Z., He J., Tuerxun A., Cheng D.F. Cold hardiness of natural populations of the Colorado potato beetle
(Leptinotarsa decemlineata) // Plant Protection, 2012, N 38, pp. 64—67.

SFisechko R.N. Features of the biology of the Siberian population of the Colorado potato beetle (Leptinotarsa decemlineata
Say) in the forest-steppe conditions of the Priobye region // Agricultural sciences and the agro-industrial complex at the turn of the
century: collection of materials from the scientific and practical conference. 2014, N 5, pp. 17-21.

*Vashchishyn O.A. Colorado beetle in western forest-steppe of Ukraine // Foothill and mountain agriculture and animal husband-
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information on the complex influence of abiot-
ic factors on the beginning and duration of the
oviposition period of overwintering adults, par-
ticularly in field conditions. It is known that egg
laying and normal development of pest embryos
occur at air temperatures of 17...33°C (optimum
is in the range of 22...25°C) and relative humid-
ity of air of 60—75%. Egg-laying can take place
at an average daily temperature of 12 °C only
in those hours when the temperature rises above
20 °C. However, even at 17 °C its intensity is
very insignificant'®'?. Unfavorable conditions
for breeding females are temperatures below
14 °C or above 26...27 °C with relative humid-
ity below 40% or above 80%. According to the
data obtained in the Leningrad Region, the tem-
perature thresholds of mobility recovery and the
beginning of mating after hibernation are lower
and are 8...9 °C",

Basically, studies cover one or several envi-
ronmental factors. In most cases, the tempera-
ture factor [4, 5] or the temperature factor and
photoperiod [8] are taken into account. Most
often, the authors specify the ten-day period of
the beginning of egg laying and the potato phe-
nophase without specifying abiotic conditions.

With sufficient knowledge about the influence
of environmental factors on the development of
L. decemlineata, there are still no detailed stud-
ies on the timing of egg-laying by overwintering
adults and the duration of this process (especial-
ly under field conditions) for both the Russian
Federation and Western Siberia (including the
territory of the central Priobie forest-steppe ag-
rolandscape region). Such studies will provide
more complete information on the ecology of
Colorado potato beetle.

The purpose of this work was to study the in-
fluence of a complex of environmental factors
on the onset of egg-laying by overwintering
adults of L. decemlineata and on the duration of
the oviposition period in the conditions of the
central Priobie forest-steppe agrolandscape re-
gion.

MATERIAL AND METHODS

Studies were conducted on potato plantings
in the Novosibirsk region: in 2007-2010 - on the
basis of the state crop testing site “Iskitimsky”,
located in typical conditions of the central for-
est-steppe Suzun agrolandscape subdistrict, in
2009-2011 and 2014-2019 — on the fields of
experimental station “Elitnaya” of the Siberian
Federal Scientific Centre of Agro-BioTechnol-
ogies RAS in typical conditions of the central
Priobie forest-steppe agrolandscape district. The
main elements of potato cultivation technology
corresponded to those generally accepted for
this region'* '°.

The vegetation periods during the years of
research were characterized by various weather
conditions: in 2007, 2009, 2015, 2017 and 2018
they were mildly arid (HTC = 1,2-1,3), in 2008,
2010, 2011, 2014, 2016, 2019 — arid (HTC =
0,7-1,0).

Colorado potato beetle oviposition and its du-
ration were evaluated on the varieties Adretta,
Agata, Arosa, Cardinal, Nikita, Purple Majes-
ty, Sante, Scarlet, Vitelotte, Zhukovsky Ranny,
Zarevo, Lina, Lugovskoy, Lyubava, Nevsky,
Sapho, Svitanok Kievsky, Violet, Hoziayushka,
Yugana by visual counting of 20 side-by-side
plants in two repetitions on the natural back-
ground of the crop planting according to gen-

Grison P. Influence de la temperature sur l'activité du Doryphore (Leptinotarsa decemlineata Say) // Proceedings of the IX In-
ternational Congress of Entomologists, Amsterdam, 1950, pp. 331-337.

Wyengorek V.G. Research on the wintering of the Colorado potato beetle (Leptinotarsa decemlineata Say) based on its physiol-
ogy // The Colorado potato beetle and measures to combat it: collection of articles. Moscow: Publishing House of the Academy of

Sciences of the USSR, 1958, vol. 2, pp. 53-65.

2Kakharov K.Kh. Bioecological characteristics of the Colorado potato beetle (Leptinotarsa decemlineata Say) and measures to
combat it in Tajikistan: abstract of doctoral dissertation in agricultural sciences. St. Petersburg, 2008, 40 p.

BKapustkin, D.V. Biological characteristics of the Colorado potato beetle Leptinotarsa decemlineata Say (Coleoptera, Chrysome-
lidae) in the North-West region of Russia: abstract of candidate’s thesis in biological sciences. St. Petersburg, 2009. 19 p.

1“Adaptive landscape farming systems in the Novosibirsk region. Novosibirsk, 2002, 388 p.
"Research methods in potato cultivation. Moscow, 1967, 264 p.
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erally accepted methods'®. The planting density
was 35.7 thousand plants/ha.

Weather conditions were analyzed to deter-
mine the factors influencing the date of the begin-
ning of oviposition of overwintering adults and
the duration of this process. The relationship of
these indicators with environmental conditions
was established by means of pair and multiple
correlation for the following factors: air tempera-
ture and humidity, precipitation, daylight hours
and the sum of effective temperatures (SET).
Information on the weather conditions was ob-
tained from the agrometeorological bulletins of
the Novosibirsk Center for Hydrometeorology
and Environmental Monitoring and specialized
data sets for climatic studies (weather services,
etc.). According to the results of pair and multi-
ple correlation, the percentage of the impact of
the studied factors on the date of the beginning
and end of oviposition was determined. To es-
tablish the dependence of egg-laying duration on
the air temperature and humidity, precipitation,
daylight hours and SET, regression analysis was
performed on the whole set of data and the pa-
rameters of the linear regression equation were
calculated. All calculations and their prima-
ry statistical processing were performed using
Snedecor'” and Microsoft Excel 2010 software
packages.

SET was calculated before the beginning of
the oviposition period and during the continua-
tion of this process starting from the stable tran-
sition of the average daily temperature through
10 °C. The air temperature of 11.5°C'® was tak-
en as the lower threshold of the Colorado potato
beetle development.

RESULTS AND DISCUSSION

During 11 years of research, the dates of the
beginning of egg laying by overwintering fe-
males of the Colorado potato beetle varied. The
earliest date was June 7 (2011), the latest — July 2
(2019). Consequently, the beginning of the ovi-
position period occurred on June 19 + 12 days,

based on the annual average data. The average
number of oviposition was 0.4 £ 0.16 eggs/plant.
The minimum value was 0.01 eggs/plant, and the
maximum value was 1.9 eggs/plant. Egg laying
started at the air temperature of 18.3 = 10.7 °C,
SET 165.6 + 78.2 °C, air humidity 66.8 +24.3%
and minimum precipitation (0.4 + 0.4 mm). The
duration of daylight hours during this period was
17:19 + 0:09 h.

Since the phytophage life cycle depends on
meteorological factors (air temperature and hu-
midity, daylight hours, precipitation), the pair-
wise correlation and the proportion of influence
of the studied factors on the number of eggs in
ovipositors laid on the first day were calculated.
As aresult, an average negative relationship be-
tween air humidity and the number of eggs laid
on the first day was established: the correlation
coefficient was -0.7 £ 0.2, and the share of influ-
ence of this factor was 47.1%. The influence of
other factors was not statistically significant.

Due to the fact that abiotic factors cannot act
in isolation, an autocorrelation matrix was con-
structed (see Table 1) and the influence shares of
the studied factors were calculated.

It was determined that the number of eggs
laid on the first day was most strongly influenced
by air humidity and daylight hours (71.9%;
R =0.8£0.2), the average — by air humidity and
temperature, SET and precipitation on the day of
egg-laying (47.7-53.0%; multiple correlation for
the listed factors was 0.7 + 0.2). All other factors
had a weak influence; their share amounted to
8.3-17.6% with multiple correlation from 0.3 +
0.3t00.5+0.3.

It was found that the share of the combined
influence of the entire complex of the studied
factors amounted to 74.9%, and the value of the
correlation coefficient was 0.87 = 0.1. The great-
est influence was exerted by such factor as the
amount of precipitation (the maximum regres-
sion coefficient B was equal to 0.021).

As a result of the calculations the multiple re-
gression equation was obtained

YPaviyushin V.A., Vilkova N.A., Sukhoruchenko G.1., Fasulati S.R., Nadykta V.D., Ismailov V.Ya., Yakovleva I.N. Methodological
recommendations for the indication and monitoring of the adaptation processes of the Colorado potato beetle to genetically modified

potato varieties. St. Petersburg, 2005, 48 p.

Sorokin O.D. Applied Statistics on Computers. Novosibirsk, 2012, 282 p.
841faro A. El escarabajo de la patata clima // Boletin de Patologia Vegetal y Entomologia Agricola, 1943, N 12, pp. 45-76.
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Ta6a. 1. ABTOKOpPEISAIIMOHHAS MaTPHIlA BIMSHHS a0MOTHYECKUX (PaKTOPOB HA YHUCIICHHOCTh SHTIEKIIa-
JIOK, OTJIOKEHHBIX B IEPBBIN JACHB, R + Sr (B CpelHEM 3a TOBI UCCIICIOBAHHMIA)

Table 1. Autocorrelation matrix of the influence of abiotic factors on the number of laid eggs of
Leptinotarsa decemlineata Say on the first day of egg laying, R = Sr (on average over the years of research)

Factor Air humidity, % Precipitation, mm SET, °C Daylight hours, h
Air temperature, °C 0,7+0,2 0,3+0,3 0,4+0,3 0,5+0,3
Air humidity, % 0,7+0,2 0,7+0,2 0,8+0,2
Precipitation, mm 0,3+0,3 0,4+0,3
SET, °C 0,4+0,1

y=125,3387-0,04175x, — 7,0534x, —
—0,03882x, + 0,00967x, — 0,000623x.,
Sy =0,59 pcs./plant,

where y — oviposition rate, pcs./plant; x, — air
humidity, %; x, — daylight duration, h; x, — air
temperature, °C; x, — precipitation, mm; x, —
SET, °C (the value of indicators at the date of
the beginning of egg laying is indicated).

The equation is applicable for air humidity
from 40 to 80%, daylight hours from 17.10 to
17.25 h, air temperature from 13 to 25 °C and
precipitation from 0 to 4 mm.

Further, the duration of the oviposition period
was determined: average — 18.8 = 10 days, max-
imum — 28.7 days (2018), minimum — 8.8 days
(2014). During this time, the average daily air
temperature reached 19.1 + 5.8 °C, dropping
to 7.6 °C on some days. The SET value for
the whole duration of oviposition amounted
to 132.3 £ 77.6 °C. This indicator reached its
maximum in 2018 (239.4 °C) and its minimum
in 2009 (54.7 °C). On average for one day of
the oviposition period, the SET reached 7.6 +
6.6 °C, on some days it was 0.2 °C.

During the experiment, air humidity was
relatively stable both on average for the whole
period and for one day — 66.7 and 67.7%, re-
spectively. However, during the day this indica-
tor varied from 42.5 to 89.0%. The sum of pre-
cipitation averaged 39.6 + 39.6 mm during the
oviposition period. At the same time, in some
years there was no precipitation at all during the
entire study period (2015), and the maximum

amount of precipitation fell in 2017 (93.2 mm).
The average daily precipitation during the study
years was about 2.0 = 2.0 mm. Their maximum
amount for a day sometimes reached 37 mm. It
was found that the whole process of egg laying
took place under the long-day photoperiodic
regime — 17:15 + 0:12 h; the differences in the
value of this indicator on separate days were in-
significant.

By determining the average weather condi-
tions during the whole oviposition period, it was
possible to evaluate the influence of individual
environmental factors on the process. For this
purpose, the pairwise correlation and the share
of influence of the factors were calculated. It
was found that the proportion of influence of hu-
midity and air temperature on the duration of the
oviposition period was 24.5 and 39.5%, respec-
tively. Other environmental factors had a very
weak influence on this process: the share of their
influence amounted to 1,1-5,2%.

Then the autocorrelation matrix was con-
structed (see Table 2) and the shares of influence
of the studied factors on the duration of the adult
oviposition period were calculated in order to es-
tablish the complex of the main abiotic factors.

It was found that the duration of the oviposi-
tion period was more influenced by air tempera-
ture and precipitation (49.9%; R = 0.7 £ 0.2),
the average— by air temperature together with air
humidity, daylight hours, SET, as well as air hu-
midity and precipitation. The share of influence
of these factors was at the level of 39.5-43.8%.
The influence of air humidity with SET and day-
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light hours was weak (26.0-29.3%; R = 0.5 +
0.3). The degree of influence of daylight hours
in combination with SET was very small (2,1%;
R=0,1£0,3).

According to the results of multiple correla-
tion calculation, a strong influence of all factors
on the duration of the oviposition period was re-
vealed (54.1%; R=0.74 + 0.16). Air temperature
had the greatest influence (maximum regression
coefficient  was equal to 0.986).

As a result of the calculations the multiple re-
gression equation was obtained

y=27,8225-0,8189x, + 0,02591x, +
+0,203x, — 0,00672x, — 0,00144x,,
Sy = 0,47 days,

Where y — duration of the oviposition period,
days; x, —average period of daylight duration, h;
x, — average period air humidity, %; x, — average
period air temperature, °C; x, — average period
precipitation, mm; x, — average period SET, °C.

The equation is applicable for daylight hours
from 17.00 to 17.25 h, air humidity from 55 to
75%, air temperature from 13 to 25 °C, precipi-
tation from 0 to 100 mm, SET from 50 to 240 °C.

Abiotic environmental factors affect not only
the duration of oviposition but also the number
of ovipositions laid. It was calculated that, on
average, overwintering females laid 0.30 = 0.27
ovipositions per plant during the oviposition pe-
riod. Analysis of the relationship between this
index and the environmental conditions showed
that the SET gained during the oviposition peri-
od had a strong effect on the number of ovipo-

sitions laid (56.4%; r = 0.8 = 0.2). The effect of
other factors was not statistically significant.

Significant influence of several abiotic fac-
tors on the number of laid eggs was detected.

The maximum influence was exerted by day-
light hours and SET (82.1%; R = 0.9 = 0.1),
and strong influence was exerted by SET with
air temperature and humidity and rainfall (56.4-
58.5%; R = 0.8 = 0.2). The other factors had
weak and very weak influence.

In addition, the significance of the whole
complex of the studied factors was considered.
It was found that there was a strong relationship
between the number of ovipositioning and the
environmental factors (R =0.87 £0.12), with the
share of influence of the whole complex of fac-
tors amounting to 75.7%. The greatest influence
was exerted by SET (the maximum regression
coefficient § was equal to 0.977).

As aresult of the calculations the multiple re-
gression equation was obtained

y=-33,8378 +2,1057x, — 0,02586x, ——
0,06151x, +0,00312 x, + 0,00601x,,

Sy = 0,28 pcs./plant,

where y — average number of ovipositions, pcs./
plant; x, —average period of daylight duration, h;
x, —average period air humidity, %; x, — average
period air temperature, °C; x, — average period
precipitation, mm; x, — average period SET, °C.

The equation is applicable for daylight hours
from 17.00 to 17.25 h, air humidity from 55 to
75%, air temperature from 13.0 to 25 °C, pre-
cipitation from 0 to 100 mm, SET from 50 to
240 °C.

Taoda. 2. ABTOKOppENSHMOHHAS MaTpULA BIMSHUS ITIOTOAHBIX (PaKTOPOB Ha MPOIOKUTEIILHOCTD
nepuoza sifueknanku, R + Sy (B cpeaHeM 3a rofbl UCCIe0OBaHMS)

Table 2. Autocorrelation matrix of the influence of factors on the duration of oviposition, R = Sr

(on average over the years of research)

Factor Air humidity, % | Precipitation, mm SET, °C Daylight hours, h
Air temperature, °C 0,6 +0,4 0,7+0,2 0,6 0,3 0,6+0,3
Air humidity, % 0,7+0,2 0,5+0,3 0,5+0,3
Precipitation, mm 0,3+0,3 0,3+0,3
SET, °C 0,1+0,3
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The environmental conditions and ranges of
variability of the weather conditions at which
the egg-laying process ended were determined.
The end of this process on average for the years
of research fell on July 10 £ 10 days. Howev-
er, in some years its end was recorded both on
June 27 (2015) and July 19 (2018). The num-
ber of ovipositions during this period was 0.1 +
0.09 pcs./plant. The completion of egg laying
took place at an air temperature of 19.0 £ 3.4
°C, SET of 306.4 + 113.9 °C, and air humidity
of 71.4%. The amount of precipitation was in-
significant (5.7 = 5.7 mm), and the duration of
daylight hours was 17:04 + 0:25 h. It was found
that the end of oviposition occurred in a wide
range of accumulated temperatures from 192.5
(2009) to 431.9 °C (2017). Also, rainfall varied
widely during this period, from 0 (2008, 2011,
2015, 2018) to 37 mm (2019).

It was revealed that the number of oviposi-
tions at the end of the egg-laying process was
strongly influenced by the amount of precipita-
tion (59.8 %; r = 0.8 £ 0.2). At the same time,
air temperature and humidity had no appreciable
effect.

Calculation of multiple correlation and the
proportion of the influence of the studied factors
showed that the number of laid eggs at the end
of oviposition was very much influenced by a
complex of factors such as precipitation and air
humidity (76.3%; R = 0.9 = 0.2). In addition,
precipitation combined with air temperature,
daylight hours and SET had a significant effect
on the completion of this process (59.5-65.8%;
R = 0.8 £ 0.2). The other studied factors had a
weak influence on the end of the oviposition pe-
riod.

According to the results of multiple correla-
tion calculations, the complex influence of all
the studied factors is very strong (R = 0.91 £
0.09), the share of influence of the factors on the
number of oviposition is 83.3%. Among all the
factors, precipitation had the greatest influence
on the date of the end of the oviposition peri-
od (the maximum regression coefficient B was
equal to 1.031).

The following multiple regression equation is
obtained:

»=0,00865 + 0,00315x, —0,00338x, +
+0,00955x, + 0,00661x, + 0,000183x,
Sy = 0,01 pcs./plant,

where y — the number of ovipositions, pcs./plant;
x, — daylight duration, h; x, — air humidity, %;
x, — air temperature, °C; x, — precipitation, mm;
x, — SET, °C (the value of the indicators on the
date of the end of egg laying is indicated).

The equation is applicable for daylight hours
from 16.30 to 17.25 h, air humidity from 50 to
85%, air temperature from 15.0 to 23 °C, rainfall
from 0 to 40 mm, SET from 190 to 435 °C.

CONCLUSION

Based on the results of long-term studies,
it was found that in the conditions of Western
Siberia in the central Priobie forest-steppe ag-
rolandscape region, the oviposition process of
overwintering adults and the number of eggs
laid by them were strongly influenced by a com-
plex of factors: air temperature and humidity,
precipitation, the sum of effective temperatures
and daylight hours.

Significant influence of paired factors was
observed. The beginning of oviposition was
determined by air humidity and daylight hours
by 71.9%. The duration of the oviposition pe-
riod was 49.9% dependent on air temperature
and precipitation. The number of oviposition
was significantly influenced by the duration of
daylight hours and SET (82,1%). The end of the
oviposition period was maximally influenced by
air humidity and precipitation (76.3%). It is also
confirmed that individual abiotic factors cannot
influence the beginning, course and end of the
egg-laying process. Each stage has its own de-
termining complexes of factors.

With the help of the obtained equations, based
on the analysis of long-term data, it is possible to
predict the date of the beginning of oviposition
of overwintering adults of the Colorado potato
beetle, its duration and the number of laid eggs,
taking into account the weather conditions.
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Biinsinue peryJiiTOpoB pocTa Ha MPOAYKTUBHOCTH
CeMSIH MOJCOJTHEYHNKA

x)Kumona JI.A."?2

'Uncmumym cenvckoeo xossuicmea — gunuanr PedepanbHo20 HAYUHO20 YeHmpa
«Kabapouno-bankapckuil nayunsiii yenmp Poccutickoll akademuu HayK»

Hanpuuk, Poccus

2Kabapouno-bankapckuil 2ocyoapcmeennwiil acpapHulil yHueepcumem um. B.M. Koxosa
Hanpuuk, Poccus

(<)e-mail: dana.kimova@inbox.ru

[IpencraBinensr pe3ynbTarhl n3ydeHus: 3Q(OEKTUBHOCTH PA3IMYHBIX PETYISITOPOB POCTa HA JIEs-
HOYHBIX ydacTkax nojconHeynuka copra CIIK xonauTepckoro nampasienus. Hayunele uccinenona-
Hus ipoBeaceHBI B 2021, 2022 IT. B YCIOBHSIX HEOCTATOYHOTO M HEYCTOMYIHBOTO YBIKHEHHSI CTETTHOM
30Hbl KabGapauno-bankapun. B onbitax npumensiau peryinsatopsl pocta Ansout, TIIC; Lupkon, P;
I'ymu, P; Azodoke, P; Amurun Mukpo, P; Onun-Dkcrpa, P u Amuno, P. JlensiHouHbIe ONBITHI 3aKia-
JIBIBAJI B BOCBMH BapHaHTaX METOJOM PEHIOMHU3AIINH B TpeX sipycax. BapuanT 1 ObUT KOHTPOIBEHBIM
(6e3 ob6pabotku). [nomaas Kaxa0# JesaHKH cocTaBmia 21 M?, MOBTOPHOCTh TpexkparHas. B xome
HCCIIe/IOBaHUH H3yUeHbl TaKue MOoKa3aTeNu, Kak CpeIHUN 1uaMeTp Kop3uHkH (cM), macca 1000 cemsH
(T) 1 cpenHss ypOXKaHOCTE ceMsH (T/Ta). Ha pacTeHUSAX TOACOTHEYHNKA IO ACHCTBHEM PETYIIATO-
pos pocta Ansbur, TIIC; Onun-Okcrpa, P; AMuHO, P HHTEHCUBHOCTB Pa3BUTHS JIOKHON MyYHHCTON
pocsl Obuta Menble Ha 4,1; 4,2 u 4,3% otHOCHTENEHO KOHTpOJIs (0e3 00paboTKM) COOTBETCTBEHHO.
YpoxkaltHOCTh CEeMSH TOACOTHEUYHHNKA B PEe3yIbTaTe MPUMEHEHHS PETYIITOpoB pocta Ansout, TIIC
(BapmanTt 2), ['ymu, P (Bapuant 4), OnuH-OkcTpa, P (Bapuant 7) u Amuno, P (BapuaHT 8) moBeIcHIIach
u cocraBuna 4,1; 3,5; 4,2 u 4,3 1/ra coorBercTBeHHO. OTHOKPATHOE UCTIONB30BaHUE Pa3HBIX PETyIsi-
TOPOB POCTa C HU3KOW KOHIICHTPAIMEW YBEIWYMIIO TPOTYKTHBHOCTH IMOJCOTHEYHHKA B BapHaHTaX
2 (Ane6ur, TIIC), 7 (O Dkcrpa, P), 8 (AmuHo, P) B cpeanem Ha 1,4 T/Ta B CpaBHEHUU C BAPHAHTOM
0e3 00paboTku. JlnameTp KOp3WHOK yBEeIMUMWICS B BapuaHtax 2 (Ansout), 6 (Amunun Mukpo, P),
7 (OmmH-DKCcTpa), 8 (AMHHO) B CpeIHEM HA 5,6 CM MO OTHOIIECHUIO K KOHTPOJIIO.

KuaroueBbie cJioBa: TOICOMHEUHUK, PETYISTOPHI POCTA, JIOKHAS MyYHHUCTAs poca, TUaMeTp Kop-
3uHKH, Macca 1000 ceMsiH, ypo)kailHOCTb

EFFECT OF GROWTH REGULATORS ON SUNFLOWER SEED PRODUCTIVITY

C<)Kimova D.A."?

nstitute of Agriculture — Branch of the Federal Scientific Center “Kabardino-Balkarian Scientific
Center of the Russian Academy of Sciences"

Nalchik, Russia

*Kabardino-Balkarian State Agrarian University named after V.M. Kokov

Nalchik, Russia

(<X)e-mail: dana.kimova@inbox.ru

The results of studying the effectiveness of different growth regulators on the plots of sunflower
variety SPK of confectionery direction are presented. Scientific research was conducted in 2021, 2022
under the conditions of insufficient and unstable moistening of the steppe zone of Kabardino-Balkaria.
Growth regulators Albit, RP; Zircon, S; Gumi, S; Azofox, S; Amicid Micro, S; Epin-Extra, S and Ami-
no, S were used in the experiments. The plot experiments were laid in eight variants by the method of
randomization in three tiers. Variant 1 was the control (no treatment). The area of each plot was 21 m?,
threefold repetition. Indicators such as average calathid diameter (cm), 1000 seed weight (g) and av-
erage seed yield (t/ha) were studied. On sunflower plants under the action of growth regulators Albit,
RP; Epin-Extra, S; Amino, S, the intensity of false powdery mildew development was lower by 4.1;
4.2 and 4.3% relative to the control (without treatment), respectively. Sunflower seed yield as a result
of application of growth regulators Albit, RP (variant 2), Gumi, S (variant 4), Epin-Extra, S (variant 7)
and Amino, S (variant 8) increased and amounted to 4.1; 3.5; 4.2 and 4.3 t/ha, respectively. Single
use of different growth regulators with low concentration increased sunflower productivity in vari-
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ants 2 (Albit, RP), 7 (Epin Extra, S), 8 (Amino, S) by an average of 1.4 t/ha compared to the variant
without treatment. The diameter of the calathids increased in variants 2 (Albit), 6 (Amicid Micro, S),
7 (Epin-Extra), 8 (Amino) by an average of 5.6 cm relative to the control.

Keywords: sunflower, growth regulators, downy mildew, calathid diameter, weight of 1000 seeds,

yield
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INTRODUCTION

Sunflower is the main oilseed crop in the
North Caucasus region and is of great impor-
tance for the food and processing industries': 2
[1]. In this regard, the role of new high-yielding
sunflower varieties and hybrids with high oil
content in their seeds is quite significant.

The yield and quality of sunflower seeds and
hybrids depend on the implementation of arange
of agronomic, breeding, genetic, biological, and
chemical measures. It is also necessary to find
ways to increase the oil content and resistance
of this crop to harmful organisms [2, 3].

Currently, much attention is being paid to the
development and introduction into production
of plant protection products, including growth
regulators that improve seed quality and quan-
tity. The pesticide market is filled with a large
number of different types of growth stimulants?
[4, 5]. Their widespread use in sunflower pro-
duction creates favorable conditions for improv-

ing the immune status against adverse environ-
mental factors and disease pathogens®. The pos-
itive effect of new preparations on the growth
and development of sunflowers is obvious, but
the effectiveness of growth regulators in Kab-
ardino-Balkaria has not been sufficiently stud-
ied.

The purpose of the study is to present the
results of scientific experiments aimed at im-
proving the integrated protection system for
new promising sunflower varieties and hybrids
against major pests.

MATERIAL AND METHODS

Field experiments were conducted, calathid
diameter, weight of 1000 seeds and yield were
determined in accordance with the methods *.

The biological yield of sunflower seeds was
calculated using the formula [6]

P-N-W

Y c/ha = 10 000

'Minakov I.A., Pushkin A.V. Efficiency of sunflower production and processing // Achievements of Science and Technology of

AIC, 2000, N 4, pp. 35-38.

2Decyna A.A., Khatnyansky VI, Illarionova 1.V. Large-seeded sunflower variety for confectionery production Konditer // Oil
crops: scientific and technical bulletin of the All-Russian Scientific Research Institute of Oil Crops. Krasnodar, 2022, vol. 1 (189),

pp. 79-82.

SYakutkin V1., Tavolzhansky N.P, Goncharov N.R. Protection of sunflowers from diseases // Appendix to the journal ‘“Plant

Protection and Quarantine”, 2011, N 3, pp. 70-90.

‘Debacke P, Casadebaig P, Flenet F., Langlade N. Sunflower crop and climate change in Europe: vulnerability, adaptation and
mitigation potential // Proc. of 10th intern / Sunfl. Conf., Turkey, Edirn, 29 May — 2 June, 2016, pp. 71-87.

SFundamentals of experimental work in plant cultivation / edited by V.E. Eschenko, M.F. Trofimov. Moscow: Kolos, 2009,

pp. 106-109.

®Usmanov R.R., Khokhlov N.F. Methodology of experimental work: training manual. Moscow: Russian State Agrarian
University — Moscow Agricultural Academy named after K.A. Timiryazev, 2020, pp. 41-46.

"Lukomets V.M., Tishkov N.M., Baranov V.F., Piven V.T., Ugo Toro Correa, Shulyak I.I. Methods for conducting field agrotechnical
experiments with oilseed crops; 2nd ed., revised and expanded. Krasnodar, 2010, pp. 12-23.
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where P — plant stand density, m*, N — number
of seeds in the calathid, pcs.; W — 1000 seeds, g;
10 000 — conversion factor in c/acre.

Statistical data processing was carried out by
R.R. Usmanov [7].

The experiments used the growth regulators
Albit, RP; Zircon, S; Gumi, S; Azofox, S; Am-
icid Micro, S; Epin-Extra, S and Amino, S. The
plot experiments were laid out in eight variants
using the randomization method in three tiers.
Variant 1 was the control (without treatment).
The plot area for each variant of the experiment
was 21 m?, with three replicates. The object of
the study was the SPK sunflower variety.

The seed quality assessment was carried out
in the laboratory of chemical analysis and bio-
logical research at the Institute of Agriculture,
a branch of the Federal Scientific Center “Ka-
bardino-Balkarian Scientific Center of the Rus-
sian Academy of Sciences” (IA KBSC RAS) us-
ing the following equipment: Infrared analyzer
“InfraScan-1050", analytical scales “OHAUS”,
laboratory sieves, drying oven, technical scales
VLTK-500, moisture meter.

The steppe zone of Kabardino-Balkaria has
a hot continental climate, with average month-
ly temperatures in July ranging from 22 to 41
°C and insufficient and unstable humidity. The
average annual precipitation in the zone is 435—
480 mm, of which 310-350 mm falls during the
growing season of sunflowers.

The soil of the experimental plots is southern
chernozem, located in a relatively narrow strip
between ordinary chernozems and dark chestnut
soils. Southern chernozems are characterized by
a low humus content in horizon A (3.5-5.0%)
and a very gradual distribution across the soil
profile. These soils are mainly used intensively
for the cultivation of cereals, sunflowers, and
corn for grain and silage. The humus content in
the arable layer is 3.0-4.9%, nitrogen — 0.21—
0.35%, exchangeable potassium — 361-430 mg/
kg, mobile phosphorus — 15.6-28.7% [8, 9].

RESULTS AND DISCUSSION

An integrated protection system involves a
comprehensive approach to selecting protective
measures that reduce the pesticide load on the

sunflower agro-biocenosis. Plant growth regula-
tors and microfertilizers act as growth enhancers.

The tested growth regulators increased the
resistance of the SPK sunflower variety to ad-
verse environmental factors and the pathogen of
downy mildew (Plasmopara helianthi Novot.)
to varying degrees. Among sunflower diseases,
downy mildew (false mildew) remains the most
widespread disease to date. This disease mani-
fests itself in the early stages of vegetation be-
fore the formation of the calathids. During this
period, the average ten-day HTC was 0.8, but
the relative immunity of the studied variety kept
the development of the disease to a minimum.
The upper leaves were free of infection due to
dry and hot weather in June and July. The av-
erage diameter of the calathids was determined
from morphological indicators.

The results of field assessment of the sus-
ceptibility of the SPK variety to downy mildew
indicate an increase in sunflower resistance to
this disease when using a growth regulator in
the first period of vegetation. The use of growth
regulators to varying degrees inhibited the harm-
fulness of downy mildew in different ways (see
the figure).

In the experiment, variants 2, 7, and 8 stood
out, where the weight of 1,000 seeds was high-
er than the control (without treatment) by 31.7,
29.9, and 44.9 g, respectively. If the weight of
seeds is evaluated as a percentage, it increased
by an average of 32.6% compared to the con-
trol. Based on these data, it should be noted that
in the specified variants, flower setting was ac-
tive, and the seeds were plump everywhere. The
weight of 1,000 seeds was lowest in variants 3
(Zircon, P), 5 (Azofox, P), and 6 (Amicid Mi-
cro, P), amounting to 109.5, 119.4, and 120.5 g,
respectively.

As a result of using growth regulators Al-
bit, RP, Epin-Extra, Amino, S, the intensity of
downy mildew development was low—4.1, 4.2,
and 4.3%, respectively (see the figure). This fa-
vored the most intensive process of leaf photo-
synthesis, which contributed to completeness of
the calathid flowering.

Analysis of the table data indicates that the
average diameter of the calathids increased
in variants 2 (Albit), 6 (Amicid Micro, S), 7
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Bnusinue peryasTopoB pocTa Ha HHTEHCUBHOCTB Pa3BUTHS JIOKHON My4YHHUCTON pockl (%) U MPOAYyKTUB-
HOCTB ceMsiH (T/ra) noaconneunuka (Kabapanno-bankapus, crennas 3ona, 20222023 rT.)

Effect of growth regulators on false powdery mildew intensity (%) and seed productivity (t/ha) of sunflow-

er (Kabardino-Balkaria, steppe zone, 2022-2023)

(Epin-Extra), 8 (Amino) by an average of 5.6
cm (relative to the control). The average weight
of 1,000 seeds in all variants of the experiment
using growth regulators increased.

Seed formation is the most critical period of
sunflower vegetation, when the number of seeds
in the calathid and their size are determined.

Analysis of yield by experimental variants in-
dicates an increase in sunflower seed productiv-
ity compared to the control. The most effective
variants were 2 (Albit, RP), 7 (Epin-Extra, S),
and 8 (Amino, S), where the yield was 4.1, 4.2,
and 4.3 tons/ha, respectively. Variant 3 (Zir-
con, S) proved to be the least effective in terms

Bnustnue perysasiTopoB pocTa Ha OCHOBHBIC Ka4€CTBEHHbIE U KOJIMUECTBEHHBIC TIOKA3aTEIN CEMSIH OACOII-
Heynuka copra CIIK B ycnoBusix crennoit 3ous1 KBP (2022, 2023 1)

Effect of growth regulators on the main qualitative and quantitative indicators of the SPK variety sunflower
seeds in the conditions of the steppe zone of the CBR (2022, 2023)

Iglr;:lil;); Preparation Rattieozfiﬂ%i;a_ /?)‘;'ir;eg E%iﬁ:r Avle (r)z(i)%eszveeéf’h; of Average seed yield, t/ha

1 Control (without treatment) - 19,0 108,8 2.8
2 Albit, RP 40 243 140,5 4,1
3 Zircon, S 500 21,5 109,5 2,9
4 Gumi, S 100 23,5 122,8 3,5
5 Azofox, S 0,5 23,6 119,4 3,0
6 Amicid Micro, S 0,5 24,7 120,5 3.4
7 Epin-Extra, S 40 24,6 138,7 4,2
g [gmine: 100 24,6 153,7 43

LSD,, 0,6
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Biusnue perynsatopos pocra Kumosa JI.A.
Ha IPOTYKTUBHOCTH CEMsH MOJICOTHEYHHKA
of yield and weak in terms of seed performance rpamme «STATISTICA». M.: PTAY-MCXA

(see the figure) This indicates a weak process of
setting of the central flowers.

CONCLUSION

1. The intensity of downy mildew develop-
ment on sunflower plants treated with the growth
regulators Albit, RP, Epin-Extra, S, and Amino,
S was 4.1, 4.2, and 4.3% lower than the control
(untreated) group, respectively.

2. The average diameter of the calathids in-
creased in variants 2 (Albit), 6 (Amicid Micro,
S), 7 (Epin-Extra), 8 (Amino) by an average of
5.6 cm compared to the control.

3. A single application of various growth reg-
ulators with low concentrations increased sun-
flower productivity in variants 2 (Albit, RP), 7
(Epin-Extra, S), and 8 (Amino, S) by an average
of 1.4 tons/ha compared to the untreated variant.
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IMorenuupoBanue HecneUuPUIECKOM UMMYHOJIOTHYECCKON MAMATH
JISI MHAYKIUU MPOTUBOUH(PEKIIUOHHON PE3UCTEHTHOCTH

IBapu SLIIL', Tonuenko A.C.?%, )CemenoBa O.B.!, Caamuu A.B.!
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Hosocubupck, Poccus

2Cubupckuil pedepanvhulil Hayunwlll yenmp azpobuomexnono2uil Poccuiickou akademuu nayk
Hosocubupckast oo6macts, p.im. Kpacnoo6ck, Poccus

(<X)e-mail: o.semenova@nsk-niit.ru

Undexnmnonnpie 3a001eBaHUs CENbCKOXO3SMCTBEHHBIX XMBOTHBIX — OJHA M3 Hamboiee akTy-
QIBHBIX TPOOJIEM COBPEMEHHOTO YXHBOTHOBOACTBA. [loBCceMeCTHO HCIMoNb3yeMasl crieruduyeckas
BaKUMHONPO(UIAKTUKA Jajeko He Bcerga 3¢ ¢eKTHBHA H3-3a T'€HETHUYECKOH BapHaOenbHOCTH U
MYTaIlMOHHOW M3MEHYMBOCTH aHTUTCHOB BO3OYIUTENs («aHTUTCHHBIN Ipeidy), MUPOKOH pacmpo-
CTPAHEHHOCTH CMELIAHHBIX TOJIMATUOJIOTMYECKIX MH(EKUUH, TeTepOreHHOCTH UMMYHHOTO OTBETa
Y CHIDKEHHON MMMYyHOpe3UCTeHTHOCTH. COBpeMeHHbIE CHEeu(rUecKre BaKIMHBI HAIIPaBIEHBl HA
MPOTEKLHUIO MPOTHB OINPEIENICHHOrO MaToreHa (Mik B ciydae MYJbTUBAJECHTHOCTH) — IPOTUB He-
CKOJIBKMX KOHKPETHBIX MaTOT€HOB M OCHOBAHBI HA MHAYKIWHU JONTOBPEMEHHOTO alalTHBHOTO, T.€.
aHTUTEH-CcIIe(pUIeCKOro IMMYHHUTETa, 00yCIoBIEHHOrO popMupoBanueM T- u B-kinetok mamsaru.
B nocnennee necsTuieTue yCTaHOBIEHO, YTO BaKIMHBI, COJIEpKAIINEe MUKPOOPTAHU3MBI, TaKHe Kak
BIXK, oGecrieunBaroT yCTOMUYUBOCTE HE TOJIBKO B OTHOIIEHUH CIIEHU(PHYECKOTO TaToreHa (Hanpumep,
B cirydae BIDK — npotus M. tuberculosis), HO ¥ B OTHOIICHUH IIIUPOKOTO KPyTa APYTUX BO3OYIUTEICH.
OCHOBHBIM MEXaHM3MOM 3TOH HIMPOKOH IeTepOIOrMYeCKON YCTOMUMBOCTH SBIIAETCS] MOBBIIICHHAS
PEaKTHBHOCTh KJIETOK BPOXJIECHHOH MMMYHHOH CHCTEMBI, B IIEPBYIO OYepellb MOHOIIMTOB-MaKpoda-
roB. B oTBeT Ha MepBUYHBIA CTUMYN (TPEHHUHT) 3TH KJIETKU MIPETEPIIEBAIOT PSJI SMUTEHETHIECKUX U
MEeTa0O0NINYECKHUX TePEeCTPOeK, CEHCUOMIN3UPYIOTCS W, CTAJKUBAsCh CO BTOPHIM CTUMYIIOM (C TeM
K€ WIM APYTHUM BO30yauTeneM), 00ecleuuBaioT JOJITOBPEMEHHYIO MPOTEKIHIO IPOTHB MHOXKECTBA
BHUPYCHBIX U OakTepualbHBbIX HHpEeKIH. B hopmupoBaHrn HecriennpUUeckol I «TPEeHUPOBaH-
Hoi» nMMyHonornueckoit mamsita (HUII) Baxknas ponp npuHamiexuT MeTaboIuTaM MEBaJIOHATHOTO
MeTaboarUYecKoro myTu. B HacTosield paboTe B SKCIIEpUMEHTAX i1 Vitro M in vivo BepuduupoBaHa
TUIIOTE3a O CIOCOOHOCTH HHTHOHUTOpa dhapHeswmupodocharcunTassl — amuHoOucochonara (610-
KaTopa MEBAJIOHATHOTO ITyTH Ha ypoBHE dapHesmwmupodocdara) — norennuposars BIDK-nnaynmpo-
BanHyto HUII. YcranoneHo, uto amrHoOKCoCchOHAT 301eIpOHAT HHAYLIUPYET B MOHOLIUTAX (heHO-
tun HUII v BBI3bIBaeT HeCIEUPUUIECKYIO POTEKIMIO B OTHOIIEHUH CTA(QUIIOKOKKOBOW MH(PEKIINU Y
MbIed. Kpome Toro, 3o1eaponar 3HauntensHo yeunusaeT bLDK-nnaynuposannyro HUII, Bei3piBas
CHHEPTUYHBIN NMPOTEKTUBHBIN d(hdexT. OOHapy)eHHBIH HaMu heHoMeH noTeHupoBanHoi HUIT mo-
JKET JIeYb B OCHOBY CO3JJaHMsI IPUHLIUITNAIBHO HOBBIX MOLIHBIX YHHUBEPCAIBHBIX BAKLIMH.

KuaroueBble cioBa: Hecrienupuieckass IMMYHOJIOTHYECKas MaMATh, TPEHUPOBAHHBIN BPOXKICH-
ueiid ummynutet, BLDK, 3onenponar, Staphylococcus aureus
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Potentiation of nonspecific immunologic memory Schwartz Ya.Sh., Donchenko A.S.,
for induction of anti-infection resistance Semenova O.V., Salmin A.V.
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Infectious diseases of farm animals are one of the most pressing problems of current livestock
sector. The commonly used specific vaccine prophylaxis is not always effective due to the genetic
variability and mutational variability of pathogen antigens ("antigenic drift"), the widespread preva-
lence of mixed polyetiological infections, heterogeneity of the immune response and reduced immune
resistance. Existent specific vaccines are aimed at protecting against a specific pathogen or, in the case
of multivalency, against several specific pathogens, and are based on the induction of long-term adap-
tive, i.e. antigen-specific immunity due to the formation of T- and B-memory cells. In the last decade,
it has been established that vaccines containing microorganisms, such as BCG, provide resistance not
only to a specific pathogen (for example, in the case of BCG — against M. tuberculosis), but also to a
wide range of other pathogens. The main mechanism of this broad heterologous resistance is the in-
creased reactivity of the innate immune system cells, primarily monocytes-macrophages. In response
to the primary stimulus ("training"), these cells undergo a number of epigenetic and metabolic rear-
rangements, become "sensitized" and, when confronted with a second stimulus, the same or another
pathogen, provide long-term protection against many viral and bacterial infections. Metabolites of the
mevalonate metabolic pathway play an important role in the formation of non-specific or "trained"
immunological memory (“trained immunity”, TI). In the present work, the hypothesis of the ability
of the farnesyl pyrophosphate synthase inhibitor, aminobisphosphonate (a blocker of the mevalonate
pathway at the farnesyl pyrophosphate level), to potentiate BCG-induced TI was verified in in vitro
and in vivo experiments. It has been found that the aminobisphosphonate zoledronate induces the TI
phenotype in monocytes and causes nonspecific protection against staphylococcal infection in mice.
In addition, zoledronate significantly enhances BCG-induced TI, causing a synergistic protective ef-
fect. The phenomenon of potentiated TI that we have discovered can form the basis for the develop-
ment of fundamentally new powerful universal vaccines.

Key words: non-specific immunological memory, trained innate immunity, BCG, zoledronate,
Staphylococcus aureus
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INTRODUCTION munodeficiencies arise [1, 2]. The widespread
use of antibiotics leads to the emergence of re-
sistant pathogenic and conditionally pathogenic
microflora [3].

Diseases of viral and bacterial etiology most
often occur in a mixed infection form. At the
same time, the structure, species composition of
pathogens, and factors contributing to the occur-
rence and course of enzootic outbreaks vary for
each farm [1, 4]. Specific vaccine prophylaxis is
not always effective due to mutational variability
and the emergence of strains for which existing

In modern livestock farming, which is asso-
ciated with intensification of production, it is
necessary to find new ways to prevent and treat
infectious diseases that cause economic losses.
The spread of pathogens is facilitated by the
characteristics of animal breeding and husband-
ry technologies, especially in large industrial
complexes, where a large number of animals
are concentrated in limited areas, as well as the
production of large quantities of products in a
relatively short period of time. As a result, im-
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INoTennupoBanne HecIenU(pUICCKOI IMMYHOIOTHIECKON MaMITH
JULSL MHAYKIHN IPOTHBOMH(EKIIMOHHON PE3UCTEHTHOCTH

IBapr S.III., Jonyenko A.C.,
Cemenona O.B., Canmun A.B.

vaccines are suboptimal due to the widespread
prevalence of mixed polyetiological infections,
as well as due to immune response disorders and
reduced immune resistance in animals [5].

However, vaccinating animals is the most
cost-effective and sustainable method of con-
trolling infectious diseases. Specific anti-infec-
tive vaccines are immunobiological preparations
containing attenuated or killed microorgan-
isms, their antigens, or nucleic acids encoding
them, targeted against specific pathogens and
inducing long-term adaptive (antigen-specif-
ic) immunity, ensuring an enhanced and faster
immune response upon re-encounter with a spe-
cific pathogen (its antigen) and thus resistance
to that pathogen. Long-term protection of the
body through specific vaccines is due to the
production of corresponding antibodies and the
formation of T and B memory cells, which can
be quickly reactivated upon re-encountering the
pathogen. Modern specific vaccines may contain
recombinant proteins or DNA and mRNA en-
coding the desired antigen as antigens, but their
main feature is their narrow focus on a specific
type of pathogen'.

Over the past decade, epidemiological, clin-
ical, and experimental data have made it clear
that vaccines containing microorganisms, such
as BCG, provide resistance not only to a specific
pathogen (e.g., in the case of BCG, against M.
tuberculosis), but also to a wide range of oth-
er pathogens [6, 7]. It has become clear that the
main mechanism of this broad heterologous im-
munity is the increased reactivity of cells of the
innate immune system, primarily monocytes and
macrophages. In response to the initial stimulus
(training), these cells undergo a series of epigen-
etic and metabolic changes, become “sensitized”
and, when confronted with a second stimulus
(the same or a different pathogen), provide long-
term protection against a variety of infections.
The formation of nonspecific or “trained” immu-
nological memory (referred to in foreign liter-

ature as “trained immunity”’) involves not only
peripheral monocytes-macrophages (Mn-Mf),
but also their precursors in the bone marrow.
Thanks to the long-lasting metabolic restructur-
ing and epigenetic reprogramming of myelopoi-
esis precursors in the bone marrow, the state of
trained immunity can persist for many months—
up to a year or more? [8, 9].

The main metabolic changes involved in the
formation of the phenotype of nonspecific or
“trained” immunological memory (NSIM) in
Mn-Mf are the switching of ATP synthesis from
oxidative phosphorylation to aerobic glycolysis
(the so-called Warburg phenomenon), activation
of glutaminolysis and the mevalonate metabol-
ic pathway® [9]. Moreover, the key metabolite
of the mevalonate pathway, mevalonic acid, is
capable of inducing the NSIM phenotype in
Mn-Mf on its own [10]. We hypothesized that
BCG-induced NSIM formation could be poten-
tiated by inhibiting mevalonate metabolism and
blocking prenylation processes through the inhi-
bition of farnesyl pyrophosphate synthase. Clas-
sic inhibitors of this enzyme are aminobisphos-
phonates, such as zoledronic acid. This means
that the NSIM-mediated protective effects of
BCG can be significantly enhanced by aminobi-
sphosphonates, such as zoledronate (ZD).

If feasible, the phenomenon of potentiated
NSIM could form the basis for the creation of
fundamentally new drugs with anti-infective
properties against a wide range of pathogens. In
this study, in vitro and in vivo experiments ver-
ified the hypothesis that the farnesyl pyrophos-
phate synthase inhibitor aminobisphosphonate
can potentiate BCG-induced NSIM. Staphylo-
coccus aureus (S. aureus) bacteria were used as
a non-specific infectious agent.

The purpose of the study was to investigate
the possibility of increasing the nonspecific an-
ti-infective resistance of the body based on the
formation of a BCG-induced NSIM phenotype
and the possibility of its potentiation by zoledro-

'Chambers M.A., Graham S.P, La Ragione R.M. Challenges in veterinary vaccine development and immunization // Vaccine
Design, 2016, N 1404, pp. 3-35.DOI: 10.1007/978-1-4939-3389-1 1.

*Netea M.G., Quintin J., Van Der Meer J.W.M. Trained immunity: a memory for innate host defense // Cell Host & Microbe,

2011, N 9, pp. 355-361. DOI: 10.1016/j.chom.2011.04.006.

3Cheng S.C., QuintinJ., CramerR.A. et al. mTOR-and HIF-1alpha-mediated aerobic glycolysis as metabolic basis for trained
immunity // Science, 2014, N 345 (6204), p. 1250684. DOI: 10.1126/science.1250684.
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nate in Mn-Mf and in mice with regard to exper-
imental infection with S. aureus.

MATERIAL AND METHODS

The study used the BCG vaccine strain ("Tu-
berculosis vaccine, BCG”; AO SPA ‘Microgen’,
Russia), the Staphylococcus aureus strain from
the collection of microorganisms of the Novo-
sibirsk Research Institute of Tuberculosis of the
Ministry of Health of Russia, and zoledronate
(Pliva Hrvatska DOO, Croatia).

The research was conducted in two stages.
The formation of the BCG-induced NSIM phe-
notype in human monocyte-macrophage cells
and the possibility of its potentiation by zole-
dronate were studied in vitro. Monocytes were
obtained from the peripheral venous blood of
healthy donors by isolating mononuclear cells
using the Bouym method (1968) by centrifuga-
tion in a density gradient of 1.077 g/cm? of Ficoll
solution (PanEco) followed by fractionation, us-
ing the ability of monocyte-macrophage series
cells to adhere to the substrate. For this purpose,
mononuclear cells were cultured for 60 minutes
at 37 °C in an atmosphere containing 5% CO,, at
a concentration of 2 x 10° cells/ml on Petri dish
glass in RPMI-1640 medium (PanEco, Russia)
with the addition of penicillin-streptomycin an-
tibiotics (OOO "Biolot", Russia), 2 mM L-glu-
tamine (OOO "Biolot", Russia), and 10% fetal
bovine serum (Fetal Bovine Serum-12A, Capri-
corn Scientific, Germany). Then, the monolay-
er was washed from unattached cells, removed
with a cooled (4-6 °C) Versen solution, centri-
fuged at 1000 rpm for 10 minutes, resuspended
in nutrient medium, with the addition of embry-
onic serum, and transferred to 48-well plates at
a concentration of 8 x 10° cells/ml. The purity
of the fraction was checked by flow cytometry
using antibodies to CD14".

To induce the NSIM phenotype, live micro-
bial cells of the BCG vaccine strain were added
to the culture medium at a dose of 5 pg/ml, in-
cubated for 24 hours, then the monocytes were
washed from the non-phagocytosed bacteria,
and zoledronate was added to some of the cul-
tures at a concentration of 100 uM/ml. Intact
cells served as a negative control. The experi-

ment was performed in three replicates, each
time using monocytes from different donors. For
each subgroup, 8 wells of a 48-well culture plate
were used.

After 3 days, the culture medium was re-
placed with one containing zoledronate, and on
the 6th day, a second (permissive) stimulus was
added — LPS Escherichia coli O111: B4 (“Sig-
ma-Aldrich”, USA) at a dose of 10 ng/ml. After
24 hours, the metabolic changes characteristic of
NSIM were verified by the activation of aerobic
glycolysis with increased glucose consumption
and lactate accumulation. The lactate level in the
supernatant was determined spectrophotometri-
cally using the Lactate-Novo kit (“Vector-best”),
and the glucose level was determined using the
Glucose-Novo kit (““Vector-best™).

The second stage was the in vivo study. The
experiments were approved by the local ethics
committee of the Novosibirsk Research Institute
of Tuberculosis of the Russian Ministry of Health
(protocol No. 54 dated November 11, 2022) and
conducted in compliance with all international
and Russian ethical standards, including Direc-
tive 2010/63/EU of the European Parliament and
of the Council on the protection of animals used
for scientific purposes.

C57Bl/6 mice, females weighing 20-22 g,
obtained from the IMBT FBIS SSC VB “Vec-
tor” breeding facility, were randomly divided
into 8 groups of 8 animals each:

Ist  0.9% NaCl solution

2nd  0.9% NaCl solution + S. aureus

3rd  zoledronate 0.5 pg/mouse + S. aureus
4th  zoledronate 1,0 pg/mouse + S. aureus
5th  zoledronate 2,5 pg/mouse + S. aureus
6th  zoledronate 10 pg/mouse + S. aureus
7th  BCG 10°CFU/mouse + S. aureus

Sth BCG 10° CFU/mouse, zoledronate 2,5

ug/mouse + S. aureus

Live BCG microbial cells were administered
intraperitoneally to the animals at a dose of 10°
CFU/mouse. Zoledronate was administered into
the retroorbital sinus (r/0) at test doses of 100
ul/mouse. On day 8, the animals were infected
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with S. aureus /0. at a dose of 107 CFU/mouse.
Intact animals that were administered a 0.9%
NaCl solution and mice infected with S. aureus
at the same dose served as the control group. The
study used a “renal model” to quantitatively as-
sess the severity of S. aureus infection based on
the formation of abscesses in the kidneys* .

Mice were removed from the experiment on
the 4th and 9th days after infection by disloca-
tion of the cervical vertebrae. Organs (spleen and
kidney) were collected under sterile conditions,
homogenized in a 0.9% sodium chloride solu-
tion at a rate of 1 ml per 0.1 g of organ weight,
and cultured on nutrient agar for the cultivation
of microorganisms (GRM agar, GNTS Applied
Microbiology and Biotechnology), incubated
at 37 °C for 16—18 hours. The number of colo-
ny-forming units (CFU) was determined by the
Gold sector plating method. The results were ex-
pressed in IgCFU/organ.

For morphological studies, histological par-
affin sections were prepared from the tissue of
the right kidney, stained with hematoxylin and
eosin, photographed under a PrimoVert micro-
scope (Carl Zeiss, Germany) using the ZEN 2.
3 lite software with a digital recording system at
x400 magnification, and morphometry of the ab-
scess foct was performed by counting 80 fields
of view in each group of animals.

Statistical data processing was performed
using the STATISTICA 10.0 software package
(StatSoftInc., USA). The results are presented as
the mean value and standard error of the mean
(M £ m). The significance of differences between
mean values was assessed using Student's t-test.
The differences were considered significant at
p <0.05.

RESULTS AND DISCUSSION

Visual morphological changes in the cell
culture treated with BCG could be observed as
early as the second day, and by the end of the ex-
periment, the difference compared to the control

cultures was significant (see fig. 1). Intact mono-
cytes adhered evenly to the surface of the culture
mat substrate, had a rounded shape, and showed
virtually no change in morphology throughout
the incubation period. In contrast, cells treated
with BCG mycobacteria were unevenly dis-
tributed across the surface during adhesion, in-
creased in size, often acquired a spindle-shaped
form, and on the fourth day began to form con-
glomerates that transitioned into granuloma-like
formations.

The activation of aerobic glycolysis is a char-
acteristic feature of the formation of the NSIM
phenotype in monocyte-macrophage cells and
indicates that metabolic reprogramming has
taken place. This leads to an increase in glucose
consumption by cells and lactate production in
them. Exposure to secondary stimuli—bacteria
or their molecules—Ieads to an even greater in-
crease in glycolytic activity and bactericidal ac-
tivity.

Fig. 2 shows data on changes in lactate and
glucose levels in supernatants of monocyte
monolayers preincubated with BCG and/or zole-
dronate as a primary stimulus, followed by the
addition of bacterial lipopolysaccharide (LPS)
as a secondary stimulus, mimicking the repeated
encounter of cells with the pathogen.

Cells stimulated by LPS increased lactate
production and glucose consumption; under
the influence of BCG, these effects were more
pronounced, and the addition of LPS after pre-
liminary BCG treatment increased lactate levels
and glucose consumption even more effectively.
Clearly, the data obtained confirm the ability of
BCG to induce the formation of NSIM. Zoledro-
nate provoked an increase in lactate production
and glucose consumption by cells, i.e., like BCG,
it was capable of inducing NSIM. It should be
noted that when added to monocytes together
with BCG, it potentiates the action of the latter,
and the effect of LPS in this case confirms the
ability of zoledronate to enhance BCG-induced
NSIM.

*Gruber L M., Astashkina E.A., Lebedinskaya O.V, et al. Immunogenic activity of secreted protein-containing compounds of
Staphylococcus aureus No. 6 // Epidemiology and vaccination prevention, 2015, N 4 (83), pp. 86-93. DOI: 10.31631/2073- 3046-

2015-14-4-86-93.

SCheng A.G., McAdowM., KimH.K., BaeT., Missiakas D.M., Schneewind O. Contribution of coagulases towards Staphylococcus
aureus disease and protective immunity / PLOS Pathogens, 2010, N 6 (8), E 1001036. DOI: 10.1371/journal.ppat.1001036.
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Since the in vitro results confirm our hypoth-
esis about the potentiation of the BCG-induced
NSIM phenotype in monocyte-macrophage se-
ries cells by zoledronate, the next stage of the
study was to evaluate the effect of zoledronate
on the protective action of BCG in vivo against
“non-specific” infection, i.e. not tuberculosis,
but infections caused by other pathogens. S. au-
reus is used — a pathogen that occupies one of the
leading places in infectious pathology of domes-
tic and farm animals. Against the background of
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viral infections and/or reduced immunity (due to
violations of feeding and housing standards), it
can cause serious pathological processes such as
septicemia, staphyloderma, respiratory diseases,
mastitis, etc. In addition, S. aureus is resistant to
many drugs, easily developing antibiotic resis-
tance [4].

The first group of mice (four from each of the
eight groups) was removed from the experiment
on the fourth day, when abscessed bacterial foci
formed in the tissues. The second group of ani-
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Fig. 2. Lactate production (@) and glucose consumption (6) by human monocytes upon induction of
trained immunity, M £ m, *p <0.05, **p <0.01, ***p <0.001
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mals was removed on the ninth day, when grad-
ual elimination of bacteria was observed. In the
experimental group “NaCl,” S. aureus was 1so-
lated from the kidneys but not from the spleen
(see Table 1).

On the fourth day after infection, zoledronate
at doses of 2.5 and 10 pug and on the ninth day at
doses of 0.5, 1.0, and 2.5 pg sharply reduced the
number of mice with positive cultures. Howev-
er, on the 4th day, zoledronate statistically sig-
nificantly increased (with a few exceptions) the
bacterial load in organs, especially at the maxi-
mum dose (10 pg), probably due to its apoptotic
effect on immunocompetent cells. BCG did not
affect the number of animals with positive cul-
tures or the bacterial load in the kidneys, but on
the 4th day it provoked bacterial growth in the
spleen. Thus, in our experiment, zoledronate had
a certain protective effect, while BCG had no
positive effect. At the same time, the combined
effect of BCG + ZD led to a significant reduction
in the content of S. aureus content in the kidneys
compared to the “0.9% NaCl solution” variant
and the “zoledronate 2.5 pg”, “zoledronate 0.5
pg”, “zoledronate 1 pg”, “zoledronate 10 ug”,
and “BCG 10° CFU” variants.

Morphometric analysis showed that on the
fourth day after infection, zoledronate dose-de-
pendently inhibited abscess formation (see Ta-
ble 2). By the 9th day, inhibition continued at
low doses of zoledronate (0.5-1.0 pg), paused
at medium doses (2.5 pg), and was replaced by
increased formation at high doses (10 pg) (prob-
ably due to the apoptotic effect of high doses).
BCG had virtually no effect on abscess forma-
tion. However, the combined action of BCG
and zoledronate was most effective, powerfully
suppressing abscess formation. These data are
consistent with the results of S. aureus isolation
from organs.

Thus, zoledronate is capable of independently
inducing the NSIM phenotype in human mono-
cytes and causing nonspecific protection against
staphylococcal infection in mice: at a dose of 2.5
pg/mouse, it forms protection against S. aureus,
and at a dose of 0.5 pg/mouse, it accelerates
recovery in 100% of animals. In addition, and
extremely importantly, zoledronate is capable
of potentiating BCG-induced NSIM, causing a
synergistic protective effect.

Ta6a. 1. Pe3ynsrarsl mOCEeBOB M3 TOMOT€HATOB MOYEK M CEJIe3€HOK MbImei uepe3 4 u 9 cyT
mocie napunupoBanus S. aureus B no3e 107 KOE/Mbits.

Table 1. Results of the cultures from mouse kidney and spleen homogenates 4 and 9 days
after infection with S. aureus at a dose of 107 CFU/mouse.

Number of (+) organ seeded/to Kidneys, Spleen,
the number of the infected, % lg CFU/organ lg CFU/organ
Experimental group 24 hours

4th 9th 4th 9th 4th 9th
0,9% NaCl solution 100 100 554025 | 3,50%1,75 0 0
Zoledronate, pg: 100" 0 6+ 0,03%° 0 325+ 1,385 | 0
1,0 1007 50+,5% | 6+0,03%% | 6,75+0,22% 0 0
2,5 50+ 12,5%° | 504+ 12,5%° | 6+0,03% | 3,75+£022 | 0,87=0,11% | 0
10,0 50+ 12,5% | 100° | 7,0240,02%%| 5,04£0,5% | 7,02+0,02% | 0
BCG 10° CFU 100 100 554035 | 35+018 | 563+0,11% | 0
D0, CHU, zoledronate | 504 1 5x0 | 50+ 12,5%° | 438 £037*° | 350,18 0° 0

Note. Here and in Table 2, statistically significant (»p < 0.05) differences from the values of the corresponding indicators are shown:
*0,9% NaCl solution; ° BCG 10° CFU; * BCG 10° CFU, zoledronate 2,5 pg.

300TEXHUS U BETEPUHAPHS

Cubupckuii BECTHHK CEIbCKOXO3SHCTBEHHON HayKH * 2025 ¢ 55 ¢ 2

97



Potentiation of nonspecific immunologic memory
for induction of anti-infection resistance

Schwartz Ya.Sh., Donchenko A.S.,
Semenova O.V., Salmin A.V.

CONCLUSION

Currently, many research groups around the
world are studying the NSIM phenotype, as its
study opens up broad prospects for the develop-
ment of new methods of vaccine prevention and
treatment of infectious diseases [11, 12]. Our
data show the possibility of forming enhanced,
potentiated NSIM and, thus, a path to the cre-
ation of the most powerful non-specific vac-
cines. The specific result of our research shows
that one way to obtain potentiated NSIM may
be the use of aminobisphosphonates, which en-
hance BCG-induced protection against nonspe-
cific infection caused by S. aureus.
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BunoBoii coctaB MUKpPo(QI0pbI, BbIAEASIEMOT
OT CEJILCKOXO3AMCTBeHHOU NMTUIIBI

CDTopman A.A., Jbicko C.b., 3agopoxnas M.B., Cynnosa O.A.
Omckutl azpapublil HAYYHbLL YeHmp

Owmckas obnacts, ¢. Mopo3oBka, Poccust

(<X)e-mail: gofmmann@mail.ru

B xome mpoBemeHHOTO WCCieNOBaHUS W3y4YeH BHJIOBOW COCTaB MHKPOQIIOPHI, BBIICISAEMON OT
CEJIbCKOXO3AWCTBEHHON MTHUIIBI HA MTUIEBOAYECKHUX mpeanpustuax Omckoir obmactu. C 3ToH 1e-
710 ObUTH 0TOOpaHbl 392 MPOOKI MATOIOr0-aHATOMUYECKOTO Marepuaia (KpoBb M3 Ccepjlla, TOJIOB-
HOM M KOCTHBIA MO3I, MEUEHbB, KEIUHBINA My3bIph, KAIICYHUK) OT IBILIIT-OpoiiepoB (62,2%), ne-
penienos (16,3), kyp-uecymek (12,6) u unneek-opoitnepos (8,9%). Maaukamnuio u uaeHTHPUKAIIAIO
MHKPOOPTaHU3MOB OCYIIECTBISLIN TI0 OOMIETPUHATHIM B MUKPOOHOJIOTHH METOMKaM. BrisienenHbie
KYJIBTYypbl OTHECEHBI K YeThIpeM ceMelicTBam: Enterobacteriaceae — 39,7%, Enterococcaceae — 36,5,
Staphylococcaceae — 23,1, Pseudomonadaceae — 0,6%. OCHOBHOE YHMCJIO MAaTOTCHHBIX M YCIOBHO-
MaTOTeHHBIX MUKPOOPTaHU3MOB MIACHTU(GHUUMPOBaHbI Kak Escherichia coli (23,8%), Enterococcus
faecalis (21,9) u Staphylococcus aureus (19,2%). Hanbosnee mupokuii CIeKTp MUKPOOPTaHU3MOB BbI-
JICJICH U3 COJCPXKUMOr0 KuIlledHHKa ntull. [Ipu 3ToM mpeodsianaroiuMe BUIAMU SBISIUCE E. coli
(27,2%), E. faecalis (21,2), S. aureus n Enterococcus faecium (o 17,3%). Ilpu nuccinenoBannm KpoBu
W3 cepllia, TOJIOBHOTO W KOCTHOTO MO3Ta JIMAUpyroliee MecTto 3anumanu E. faecalis (21,8-30,3%),
S. aureus (18,2-22,7) u E. coli (14,1-21,8%). Ilpu u3ydernn MUKpOMIOpPHI, BEICTIAEMON U3 TICUCHH,
yaine Bcero pukcupoBanuck S. aureus (36,8%) u E. coli (26,3%), Takxke OOIBIIYIO A0 COCTABUIH
Proteus mirabilis u E. faecalis (o 15,8%). MUKpoOHOJIOrHYecKOe UCCIIETOBAHUE KETTHOTO MY3bIps
YCTaHOBUWIJIO JJOMUHUpOBaHue S. aureus, Enterobacter agglomerans, E. faecium v E. coli. Han6oib-
mee pasHooO0pas3ue BIAOB BBIICTICHO OT IBITUIAT-OpOisepoB. Pe3ynbrarsl MUKPOOHOIOTHYECKUX HC-
CJIEZIOBaHUH MO3BOJMIIN ONPEACITUTh STHOJIOTHYECKH 3HAYMMbBIE MUKPOOPTaHU3MBI, YIACTBYIOIIHE B
pa3BuTHU HH(PEKIIMOHHOHN MATOJIOTHH Y CEIIbCKOX03HCTBEHHOHN NTHIIBI Ha TeppuToprn OMCKO# 00a-
CTH, YTO MOXKHO HCIIOJIb30BATh IIPU COCTABJIICHUU CXEM JIE4eOHO-TTPOMUIAKTHYSCKAX MEPOIIPHUITUN B
MITUICBOAUECKHUX XO3SIMCTBAX PErUOHA JIs 00SCIEUEHUS X 3MU300THYCCKOTO OJIArOTIOTY Y S,

KuroueBble ci1oBa: MUKpOQIIOpa, CETbCKOXO3IUCTBCHHAS ITUIIA, STTU300TOIOTHsI, MUKPOOHOIOTHsI

Species composition of microflora isolated from poultry

C<)Hoffman A.A., Lysko S.B., Zadorozhnaya M.V., Suntsova O.A.
Omsk Agrarian Scientific Center

Morozovka, Omsk region, Russia

(<X)e-mail: gofmmann@mail.ru

In the course of the research the species composition of the microflora isolated from poultry at
poultry farms of the Omsk region was studied. For this purpose, 392 samples of pathologic-anatomical
material (blood from heart, brain and bone marrow, liver, gall bladder, and intestine) were collected
from broiler chickens (62.2%), quail (16.3), laying hens (12.6), and broiler turkeys (8.9%). Indication
and identification of microorganisms were carried out according to the methods generally accepted
in microbiology. The isolated cultures belonged to 4 families: Enterobacteriaceae (39.7%), Entero-
coccaceae (36.5), Staphylococcaceae (23.1), Pseudomonadaceae (0.6%). The largest number of the
isolated pathogenic and opportunistic microorganisms were identified as Escherichia coli (23.8%),
Enterococcus faecalis (21.9) and Staphylococcus aureus (19.2%). The widest range of microorga-
nisms was isolated from the contents of the intestines of the birds. The leading places were occu-
pied by E. coli (27.2%), E. faecalis (21.2), S. aureus and Enterococcus faecium (17.3% each). In the
study of blood from the heart, brain and bone marrow, E. faecalis (21,8-30,3%), S. aureus (18,2—
22,7) and E. coli (14,1-21,8%) took the leading position. When studying the microflora isolated from
the liver, S. aureus (36.8%) and E. coli (26.3%) were most often recorded, Proteus mirabilis and
E. faecalis also accounted for a large proportion (15.8% each). Microbiological examination of the
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gallbladder established the dominance of S. aureus, Enterobacter agglomerans, E. faecium and
E. coli. The greatest variety of microbial species was isolated from broiler chickens. The results of mi-
crobiological studies made it possible to identify etiologically significant microorganisms involved in
the development of infectious pathology in agricultural poultry in the Omsk region. This information
can be used to develop treatment and prevention strategies in poultry farms in the region to ensure

their epizootic well-being.
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INTRODUCTION

Thanks to advances in breeding, poultry pro-
ductivity is increasing every year while the time
required to raise them is decreasing. However, in
order to achieve maximum production rates, it is
necessary to strictly comply with all veterinary
and sanitary rules for keeping poultry. Recent-
ly, diseases caused by conditionally pathogenic
microflora, or so-called opportunistic infections,
have become widespread in poultry farming.
Certain conditions, in particular immunosup-
pression, are necessary for their occurrence and
spread. More often, the following are isolated
from the organs and tissues of birds: Salmonel-
la, Staphylococcus aureus, Escherichia coli,
Pasteurella multocida' [1-5]. Today, antibacte-
rial drugs are one of the most commonly used
groups of medicines. Resistance to antimicrobial
drugs is rapidly spreading worldwide, and their
uncontrolled use is harmful not only to poultry
and livestock farming, but also to humans who
consume agricultural products produced by
these industries [6—14].

Poultry farms often underestimate the impor-
tance of microbiological monitoring. By study-
ing the composition of microorganisms circu-
lating among poultry, it is possible to determine

their sensitivity to antimicrobial drugs so that, if
necessary, treatment can be prescribed to quick-
ly resolve the problem and reduce economic
losses for the farm. It should be noted that not
only the spectrum of microorganisms is import-
ant, but also their location in various organs and
tissues. Thus, studying the species composition
of microflora is one of the most important stages
in developing an effective treatment and preven-
tion plan to ensure the epizootic well-being of
poultry farms.

The purpose of the study is to determine the
species composition of microflora isolated from
farm poultry in the Omsk region.

The objectives are:

1) to identify etiologically significant micro-
organisms involved in the development of bac-
terial infections at poultry farms in the Omsk
region;

2) to study the microbial landscape of various
organs and tissues of farm poultry;

3) to identify the predominant pathogens by
type of farm poultry.

MATERIAL AND METHODS

The study was conducted in 2021-2023 by
employees of the poultry veterinary department
of the Omsk Agricultural Research Center. The

!Novikova O.B. Development of methods for the prevention and improvement of diagnostic methods for bacterial diseases in
birds: extended abstract of the thesis of Doctor of Science in Veterinary Medicine. St. Petersburg, 2021, 45 p.

102 Siberian Herald of Agricultural Science * 2025 ¢ 55 * 2

Zootechnics and veterinary medicine



BunoBoit coctaB MEKpOGIOPEL, BBIIEISEMON
OT CEJIbCKOXO35HCTBEHHOM NTULIBI

Topman A.A., JIsicko C.b.,
3anopoxknas M.B., Cynnosa O.A.

object of the study was biomaterial from 392
dead birds received from poultry farms and
poultry farming enterprises in the Omsk region:
from broiler chickens — 62.2%, quails — 16.3,
laying hens — 12.6, broiler turkeys — 8.9%. The
samples were taken from different organs and
tissues: blood from the heart, gallbladder, brain,
and bone marrow (from all individuals), liver,
and intestines (if there were visible pathological
changes). In total, 1,960 samples were tested for
bacteria.

The detection and identification of micro-
organisms was carried out in accordance with
generally accepted microbiological methods us-
ing simple and differential diagnostic media: 1)
Endo agar — for the detection of enterobacteria;
2) magnesium medium and BSA (bismuth sul-
fite agar) — to determine the presence of salmo-
nella; 3) staphylococcus agar — to isolate staphy-
lococci; 4) enterococcus agar — to determine the
presence of enterococci* . The pathogenicity
of staphylococcal cultures was tested using the
plasma coagulation reaction with rabbit citrate
plasma*. Genus and species identification was
carried out on the Olkenitsky medium, on the
Giss medium with sugars® ¢ and using multimi-
crotests for biochemical identification of staphy-
lococci (MMT C) and enterobacteria (MMT E).
The morphology of the isolated pathogens was
studied in smears from agar cultures stained ac-
cording to Gram (see footnote 6).

RESULTS AND DISCUSSION

Microorganisms belonging to the following
families were isolated from the biomaterial stud-
ied from various bird species: Enterobacteriace-
ae — 39.7%, Enterococcaceae — 36.6, Staphylo-
coccaceae — 23.1, Pseudomonadaceae — 0.6%.
E. coli, S. aureus, and Enterococcus faecalis
were most frequently identified in birds (see the
figure). In addition to the above pathogens, a
significant number of Enterobacter agglomer-

ans, E. cloacae, Proteus mirabilis, and Entero-
coccus faecium were isolated. The data obtained
are confirmed by other studies [4, 7, §].

In the samples of biomaterial from the heart,
brain, and spinal cord, E. faecalis, S. aureus,
and E. coli were the leading pathogens in vary-
ing percentages (see Table 1). When studying
the microflora isolated from the liver, S. aureus
(36.8%) and E. coli (26.3%) were the most prev-
alent, with P. mirabilis and E. faecalis also ac-
counting for a large proportion (15.8% each).
Microbiological examination of the gallbladder
of dead birds revealed the dominance of S. aureus
(29.7%), Enterobacter agglomerans (22.2%),
E. faecium (18.5%), and E. coli (14.8%).

The widest range of microorganisms was
isolated from the intestines of birds. The lead-
ing positions were occupied by E. coli (27.2%),
E. faecalis (21.2%), S. aureus, and E. faecium
(17.3% each). Species such as Staphylococcus
capitis, S. xylosus, S. simulans, S. auricularis,
S. cohnii, S. haemolyticus, S. werneri, S. len-
tus, Edwardsiella tarda, Morganella morganii,
Yersinia enterocolitica, Providencia rettgeri,
and Plesiomonas shigelloides were isolated only
from the intestines in 0.3-2.5% of cases.

It should be noted that different bird species
differ not only in the spectrum of microorgan-
isms they excrete, but also in the frequency of
their fixation (see Table 2).

In laying hens, E. coli (31.9%), S. aureus
(25.5%), and E. faecalis (17.0%) played a lead-
ing role in the pathology. The number of E. fae-
cium and Citrobacter freundii was 6.4% each,
and Pseudomonas aeruginosa was isolated in
2.2% of cases.

The greatest diversity of microorganisms was
recorded in pathological material from broiler
chickens. The prevalence of E. coli (24.8%),
E. faecalis (22.2%), S. aureus (18.1%), and E.
faecium (15.1%) was identified. The remaining

*Guide to microbiological diagnosis of infectious diseases / edited by K.I. Matveev. Moscow: Medicine, 1973, 624 p.
3Skala L.Z., Sidorenko S.V., Nekhorosheva A.G., Lukin I.N., Grudina S.A. Practical aspects of modern clinical microbiology.

Moscow, 2004, 312 p.

“Recommendations for the diagnosis, prevention, and control of staphylococcal infection in birds. Leningrad, 1982, 12 p.
SLaboratory research in veterinary medicine. Bacterial infections: reference book / edited by B.I. Antonov. Moscow:

Agropromizdat, 1986, 352 p.

*Reference book for veterinary laboratory assistants / edited by V.Y. Antonov. Moscow: Kolos, 1981, 248 p.
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Species composition of microflora isolated from poultry, %

23 species of microorganisms were isolated in
0.2-3.7% of cases.

E. faecalis (33.3%), S. aureus (16.7%),
E. coli (13.5%), and P. mirabilis (13.3%) were
frequently isolated from broiler turkeys.

Quails were found to have the smallest spe-
cies composition of microorganisms, the ma-
jority of which were S. aureus (26,4%), E. ag-
glomerans (18,9), E. faecium (18,8), E. faecalis
(17,0%).

CONCLUSION

The study found that E. coli, E. faecalis, and
S. aureus are the dominant bacteria in the devel-

opment of bacterial infections at poultry farms in
the Omsk region, accounting for 23.8%, 21.9%,
and 19.2% of the isolated cultures, respectively.

In the process of studying the microbial land-
scape in various organs and tissues of farm poul-
try, the widest range of microorganisms was iso-
lated from the intestines, blood from the heart,
and brain. The following species were most
frequently recorded: E. faecalis (21,2-25,6%),
S. aureus (17,3-22,7), E. coli (14,1-27,2),
E. faecium (10,9-17,3) and E. agglomerans
(3,0-9,0%)

Among laying hens, the following predom-
inated: E. coli (31,9%), S. aureus (25,5), E.
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Tao6ua. 1. Cnekrp MUKpPOOPraHU3MOB, BBIIEIEHHBIX

U3 OPraHoB U TKAHEH CENIbCKOXO3sIMCTBEHHOM MTHLIBL, %o

Table 1. Spectrum of microorganisms isolated

from poultry organs and tissues, %

Test material
blood
The isolated culture | from . bone . gall intes-
brain | mar- | liver | blad- | .
the tine
cord | row der
heart
Escherichia coli 21,8114,1(21,2126,3|14,8 (27,2
Staphylococcus | 55 71 1861182 |36.8(29.7 | 17.3
aureus
Enterococcus 21,8125,6(303]15,8 14,8212
faecalis
Enterobacter 5019061 - [222]30
agglomerans
Proteus mirabilis 6,7 | 5,1 |12,1 158 — 1,1
Enterococcus 109[12,8] 9,1 | — [185]17.3
faecium
Staphylococcus _ _ _ _ _ |25
capitis ’
Enterobacter 25164130 - |3,7] -
cloacae
Staphylococcus _ _ _ _ 116
xylosus i
Proteus vulgaris - | - 153] - 114
Shigella disenteriae| 0,8 | — - - - 108
Klebsiella 08 | - — - 174103
pneumoniae
Citrobacter
freundii 251261 - _ i
5ltr0bacter 25 13| - _ - 103
iversus
Edwardsiella tarda | — — — - - 108
Staphylococcus _ _ _ _ ~_ o8
simulans ’
Pseud_omonas 17 26| - _ _ _
aeruginosa
Staphylococcus _ _ _ _los
auricularis ’
Morganella _ _ _ _ — los
morganii ’
Staphylococcus _ . _ _ ~_los
cohnii ’
Yersinia
enterocolitica B B B - %
Providencia _ _ _ _ 103
rettgeri ’
Plesiomonas - _ _ _ — 103
shigelloides ’
Cltrobactgr 13 - _ _ 0,3
amalonaticus
Staphylococcus _ _ _ _ ~_ 103
haemolyticus ’
Staphylococcus _ B B _ _ lo3
werneri .
Staphylococcus _ _ _ _ |l o3
lentus ’

Note. In Tables 1, 2: «—» — no microorganisms isolated.

Ta6a. 2. Yacrora oOHapyKEHUS HCCIETYyEMbIX
MUKPOOPTaHU3MOB Y Pa3IUYHBIX BUIOB CEIbCKOXO-
3AMCTBEHHOM NTUIEI, %

Table 2. Frequency of detection of investigated
microorganisms in different poultry species, %

Broiler | Turkey
chick- | broiler | Quails
ens | chickens

Laying

The isolated culture
hens

Escherichia coli 31,9 | 24,8 | 13,5 | 13,2

Staphylococcus aureus 25,5 | 18,1 | 16,7 | 26,4

Enterococcus faecalis 17,0 | 22,2 | 33,3 | 17,0

Enterobacter agglomerans | 4,3 3,7 33 18,9

Proteus mirabilis 2,1 3,5 13,3 -
Enterococcus faecium 6,4 | 151 | 6,7 | 18,8
Staphylococcus capitis - 1,8 - —
Enterobacter cloacae - 1,4 - 5,7
Staphylococcus xylosus - 1,2 - -
Proteus vulgaris 2,1 1,0 - -
Shigella disenteriae - 0,8 - -
Klebsiella pneumoniae - 0,8 - -
Citrobacter freundii 6,4 0,6 3,3 -
Citrobacter diversus 2,1 0,6 33 -
Edwardsiella tarda - 0,6 - -
Staphylococcus simulans — 0,6 — —

Pseudomonas aeruginosa | 2,2 0,4 33 -

Staphylococcus auricularis | — 0,4 - -
Morganella morganii - 0,4 - -
Staphylococcus cohnii - 0,4 - —
Yersinia enterocolitica — 0.4 — -
Providencia rettgeri - 0,2 - —
Plesiomonas shigelloides - 0,2 - —
Citrobacter amalonaticus | — 0,2 3,3 -
Staphylococcus haemolyticus | — 0,2 - -
Staphylococcus werneri — 0,2 - -
Staphylococcus lentus - 0,2 - —
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faecalis (17,0%). The most diverse range of
microorganisms was observed in broiler chick-
ens: E. coli (24,8%), E. faecalis (22,2), S. aureus
(18,1%). Most of the microorganisms isolat-
ed from broiler turkeys belonged to E. faecalis
(33,3%), S. aureus (16,7), E. coli (13,5%). Quails
were found to have mainly S. aureus (26,4%), E.
agglomerans (18,9) and E. faecium (18,8%).

Thus, the monitoring studies conducted made
it possible to identify etiologically significant
microorganisms involved in the development of
bacterial infectious pathology in farm poultry in
the Omsk region.
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HAIIA FOBUJIAIPBI
OUR JUBILJARS

CEPA®UMA SIKOBJIEBHA CBIEBA

PykoBoauTento [opHO-ANTaliCKOro Hay4YHO-UCCIEI0BATEIHLCKOTO HHCTUTYTA CEJIBCKOTO XO35Ii-
ctBa — (punmana denepaabHOTO ANTAWCKOTO HAy4YHOTO IieHTpa arpobOuotexHonoruit Cepadume
SxoBneBHe CrieBoii 26 deBpais 2025 1. ucnonHMIOCh 65 seT. CTax Hay4YHOU AeATeIbHOCTH OJHO-
TO M3 BEIYIINX YUCHbIX-arpapHUKoB PecryOnuku Anrtait kanauaaTa OMOJIOrMYECKUX HayK, TOIEH-
Ta, 3aciy’KeHHOTro Aestens Hayku Pecyonuku Anrait C. 5. CeieBoit coctaBmsieT 37 jeT.

Cepaduma SxoBneBHa pomwiack B 1960 1. B c. Maubiii Slinoman Onrypaiickoro paiiona [op-
HO-AnTalickoif aBTOHOMHOM oOyiacTu. [10 OKOHYaHUM CPEAHEH IIKOJIBI TPYIOBYIO JIEATEIHHOCTD C
1977 o 1979 1. Hauana paboueit MHuHCKOTO KO30BOMUECKOTO coBX03a. B 1979—1985 rT. yumiach
B MOCKOBCKOU cenbCcKoX03siicTBeHHOM akafgemuu uMm. K.A. TumupsizeBa, 1o OKOHYaHUU KOTOPOM
paboTana raBHbBIM crieuanucToM B IHHHCKOM K030BOIUECKOM coBX03€ OHIryaaickoro paioHa.

Hayunyto nestenpHOCTh Cepaduma SIkoBneBHa Havana ¢ 1988 1. B kauecTBE MIIAJIIIIETO HAy4-
HOTO cOTpyaHuKa [OpHO-ANTalicKoi CeTbCKOXO3HCTBEHHOW OMBITHOW CTaHIIMH, 3aTeM paboTana
3aBefyroulel aHanmuTHueckon tadoparopueii (1993-1999 rr.), yuensim cexperapeM ['opHo-Anraii-
CKOTO HAyYHO-HCCIIEA0BATEIHLCKOTO HHCTUTYTA CeIbCKoro Xo3sicTBa (1999-2008 rr.), 3amecTuTe-
neM aupekTopa mno HayuHoi padore (2008-2017 rr.). C 2017 1. C.4. CeieBa — pykoBoautens [op-
HO-AJNTalCKOr0 Hay4YHO-UCCIIEI0BATEIbCKOIO HHCTUTYTA CEIbCKOTO X035 HCTBA.

B 2005 1. Cepaduma fAxoBiieBHa 3alIUTHIIA TUCCEPTAIMIO KaHIHUAaTa OMOIOTHYECKUX HayK,
B 2007 1. eif IpUCBOEHO yYEHOE 3BaHHE «JIOIEHT» MO CHEeIHaTbHOCTH «OoTaHukay. OHa aBTOp U
coaBTop 147 meyaTHbIX paboT, B TOM YHUCIIe TpeX MOHOTpaduii, AByX MaTEeHTOB HAa H300pETCHUS U
psla METOANYECKUX PEKOMEHIallui.

Kpyr nayunsix nuarepeco CepaduMbl SIKOBIEBHBI OXBATHIBAET IIUPOKHUI CIIEKTP MPOOIIEeM, CBsI-
3aHHBIX C WU3y4YeHHeM NpHUpPOTHON (opbl [opHOrOo AnTasi, OMOXMMHUN KOPMOBBIX pacTeHHUi, co-
CTOSIHUSI TIPUPOJIHBIX KOPMOBBIX YTOJUIN TOPHBIX TEPPUTOPUN, HAYYHOTO 0OeCTedeHHsl JIyTOBOTO
kopmornpousBoacTsa u pazsutus AIIK. C 2011-2018 rr. mox ee pyKOBOJCTBOM BBINOJIHEHBI HCCIIE-
JIOBaHHUS I10 pa3pabdOTKE CUCTEMBI arpOTEXHOJIOIMM MPOU3BOJACTBA MPOIYKIIMU PaCTEHUEBO/ICTBA,
MeponpusITHil 3((HEKTUBHOTO HUCIIONB30BAHUS MPUPOTHO-PECYPCHOTO TTOTEHIIMANIA arpoiaHmad-
TOB, HHTPOIYKIIMM KOPMOBBIX pacteHuil B PecryOnuke Anrtail. C 2019 . C.4. CeieBa sBisercs
HAyYHBIM PYKOBOAMTEJIEM HCCIEIOBAHUI MO0 TeMaTHKe MHCTUTYTa B paMkax [Iporpammsl ¢yHna-
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HALIU OBHJIAIPHI

MEHTAJIbHBIX HAyYHBIX UCCIIEIOBAHUI TOCYIapCTBEHHBIX akaaeMuil Hayk Poccuiickoi denepauuu.
ITon pykoBoactBoM u yuyactueM C.S. CpleBOil yclenIHO BBINOJIHEH Psii HAyYHBIX MPOEKTOB IpaH-
ToB Poccuiickoro ¢onaa pyHaameHTanbHbIX ucciaenoBanuii u Pecriyomuku Anrait. B 2006, 2009
u 2014 rr. Cepadume SxoBneBne npucyxaensl qumioMbl CO PACXH 3a nmyuniyro 3aBepIiueHHYO
Hay4YHYIO padoTy.

Cepaduma SIKoBieBHA yCHEIIHO COBMELIACT HAYUYHYIO U MEJAaroruyecKylo IesTeNbHOCTD, Mpe-
nojaeT Ha Kadeape arpoTexXHOJIOIMid M BeTepuHapHOW MeaulMHbl [opHO-AnTaiickoro rocyaap-
CTBEHHOTO yHUBepcuteTa. [1o ee pyKoBOACTBOM BBINTOTHEHO 17 BBIMYCKHBIX KBAJIN(UKAITHOHHBIX
paboT U MarkucTePCKUX ITUCCEePTALUM.

Cepaduma SIkoBneBHa SBISETCS 3aMECTUTENIEM Ipe/ceaaTelNss HayYHO-TEXHHUYECKOro COBETa
MuHmCTEpCTBa CEIBCKOTO X03siiicTBa PecryOnuku Anrtail, a Takke WIEHOM COBeTa MO 00pazo-
BaHUIO W HayKe MPU MpaBUTENIbCTBE PecryOnuku Anraii, npaBieHus PernoHaapHOTO OTACICHHS
oOmiecTBeHHON opraHu3auuu <« KeHIuHbl Anrtas», PernonanbHoi 00IIECTBEHHON OpraHu3aniu
«Cosert conparckux Marepeit Pecriyonuku AnTaii».

C.4. CpieBa npuHUMaeT akKTUBHOE y4aCTHE B OPraHU3ALMM U IPOBEICHUH MEXIYHAPOIHBIX U
peruoHaNbHbIX KOH(pepeHIuii, coBenianuii. [Ipu ee HEMOCPEICTBEHHOM yYacTUH OCYILECTBIISAIACH
pEeNaKkIMOHHAs MOArOTOBKA HAyYHBIX W3IaHWN, MATepHajioB MEXKIYHApOTHBIX KOH(pEPEeHIHH U
COOPHHUKOB HAay4YHBIX TPYIOB.

C.51. CeieBa ynocToeHa MHOXKECTBA HAarpaj peruoHagbHOro U QenepaibHoro yposHs. B 2020 .
el MPUCYKIEHO OYETHOE 3BaHNE «3acily>KeHHBbIN JesTenb Hayku PecryOnuku Anraiiy.

[Tozapasmsiem Cepadumy SKoBIEBHY C 10O0MIIeEM M KeTaeM OCYIIECTBICHHS BCEX TBOPYECKHUX
IUTAaHOB Ha OJ1aro CMOMPCKON arpapHoOi HayKd U MPAaKTUKH, JAJbHEHUIINX yCIIEX0B B HAyYHO-TIeaa-
TOIMYECKOM 1eATeNbHOCTH, KPETKOTO 310pOBbs U CUACTh!

Konnexrus ['opHo-AnTaiickoro
Hay4HO-MCCIIEI0BAaTENbCKOTO HHCTUTYTA
CEJBCKOTO X0351CTBA
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ducted in Russian and English.

If authors from different institutions took part in the preparation of the article, it is necessary to indicate the affilia-
tion of each author to a particular institution using the superscript index.

4.  Abstract in Russian and English. The size of the abstract should not be less than 200-250 words. The abstract is
a brief and consistent presentation of the material of the article on the main sections and should reflect the main content,
follow the logic of the presentation of the material and description of the results in the article with the provision of specific
data. The abstract should not include the newly introduced terms, abbreviations (with the exception of common knowl-
edge), references to the literature. The abstract should not emphasize the novelty, relevance and personal contribution of
the author; the place of research should be indicated to the district (region), specific organizations should not be mentioned.

5. Keywords in Russian and English. There should be up to 5—7 words by the topic of the article. It is desirable
that the keywords support the abstract and the title of the article.

6.  Information on the conflict of interests or its absence. The author should notify the editor on the real or po-
tential conflict of interests by including the information in the appropriate section of the article. If there is no conflict of
interests, the author should also inform the editor about it.

Example wording: “The author declares no conflict of interest”.

7. Acknowledgements in Russian and English. This section lists all sources of funding for the study, as well as
acknowledgements to people who contributed to the article but are not the authors.

8. The main body of the article. When presenting original experimental data, it is recommended to use subheadings:

INTRODUCTION (problem statement, goal and tasks of the study)

MATERIAL AND METHODS (conditions, methods (methodology) of research, object description, place and
time of research)

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES. The number of sources must be at least 15. The list of references includes only peer-reviewed
sources: articles from scientific journals and monographs. Self-citation of no more than 10% of the total number. The
bibliography list should be designed as a general list in the order of mention in the text, it is desirable to refer to sources
2-3 years old. The rules for the list of references are in accordance with GOST R 7.05-2008 (requirements and rules for
compiling a bibliographical reference). In the text the reference to the source is marked by a serial number in square
brackets, for example [1]. Literature in the list is given in the languages in which it was published. In the bibliographic
description of the publication, it is necessary to include all authors, without abbreviating them by one, three, etc. It is
unacceptable to abbreviate the names of articles, journals, publishing houses.
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1. Ifitis necessary to refer to abstracts, dissertations, collections of articles, textbooks, recommendations, manu-
als, GOSTs, information from websites, statistical reports, articles in socio-political newspapers, etc., such information
should be placed in a footnote at the end of the page. Footnotes are numbered in Arabic numerals and placed page by
page through continuous page numbering.

Attention! Theoretical, review and problem articles can have any structure, but must contain an abstract, keywords,
list of references.

EXAMPLE OF REFERENCES in Russian and English and FOOTNOTES

REFERENCES (in Russian):

Monograph

Klimova E.V. Field crops of Zabaikalya: monograph. Chita: Poisk, 2001. 392 p.

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture in
southern forest-steppe of Western Siberia// Resource-saving tillage systems. Moscow: Agropromizdat, 1990. pp. 230-235.

Periodical publication

Pakul A.L., Lapshinov N.A., Bozhanova G.V., Pakul V.N. Technological grain qualities of spring common wheat
depending on the system of soil tillage // Siberian Herald of Agricultural Science. 2018. vol. 48. Ne 4. pp. 27-35. DOI:
10.26898/0370-8799-2018-4-4.

REFERENCES (in English):

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

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

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

Transliteration of the authors. English title of the article.

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

Transliteration of the source = English name of the source

Monograph

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

Part of a book

Kholmov V.G. Minimum tillage of coulisse-strip fallow for spring wheat with intensification of arable agriculture

in southern forest-steppe of Western Siberia. Resource-saving tillage systems, Moscow, Agropromizdat Publ., 1990,
pp- 230-235. (In Russian).

Periodical publication

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

FOOTNOTES:

Quated text,.

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

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

Example:

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

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

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

FIGURES, GRAPHS, TABLES, SCREENSHOTS, PHOTOGRAPHS AND FORMULAS

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

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

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

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

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

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

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

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

* accept the article for review;

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

* return the article which is designed not according to the journal’s requirements to the author (authors) without
consideration;

« reject the article due to its inconsistency to the journal’s goals, lack of originality and little scientific significance.

Correspondence with the authors of the manuscript is maintained through a key contact mentioned in the manuscript.

All scientific articles submitted to the editorial board of the journal “Siberian Herald of Agricultural Science” un-
dergo obligatory double-blind reviewing (author and reviewer do not know about each other). Manuscripts are sent in
accordance with their research profile for reviewing to the members of the Editorial Board.

In controversial cases, the editor may involve several specialists in the review process, as well as the Editor-in-Chief.
If the reviewer’s opinion is positive, the article is submitted to the editor for preparation for publication.

In case a decision is made to have the manuscript revised, reviewer’s comments and remarks are passed to the au-
thor. The latter is given two months to make amendments. If, within this period, the author has not notified the editors
about the actions planned, the article is removed from the publication waiting list.

In case there is a decision to reject the article, the notification with the editorial decision is sent to the author.

The designated author (contact author) is sent the final version of the manuscript accepted for publication, which
he/she must check.

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

» amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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