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PACTEHHUEBO/ICTBO U CEJIEKLJUA
PLANT GROWING AND BREEDING

https://doi.org/10.26898/0370-8799-2024-4-1 Tun crarbu: OpUrHHAIBHAS
VIK: 634.71:581.143.6 Type of article: original

COBepHIeHCTBOBaHI’Ie JJIEMECHTOB TCXHOJIOI'UU
KJIIOHAJBHOI'0O MUKPOPaA3MHOKCHUA MAaJTUHbI
Pa3HOro Tumna nmJIoA0HOIECHU A

XD TInakcuna T.B., I'yceB 1.A.

Deoepanvrviili ArmaticKuil HAYYHbIL Yenmp azpoouomexHoI02ull
bapnayn, Poccus

(<XDe-mail:tplaksina@mail.ru

[IpencraBnensl pe3ynbTaThl UCCIACAOBAHUN MO KJIOHATBHOMY MUKPOPa3MHOKEHHUIO 17 copToB Ma-
JIMHBI aJITalCKON U €BPOIEUCKON celleKuuu. B nocnenHee BpeMs UCCile10BaTeNu yAEISI0T BHUMAHNE
CO3/IaHUI0 YHUBEPCAIBHON MUTATEIBHOM CPEIbl, KOTOPasi B pPaBHOM CTENEHU MOAXOAMIIA ObI IS JIF0-
0oro copta ornpeneneHHoro BuaAa pactreHnid. OcCOOEHHO 3TO BaKHO MPH MacCOBOM KIIOHAJIBHOM MUK-
POpPa3MHOKEHUH B MPOU3BOJICTBEHHBIX NUTOMHUKAX. [IpoBesieHa OlleHKa pereHepaluOHHOro OTEH-
[[MaJia COPTOB MaJIMHBI PA3HOTO THIIA TUIOIOHOIICHHS Ha KaXKJIOM dTare pa3MHOeHus. Ha sTare co6-
CTBEHHO MHKPOpPa3MHOKEHHUS BBISBICHO, YTO cpena JlpaiiBepa u KyHuroku B Hamei MogupuKaim
npeBocxoawia cpeny Mypacure u Ckyra mo JUiMHE 1MOOEroB M cocTaBuia B cpenHeM 9,0 MM Jyist
COPTOB O0OBIYHOTO TUMA U 12,3 MM I pPEMOHTAHTHBIX. DTO MO3BOJIUIIO HCKIIFOUHUTh JTOTIOJTHUTEIbHBIH
JTall JIOHTAMA MUKpPOTo0eroB. Takke Ha HOBOHM Cpele YITyUINUJICS BHEITHUA BHI MUKPOTIOOCTOB.
YCTaHOBIIEHO, YTO JJIsl MAJIMHBI HE3aBUCUMO OT €€ THUIIA ONTHUMAJIbHBIC KOHLIEHTPALUU PETYISTOPOB
pocTa Jiexar B CIEAYIONIeM AranazoHe: MUTOKUHUH 6-0er3mnamuHonypuH (BAIT) 2,5-3,5 MxM co-
BMECTHO ¢ aykcHHOM B-mnpomunmacisHoi kucioroit (MMK) 0,5-0,7 mxM. Ha srane pusorenesa
Ty4IIue pe3yabTarhl mokasana cpeaa Jpaiisepa u KyHuIoku ¢ mOHMKEHHBIM B 2 pa3a coiepKaHueM
BCEX OCHOBHBIX KOMITOHEHTOB U ¢ AobasieHueM 2,0 MkM UMK npu anurensHOCTH naccaxa 21 1eHb.
ITocrne TOrO Bce MUKPOYCPEHKH C KOPHSAMHU U 0€3 KOPHEH MPOXOIIIIN dTall aJanTaIlii — TOpanuBa-
HUS B HEUTPaIbHBIX CyOCTpaTax B TCUCHUE 56 THEH B YCIOBHSX eX Vifro BETETAIlMOHHOW KOMHATHL B
OOJBIIMHCTBE CIIy4aeB HE OTMEUYEHO CTATUCTUIECKH JOCTOBEPHBIX PA3IMUYH MO JITHHE U KOTMIECTBY
JIUCTHEB HE3aBUCUMO OT HAJTUUMsI WJIM OTCYTCTBUS KOPHEH Ha HaualbHOU cTaguu agantanuu. K koHiy
aToro stamna nonyyeno 100% aganTHpOBaHHBIX PACTEHUI MAIMHBI OOBIYHOTO THIIA MJIOAOHOIICHHS U
98% — peMOHTaHTHOTO.

KuioueBble c¢jioBa: MalnHa, KIOHATHFHOE MHUKPOPA3MHOXKEHHUE, i1 Vitro, PU30TEHE3, alamnTaIlus,
ex vitro, TopalBaHue

Improvement of the clonal micro-propagation technology elements
for raspberries of various fruiting types

(XD Plaksina T.V., Gusev D.A.

Federal Altai Scientific Centre of Agro-Biotechnologies
Barnaul, Russia

(<De-mail:tplaksina@mail.ru

The results of research on clonal micropropagation of 17 raspberry varieties of the Altai and Euro-
pean selection are presented. Recently, researchers have been focusing on creating a universal nutrient
medium that would be equally suitable for any variety of a particular plant species. This is especially
important for mass clonal micropropagation in production nurseries. The regeneration potential of the
raspberry varieties of different types of fruiting at each stage of reproduction has been assessed. At the
stage of actual micropropagation, it was found that Driver and Kuniyuki medium in our modification
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Improvement of the clonal micro-propagation technology elements

Plaksina T.V., Gusev D.A.

for raspberries of various fruiting types

was superior to the Murashige and Skoog medium in terms of the shoot length and averaged 9.0 mm
for common type varieties and 12.3 mm for remontant varieties. This made it possible to eliminate the
additional stage of elongation of the microshoots. Also, the appearance of microshoots improved on
the new medium. It was found that for raspberry, regardless of its type, the optimal concentrations of
the growth regulators lie in the following range: cytokinin 6-benzylaminopurine (BAP) 2.5-3.5 uM
together with auxin B-indolyl butyric acid (IBA) 0.5-0.7 uM. At the stage of rhizogenesis, the best
results were shown by the Driver and Kuniyuki medium with 2-fold reduced content of all main
components and with the addition of 2.0 uM IBA at the passage duration of 21 days. After that, all
microcuttings with and without roots underwent the adaptation stage — growth completion in neutral
substrates for 56 days under ex vitro conditions in a vegetation room. In most cases, there were no
statistically significant differences in the length and number of leaves regardless of the presence or ab-
sence of roots at the initial stage of adaptation. By the end of this stage, 100% of the adapted raspberry

plants of the usual type of fruiting and 98% of the remontant type were obtained.
Keywords: raspberry, micropropagation, in vitro, rhizogenesis, adaptation, ex vitro, completion of

growing
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INTRODUCTION

The conditions of Western Siberia with sharp-
ly continental climate are more favorable for
growing berry crops than fruit crops. Raspber-
ry is of considerable food and medicinal inter-
est among berry crops. The Lisavenko Scientif-
ic-Research Institute of Horticulture for Siberia
(SRIHS), which is a department of the Federal
Altai Scientific Centre of Agro-Biotechnologies,
has been engaged in raspberry breeding since
the 30s of the XX century up to the present time.
34 raspberry varieties have been created, mainly
based on the species of common raspberry (Ru-
bus idaeus L.) and its hybrids, adapted to growth
and fruiting in the harsh climatic conditions of
Siberia. At present, despite the high demand
among the population, the production of planting
material of new local and introduced raspberry

varieties is experiencing certain difficulties. This
is due to many reasons of economic and social
nature, as well as increased requirements to the
quality of the planting material, including the
absence of pathogens in it [1].

In vitro clonal micropropagation with the
development of specific protocols for specific
varieties guarantees the production of healthy
planting material of horticultural crops corre-
sponding to the highest quality categories [2].
It is important for industrial clonal micropropa-
gation laboratories to use universal technologies
and protocols suitable for varieties of different
types and origins. As a rule, researchers create
clonal micropropagation protocols for raspber-
ries of only one type of fruiting [3, 4], much
less often they work with the varieties of both
types [5]. At present, there has been a significant

6 Siberian Herald of Agricultural Science ¢ 2024 « 54 « 4

Plant growing and breeding



COBepIHeHCTBOBaHI/IC DJICMCHTOB TEXHOJIOTUA
KJIOHAJIbHOT'O MUKPOPA3MHOXKEHHUS MAJIMHBI pa3HOI'0 THUIIA
IIJIOAOHOIICHUA

IInaxcuna T.B., I'yces JI.A.

increase in the interest in remontant type rasp-
berries', large-fruited varieties of raspberries,
blackberries and raspberry-blackberry hybrids
of foreign selection among the institutions of
various forms of ownership and amateur garden-
ers, which requires increasing the efficiency of
their cloning [6-8].

The purpose of the research is to improve
the elements of the technology of clonal mi-
cro-propagation of the ordinary and remontant
fruit-bearing varieties.

The objectives of the study were to optimize
the:

— mineral and hormonal composition of the
nutrient medium and the duration of subcultiva-
tion at the stage of actual micropropagation;

— hormonal composition of the nutrient me-
dium and the duration of subcultivation at the
stage of rhizogenesis;

— ex vitro adaptation phase.

MATERIAL AND METHODS

The work was carried out over a period of
4 years (2019-2022) in the Biotechnology and
Cytology Laboratory of the SRIHS department
using the generally accepted methods *°.

The objects of research - 12 varieties of rasp-
berries of the usual type of fruiting (Aurora,
Aquarelle, Barnaulskaya, Dobraya, Zatonskaya,
Zorenka Altaya, Illusion, Cassiopeia, Kolokol-
chik, Credo, Meteor, Trojana) and five remon-
tant varieties (Atlant, Bryanskoye divo, Hera-
cles, Oranzhevoe chudo, Penguin).

Murashige and Skoog medium (MS)* and
Driver and Kuniyuki medium (DKW)®> were
used as the mineral basis of the nutrient medi-
um, which has not yet found widespread use for
fruit and berry crops, except for individual ex-
amples of their use for clonal micropropagation
of stone fruit crops [9] and for raspberry [5]. At

the rhizogenesis stage, modified DKW medium
with half concentration of the main components
was used. Growth regulators (GRs) were add-
ed to the media: in the experiments at the actual
micropropagation stage — 6-benzylaminopurine
(BAP) 1.5-7.0 uM with indolyl-3-butyric acid
(IBA) 0.14-1.4 uM; at the rhizogenesis stage —
IBA 2.04.0 and a-naphthylacetic acid (NAA)
0.4-0.8 uM; the variant without GRs was used
as a control [10, 11]. Cultivation conditions were
as described in the methods (see footnotes 2, 3).
The experiment scheme was as follows: three
explants per each repetition, five repetitions per
each variant. The results were obtained for one
subcultivation.

At the stage of adaptation of microplants to
ex vitro conditions, a neutral soil mixture of river
sand and vermiculite in the ratio of 3 : 1, steril-
ized in an autoclave for 1 h at 2 atm, was used.
The plants were planted one by one in a 200 ml
container. The containers were covered with a
transparent hood for the first 14 days. The ad-
aptation period lasted 56 days, during which the
following scheme of mineral fertilization was
applied every 14 days: KH,PO, solution (3.5 g/,
pH = 6.0); mineral salt solution according to
DKW prescription (pH = 6.0); salt solution 1/2
DKW (pH = 6.0). Fourteen days after the last
feeding (on the 56th day), the survival ability
and the shoot length were recorded.

RESULTS AND DISCUSSION

To date, the methods of clonal micropropa-
gation have been developed for more than 2400
plant species, however, the optimization of in
vitro culture conditions is required for each spe-
cies and even varieties (see footnotes 4, 5). The
main way to optimize the mineral composition
of the nutrient media for berry crops is to vary
the content of individual elements — calcium,

'Kazakov L.V, Sidelnikov A.1., Stepanov V.V. Remontant raspberry in Russia. Chelyabinsk: House of Press, 2010, 136 p.

2Solovykh N.V. The use of biotechnological methods in work with berry crops: method. recommendations. Michurinsk: Publishing
house of Michurinsk SAU, 1.V. Michurin All-Russian Research Institute of Fruit Crop Genetics and Breeding, 2009, 47 p.

3Dunaeva S.E., Pendinen G.I., Antonova O.Yu. et al. Preservation of vegetatively propagated crops in vitro and cryo-collections:

method. instructions. St. Petersburg, 2011, 64 p.

*Muratova S.A., Solovykh N.V.,, Terekhova V.I. Induction of morphogenesis from isolated somatic tissues of plants. Michurinsk:

MSAU, 2011, 107 p.

SHunkova Ju., Libiakova G., Gajdosova A. Shoot proliferation ability of selected cultivars of Rubus spp. as influenced by genotype
and cytokinin concentration // Journal of Central European Agriculture, 2016, N. 17, pp. 379-390. DOI: 10.5513/JCEA01/17.2.1718.
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magnesium, phosphorus®, forms of nitrogen
(ammonium or nitrate)’.

At the stage of actual micropropagation,
DKW medium was found to be superior to the
MS medium in terms of average shoot length in
the variant with 1.5 uM BAP and 0.3 uM IBA
by 55% (see the Table). Significant differences
in the effect of the mineral composition on the
reproduction factor were not found, which was
also noted in their experiments by researchers
from Romania [5].

DKW medium was superior to the MS in
terms of qualitative indicators of explants ap-
pearance: visually, the shoots had large leaves of
saturated green color, which probably indicates
the normal course of physiological processes in
the plant and enhanced photosynthetic activity
due to the balanced mineral composition of the
DKW medium (see Fig. 1).

In addition to macro- and microelements of
the nutrient medium, exogenous growth regula-
tors, their type, concentration and ratio have an
undeniable influence on the processes of prolif-
eration and regeneration in in vitro tissue culture
[3-5]. As a result of the experiment, it was found
that for raspberry, regardless of the type of fruit-
ing, the optimal growth regulator concentrations
lie in the range of 2.5 — 3.5 uM BAP together
with 0.5 — 0.7 uM IBA, which is consistent with

Puc. 1. Muxponoberu MaauHbl copTa AKBapeib
Ha cpene DKW (cneBa) u Ha cpene MS (crpaBa)
¢ BAII 1,5 + UMK 0,3 MM

Fig. 1. Microshoots of the raspberry cultivar
Aquarelle on the DKW medium (left) and on the MS
medium (right) with 1.5 uM BAP + 0.3 uM IBA

the results of other researchers. On this medi-
um, the multiplication rate varied from 5.5 to
8.0 units/explant in common raspberry varieties
and from 7.0 to 8.5 units/explant in remontant
varieties. The length of microshoots in the com-
mon type varieties was 9.0 £ 0.5 mm, in the re-
montant varieties — 12.3 + 1.6 mm, which makes

Bausaue MHHGpaJ’ILHOfI OCHOBBI ITIUTATEILHON CpCAbl U KOHICHTpAUUU PEryJIsATOPOB pOCTAa HA pa3BUTUC

OKCIIIAHTOB MaJIMHBI

The influence of the mineral base of the nutrient medium and the concentration of growth regulators on the

development of raspberry explants

Growth regulators, uM Number of shoots, pcs. Average shoot length, mm

BAP| IBA MS DKW MS DKW
0,7 0,14 2,8+£0,6 2,6 +0,9 8,1+13 10,8 £2,5
1,5 0,30 3,3+0,8 48+1,2 74+15 11,5+2,4
2,0 0,40 3,7+£0,9 39+1,1 6,6 £ 1,4 9,4+25
3,5 0,70 46+1,2 49+1,1 6,7+ 1,6 10,0+ 1,9
5,0 1,00 40+1,0 53+1,7 6,5+13 9,5+2.0
7,0 1,40 3,3+1,0 42+1,0 50+1,5 83+1,8

Note. 10 varieties of raspberries were used — Aquarelle, Atlant, Barnaulskaya, Hercules, Dobraya, Zorenka Altaya,

Kolokolchik, Credo, Penguin, Bryanskoye divo.

®Poothong S., Reed B.M. Increased CaCl

MgSO, and KH,PO, improve the growth of micropropagated red raspberries // In Vitro

Cellular & Developmental Biology — Plant, 5015, vol. 51, pp. 648—658. DOI: 10.1007/s11627-015-9720-y.

"Poothong S., Reed B.M. Optimizing shoot culture for Rubus germplasm: the effects of NH,", NO,~ and total nitrogen // In Vitro
Cellular & Developmental Biology — Plant, 2016, vol. 52, pp. 265-275. DOI: 10.1007/s11627- 16-9750-0.
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them suitable for rooting without the elongation
stage (see Fig. 2).

Many researchers note that raspberry explants
after the stage of actual propagation have very
short shoots, which complicates their further
rooting. Therefore, they suggest additional cul-
tivation to elongate the shoots (elongation stage)
and then root them, or combining the elongation
and rhizogenesis stages [4].

The effect of subcultivation duration (45
and 60 days) on the reproduction factor and the
length of microshoots was studied in our re-
search. It was found that the period of 60 days
gives the best results, while other researchers
found that the passage duration varied only from
30 to 45 days [3, 13].

Microcuttings suitable for rooting were trans-
ferred to the auxin-supplemented media. At this
stage, varietal specificity was manifested. The
difference in response to auxins was particular-
ly pronounced between ordinary and remontant
raspberries. Raspberry varieties of the ordinary
type had good rhizogenesis indicators; by the
21st day of cultivation, on average, 50% of the
total number of microcuttings were already root-
ed. Remontant varieties reacted very weakly to
auxins and by the 21st day only 7.8% of micro-
cuttings were rooted. Further cultivation on the
medium with auxins (31 days) slightly increased
the number of microcuttings with roots, but no
statistically significant difference (at the signifi-

a

i

1,5/0,3 2,5/0,5 3,5/0,7  4,5/0,9
Nutrient medium BAP/IBA, uM

9.0
8.0
7.0
6.0
50

>

4,0

>

3.0
2.0
1.0

0.0

Reproduction rate, pcs.

cance level of p = 0.05) was found. At the stage
of rhizogenesis, the best results were shown by
the medium with the addition of 2.0 uM IBA
(see Fig. 3).

As a rule, researchers use for adaptation only
rooted microplants or microcuttings immediate-
ly after the micropropagation stage without rhi-
zogenesis in vitro [12-14]. In our experiments,
all regenerant plants (with and without roots)
underwent the adaptation stage in the soil sub-
strate to evaluate the aftereffect of auxins at the
in vitro rooting stage.

According to the requirement of GOST R
54051-2010, the duration of the adaptation stage
is at least 30 days, and then the plants are further
grown in greenhouse conditions. We combined
the stage of adaptation and completing of grow-
ing into one stage, holding it in the vegetation
room. The auxin aftereffect at the adaptation
and completing of growing stage was not estab-
lished for any of the rhizogenesis media vari-
ants. Regenerant plants, planted for adaptation
with and without roots did not have statistically
significant differences in the shoot length after
completion of further growing in most varieties.
No significant differences were observed in the
number of leaves per shoot. Differences in the
shoot length were observed only in some variet-
ies (Barnaulskaya, Kolokolchik, Credo, Atlant,
Heracles, Penguin), which is probably due to
their genotypic features (see Fig. 4).

18,0 0
16,0 - : -
_ 140
g 12,0
= 10.0
g >
S 80
g 60|
Q s
% 4)0_
20
0507 T | |
1503 2505  3.507 4509

Nutrient medium BAP/IBA, pM

M common M Remontant

Puc. 2. Bnusinue peryisitTopoB pocTa Ha K03()(GUIHEHT pa3MHOKEHUS (@) U JUIMHY TI00eroB (6) MalTuHbI

Pa3HOro Tuiia 1mjiI0AO0HOIICHUA

Fig. 2. Effect of growth regulators on the reproduction rate () and shoot length (6) of raspberries of differ-

ent fruiting types
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90,0

80,0
70,0

60,0

50,0 |
40,0 1
30,0 |
20,0 1
10,0 |

0,0 1

Rooting rate

1 2 3 4 5

35,0

30,0

25,0

20,0 l I

15,0 I

10,0 T

50
0,0

5.0

>

Rooting rate

1 2 3 4 5
Medium number

Medium number

B 21Day M31Day

Puc. 3. YKkopeHeHHE COPTOB MaJIMHbI HA Pa3HbIX MUTATENbHBIX cpeaax Ha 21-i u 31-i neHb KylIbTUBHPOBa-

HUSL: @ — OOBIYHEIC copTa; 0 — PEMOHTAHTHBIC!

1 — 6e3 perynsropos pocta; 2 — UMK 2,0; 3 — UMK 2,0 + HYK 0,4; 4 — UMK 4,0; 5 — UMK 4,0 + HYK 0,8 MmxM
Fig. 3. Rooting of raspberry varieties on different nutrient media on the 21st and 31st day of cultivation: a -

conventional varieties; 6 - remontant varieties:

1 — without growth regulators; 2 —IBA 2.0; 3 —IBA 2.0+NAA 0.4; 4 —1BA 4.0; 5 — IBA 4.0+NAA 0.8 uM

The obtained plants of all the studied vari-
eties on the 30th day and further exceeded the
requirements of GOST R 54051-2010® for plant-
ing material of this category. By the end of this
stage, plants with a closed root system were suit-
able for planting in the open ground. The yield
of plants was 100% for conventional varieties
and 98% for remontant varieties.

CONCLUSIONS

1. For the stage of micropropagation of ordi-
nary and remontant type raspberries, it is optimal
to use the medium with mineral composition ac-
cording to DKW prescription at the concentra-
tion of growth regulators in the range of 2.5-3.5
uM BAP together with 0.5-0.7 uM IBA and the
duration of subcultivation of 60 days.

mm

Shoot length

O@
B Without roots M With roots

Puc. 4. JInnna moGeroB pacTeHUH MaIWHBI TTOCIIE IANTAI[H K YCIOBUAM ex Vvifro Ha 56-i J1eHb
Fig. 4. The length of raspberry shoots after 56 days of adaptation to ex vitro conditions

Variety

8GOST R 54051-2010. Fruit and berry crops. Sterile crops and adapted microplants. Technical conditions. M.: Standardinform,

2011,12 p.
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2. DKW nutrient medium with a half concen-
tration of the main components with the addition
of 2.0 uM IBA is optimal for the rhizogenesis
stage. It was found that the processes of root
formation induction in the studied varieties are
completed in the period up to the 21st day, fur-
ther cultivation on the medium with growth reg-
ulators is inexpedient. In this regard, the cultiva-
tion period at the rhizogenesis stage is 21 days.

3. At the stage of ex vitro adaptation it was
found that microshoots with and without roots
are equally suitable for planting for adaptation,
as microshoots planted for adaptation without
roots form them in the substrate, and later after
the period of completion of growing do not dif-
fer from the plants planted with roots.
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IepcnexkTuBHBbIE THOPUABI KapTodenast B Cudupu

Yypakos A.A., ) Tonosa H.M., Xamunckuii A.H.
Kpacnospckuii cocyoapcmeennulii azpapusiii yHugepcumem

Kpacnosipck, Poccust
(C<XDe-mail: NMPopova@yandex.ru

[IpencraBieHsl pe3ynbraTbl H3ydeHUs] THOPUIOB KapTodeis B MUTOMHHUKAX MPEABAPUTEIHHOTO U
KOHKYpCHOTO coproucnbITanus. Mccnenosanus nposenens! B 20182022 rr. B KpacHosipckoM Kpae B
3epHOMAPOIIPONANTHOM ceBooOopoTe. [oyBa ONMBITHOTO y94acTKa MpeiCcTaBlIeHa YepHO3EMOM BEIIIIENO-
YEHHBIM, Majlo- U CPETHEMOIIHBIM TSKEIOCYTIIMHICTOTO TPAaHYJIIOMETPUIECKOTO COCTaBa. 3aKiiaiKa
OTIBITOB, YYET ypokasi 1 00pa0dOTKa JaHHBIX MPOBENICHBI COMTACHO OOIICTTPUHSATHIM PEKOMEHIAIHSIM
o padore ¢ KynsTypoil. Ha ocHOBe rugporepmuueckoro kodduunenta CeastHHHOBA TOTOAHBIE YCIIO-
BUSI BEr€TallMOHHBIX MEPHOJIOB JIET UCCIIEA0BaHIIA MOYKHO OXapaKTepH30BaTh KaK cIa00 3acylUIMBBIE.
B 201912021 rr. I'TK cocraBui 1,1, 8 2020, 2022 rT. — 1,3. [1o pe3ynbTaraM npenBapuTeILHOTO COPTO-
nucnbITanust TuHuH A-114, A-326, A-529, A-635a mpeBpIiany Win ObLUTH Ha YPOBHE CTAHIAPTHOTO COPTa
KpacHosipckuii parHUiT 110 KOJMYECTBY TOBAPHBIX KITyOHEH U ypoXkaifHOCTH. 3a 4 ro/ia HCCclileIOBaH!iA B
IMUTOMHUKE KOHKYPCHOTO COPTOHMCITBITAHHS W3yYaeMble CEJICKIIMOHHbBIC JIMHUU B CpeHEM C(OPMHUPO-
BAJIM YPOXKaHHOCTb Ha YPOBHE WJIM BBIIIC CTAHAAPTHBIX COPTOB. 10 sneMeHTaM CTpyKTYphl ypoxasi B
KOHKYPCHOM COpPTOMCIIBITaHUN JUHUU A-114, A-529 3HaUnTENbHO MPEBBIIIATIN CTAaHAAPTHBIA COPT MO
TOBApHOCTH, a TAKKe MMEJIM MEHbBIIIEe YHCIIO U MacCy HETOBApHbIX KiTyOHeH. [1o pe3ynbraTtam oLieHKH B
20192021 IT. XUMHYECKOTO COCTaBa KIyOHEH IS TUETHISCKOTO M (DYHKIIMOHAIHLHOTO TTUTAHUS TIPE]I-
JIararoTcs IMHAW C HU3KAM coniepkanueM kpaxmaina (1o 14%): A-114 (12,2%), A-6722 (9,9), A-6352
(12,7%). Ha ocnoBanuu nzydenus B 20192022 rr. nuanu A-114 B KOHKYPCHOM HCIBITAaHUH, TIPEABAPH-
TEJILHOM U TIPOM3BOJICTBEHHOM Pa3MHOKEHHH, SKOJIOTHUECKON OLEHKH B [occopTkoMuccHIo Tiepeaatbl
3asBOYHBIC MaTepualbl Ha AOMYCK K UCTIOIBb30BaHHIO H OXPaHy HOBOTO cOpTa KapTodesst AKpyKc.

KuroueBsle ciioBa: kapTodenb, CeeKIHs, THOPHIBI, YPOKAHHOCTb, COIEpKAHNE KpaxMaa
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The results of studying potato hybrids in the nurseries of preliminary and competitive variety trials
are presented. The research was conducted in 2018-2022 in the Krasnoyarsk Territory in grain and
fallow crop rotation. The soil of the experimental plot is represented by leached chernozem, low- and
medium-moist heavy loam of granulometric composition. Experiment design, yield recording and data
processing were carried out in accordance with the generally accepted recommendations for work with
the crop. Based on the Selyaninov hydrothermal coefficient, the weather conditions of the vegetation
periods of the years of research can be characterized as slightly arid. The HTC was 1.1 in 2019 and
2021, in 2020, 2022 — 1,3. According to the results of the preliminary variety trials, lines A-114, A-326,
A-529, A-635a exceeded or were at the level of the standard variety Krasnoyarsky Ranniy by the number
of marketable tubers and yield. During 4 years of research in the nursery of competitive varietal trial, the
studied breeding lines on average formed yields at the level or higher than the standard varieties. Accor-
ding to the elements of the yield structure in the competitive variety trial lines A-114, A-529 significantly
exceeded the standard variety in marketability, as well as had a smaller number and weight of unmarket-
able tubers. Based on the results of the evaluation in 2019-2021 of the chemical composition of tubers
for dietary and functional food, lines with low starch content (up to 14%) are proposed: A-114 (12.2%),
A-6722(9.9), A-635* (12.7%). Based on the study in 2019-2022 of the line A-114 in competitive trials,
preliminary and production multiplication, ecological assessment, application materials for admission
to use and protection of the new potato variety Akrux were submitted to the State Variety Commission.

Keywords: potatoes, breeding, hybrids, yield, starch content
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INTRODUCTION

Creation of varieties with high yields and
good adaptability to the conditions of cultiva-
tion, giving the opportunity to spread in different
regions of our country — is currently an urgent
task in potato breeding. New varieties should
have high resistance to late blight, scab, virus-
es, bacterial diseases, be characterized by good
marketable appearance, high taste and safety.
The set of cultivated potato varieties is limit-
ed in the Krasnoyarsk forest-steppe due to the
short frost-free period, low temperatures at the
beginning and end of the growing season, early
summer droughts. Not all modern varieties com-
bine in their genotype features that make them
suitable for cultivation in the region, the need for
new potato varieties remains quite high. Breed-
ing for variety adaptability to the conditions of
the region is one of the most effective methods
to overcome the negative factors' [1-10].

The purpose of the research is to identify
promising potato lines for state variety testing.

MATERIAL AND METHODS

The research was conducted in 2018-2022 on
the basis of the educational and research com-
plex "Borsky" of the Krasnoyarsk State Agrarian
University, located in Sukhobuzimsky district,
Borsk settlement, 50 km north of the regional

center. The experimental fields are located in
the closed forest-steppe part of the Krasnoyarsk
forest-steppe. The plot for the field experiments
is represented by leached chernozem, low- and
medium-moist heavy loam of heavy granulo-
metric composition, formed on yellow-brown
clay. Soil-agrochemical survey of the site before
potato planting showed that the arable layer of
chernozem (0-20 cm) was characterized by high
humus content (6.3% according to the Tyurin
method), very high sum of exchangeable bases
(42.5 mmol/100 g), slightly alkaline reaction of
soil solution pHn,0 (7.3). The soil was charac-
terized by low nitrate nitrogen (4.68 mg/kg) and
ammonium nitrogen (4.54 mg/kg), high mobile
phosphorus (269.2 mg/kg), and very high ex-
changeable potassium (174.4 mg/kg) according
to the Chirikov method.

Multiyear value of the Selyaninov HTC in
the Sukhobuzimsky district is 1.0. Weather con-
ditions in the years of research based on the
HTC data were slightly dry. In 2019 and 2021
the HTC amounted to 1.1, in 2020, 2022 — 1.3,
which corresponded to the optimal conditions
for heat and moisture availability during the pe-
riod of the studies.

Potatoes were placed in a four-field grain and
fallow crop rotation. Starting from the first tuber
generation and until the completion of the breed-
ing process, the samples were grown in the field,

'Adamova A.1.,, Rodkina O.I. Effectiveness of evaluation and selection of improved lines for seed production of new and promis-
ing potato varieties // Potato breeding. Scientific works, Minsk, 2000, N 10, pp. 208-214.
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using the methods and techniques characteristic
of the crop technology in production® 3. The first
generation was grown with spaced planting (50
cm distance between the clones) to facilitate ob-
servation and selection of elite plants. In the sec-
ond-year hybrid nursery, the selected lines were
planted in single-row plots, and standard variet-
ies were used for comparison, placed at 20 sam-
ple intervals. The best forms at the next stage
were planted in the nursery of the preliminary
study in single row plots with repetitions. In the
future, the selected lines were transferred to the
nursery of competitive trial.

In the preliminary and competitive trial nurs-
eries, planting was carried out with a selection
potato planting machine according to the scheme
90 x 40 cm. Full-volume ridges were formed
with the AVR Kolnag ridging milling machine.
The yield was measured by a combined meth-
od. Plots were dug with a two-row mounted
selection potato raiser with subsequent manual
selection of the tubers. The yield structure was
analyzed by counting the number of marketable
and non-marketable tubers from the plot, tubers
up to 40 g* were classified as non-marketable tu-
bers. Experimental data processing was carried
out using the program Statistica 13,3°.

RESULTS AND DISCUSSION

For 23 combinations, 1983 single-tuber hy-
brids were planted. The initial number of hybrid
combinations/tubers was 23/1983.

Lines/hybrid combinations studied in the
nurseries:

— second-year hybrid nursery — 633/23;

— preliminary variety trial — 77/20;

— competitive variety trial —26/11.

The planting was carried out manually on
May 28, 2016 in a half ridge formed by a GF-4
milling machine on a 90 x 50 cm pattern. The
standard variety Krasnoyarsky Ranniy (maturi-
ty group 03) was placed in front of each hybrid
combination. Samples of single-tuber hybrids
were evaluated for a set of the following traits:
resistance to late blight, leaf curling, early blight,
compact arrangement of the tubers in the clus-
ter, attractive appearance of the tubers, absence
of sprouting, total productivity of the bush, and
tuber uniformity. 633 elite plants were selected
from the studied breeding material.

In the second-year nursery, the maximum
number of the lines was planted by the com-
bination Vasilek x Krepysh (49 families), the
minimum — by the combination 117-2 x Irbitsky

Ta6a. 1. DneMeHTsl CTPYKTYpHI TPOAYKTUBHOCTH U YPOXKaWHOCTH KapToQens B MPeIBapUTEIHHOM

ucneitanun B 2018 1.

Table 1. Elements of the productivity structure and potato yield in the preliminary trial in 2018

Sample Number of tubers iIrll(e)lnc_lone ?;/zr;gaer]:é f;%?et Marketable2 yield, | Significance of diﬁ“jcrences in
marketable marketable tuber, g kg/m marketable yield
Krasnoyarsky Ranniy 5,0 3,1 89 2,31 Standard
a-114 6,4 1,2 105 3,10 p=0,05*
a-529 4,8 0,9 126 3,17 p=0,00
Tuleevsky 4,1 1,6 131 2,87 Standard
a-326 6,1 1,6 92 3,00 p=0,72
a-635a 4,8 0,5 135 3,62 p=0,03

*p = 0,05 — significant differences are highlighted by two-sample t-test, significance level p < 0,05.

“Methodology of state variety testing of agricultural crops. Potatoes, vegetable and melon crops. Moscow, 2015, Issue 4, 61 p.

3Kiru S.D., Kostina L.I., Truskinov E.V., Zoteeva N.M. et al. Methodical guidelines for the maintenance and study of the world
potato collection. Moscow: SRC VIR named after N.I. Vavilov, 2010, 29 p.

“Methodological guidelines for ecological variety testing of potatoes. VASKHNIL, Research Institute of Potato Farming.

Moscow, 1982, 16 p.

SKhizhnyak S.V., Puchkova E.P. Mathematical methods in agroecology and biology. Krasnoyarsk: Publishing house of the Kras-

noyarsk State Agrarian University, 2019, 240 p.
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(2 families). In the preliminary trial nursery 77
lines of 20 hybrid combinations were planted;
the largest number of them (nine) was planted
by the hybrid combination Tabor x Kiwi. In
the competitive variety trial, 26 lines of 11 hy-
brid combinations were planted; the maximum
number (five) was the combination Irbitsky x
Ausonia.

In terms of the number of marketable tubers
in the preliminary variety trial, lines A-114,
A-326, A-529, and A-635a exceeded or were at
the level of the standard varieties (see Table 1).

In terms of marketable tuber weight, the fol-
lowing lines had a reliable advantage over the
Krasnoyarsky Ranniy variety (89 g) A-114 —
106 T (p =0,028), A-529 — 126 T (p = 0,00).

Based on the results of a four-year study,
promising lines of different target utilization

were isolated from the competitive trial nursery
(see Table 2).

On average over the 4 years of study, the
breeding lines generated yields at or above the
standard varieties.

According to the elements of the yield struc-
ture in the competitive variety trial, lines A-114,
A-529 significantly exceeded the standard variety
in marketability, and also had a lower number and
weight of unmarketable tubers, respectively. Line
A-326 exceeded the standard Tuleevsky by the
number of the tubers in the clone (see Table 3).

According to the results of the correlation
analysis, it was found that the number and weight
of marketable tubers in a clone have a positive
effect on the marketable yield (see Table 4).

During the research of the studied lines, we
found the influence of the genotype, year and

Tao6a. 2. Cpemnsis TOBapHasi ypoXKaifHOCTb TIEPCTICKTHBHBIX JINHUN KapToders, Kr/M?

Table 2. Average commodity yield of the promising potato lines, kg/m?

Sample Yield Deviation from the
2019 2020 2021 2022 Average standard
Krasnoyarsky Ranniy 3,064 1,763 2,045 3,354 2,691 Standard
A-114 4,020 2,513% 1,981 3,706 3,055 0,364
A-529 3,302 1,963 2,651 3,962 2,969 0,278
Tuleevsky 3,463 1,118 2,352 3,329 2,565 Standard
A-326 4279 1,590 2,168 2,195 2,558 -0,007
A-6353 2,699 1,308 2,615 2,354 2,244 -0,321
*2.513 — significant differences are highlighted at the level of p < 0,05.
Taba. 3. DneMeHThI CTPYKTYphl ypoxkaitHocTH, cpennee 3a 2019-2022 rr.
Table 3. Elements of the yield structure average for 2019-2022.
- Numberc(l)(t)” rtlgbers per Tuber weight "l;ubers perl M;‘?llfet' Weight of one tuber
marketable nl(():t-anl;?er- marketable nﬁg;gfer_ clone, fotal| — abIlity | - rketable nl(c):';lb?laer-
Krasnoyarsky Ranniy 6,07 2,86 779,75 108,39 8,81 65,50 132,63 37,98
A-114 6,34 1,53* 873,41 53,15% 7,88 80,33* 135,58 35,29
A-529 5,95 1,44* 935,61 59,06* 7,39 79,41* 156,14 32,39
Tuleevsky 5,14 2,27 750,08 86,77 7,41 67,62 146,10 36,67
A-326 6,04 2,68 750,26 99,51 8,72% 69,68 128,32* 33,87
A-635a 4,39 1,38% 637,48 55,66%* 5,77* 75,01 148,52 36,91

* Significant differences in mean by t-criterion for independent groups are highlighted.
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Taoxa. 4. KoapdunuenTs! Koppemsinuu 371eMEHTOB
CTPYKTYPBI C yPOKaHHOCTBIO

Table 4. Correlation coefficients of the structure
elements with the yield

Variables Marketable yield, g/m?

Number of tubers per clone:

marketable 0,72*

non-marketable -0,16*
Tuber weight per clone:

marketable 0,61*

non-marketable -0,17*
Tubers per clone, total 0,56*
Marketability 0,52*
Weight of one tuber:

marketable 0,01

non-marketable -0,07

* Correlations are significant at the level of p < 0,05.

their interaction on the elements of potato pro-
ductivity (see Table 5). Genotype to a greater
extent affects the number of marketable and
non-marketable tubers in the clone. The influ-
ence of the year conditions is reflected in such
indicators as the weight of marketable tuber and
marketable yield. To reduce the contribution of
the year factor to the yield, further breeding im-
provement of the crop is required.

On average for 3 years of evaluation of the
chemical composition of the tubers for dietary
and functional nutrition the lines with low starch
content (up to 14%) are offered: A-114 (12,2%),
A-672-(9,9) A-6352(12,7%) (see the figure).
The last line is also characterized by the pres-
ence of a continuous intense anthocyanin color

of the pulp, resistance to cancer and nematodes.

According to the average results of tuber
chemical composition evaluation, line A-326
characterized by high starch content and low
content of reducing sugars will be included in
the preliminary reproduction nursery.

According to the results of evaluation in the
competitive trial for 2019-2022, preliminary and
production multiplication, ecological evalua-
tion, application materials for admission to use
and protection of the new potato variety Akrux,
selection No. A-114 were submitted to the State
Variety Commission.

A-114 (Irbitsky *x Ausonia). The variety of ta-
ble direction of use, the bush is erect, tall. Flow-
ering is abundant, short-lived, berry formation is
rare. The tuber is oblong-oval with red smooth
or weakly netted rind, shallow or superficial
laying of eyes, yellow flesh. The flavor is good,
the digestibility is weak, it does not darken after
cooking. Weight of a marketable tuber is 135 g,
starch content 13.2%. Marketability at the lev-
el of the standard variety Krasnoyarsky Ran-
niy. The variety is resistant to potato cancer and
golden cyst-forming nematode, is weakly affect-
ed by scab, rhizoctoniose, tolerant to viruses.
According to the results of dynamic tests, the va-
riety is classified in the group of early (early ma-
turing). At harvesting 45 days after full sprouts
the marketable yield is 15.5 t/ha with year-to-
year fluctuations in the range of 14.4- 28.4 t/ha.
At the second record, after 55 days, the yield is
27.8 t/ ha, varies by year from 25.1 to 31.4 t/ ha.

Ta6a. 5. Biusaue GpaxTopoB Ha 2IeMEHTH TPOTYKTHBHOCTH

Table 5. Influence of factors on the elements of productivity

DeMeHT MPOAYKTHBHOCTH Genotype Year Interaction

Tubers per clone:

marketable 35,2 9,7 11,6
non-marketable 21,9 Unreliable Unreliable
Tuber weight per clone:
marketable Unreliable 24 »

non-marketable 14,7 Unreliable Unreliable
Tubers per clone, total 17 23,5 »
Marketability 12 15,4 22
Marketable tuber weight Unreliable 31,1 Unreliable
Marketable yield » 31,1 »

PactreHneBoncTBO M ceneKIus
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Increase to the standard Krasnoyarsky Ranniy is
1.8 and 3.8 t/ha, respectively, at the first and sec-
ond registration terms. Marketable yield is 30.6
t/ha, which is 3.7 t/ha higher than the standard.

It has no special requirements to the soil. It is
resistant to the action of metribuzin at a dose of
up to 750 g/ha in the treatment of the plantings at
the height of potato plants 5-10 cm. It develops
normally in conditions with heat deficit during
the growing season, drought tolerance is aver-
age. Overwatering of the soil in the second half
of the growing season leads to lenticels growing
on the tubers. Shortened dormancy period (90
days) at storage with increased temperature (5-7
° C) should be attributed to the disadvantages
of the variety. However, when maintaining such
a temperature before planting short shoots are
formed (1-2 cm), resistant to breakage.

Variety value: early formation of marketable
products of good quality, attractive appearance
of the tubers, resistance to nematodes.

CONCLUSIONS

1. Over the years of research four promis-
ing lines were identified from 1983 studied sin-
gle-tuber hybrids planted in 2016: A-114, A-529,

A-326, A-635a. Of these, potato samples A 114
(Irbitsky % Ausonia), A 529 (Irbitsky x Pamyati
Osipova) were submitted for state trials in 2022
and 2023, respectively.

2. It was revealed that such elements of the
yield structure as the number of marketable tu-
bers in a clone (» = 0.72), the weight of market-
able tubers (» = 0.61), the total number of the
tubers in a clone (» = 0.56) have a positive cor-
relation relationship with the yield.

3. The number of marketable and non-mar-
ketable tubers in a clone has a significant genet-
ic determination. Weather conditions during the
growing season have a significant effect on mar-
ketable tuber size and yield. Genotype-medium
interaction determines the number of marketable
tubers in a clone and the marketability of sam-
ples.
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OuneHka reHOTHIOB Ka3aXCTaHCKO-cuOupckoro nuromunka (KACHUB)
B yciaoBusix HoBocudupckoi odsiactu

() Areesa E.B.

Cubupckuil Hay4HO-UCCIe008aAMeNbCKULL UHCIMUNYM pacmenuesoocmea u cenekyuu — unuan Dede-
PanvbHo2o ucciedosamenvckoeo yeumpa Unemumym yumonozuu u eenemuxu Cubupcko2co omoenenus

Poccuiickoii akademuu nayx
HoBocubupckas obnacts, p.i. KpacHooock, Poccust
(<XDe-mail: elenakolomeec@mail.ru

B pabote npencrasieHsl pe3ynbTaTbl OLEHKH YCTOHYMBOCTH 00Pa3LioB MSTKOHM MIIEHHUIBI U3 M-
tomarka KACHB-22 k 0CHOBHBIM MaToreHaM MieHuLbl. MatepraaoM HCeieaoBanui ciyxuu 44 00-
pasla NIIeHIIbl, MoJTyYeHHbIE U3 Pa3IndHbIX peruoHoB Poccun u Kasaxcrana B pamkax mporpaMMbl
yenHouyHo# cenexkunu KACUB (HITL[3X um. A.U. Bapaesa, Omckuii I'AY, Ul{ul' CO PAH, Kapa6a-
meikckast CXOC, Kaparannuackas CXOC, Ceepo-Kazaxcranckas CXOC, ®I'BHY «Owmckuit AHLLy,
BO T'AY Ceseproro 3aypainss, Axktioonackas CXOC, Kypranckuit HUMCX, ITaBnomapckas CXOC,
arpokomiuiekc «Kyprancemenay», Camapckuit HUMCX, Yensiounckuit HUMCX). B kauecTBe BbICOKO-
MPOIYKTUBHBIX M 001aJalOUIMX BBICOKOH M CPEeAHEH YCTOMYMBOCTBIO K Oypoil p:KaBYMHE, MyYHHCTON
poce ¥ MbUIbHOM Troj0BHE BblJIeNeHbl cenekiuonHbie tuHuu: JInnus I1T-311 (Kypranckuit HUMCX),
Jlrorecuenc 1462, Jlrorecuenc 1486, Jlunusa1616ael14 (Camapckuit HUMCX), Jlrorecnienc 1356 (MLul"
CO PAH). YpoxaitHOCTh BBIICIHUBINNXCS 00pa3IioB B cpemueM coctaBmia 42,1-51,2 m/ra. [eHOTHTIBI
Hosocubupckas 41, Jluaus 435/12 u Jlrotecnienc 1364 mpencTaBisiioT HHTEpEC TSI CEJISKINH Ha Ka-
yecTBo. ConeprkaHue KJICHKOBHHBI y TEHOTHUIIOB MMTOMHHUKA BapbupoBaiio oT 24,1 (y Jlunuu 23/07 B
2022 r.) no 38,0% (y copra Acrana 2 B 2021 1.), Gestok Bapbsrposan ot 13,4 (y copra Tepuus B 2022 1.)
10 19,5% (y Jlrorecuenc 1364 B 2022 1.). Kaxmast u3 BIACTUBIINXCS JTUHUN MPEACTABISET MPAKTHU-
YECKYIO TICHHOCTD JJIsI CENEKINH, U 00pa3nsl u3 nutoMHnka KACHbB-22 mo3BoISIOT pacmpuTh re-
HETUYIECKOE pa3HOOOpa3ue SPOBOI MATKOH IIIICHUITBI 32 CUET 0TOOpa HanbojIee YCTOMIUBEIX POpPM K
MECTHBIM TOMYIISAIUSAM BO30OYAUTENeH MyYHHCTON POCHI, Oypoil p)KaBUMHBI U TIBLUTEHOW TOJIOBHE.

KiroueBble cioBa: spoBasi MILIEHHLA, MyYHHCTas poca, Oypas pKaBuMHA, MbUIbHAs TOJOBHS,
YCTOMYUBOCTh

Evaluation of the genotypes of the Kazakh-Siberian nursery (KASIB)
in the conditions of the Novosibirsk region

C<DAgeeva E.V.

Siberian Research Institute of Plant Growing and Breeding — Branch of the Federal Research Center

Institute of Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia
(<De-mail: elenakolomeec@mail.ru

The paper presents the results of evaluation of the KASIB-22 nursery soft wheat samples resistance
to the main wheat pathogens. The research material was 44 wheat samples obtained from different
regions of Russia and Kazakhstan within the framework of the KASIB shuttle breeding program (A.I.
Barayev Research and Production Centre for Grain Farming, Omsk State Agrarian University, ICiG
SB RAS, Karabalyk AES, Karaganda AES, North-Kazakhstan AES, FSBSI "Omsk ASC", HE SAU of
the Northern Trans-Urals, Aktyubinsk AES, Kurgan Research Institute of Agriculture, Pavlodar AES,
agrokomplex "Kurgansemena", Samara Research Institute of Agriculture, Chelyabinsk Research In-
stitute of Agriculture). The following breeding lines were identified as highly productive and possess-
ing high and medium resistance to brown rust, powdery mildew and loose smut: Line Pt-311 (Kurgan
Research Institute of Agriculture), Lutescens 1462, Lutescens 1486, Line1616ae14 (Samara Research
Institute of Agriculture), Lutescens 1356 (ICiG SB RAS). The yield of the selected samples averaged
42.1-51.2 c/ha. Genotypes Novosibirskaya 41, Line 435/12 and Lutescens 1364 are of interest for
selection for quality. The gluten content of the nursery genotypes ranged from 24.1 (Line 23/07 in
2022) to 38.0% (variety Astana 2 in 2021), protein ranged from 13.4 (variety Tertia in 2022) to 19.5%
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in the conditions of the Novosibirsk region
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(Lutescens 1364 in 2022). Each of the selected lines is of practical value for breeding, and the samples

from the KASIB-22 nursery allow to expand the genetic diversity of spring soft wheat by selecting

the most resistant forms to local populations of powdery mildew, leaf rust and loose smut pathogens.
Keywords: spring wheat, powdery mildew, leaf rust, loose smut, resistance
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INTRODUCTION

Wheat is one of the most demanded agricul-
tural crops [1 — 3]. World wheat production is
currently about 800 million tons [1, 4]. In some
countries it is the main food crop - China, India,
Russia, USA, Canada, France, Germany, Belar-
us, etc. [3, 5, 6]. At the moment, there is a huge
variety of soft spring wheat varieties, which al-
lows to attract varieties from different countries
and different ecological and geographical origin
into the breeding programs. The obtained new
forms should be used in different soil and cli-
matic conditions.

Despite the continental climate of the for-
est-steppe of Western Siberia, cultivated variet-
ies of spring wheat have a high content of pro-
tein (12 — 17%) and gluten (25 — 32%). Gluten is
also characterized by good strength and elastic-
ity, which allows its use as a component of flour
mixtures with medium and low quality grain'.

The Kazakhstan-Siberia Network for Spring
Wheat Improvement (KASIB) on the basis of
the International CIMMYT Center has been
conducting ecological trials and exchange of the
breeding material and promising breeding lines
in different geographical locations of Russia and

Kazakhstan since 1997 [7, 8]. The study is con-
ducted on the main economically valuable traits
(yield, vegetation period duration, grain quali-
ty, resistance to major diseases of wheat). At the
moment 18 scientific institutions from Russia
and Kazakhstan are involved in the project.

Creation of selective high-yielding varieties
with good grain quality, characterized by high
and long-term resistance to a complex of ma-
jor pathogens, is one of the modern tasks in the
breeding of spring soft wheat. Genetic diversity
of the breeding forms from KASIB nursery will
allow solving this problem, as the more sources
are combined in the genotype, the more oppor-
tunities to obtain the desired forms. The pur-
pose of the research is to study the genotypes of
spring soft wheat from the KASIB-22 nursery
as a source material for breeding for the main
economically valuable traits (yield, vegetation
period duration, grain quality, resistance to ma-
jor wheat diseases) in the conditions of the for-
est-steppe of Western Siberia.

MATERIAL AND METHODS

The research was conducted in the for-
est-steppe conditions of the Novosibirsk region

'Morgounov A., Rosseeva L., Koyshibayev M. Leaf rust of spring wheat in Northern Kazakhstan and Siberia: incidence, virulence,
and breeding for resistance // Australian Journal of Agricultural Research, 2007, vol. 58, pp. 847-853. DOI: 10.1071/AR07086.
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Areena E.B.

on the experimental field of the experimental
farm "Elite" of the Siberian Research Institute
of Plant Breeding and Selection - branch of the
Federal Research Center of the Institute of Cy-
tology and Genetics of the Siberian Branch of
the Russian Academy of Sciences (SibNIIRS -
branch of the Institute of Cytology and Genet-
ics SB RAS). 44 varieties from Kazakhstan-Si-
beria nursery in 2021, 2022 were evaluated for
duration of the vegetation period, yield, grain
quality and resistance to powdery mildew, loose
smut and brown rust. In addition to the present-
ed 21 genotypes from Russia and 15 from Ka-
zakhstan, 5 international (Tertia, Pamyati Azie-
va, Astana 2, Omskaya 35 and Saratovskaya 29)
and 3 local standards (Novosibirskaya 41, No-
vosibirskaya 18 and Sibirskaya 12) were stud-
ied in the nursery.

The nursery varieties were divided into groups
by duration of the vegetation period: early-ma-
turing and middle-early, mid-ripening, mid-
dle-late and late. The degree of powdery mildew
damage was determined according to the scale
of E.E. Geshele. The degree of soft spring wheat
rust damage was assessed using the CIMMY T?
scale. Loose smut was counted in the phase of
earing - flowering. Loose smut prevalence, ex-
pressed as a percentage, was determined by the
lesion group: single (1 point), weak (2), medium
(3), strong (4 points)*. Protein and gluten content
were analyzed according to GOSTs*?.

The coefficient of variation and the analysis
of variance were calculated according to the
method of B.A. Dospekhov (1985)° using Mic-
rosoft Office Excel 2013.

The weather conditions in 2021, 2022 were
contrasting, as evidenced by the data of the pogo-
daiklimat.ru’. In 2021, drought was observed at
the beginning of the vegetation period, the aver-
age monthly temperature reached 15.3°C, which
is 4.4°C above the mean annual values. June was

characterized as humid — 73.1 mm, which was
crucial for crop formation. In July, starting from
the second ten-day period there was a deficit of
precipitation (4.4 mm). In August, the weather
was hot and precipitation was within the norm.

The growing season 2022 was warm and dry.
In May, a very severe drought (2.5 mm) was ob-
served. In June, optimal moisture content was
observed (58.8 mm). The average temperature
for June and July was at par with the mean annu-
al values. But July was classified as dry. August
can also be characterized as hot and dry. Only
23 mm of precipitation was recorded during the
whole month.

RESULTS AND DISCUSSION

In the KASIB-22 nursery for the years stud-
ied, the duration of the growing season varied
from 71 (Lutescens 1356 and Lutescens 1364
in 2022) to 94 days (Lutescens 1462 in 2022)
(see the Table). Most genotypes in 2021 matured
in 80-82 days, in 2022 — 84 days or more (17
specimens). In the conditions of the Novosibirsk
Priobie, early maturing and early varieties are
of great importance due to climate peculiarities.
The shortest growing season was observed in
14 varieties and lines of the nursery. In 2022,
genotypes of the local selection Lutescens 1356
and Lutescens 1364 formed the crop in 71 days.
However, the group of the middle-late and late
varieties was the most numerous, it is represent-
ed by Kazakh (7 genotypes), Ural (6 genotypes)
Volga (4 genotypes) and West Siberian (4 gen-
otypes) selections. Such varieties and breed-
ing lines as Agronomical 5, Sibirskaya 12, KS
14/09-2, Lutescens 1486, Lutescens 1489 and
Linel616ael4 required 90 days or more from
sprouting to maturity in 2022.

The works conducted by I[.V. Pototskaya,
T.V. Nekalo and E.V. Zagoruichenko (2022)
on the fields of the Omsk SAU in the condi-

2Koyshybaev M., Muminjanov H. Methodological guidelines for monitoring of diseases, pests and weeds in cereal crops. Ankara:
Food and Agriculture Organization of the United Nations (FAO), 2016, 29 p.

3Shutko A.P, Tuturzhans L.V. Phytosanitary diagnostics of plant diseases: textbook. Stavropol: AGRUS, 2018, 111 p.

*GOST 10846-91. Grain and products of its processing. Method for determination of protein. Moscow: Standardinform, 2009, 9 p.
SGOST 13586.1-68. Method for determining the quantity and quality of gluten in wheat. Moscow: Standardinform, 2009, 6 p.
®Dospekhov B.A. Methodology of the field experiment. Moscow: Agropromizdat, 1985, pp. 244-268.

"Weather in Novosibirsk. Weather and climate; 2021-2022 [updated July 5, 2023; cited July 5, 2023]. URL: pogodaiklimat.ru.
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Cpenusist ypoxKaliHOCTb M BET€TallMOHHBIN MEPHOJT COPTOB M TMHUH n3 nuroMHuka KACHB-22
Average yield and growing season of the varieties and lines from the KASIB-22 nursery

2021 2022 Vegetation
Genotype period, days
Yield, c/ha v, % Yield, c/ha v, % 2021 2022
1 2 3 4 5 6 7
Group of middle-early and early varieties
Astana 2 (standard) 395 113 283 354 79 77
Pamyati Azieva (standard) 44.0 20.6 27.7 354 78 81
Novosibirskaya 41 (standard) 40,0 19.1 21,5 57.1 80 78
Lutescens 342/08 44.0 1.4 33,1 342 79 79
Lutescens 8-12-18 47.8 1.1 17.8 34.9 79 77
Lutescens 2244 352 8.2 20,1 373 79 77
Line 23/07 437 8.5 25.1 133 80 77
Lutescens 1356 49.8 8,6 343 17.8 79 71
Lutescens 1364 459 77 259 11,8 79 71
Lutescens 82/09-7 48.6 6.1 26.9 304 79 78
Yalutorovka 482 2.3 30,1 19.6 79 78
GAU-11-2016 425 1.8 278 19.4 79 79
Agronomical 5 473 8,7 335 17.9 80 90
Average for the group 453 6.4 275 237 79,2 77,9
LSD, s 2,2 - 1,9 - 0.3 0.8
Group of medium-maturing varieties
Saratovskaya 29 (standard) 42,0 14,0 274 13.8 78 80
Novosibirskaya 18 (standard) 51,4 79 32,0 49.9 79 78
Line 198/225-2020 44.4 6.3 30,4 439 80 81
Line 205-2020 402 33 283 432 81 81
Lutescens 176/09 46,7 75 28.4 19.7 83 82
Line 435/12 474 1.1 247 448 80 82
Line Cht-11 49,0 17.3 32,3 31,3 80 81
Line Pt-235 476 207 30,4 25.6 80 80
Line Pt-311 51,0 40 33,7 37.1 80 82
Lutescens 76-17 49 .4 8.5 30,5 238 80 81
Average for the group 46.9 10.1 298 333 80,1 80,8
LSD, 22 _ 25 B 0,6 0,6
Group of middle-late and late varieties
Tertia (standard) 45,7 5.5 30,1 19.0 80 82
Omskaya 35 (standard) 53,6 9,1 28,6 359 83 80
Sibirskayal2 (standard) 50,2 10,9 277 55.5 82 90
Dynasty 39,7 10,0 24,3 41,5 80 85
Line 43/94x-07-7 395 75 35.9 38,1 83 89
Line 2/03-09-3 51,7 73 32,6 28.4 84 88
Lutescens 77 201/09 47.9 2.8 28.8 49.8 85 88
Lutescens 30 22/09 422 9.4 26,3 352 84 89
Lutescens 2219 41,7 2.8 22,7 227 80 86
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End of the table

1 2 3 4 5 6 7
Lutescens 2223 40’1 6,2 25,0 22,5 84 86
KS 14/09-2 515 9.2 29.5 38,7 84 90
KS 61/09-4 512 6.7 397 232 84 87
KS 285/12-1586 49.8 13.1 35.6 33.4 85 88
Lutescens 1462 56.7 8.7 457 18.8 85 89
Lutescens 1486 52.4 97 46.9 233 85 94
Lutescens 1489 423 13.4 375 23.4 82 92
Lutescens 136/10'1 50.8 21 293 232 81 89
Lutescens 71/10-4 51.2 99 253 251 82 89
Chelyablnka 45’5 14,7 36,1 3 1’0 83 80
Average for the group 50.5 8.3 36.2 252 83,0 87,52
LSD, . 17 - 21 - 1,2 1,6

Note. V — coefficient of variation.

tions of the southern forest-steppe of the West-
ern Steppe showed that the greatest interest
from the set of varieties and lines KASIB-22 as
source material for breeding for early maturity
are Lutescens 1364, Lutescens 1356 (SibNIIRS
- branch of ICIG SB RAS), Line Cht-11, Line
Pt-235 (Kurgan Research Institute of Agricul-
ture), Lutescens 76-17 (Omsk SAU), Lutescens
82/09-7 (Omsk ARC), Yalutorovka (SAU of the
Northern Trans-Urals)?, Lutescens 176/09 (A.I.
Barayev Research and Production Centre for
Grain Farming), Lutescens 176/09 (A.l. Bara-
yev Research and Production Centre for Grain
Farming), Lutescens 2244 (Karabalyk AES),
Line 198/225-2020 (Aktobe ARD), Lutescens
342/08 (A.l. Barayev Research and Production
Centre for Grain Farming), Lutescens 8-12-18
(Karabalyk AES)’. The studied varieties of soft
spring wheat had a wide range of variability in
yield. Insignificant and average yield variation
(V=1.4-20.7%) was observed in 2021, while
in 2022 the coefficient of variation in yield for

most varieties exceeded 20%. The average vari-
ation of this trait was observed in only 10 gen-
otypes this year (Line 23/07, Lutescens 1356,
Lutescens 1364, Yalutorovka, GAU-11- 2016,
Agronomical 5, Saratovskaya 29, Lutescens
176/09, Tertia and Lutescens 1462). In 2022,
the presence of early drought and continued pre-
cipitation deficit throughout the growing season
caused significant yield variation among the
nursery varieties and lines.

Under the prevailing conditions of the years
under study, KASIB-22 varieties and lines of
the set varied in yield from 17.8 (in 2022 for
Lutescens 8-12-18) to 56.7 c/ha (in 2021 for
Lutescens 1462). In 2021 in the group of mid-
dle-early and early among the standards stood
out the variety Pamyati Azieva, which yielded
44.0 c/ha. The worst in this group by the yield
formation was the standard variety Astana 2
(39.5 ¢/ ha) and the Lutescens 2244 line (35.2 ¢/
ha). Significantly higher yields of the standards
in the prevailing meteorological conditions were

8Pototskaya 1.V, Nekalo T.V. Breeding evaluation of spring soft wheat varieties of Russian selection of KASIB-22 nursery under
the conditions of Western Siberia // Catalog of graduate qualification works FSBEI HE Omsk SAU. Omsk: Omsk State Agrarian

University named after P.A. Stolypin, 2022, pp. 70-74.

Pototskaya I.V., Zagoruichenko E.V. Breeding evaluation of spring soft wheat varieties of Kazakh selection of KASIB-22 nurs-
ery under the conditions of the southern forest-steppe of Western Siberia // Catalog of graduate qualification works FSBEI HE Omsk
SAU. Omsk: Omsk State Agrarian University named after P.A. Stolypin, 2022, pp. 68-70.
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observed in the genotypes Lutescens 8-12-18
(47.8 c/ha), Lutescens 1356 (49.8 c/ha), Lute-
scens 82/09-7 (48.6 c/ha), Yalutorovka (48.2 c/
ha) and Agronomical 5 (47.3 c/ha).

In 2021, the most productive genotypes in the
medium maturity group were Line Pt-311 (51.0
c/ha), Line Cht-11 (49.0 c/ha) and Lutescens
76-17 (49.4 c/ha). The weather conditions of
vegetation negatively affected the yield of mid-
dle-late varieties and lines, 8 genotypes of the
ripeness group of middle-late and late had very
low yields 0f 40.1 —45.7 c/ha. Significant excess
of the international standard Omskaya 35 with
a yield of 53.6 c/ha was observed only in the
breeding line Lutescens 1462 (56.7 c/ha). In this
group, 9 genotypes (Line 2/03-09-3, Lutescens
77 201/09, KS 14/09-2, KS 60/09-9, KS 61/09-
4, KS 285/12-1586, Lutescens 1462, Lutescens
1486, Lutescens 136/10-1, Line 1616ae14) had
a significant yield excess over the local standard
Sibirskaya 12 (50.2 kg/ha).

The following varieties stood out in terms
of their yields during the 2 years of the study:
Lutescens 342/08 (A.l. Barayev Research and
Production Centre for Grain Farming), Lute-
scens 1356 (ICIG SB RAS), Yalutorovka (SAU
of the Northern Trans-Urals), Agronomical 5
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(Omsk SAU); among medium-ripening vari-
eties: Line 198/255-2020 (Aktyubinsk AES),
Lutescens 176/09 (A.l. Barayev Research and
Production Centre for Grain Farming), Line Pt-
235 (Kurgan Research Institute of Agriculture),
Line Pt-311 (Kurgan Research Institute of Agri-
culture), Line Pt-311 (Kurgan Research Institute
of Agriculture), Line Pt-311 (Kurgan Research
Institute of Agriculture), Line Pt-235 (Kurgan
Research Institute of Agriculture), Line Pt-235
(Kurgan Research Institute of Agriculture), Line
Pt-311 (Kurgan Research Institute of Agricul-
ture), Lutescens 76-17 (Omsk SAU); among
middle-late and late maturing: Line 2/03-09-3
(Pavlodar AES), KS 60/09-9 KS (Agrocomplex
"Kurgansemena"), 61/09-4 (Agrocomplex "Kur-
gansemena"), KS 285/12-1586 (Agrocomplex
"Kurgansemena"), Lutescens 1462 (Samara Re-
search Institute of Agriculture), Lutescens 1486
(Samara Research Institute of Agriculture), Lin-
el616ael4 (Samara Research Institute of Agri-
culture).

Lutescens 8-12-18 (Karabalyk AES) (see
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early-ripening and middle-early maturing vari-
eties and lines; in the medium-ripening group —
Line Pt-311 (Kurgan Research Institute of Ag-
riculture); in the middle-late group — Lutescens
1489 (Samara Research Institute of Agriculture)
(see footnote 8) were of interest as sources for
selection for yield in the research by 1. V. Potots-
kaya et al. [10] conducted on the same set of the
varieties and lines of KASIB-22.

When studying the content of protein and
gluten in a set of KASIB-22 nursery genotypes
(see the figure), it was revealed that, in general,
protein content averaged 16.5%, while gluten
content averaged 29.2%. The variation of pro-
tein among nursery genotypes was insignificant,
averaging 3.2%. Whereas the coefficient of vari-
ation of gluten content was in the range of 0.2
—25.5%.

In general, during 2 years of field experi-
ments, the variation in the protein content of the
studied samples ranged from 14.6 (Line 23/07
in 2022) to 19.5% (Lutescens 1364 in 2022).
The genotypes of the greatest interest in protein
content were among early and medium-early
genotypes — Novosibirskaya 41 (17.9 in 2021
and 18.7% in 2022), Lutescens 82/09-7 (17.4%
in both years of study), Lutescens 1364 (18.4
and 19.5%); among medium-ripening geno-
types — Line 435/12 (16.9 and 18.0%); among
middle-late and late genotypes — Lutescens 1462
(17.7 and 17.6%).

Gluten content in wheat grain is one of the
most important indicators characterizing grain
quality [9], but a decrease in grain quality has
been noted in recent decades due to the increase
in the yield of modern wheat varieties, especial-
ly due to the loss of genetic information [10].
Thanks to the study of the varieties and breed-
ing lines of Russia and Kazakhstan, presented
in the KASIB-22 nursery, it is possible to iden-
tify the sources with high gluten content. As a
result of the field experiments it was found that
the highest gluten content of the varieties of
the nursery was observed in 2021 — Lutescens
2244 (31.5%), Line 435/12 (31.6%), Novosi-
birskaya 41 (33.8%), Astana 2 (38%), Sara-
tovskaya 29 (32.6%), Lutescens 1364 (36.5%)),
Lutescens 82/09-7 (31.7%), Lutescens 136/10-
1 (31.6%). In 2022, the average gluten content

across the nursery was 1.9% lower. The highest
gluten content this year was observed in Lute-
scens 77 201/09 (32.0%), Lutescens 30 22/09
(30.0%), Line 435/12 (32.1%), Novosibirskaya
41 (32.9%), Lutescens 1462 (31.4%), Lutescens
1489 (32.6%), Lutescens 1356 (30.7%), Lute-
scens 1364 (35.9%). High gluten content as a
result of the studies in 2021, 2022 in the con-
ditions of the forest-steppe of the Novosibirsk
Priobie was observed in the genotypes Novosi-
birskaya 41, Line 435/12 and Lutescens 1364.

The results of evaluation of the varieties and
lines of the nursery show that the incidence of
powdery mildew, brown rust and loose smut de-
pends mainly on the weather conditions. Under
favorable conditions, pathogen development
increased by 20 — 30%. The spread of wheat
diseases has an impact on the formation of the
yields [4, 11, 12].

In the Novosibirsk region over the years of
study the genotypes Line 198/225- 2020, Lute-
scens 30 22/09, Lutescens 2244, KS 14/09-2, KS
285/12-1586, Lutescens 1356, Lutescens 1364,
Lutescens 136/10-1, GAU-11-2016, Chelyabin-
ka and Line 1616ae14 had a medium degree of
brown rust damage (20MR-40MS), while the
varieties Line Pt-235, Agronomical 5, Lutescens
71/10-4 were resistant to this pathogen. Where-
as the field experiments conducted in Kazakh-
stan (Gvardeysky village, Kordaysky district,
Zhambyl region) showed that the varieties and
breeding lines from this set of KASIB-22 are
of the greatest interest for resistance to brown
rust, such as Dynasty, Line 198/225-2020, Lute-
scens 30 22/09, Lutescens 2244, Line Pt-235,
KS 14/09-2, KS 285/12-1586, Lutescens 1356,
Lutescens 1364, Agronomical 5, Lutescens
136/10-1, Lutescens 71/10-4, GAU-11-2016,
Chelyabinka and Line 1616ael4 [13]. These
genotypes were proposed as donors.

The degree of powdery mildew damage in
most varieties and lines in 2021, 2022 was 0
—10% (19 and 18 pieces, respectively) and 20 —
30% (23 and 17 pieces, respectively). The vari-
eties Lutescens 8-12-18, KS 61/09-4, Lutescens
1462, KS 285/12-1586, Lutescens 1486, Lute-
scens 1489, Line Pt-311, Lutescens 76-17, KS
60/09-9, Lutescens 71/10-4, Lutescens 82/09-7,
Lutescens 136/10-1, Line 1616ac14 were char-
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acterized as highly resistant to this pathogen. It
is worth noting that in 2021, powdery mildew le-
sion in 60% was recorded in Lutescens 176/09,
and in the variety Dynasty — in 40%. In 2022,
lesions < 60% were observed in the genotypes
Line 198/225-2020, Dynasty, Line 205-2020,
Lutescens 176/09, Lutescens 2244, Lutescens
2219, Lutescens 2223, Line 23/07 and Tertia.
The highest incidence of loose smut was ob-
served in 2022 among the KASIB-22 varieties
and lines. Susceptible to the loose smut patho-
gen were in 2021 the Line 43/94k-07-7, Line
2/03-09-3, Lutescens 30 22/09, Lutescens 8-12-
18, Lutescens 2244, Sibirskaya 12, Agronomical
5, Lutescens 71/10-4 and Linel616ae14. In the
second year of the trial, 16 varieties were affect-
ed by loose smut.

The conducted correlation analysis showed a
significant correlation between the yield and the
development of leaf pathogens of spring wheat.
The greatest yield losses in 2021 were due to
brown rust (» = -0.62) and powdery mildew (»
= -0.47), in 2022 - only due to powdery mil-
dew (r =-0.42), correlation with brown rust was
weak that year.

CONCLUSION

The breeding lines Line Pt-311 (Kurgan Re-
search Institute of Agriculture), Lutescens 1462,
Lutescens 1486, Linel616ael4 (Samara Re-
search Institute of Agriculture), Lutescens 1356
(ICIG SB RAS) are noted as highly productive
and having high and medium resistance to brown
rust, powdery mildew and loose smut. Varieties
Novosibirskaya 41, Line 435/12 and Lutescens
1364 can be recommended in the breeding pro-
grams for selection for quality. Each of the se-
lected lines is of practical value for breeding
and the samples from the KASIB-22 nursery
allow to expand the genetic diversity of spring
soft wheat by selecting the most resistant forms
to local populations of powdery mildew, brown
rust and dusty mildew pathogens.

CIIMCOK JIUTEPATYPbI

1. Dilmurodov Sh., Boysunov N., Shakirjanovich K.,
Shodiyev Sh., Raxmatullaevich A. Analysis of
yield and yield components traits in the advanced

yield trial of winter bread wheat // International
journal of discourse on innovation, integration
and education. 2021. Vol. 2 (1). P. 64-68.

2. Belyaev V1., Rudev N.V., Sokolova L.V. CTpyk-

Typa ypoXkass W KadeCTBO 3epHa COPTOB SpO-
BOHM MIIEHUIBI ANTalCKOM U MHOCTPAHHOHU ce-
nekimu (TromeHueBckuid paiioH, Auntaiickuii
kpaif)// Siberian Journal of Life Sciences and
Agriculture. 2022. Vol. 14 (2). P. 427-440. DOI:
10.12731/2658-6649-2022-14-2-427440.
Ahmad N., Rehman A., Gulnaz S., Javed A.,
Sultana R., Ajmal S., Ahsan A., Shamim S., Na-
deem M., Shair H., Abdullah M., Ahmad J., Sar-
war M. Appraisal of bread wheat germplasm
for quality attributes and their relationship with
grain yield // SABRAO Journal of Breeding and
Genetics. 2023. Vol. 55 (2). P. 388-398. DOLI:
10.54910/sabrao2023.55.2.11.

4. Prasad P, Thakur R., Bhardwaj S.C., Savadi S.,

Gangwar O.P, Lata C., Adhikari S., Kumar S.,
Kundu S., Manjul A.S., Prakasha TL., Na-
vathe S., Hegde G.M., Game B.C., Mishra K.K.,
Khan H., Gupta V., Mishra C.N., Kumar S.,
Singh G. Virulence and genetic analysis of Puc-
cinia graminis tritici in the Indian sub-continent
from 2016 to 2022 and evaluation of wheat vari-
eties for stem rust resistance // Frontiers in Plant
Science. 2023. Vol. 14. P. 1-20. DOI: 10.3389/
pls.2023.1196808.

Yang J., Yang R., Liang Xi., Marshall J. M., Neib-
ling W. Impact of drought stress on spring wheat
grain yield and quality // Agrosystems, Geosci-
ences & Environment. 2023. Vol. 6. P. 20351.
DOI:10.1002/agg2.20351.

6. Khan B., Anjum MM., Ali N., Ullah M.,

Khan G.R. Grain quality, biochemical traits,
and internal water status of chinese elite wheat
lines by sowing interval in semiarid conditions //
Gesunde Pflanzen. 2023. DOI:10.1007/s10343-
022-00806-z.

7. Kyzomun O.I., Yypcun A.C., Kpacunosa FO.C.,

Kapaxoz UU., llamanun B.I1. OueHka 3ko-
JIOTHYECKOM  IMJIACTUYHOCTH IEPCHEKTHBHBIX
muauii nutoMHuka KACHB-20 mo ypoxaii-
HOCTH M KauecTBy 3epHa // BectHuk Omckoro
rOCYIJapCTBEHHOTO arpapHOro YHHBEPCHUTETA.
2021. Ne 1 (41). C. 28-36. DOI: 10.48136/2222-
0364 2021 1 28.

8. Morgounov A., Pozherukova V., Kolmer J.,

Gultyaeva E., Abugalieva A., Chudinov V., Kuz-
min O., Rasheed A., Rsymbetov A., Shepelev S.,
Ydyrys A., Yessimbekova M., Shamanin V. Ge-

28 Siberian Herald of Agricultural Science * 2024 « 54 « 4

Plant growing and breeding



Ouenka rerorunos Kazaxcrancko-CHOUPCKOTO MUTOMHHKA
(KACHB) B ycnosusix HoBocubupckoit ooimactu

Areena E.B.

10.

11.

12.

13.

netic basis of spring wheat resistance to leaf rust
(Puccinia triticina) in Kazakhstan and Russia //
Euphytica. 2020. Vol. 216. 170 p. DOI:10.1007/
s10681-020-02701-y.

Bepnep A.O., [lomoyxasa U.B., be3yknaoos U.B.,
Mapuesckuit A.B., [lamanun B.I1. Ornenka
YPOXKaHHOCTH, TEXHOJIOTHYCCKUX M IHUIIEBBIX
CBOMCTB 3€pHa JTMHHUH «IBETHOW» MILEHHULBI //
BectHrk OMCKOTO TOCYZIapCTBEHHOTO arpapHo-
ro yauBepcutera. 2023. No 1 (49). C. 27-34.
DOI 10.48136/2222-0364 2023 1 27.
Tlomoyxasa HU.B., Illlenenes C.C., Ecce C.A.,
Inaoxkux M.C., Kowxun M.H.1, 3ye¢ E.B., llla-
manun B.I1. Ananm3 SNP-110KycoB, acconuupo-
BaHHBIX C TCHAMHU KayeCTBa 3€pHA, Y CTApPOaB-
HUX COPTOB TIIEHUIIBI U3 Koyuiekiuu BUP //
BectHnk OMCKOTO TOCYZapCTBEHHOTO arpap-
Horo ynuBepcureta. 2022. Ne 2 (46). C. 43-51.
DOI: 10.48136/2222-0364 2022 2 43.

Prasad P, Thakur R.K., Savadi S., Bhard-
waj S.C., Gangwar O.P, Lata C., Adhikari S.,
Kumar S. Genetic diversity and population
structure reveal cryptic genetic variation and
long distance migration of Puccinia Graminis f.
sp. tritici in the Indian subcontinent // Frontiers
in Microbiology. 2022. N 13. P. 842106. DOI:
10.3389/fmicb.2022.842106.

Bhardwaj S.C., Gangwar O.P, Prasad P, Ku-
mar S. Wheat Rust Research-Shifting Paradigms
Globally. New Horizons in Wheat and Barley
Research // Springer: Singapore. 2022. P. 3-20.
DOI: 10.1007/978-981-16-4134-3 1.
blckaxosa I'1ll., Moaynenbau AJI., Kypvimoa-
esa H.J[., Acpaybaesa A.M., baiieymos M.JIK.,
Pcanues A.C. YCTOWYMBOCTH HOBBIX COPTO-
00pas3IoB SPOBOI MATKOH M TBEPJOW MIICHUIIBI
K JIMCTOCTEOENbHBIM Oosie3HsiM // buobesomnac-
HocTh U buotexnonorus. 2021. Ne 8. C. 55-62.

REFERENCES

1.

Dilmurodov  Sh., Boysunov N., Shaki-
rjanovich K., Shodiyev Sh., Raxmatullaevich A.
Analysis of yield and yield components traits in
the advanced yield trial of winter bread wheat.
International journal of discourse on innova-
tion, integration and education. 2021, vol. 2 (1),
pp. 64-68.

Belyaev V.I., Rudev N.V., Sokolova L.V. Yield
structure and grain quality of spring wheat va-
rieties of Altai and foreign selection (Tyument-
sevsky District, Altai Krai). Siberian Journal of
Life Sciences and Agriculture, 2022, vol. 14 (2),

pp. 427-440. (In Russian). DOI: 10.12731/2658-
6649-2022-14-2-427-440.

Ahmad N., Rehman A., Gulnaz S., Javed A.,
Sultana R., Ajmal S., Ahsan A., Shamim S.,
Nadeem M., Shair H., Abdullah M., Ahmad J.,
Sarwar M. Appraisal of bread wheat germplasm
for quality attributes and their relationship with
grain yield. SABRAO Journal of Breeding and
Genetics. 2023, vol. 55 (2), pp. 388-398. DOI:
10.54910/sabrao2023.55.2.11.

Prasad P., Thakur R., Bhardwaj S.C., Savadi S.,
Gangwar O.P., Lata C., Adhikari S., Kumar S.,
Kundu S., Manjul A.S., Prakasha T.L., Na-
vathe S., Hegde G.M., Game B.C., Mishra K.K.,
Khan H., Gupta V., Mishra C.N., Kumar S.,
Singh G. Virulence and genetic analysis of Puc-
cinia graminis tritici in the Indian sub-continent
from 2016 to 2022 and evaluation of wheat vari-
eties for stem rust resistance. Frontiers in Plant
Science. 2023, vol. 14, pp. 1-20. DOI: 10.3389/
pls.2023.1196808.

Yang J., Yang R., Liang Xi., Marshall J.M.,
Neibling W. Impact of drought stress on spring
wheat grain yield and quality. Agrosystems, Geo-
sciences & Environment. 2023, vol.6, p. 20351.
DOI: 10.1002/agg2.20351.

Khan B., Anjum M.M., Ali N., Ullah M.,
Khan G.R. Grain quality, biochemical traits,
and internal water status of chinese elite wheat
lines by sowing interval in semiarid conditions.
Gesunde Pflanzen. 2023. DOI:10.1007/s10343-
022-00806-z.

Kuzmin O.G., Chursin A.S., Krasnova Yu.S.,
Karakoz I.I., Shamanin V.P. Evaluation of the
ecological plasticity of promising lines of the
KASIB-20 nursery according to yield and grain
quality. Vestnik Omskogo gosudarstvennogo
agrarnogo universiteta = Vestnik of Omsk SAU,
2021, no. 1 (41), pp. 28-36. (In Russian). DOI:
10.48136/2222-0364 2021 1 28.

Morgounov A., Pozherukova V., Kolmer J.,
Gultyaeva E., Abugalieva A., Chudinov V., Kuz-
min O., Rasheed A., Rsymbetov A., Shepelev S.,
Ydyrys A., Yessimbekova M., Shamanin V. Ge-
netic basis of spring wheat resistance to leaf rust
(Puccinia triticina) in Kazakhstan and Russia.
Euphytica. 2020, vol. 216, 170 p. DOI:10.1007/
s10681-020-02701-y.

Verner A.O., Pototskaya 1.V., Bezukladov L.V,
Marchevsky A.V., Shamanin V.P. Evaluation
of yield, technological and nutritional proper-
ties of grain lines of "colored" wheat. Vestnik

PactreHneBoncTBO M ceneKIus

CHOMPCKHIA BECTHHK CENBCKOXO3AHCTBEHHOM Hayku * 2024 « 54«4 29



Evaluation of the genotypes of the Kazakh-Siberian nursery (KASIB)
in the conditions of the Novosibirsk region

Ageeva E.V.

10.

11.

Omskogo gosudarstvennogo agrarnogo univer-
siteta = Vestnik of Omsk SAU, 2023, no. 1 (49)
pp. 27-34. (In Russian). DOI 10.48136/2222-
0364 2023 1 27.

Pototskaya 1.V., Shepelev S.S., Esse S.A.,
Gladkikh M.S., Koshkin M.N.1, Zuev E.V,
Shamanin V.P. Analysis of SNP loci associa-
ted with grain quality genes in wheat landra-
ces from the collection of VIR. Vestnik Oms-
kogo gosudarstvennogo agrarnogo universi-
teta = Vestnik of Omsk SAU, 2022, no. 2 (46),
pp. 43-51. (In Russian). DOI: 10.48136/2222-
0364 2022 2 43.

Prasad P., Thakur R.K., Savadi S., Bhardwaj S.C.,
Gangwar O.P., Lata C., Adhikari S., Kumar S.
Genetic diversity and population structure re-
veal cryptic genetic variation and long distance

HHO®OPMAIIUA Ob ABTOPE

(<) Areesa E.B., KaHIUIaT CENbCKOX03AHCTBEH-

HBIX HayK, CTapIIMil HAy4yHbIH COTPYIHUK; ajpec
s nepenucku: Poccus, 630501, HoBocubupckas
obmacth, HoBocubupckmii paiion, p.im. KpacHooOcK,
a/s 375; e-mail: elenakolomeec@mail.ru

12.

13.

migration of Puccinia Graminis f. sp. tritici in
the Indian subcontinent. Frontiers in Microbi-
ology. 2022, no. 13, p. 842106. DOI: 10.3389/
fmicb.2022.842106.

Bhardwaj S.C., Gangwar O.P., Prasad P., Ku-
mar S. Wheat Rust Research-Shifting Paradigms
Globally. New Horizons in Wheat and Barley
Research. Springer: Singapore. 2022, pp. 3—20.
DOI: 10.1007/978-981-16-4134-3 1.

Iskakova G.Sh., Maulenbay A.D., Kurymbae-
va N.D., Asraubaeva A.M., Baygutov M.Zh.,
Rsaliev A.S. Resistance of new varieties of
spring bread and durum wheat to foliar and
stem diseases. Biobezopasnost' i Biotekhnolo-
giya = Biosafety and Biotechnology, 2021, no. §,
pp- 55-62. (In Russian).

AUTHOR INFORMATION

(X)Elena V. Ageeva, Candidate of Science in

Agriculture, Senior Researcher; address: PO Box
375, Krasnoobsk, Novosibirsk region, 630501, Rus-
sia; email: elenakolomeec@mail.ru

Jlama nocmynnenusi cmamou / Received by the editors 14.08.2023

Jama npunamus k nyonuxayuu / Accepted for publication 13.10.2023

Hama nybnuxayuu / Published 22.05.2024

30

Siberian Herald of Agricultural Science » 2024 « 54 « 4

Plant growing and breeding



https://doi.org/10.26898/0370-8799-2024-4-4 Twrr cTaTeu: OpUTHHATBHAS
VIK: 633.1:631.524.85 Type of article: original

OneHka ycTOHYHUBOCTH K MOJETAHUIO APOBBIX TPUTHKAJIE
HAa OCHOBE M3y4eHNnsi PU3NKO-MeXaHUYeCKHUX CBOICTB

CXT'pedennuxona WU.I'., Yanbimen ..

Cubupckuii ghedepanvhwiii HayuHblll Yyeump azpobuomexnonozuti Poccutickoil akademuu Hayk
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[IpencraBneHsl pe3ysnbTaThl MCCIEAOBAHUS APXUTEKTOHUKU U (PU3MKO-MEXaHHYECKHX CBONCTB
cTeOneil CeNneKIMOHHBIX (POPM SPOBBIX TEKCAIJIOWAHBIX TPUTHKAJEC PA3IUYHOIO HKOJIOTO-Teorpa-
¢uueckoro npoucxokaeHus. OObEKTaMU MCCIEAOBAHNUN CIY)KWIM NPU3HAKU 19 KOMJIEKIMOHHBIX H
CEJIEKIIMOHHBIX 00pa3loB U3 KOJUIEKIUH Bcepoccuiickoro MHCTHTYTa TeHeTHUECKUX PECypCcoB pac-
tenuit um. H.W. Basunosa (BMP) nu Cubupckoro HayuHO-HUCCIIEA0BATENLCKOTO HHCTUTYTA PacTeHUe-
BOJICTBA U celeKIMU — (punnana PenepanbHOro UCCIe0BaTeNbCKOro HeHTpa HCTUTyTa IUTONOTuI
u renetnkn Cubupckoro otaenenns Poccuiickoit akagemun Hayk (CuOHUMPC — dunmman UL ul” CO
PAH). U3ydeHne MakpoMeTpUYECKUX MapaMeTPOB BHITIOIHIIOCH Ha 25 peNpe3eHTaTHBHBIX SK3EM-
IUIApax KakJ0ro CeJICKIMOHHOro 00pasla Npu JOCTHKEHUH UMHU (a3bl OIHON CHENOCTH B TCUCHHUE
tpex ser (2021-2023). Conportusienue cTedis U3ruly WM U3JIOMY ONPENSIISUIA HAa U3TOTOBICHHOM
B CuOHMUNPCe sxcniepuMeHTaIbHOM 00pasiie, B KOHCTPYKIIUH KOTOPOTO TPETyCMOTPEHBI YCTONYH-
Bas mardopma, nepexaaunbl Ui GuKcanny odpasua ¥ Ipopesb AJs pa3MELICHUs TUHAMOMETPA.
[IpeapacnonoXeHHOCTh PACTEHUH TPUTHKAJIE K ITOJIETAaHUIO OLIEHUBAJIACH IO COBOKYIHOCTH IIPHU3HA-
KOB: Macchl 10-CaHTUMETPOBOM COIOMUHBI 2-TO MEXKI0Y3JIUsI; COTPOTHBIICHUIO CTEONIS H3JI0MY, OIpe-
JesieMOMY 110 TIMKOBOMY TMOKa3aHMIO AJIEKTPOHHOTO JTWHAMOMETPA; INIOTHOCTH TKaHU cTeOns 2-ro
MeXI0y3Hsl. V3yueHHbIe 00pa3ibl CyIECTBEHHO Pa3Inyajinch MO JaHHBIM MapaMeTpaM U XapakTe-
PHU30BAINCH Pa3IMYHON CTENEHBIO YCTOMYNBOCTH K MosieraHuio. I10 COBOKYITHOCTH MPOYHOCTHBIX Ta-
paMeTpoB BbIAEICHbI IEPCIIEKTUBHBIC CEIEKLIMOHHBIE 00pa31bl, KOTOPbIE MOTYT OBITh UCIOJIb30BaHbI
KaK MCTOYHHUKH LIEHHBIX NPHU3HAKOB. [IprMeHeHne MeToa IMaBHbIX KOMIIOHEHT MO3BOJIMIIO BBISBUTD
MapKEPHBINA MPU3HAK «CYMMa JUIMH 2-TO U 3-T0 MEKAOY3JIH», KOTOPBIH SBISIICS ONPEACIAIONINM B
00ecreueHNH BBICOKOH YCTOMYMBOCTH K ITOJIETAaHHIO y M3y4YaeMbIX O0Opa3loB. YCTaHOBIIEHA TeCHas
B3aMMOCBS3b MpHU3HaKa Macchl 10-CaHTHMETPOBOM COOMUHBI 2-T0 MEKIO0Y3JIUs C IMapaMeTpoM CO-
OPOTUBIICHUS cTEOMs M3oMy. CONMPSHKEHHOCTh ITHX XapaKTEPUCTHUK TTO3BOJHT BBISIBUTH MCTOYHU-
KM LICHHBIX IPU3HAKOB U LIEJICHANPABICHHO BECTU CEJICKIMOHHBIN IIPOLECC SPOBBIX TPUTUKAJIE Ha
YCTOMYMBOCTH K TTOJIETAHHUIO 03 TIPUBJICYEHHSI KOPOTKOCTEOSIBHBIX (hOpM.

Ki1roueBble ciioBa: ApoBble T'eKCAIIOWAHBIC TPUTHKAJE, CTEOIEBOE MOJICTaHNEe, APXUTEKTOHUKA
pacTeHuii, U3UKO-MEXaHUIECKHE CBOMCTBA, YCTOMYMBOCTH K MIOJICTAaHUIO

Assessment of the resistance to lodging of spring triticale based
on the study of physical and mechanical properties
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The results of the study of architectonics and physical and mechanical properties of the stems of
selective forms of spring hexaploid triticale of different ecological and geographical origin are pre-
sented. Traits of 19 collection and breeding samples from the collections of the N.I. Vavilov All-Rus-
sian Institute of Plant Genetic Resources (VIR) and the Siberian Research Institute of Plant Growing
and Selection - branch of the Federal Research Center of the Institute of Cytology and Genetics of the
Siberian Branch of the Russian Academy of Sciences (SibNIIRS — branch of the Institute of Cytology
and Genetics of the Siberian Branch of the Russian Academy of Sciences) served as research objects.
Macrometric parameters were studied on 25 representative specimens of each breeding sample when
they reached the phase of full ripeness during three years (2021-2023). The resistance of the stem to
bending or fracture was determined on an experimental specimen manufactured at the SibNIIRS with
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a stable platform, bars for fixing the specimen and a slot for placing a dynamometer. The susceptibility
of triticale plants to lodging was evaluated by a set of traits: weight of a 10-cm straw of the 2nd inter-
node; stem resistance to breaking determined by the peak reading of an electronic dynamometer; stem
tissue density of the 2nd internode. The studied samples differed significantly in these parameters and
were characterized by different degrees of the resistance to lodging. Promising breeding specimens
that can be used as sources of valuable traits have been identified based on the totality of the strength
parameters. Application of the principal component method allowed to identify the marker trait "sum
of lengths of the 2nd and 3rd internodes", which was determinant in providing high lodging resistance
in the studied samples. A close relationship between the trait of 10-cm straw mass of the 2nd internode
and the parameter of the stem resistance to breakage has been established. The conjugation of these
characteristics will make it possible to identify the sources of valuable traits and purposefully carry
out the selection process of triticale for resistance to lodging without attracting short-stemmed forms.

Keywords: spring hexaploid triticale, stem lodging, plant architectonics, physical and mechanical
properties, resistance to lodging
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INTRODUCTION characterized by high yield, improved adaptive

Among synthetic allopolyploids, wheat-rye properties and grain quality. Hexaploid tritica-

amphidiploids — triticale'?[1] are of consider-
able interest for both fundamental research and

le combines many valuable traits: high yield,
drought resistance, ability to effectively use soil

breeding activities. The successes of the Russian
scientists prove the high productivity potential
and commercial value of hexaploid level tritica-
le [2]. Every year the State Register of Breeding
Achievements® is replenished with new varieties

fertility and nutrient elements of fertilizers, high
biological value of grain and its products, forma-
tion of significant vegetative mass suitable for
use as high-quality green fodder* [3]. At present,
triticale remains the only spiked cereal crop with

'Grebennikova 1.G., Stepochkin P.I. Optimization of the breeding process of lodging-resistant varieties of spring triticale // E3S-
Web of Conferences, 2023, vol. 390, p. 03008. DOI: 10.1051/e3sconf/202339003008.

2Gorbunov V.N., Shevchenko V.E. Breeding achievements on triticale in scientific centers of Russia and the nearest foreign coun-
tries // Achievements of science and technology of AIC, 2015, vol. 29, N 4, pp. 24-27.

3The State Register of Breeding Achievements admitted to use. Plant varieties. Moscow: FSBSI "Rosinformagroteh", 2020,

vol. 1, 680 p.

“Innovative varieties and cultivation technologies of spring triticale: collective monograph. FSBSI ARRIOFP, Vladimir: PresSto;

Ivanovo, 2017, 295 p.
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a minimal level of plant damage by leaf and viral
diseases’ [4]. In Russia, there is an increasing
interest in spring triticale as an emergency crop,
which is associated with the changes in climatic
conditions in recent years [5, 6].

Insufficient resistance to lodging, which in-
creases in conditions of intensive farming, is
considered to be a problem in the improvement
of triticale grain varieties. Lodging negatively
affects the level and quality of grain yield, often
reducing it by 30-50%° [7]. Formation of small
grains with low 1000-grain weight as a result of
disruption of assimilants transportation to the
ear 1s a frequent phenomenon in lodging [8, 9].
In addition, leaves of lodged plants due to con-
ditions of high humidity can become a favorable
environment for the spread of diseases that re-
duce yield and grain quality [10, 11].

In the Siberian region, the most typical is stem
lodging of plants, which occurs at the end of
milky — beginning of waxy ripeness of seeds due
to a large mechanical load of the aboveground
mass of the plant on the lower internodes of the
stem. According to the majority of the authors,
the length, diameter, mass of the 2nd lower in-
ternode, and resistance to force load should be
considered as the main morphological and bi-
ological traits characterizing the stem strength
of grain crops [8, 11, 12]. Determination of the
secondary so-called marker traits that contribute
to the early stages of breeding to increase the ef-
ficiency of genotype selection for a set of eco-
nomically valuable traits is of great importance
in the breeding process. Thus, the studies of V.N.
Tishchenko [13] showed the possibility of using
the trait "culm thickness of the 2nd internode" in
selection for productivity in winter wheat.

According to the sources [12, 14], the resis-
tance of cereal crop stems to lodging has a posi-
tive correlation with the parameters of the culm

wall thickness and plant height, controlled by
a complex system of genes and environmental
factors. For practical breeding purposes, stem
fracture resistance, which reflects the develop-
ment and architectonics of mechanical elements
of stem tissues, can serve as a reliable indica-
tor of stem strength [12, 15]. In the work” it is
shown that an increase in the culm wall thick-
ness increases the mechanical strength of the
stem and resistance to lodging. However, as was
shown in the works of P. A. Tsilke®, plants with
a thick stem, as a rule, have reduced productiv-
ity of the ear. In Siberia, the problem of lodging
resistance of varieties should be solved by poly-
genic systems controlling the stem length, mor-
phological and anatomical traits that determine
its resistance, rather than by dwarfing genes with
strong individual effects [16].

The purpose of the research is to study the in-
dicators of varietal features of architectonics and
physical and mechanical properties of stems of
selective forms of spring triticale and to identify
valuable trait sources on their basis.

MATERIAL AND METHODS

Traits of 19 collection and breeding samples
of spring hexaploid triticale from the collections
of the Federal Research Center "N.I. Vavilov
All-Russian Institute of Plant Genetic Resourc-
es (VIR) and SibNIIRS — branch of ICIG SB
RAS served as research objects: early maturing
variety K-3992 (VIR selection); middle-early
variety Arsenal (Ukraine); medium-maturing
samples Ditr 165, Ditr 168 (SibNIIRS), varieties
Kissa half-awned (Mexico), Timur (Krasnodar)
and Ukro (Russia, Ukraine); middle-late breed-
ing samples (SibNIIRS): Divergent Ne19, Diver-
gent Ne 21, Divergent 6 x A1 Ne 19, Divergent
6xVrmAl, LMK462/208, O312/29 non/awned,
0312/29 awned non/hairy, 0312/38, 0O312/153,

*Kasynkina O. M., Orlova N. S., Kanevskaya I. Yu. Evaluation of winter triticale varieties for disease resistance // Agrarian Sci-

entific Journal, 2017, N 8, pp. 7-10.

*Medvedev A.M., Medvedeva L.M., Poma N.G., Osipov V.V, Osipova A.A. Winter and spring triticale in the Russian Federation.

Moscow: MosNIISKh, 2017, pp. 154-195.

"Wang D., Ding W., Feng S. Stem characteristics of different wheat varieties and its relationship with lodging-resistance // The
journal of applied ecology, 2016, vol. 27 (5), pp. 1496-1502. DOI: 10.13287/j.1001-9332.201605.039.

8Tsilke R.A. Genetic bases of selection of soft spring wheat for productivity in Western Siberia: Doctor’s thesis in Biology:

03.00.15, Novosibirsk, 1983, 505 p.
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SiArs217; middle-late UK 30/33 (SibNIIRS)
and late maturing Sirs57 x Ukro (ICIG). The
studied breeding forms belong to different eco-
logical and geographical groups, belong to dif-
ferent ripeness groups, are characterized by field
resistance to leaf diseases, to loose smut and
kernel smut, stem and yellow rust. Previously,
the authors evaluated the ecological plasticity
and determination of selection index of spring
hexaploid triticales [17]. A detailed description
and characteristics of the selection material used
for food and fodder grain production are given
in the paper’. The set was studied for three years
(2021 — 2023). The variety Timur, zoned in the
West Siberian region, was taken as a standard.
Planting of spring triticale plants was carried out
in the breeding nursery of SibNIIRS — branch
of ICIG SB RAS in the open ground by man-
ual method with a seeding rate of 90 seeds per
one linear meter. Repetition of the experiment
is threefold with full randomization of variants.
The methodology of the field experiment cor-
responds to the methodology adopted in Sib-
NIIRS™".

To identify the influence of ftriticale plant
structure on lodging resistance, the research was
methodologically divided into the following ar-
eas: 1) field phenological observations using a
unified phenological scale — BBCH code''; 2)
field visual assessment of plant resistance to
lodging using a visual assessment method in
field conditions on a 9-point scale'?; 3) study of
the features of stem architectonics; 4) study of
the physical and mechanical properties of the
stem; 5) determination of the breeding produc-
tivity of selection of samples during the period
of the study; 6) evaluation of the influence of
the elements of architectonics and physical and
mechanical properties of the stem on yield and

lodging resistance using information technolo-
gies.

Analysis of physical and mechanical proper-
ties and architectonics of the studied breeding
samples was carried out according to the fol-
lowing quantitative traits: stem length, number
of internodes, lengths of the 2nd, 3rd and up-
per internodes (distance from the upper stem
node to the base of the ear), outer diameters and
thickness of the 2nd and 3rd internodes, inner
diameter of the 2nd internode, weight of the
culm segment of the 2nd internode, length of the
ear awns, field resistance to lodging, stem tis-
sue density, breaking strength of the 2nd inter-
node. The values of the outer diameters and wall
thickness of the internodes were measured after
leaf removal with an electronic caliper TOPEX
150 mm 31C628/0.02 with an accuracy of hun-
dredths of a millimeter. Numerical signs of the
length, density and weight of ears were studied
during plant productivity studies.

Stem resistance to bending or fracture was
determined on an experimental specimen manu-
factured in the SibNIIRS, branch of the Institute
of Cytology and Genetics of the Siberian Branch
of the Russian Academy of Sciences, with a sta-
ble platform, bars for fixing the specimen, and a
slot for placing a dynamometer. The study of the
force load was carried out on the 2nd internode.
Deformations during lodging due to the greater
load are most often observed in this internode,
despite the fact that the third internode has less
strength. This fact is confirmed by the works of
A.V. Pinkal and V.N. Obraztsov [18, 19].

As noted by the authors?, fixing the ends of
the test specimens with a screw vise led to their
deformation and weakening. This circumstance
may be the cause of premature rupture of the
samples at the vise clamp. There is also a prob-

°Grebennikova I.G., Stepochkin PI. Optimization of the breeding process of lodging-resistant varieties of spring triticale // E3S
Web of Conferences (AGRITECH-VIII 2023), 2023, vol. 390 (2), p. 03008. DOI: 10.1051/e3sconf/202339003008.

"Methods of state variety testing of agricultural crops. Issue two: cereals, cereals, legumes, corn and forage crops / edited by A.L.

Grigoriev, Moscow: Kolos, 1989, 194 p.

"Tottman D. The Decimal Code for the Growth Stages of Cereals // Annals of Applied Biology, 2008, vol. 110 (2), pp. 441-454.

DOI: 10.1111/1.1744-7348.1987.tb03275 x.

2Filatenko A.A., Shitova I.P. Broad unified CMEA classifier of the genus Triticum, L., 1989, 44 p.
BBaker C., Sterling M., Berry P. A generalised model of crop lodging // Journal of Theoretical Biology, 2014, vol. 363, pp. 1-12.

DOI: 10.1016/.jtbi.2014.07.032.
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lem of slipping of the sample from the clamps.
To eliminate the harmful effect of the clamps,
the ends of the stem section without rigid fix-
ation were freely placed on the bar. In order to
ensure a stable position of the specimen on the
installation, it was decided to use 10-cm sections
of the middle part of the 2nd internode of the
stem. Due to the ellipsoidal shape of the stem
cross-section, the position of the stem sections
on the platform was oriented in such a way that
the load direction was parallel to the minor axis
of the stem cross-section. The validity of this ap-
proach is confirmed by the studies of C. Baker
et al. (see footnote 13). The middle part of the
section, horizontally placed on the plant, was
the location of the concentrated transverse load
applied to the stem by the phenotyping device
- electronic dynamometer DACELL DN-FGA-
K2/20H (2 kg) / £ 0.2% (Korea). The tests were
terminated in case of specimen fracture or reach-
ing the maximum load at which "flow" of the
stem tissue occurred. The peak readings of the
dynamometer (£, kg) were recorded. Macromet-
ric parameters were studied on 25 representative
samples of each selection sample when they
reached the phase of full ripeness. The follow-
ing mathematical methods were used to identi-
fy the criteria for evaluating the parameters of
the samples for lodging resistance: variation
and correlation analyses, principal component
method, determination of stem tissue density by
cross-sectional area and linear mass of the stem
sample. Statistical analysis was performed using
Statistica 10 software package.

RESULTS AND DISCUSSION

During the years of research, meteorological
conditions did not contribute to active lodging of
plants, in connection with which in the phases of
tillering and flowering the resistance score was
close to the maximum value (9 points). In the
phases of waxy ripeness and grain maturation,
when the ear had the largest mass, stem bends
(at the level of 8 points) in 2021 and 2023 were

observed in the following samples O312/29 non/
awned and O312/29 awned non/hairy; in 2022 —
0312/38, 0312/153, 0O312/29 non/awned and
0312/29 awned non/hairy. The use of the visual
method, which has a strong dependence on me-
teorological conditions, allowed to obtain only
a general idea of the variety behavior, but ex-
cluded the possibility of individual evaluation
and selection of plants. In order to identify the
individual resistance potential of the studied
breeding forms, a detailed biometric analysis
of structural elements providing stem strength
properties was performed.

According to the VIR classification, the
studied samples were grouped by stem length.
The greatest stem length during the study period
was characterized by the sample 0312/29 non/
awned (123,55 cm). The lowest indices were
possessed by the samples from the dwarf group:
Divergent No. 19 — 57.86 cm and Divergent 6 x
Al No. 19 — 57.29 cm. The stem length index
of most varieties ranged from 74 to 104 cm (see
Table 1).

Analysis of varietal traits revealed differenc-
es in the architectonics of the studied accessions.
The highly variable traits (Cv > 20%) include:
stem length, lengths of the 2nd, 3rd and upper
internodes, thickness of the 2nd and 3rd inter-
nodes and weight of a 10-cm culm.

The most accomplished culm, i.e. the maxi-
mum value of the wall thickness of the 2nd in-
ternode, was possessed by the samples Timur,
Divergent No. 19 and Divergent 6 x VrnAl
(Width,=0.72 —0.74 mm). Samples K-3992 and
LMK462/208 were characterized by the highest
values of the diameter and weight of the 2nd in-
ternode culm (D, = 4.46 — 4.50 mm; M10cm =
0.28 -0.32 g).

Divergents along with the variety Timur were
characterized by the lowest values of the pa-
rameters of the lengths of the 2nd (L, = 7.80 —
10.78 cm) and 3rd internode (L,, = 10.92 ~15.86
cm) and the greatest wall thickness of the 2nd
internode (Width, = 0.68 — 0.74 mm). The hy-

"Methodical guidelines for the study of the world wheat collection. L.: VIR, 1987, 178 p.
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Tao6a. 1. MakpocTpyKTypHbIE IPU3HAKK CTEOJS U TPOAYKTUBHOCTH KOJIOCA CEJIEKIIMOHHBIX 00pa3IoB
SAPOBOI TpUTHKaJIE 3a epuoa uccaenosanus (2021-2023 rr.)

Table 1. Macrostructural traits of the stem and ear productivity of the selective samples of spring triticale

during the study period (2021-2023)

n}/rn Name w | oL Ly | Lo, | Dy | Dy | widd, | widih, |Mi0em
Tall-growing (> 120 cm)
1 |0212/29 non/awned | 12355 1730 | 26,73 | 44,03 | 442 | 471 | 057 | 051 | 027
Medium-grown (120—-105 cm)
2 |0Z12/29 awned non/hairy | 117,27 | 16,93 | 22,96 | 39,89 | 421 | 449 | 056 | 051 | 024
Low-growing (104-85 cm)
3 |UK 30/33 103,87 | 14,84 | 25,90 | 40,69 | 4,22 | 4,40 | 0,55 0,53 0,22
4 10Z12/153 101,56 | 15,13 | 24,03 | 39,17 | 4,12 | 429 | 0,56 0,55 0,21
5 |LMK462/208 98,90 | 1391 | 22,54 | 36,45 | 4,50 | 4,77 | 0,61 0,58 0,28
6 |0312/38 98,59 | 15,11 | 24,09 | 39,20 | 4,14 | 4,31 0,56 0,58 0,23
7 | Ukro 92,37 | 13,99 | 25,67 | 39,51 | 432 | 436 | 0,55 0,52 0,19
8 |Kissa half-awned 87,45 | 12,87 | 25,87 | 38,75 | 433 | 440 | 0,54 0,53 0,21
9 |K-3992 8522 | 13,85 | 25,26 | 38,82 | 4,46 | 4,33 0,55 0,49 0,32
Semi-dwarf (84—60 cm)
10 | Ditr 165 83,09 | 14,79 | 22,23 | 37,02 | 3,80 | 3,54 | 0,57 0,57 0,19
11 | Arsenal 81,56 | 13,57 | 20,95 | 34,53 | 3,86 | 3,81 0,56 0,55 0,19
12 | SiArs 217 79,35 | 10,36 | 17,79 | 28,15 | 4,39 | 4,41 0,63 0,57 0,23
13 | Sirs 57 x Ukro 79,06 9,48 16,08 | 25,56 | 4,59 | 4,88 0,59 0,55 0,23
14 | Ditr 168 76,17 | 11,17 | 20,53 | 31,70 | 3,87 | 4,02 | 0,59 0,55 0,19
15 | Timur 74,33 | 10,42 | 18,51 | 28,93 | 3,53 | 3,61 0,72 0,65 0,22
16 | Divergent 6xVimAl 65,83 9,97 15,35 | 25,32 | 4,00 | 4,16 | 0,72 0,70 0,21
17 | Divergent No. 21 62,63 | 10,78 | 15,86 | 26,64 | 3,95 | 391 0,68 0,65 0,21
Dwarfs (< 60 cm)
18 | Divergent No.19 57,86 9,73 14,72 | 24,45 | 4,06 | 4,00 | 0,74 0,71 0,24
19 | Divergent 6 x A1 Ne 19 57,29 7,80 10,92 | 18,72 | 3,75 | 3,63 0,69 0,63 0,23
C, 24,79 | 28,25 | 27,35 | 33,17 | 14,30 | 16,44 | 24,08 | 26,24 | 52,19
Note. L —stem length,cm; L, L and LTOlD — lengths of the 2nd, 3rd and upper internodes, cm; D, and D, — outer

diameters of the 2nd and 3rd internodes, mm; Width, n Width,

— widths of the 2nd and 3rd internodes, mm; M10cm — mass of the

straw segment of the 2nd internode, g; C, % — coefficient of variation.

brids with the winter variety Sirs 57 — Sirs 57 x
Ukro and SiArs 217 were also characterized by
the minimum length of the 2nd internode.

The character of manifestation of the plant
productivity structure traits differed significantly
depending on the environmental conditions. The
minimum indicators were obtained under con-
ditions of prolonged drought 2023. Plants expe-
rienced moisture deficit in the phases of boot-
ing, flowering, and earing, which determined

the reduction of the resulting trait in general
(see Fig. 1).

Under drought conditions in 2023, grains
were set only in the first and second flowers
of the ear (rye type), in favorable (2022) — and
in the third and fourth flowers, due to which a
more productive ear with increased lakeiness
was formed. The maximum ear productivity
was observed in favorable climatic conditions
in 2022. The highest value of the trait was ob-
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served in the samples Sirs 57 x Ukro (6.35 g),
0312/29 non/awned (5.26 g), Kissa half-awned
and LMK462/208 (4.98) and 0312/29 awned
non/hairy (4.91 g).

The susceptibility of triticale plants to lodg-
ing was evaluated by a set of traits of 10-cm
culm weight (M10cm), stem break resistance (£
and density of the 2nd internode tissue (p). The
studied samples differed significantly by these
parameters, which indicates their inherent differ-
ent degree of resistance to lodging (see Fig. 2).

It was found that at the same culm diameter
the plants differed by the value of load resis-
tance - the peak value of dynamometer readings
(F, kg), which characterizes the yield strength of
the sample tissue at stem fracture or irreversible
deformation. Samples O312/29 non/awned (F =
2.99 kg), LMK462/208 (F = 2.84 kg), 0312/29
awned non/hairy (F = 2.68 kg), SiArs217 (F =
2.60 kg), Timur (£ = 2.52 kg), Sirs 57 x Ukro
(F = 2.48 kg) were characterized by the highest
values of the fracture strength parameter. Early
maturing low-growing variety K-3992 had the
highest tissue density parameter.

Functionally related morphological and phys-
ical-mechanical traits that ensure productivity
and plant resistance to lodging should be consid-
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ered in an integrated manner. Pearson correla-
tion coefficients were used to detect and describe
statistical dependence.

The dependence of the stem length trait had a
strong degree of expression with the trait length
of the upper internode (r = 0.85%). Moderate
correlation dependence was observed with the
following traits: length of the 2nd internode (r =
0.66%), length of the 3rd internode (r = 0.59%);
sum of the lengths of the 2nd and 3rd internodes
(r = 0.65*), internal diameter of the 2nd inter-
node (» = 0.44%*) and number of spikelets in the
ear (r=0.45%*). The correlation between the stem
length and the spikelet length traits was weak (»
=0.25%).

The correlation analysis showed a positive
relationship between the ear productivity and
ear length (» = 0.6*). This is explained by the
fact that longer ears produce more spikelets (»
= 0.48*) and more grains. The ear productivity
trait had a positive, moderate to strong correla-
tion with the following traits: outer diameters
of the 2nd and 3rd internodes (» = 0.63* and r
= 0.67*, respectively), culm length of the 2nd
internode (r = 0.73*) and the breaking strength
value (» = 0.66*). The most stable correlation
of culm resistance to breakage was shown with
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Fig. 1. Diagrams of the range of trait values by years:

a — ear weight, g; 6 — number of spikelets per ear, pcs. 0 —25-75%, I — range without outliers, o — outliers — median
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Fig. 2. Strength characteristics of the samples in the full ripeness phase

the thickness of the 2nd and 3rd internodes (r
= 0.72*% and r = 0.63*, respectively) and the
culm weight of the 2nd internode (» = 0.86%).
The conducted correlation analysis revealed
the presence of direct and inverse relationships
describing different degrees of conjugation be-
tween morphological, physical and mechanical
traits and productivity of the studied samples.

The method of principal components was
used to describe the studied multivariate data,
which have not always explicit relationships, as
well as analyze and visualize them. The calcula-
tion of principal components was reduced to the
replacement of the original interrelated variables
by a set of uncorrelated parameters, calculation
of eigenvectors and eigenvalues of the covari-
ance matrix of the original data.

As a result of the analysis, it was found that
the variability of quantitative traits is determined
by four main components, which are linear com-
binations of initial factors and determine the total
variance by 70.3% in the aggregate. In this case,
the first — by 28.3%, the second — by 23.8%, the
third — by 9.8%, the fourth — by 8.3%.

The use of the principal component method
allowed reducing the dimensionality of the data,
estimating their variability and eliminating mul-
ticollinearity. The observations were differenti-
ated using the "Power" parameter, which shows
how well the trait is represented in the principal
components in the measurement range from 0 to
1 (see Table 2). Variables with the lowest pow-
er have low significance for ranking the results
of the observations by principal components.
The leading role belongs to the trait " the sum
of lengths of the 2nd and 3rd internodes", which
is determinant in providing higher resistance to
lodging in the studied samples. It follows that
selection of plants according to the minimum
value of the trait " the sum of lengths of the 2nd
and 3rd internodes" and their use as sources of
this trait can lead to increased resistance to lodg-
ing in the breeding process.

According to the data of the load matrix, a
graph was constructed to show the relationships
between the factors and the contributions of fac-
tors to each principal component (see Fig. 3).
The axes of the graph are the first and second
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Compared to labor-intensive methods of
studying the anatomical structure of stem tissue
and visual field evaluation, which does not al-
ways allow determining the level of processabil-
ity under unregulated environmental conditions,
the applied methodology for assessing stability
by tissue density and resistance of stem sections
of the 2nd internode to fracture is simple. It was
reliable and showed high efficiency during the
study period.

According to the results of principal compo-
nent analysis, the trait " the sum of lengths of
the 2nd and 3rd internodes", which is a deter-
minant in providing higher lodging resistance
in the studied samples, was identified. A close
relationship between the secondary trait "weight
of a 10-cm culm" and the parameter of stem re-
sistance to breakage was established.

Among the studied breeding forms, promis-
ing specimens were identified according to the
totality of the strength parameters, which can
be used as sources of valuable traits at the early
stages of selection for lodging resistance without
involving short-stemmed forms.
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CpaBHHTe/IbHasl OLICHKA NEePCIeKTUBHBIX JUHUM
03MMOI1 MATKOM NMIIEHUIBI B YCJIOBHAX 0ra PocroBckoii o01actu

Yepuona A.A., CDIoaropusiii C.B., Ckpunka O.B., Uepnosa B.JI., Camodaios A.Il.
Aepapuwiii Hayunsiii yenmp «/Jonckoiiy

PocroBckas obnacts, 3epHorpan, Poccns

(XDe-mail: podgorny128@rambler.ru

IIpencrapneH aHain3 U3MEHUUBOCTH JIMHUM O3UMOM MATKOW MIIEHUIIBI 10 KOJIMYECTBEHHBIM IPU-
3nakaM. Mccnenoanus nposeneHsl B 2020—2023 rr. B PoctoBckoit oonactu. B kauecTBe oObekTa uc-
CJIeZIOBAaHMI OBIIIM B3ATHI CEMb JIMHUIN 03UMOI MATKOM MIIIEHUIIBI KOHKYPCHOTO copToucTbITanus. Copr
Epmak ncnonb30Baiy B KaueCTBE CTaHAapTa. YPOXKaWHOCTh JIMHUM 32 TO/Ibl UCCIIEAOBAHUS B CPEIHEM
BapbupoBaia ot 9,78 no 10,12 1/ra npu cpeaneit no onsity 9,76 T/ra. Beicora pacteHuii cocTaBuia OT
85,0 mo 115,0 cm. Bee nzyuaemsie muauu 1o macce 1000 3epeH OTHOCHITHCH K MEJIKO- ¥ CPEAHE3EPHBIM
(32,9-45,9 ). B cpennem 3a rogpl m3y4eHus MEHIMaNbHYIO Maccy 1000 3epeH copMupoBaia THHUS
1638/19 (34,6 1), makcumainbHyto — 1361/19 (43,5 1). [1o moka3zarento qarhkl KOJIOIICHUS JIMHUH UMEIN
pasHyto TpyIiry crenoctu. J{inmHa konoca usMensack ot 7,3 mo 10,0 cm. Hanbombinyto amuHy Kojoca
copmuposana muang 1361/19 (10,0 cm), Hanmensmryto — 1120/19 (7,3 cm). KonraecTBo potyKTrB-
HBIX cTeOi1elt BapbupoBaio ot 471 1o 924 wt./m?. MakcumanbHOE KOJIMYECTBO NPOAYKTUBHBIX cTeOIeH
3a TOIBI UCCieaoBanmst chopmuponaa guuus 1921/20 (758 mr./m?), MuanmansHoe — jguaust 1361/19
(689 1mrt./M?). Hucso 3epeH ¢ OIHOTO pacTeHus BapbrpoBaito ot 61,6 1o 110,6. B cpemnem Hanbobiee
YHCIIO 3epeH Ha OJJHOM pacTeHuu copmuposaia auaust 1638/19 (100,6 wt.), Hanmensiiee — 1343/19
(70,4 mT.). Macca 3epHa ¢ OIHOTO PAacTEHUS B CPETHEM paBHsIAch 3,54 T U BapbupoBasia OT 2,26 10
4,56 1. Uncro 3epeH ¢ KoJioca H3MEHsUTOCh OT 28,9 10 51,5 mT., MakcHMalTbHOE KOJTHIECTBO CPOPMHUPO-
Banu siuaun 1361/19 (42,7 mr.) u 1638/19 (41,2 wr.). ITo macce 3epHa ¢ Konoca CTaHAApT NPEBBICHIIA
muaust 1361/19 (1,93 1), 3nadenust o nokaszareinto BapbupoBanu ot 1,02 10 2,28 .

KuroueBble ciioBa: o3umasi NILEHULA, JTUHUS, ypoxkaiiHOCTh, Macca 1000 3epen
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The analysis of variability of winter soft wheat lines by quantitative traits is presented. The re-
search was conducted in 2020-2023 in the Rostov region. Seven lines of winter soft wheat of the
competitive variety trial were taken as an object of research. The Ermak variety was used as a stan-
dard. The yields of the lines during the years of study averaged from 9.78 to 10.12 t/ha with an average
0f 9.76 t/ha in the experiment. Plant height ranged from 85.0 to 115.0 cm. All the lines studied were
classified as small- to medium-grained (32.9-45.9 g) in terms of 1000 grain weight. On average for
the years of study, the minimum mass of 1000 grains was formed by the line 1638/19 (34.6 g), and
the maximum — by the line 1361/19 (43.5 g). The lines had different groups of ripeness according to
the indicator of the earing date. The spikelet length varied from 7.3 to 10.0 cm. The highest spikelet
length was formed by the line 1361/19 (10.0 cm), the shortest — by the line 1120/19 (7.3 cm). The
number of productive stems ranged from 471 to 924 stems/m?. The maximum number of productive
stems for the years of the study was formed by the line 1921/20 (758 pcs./m?), the minimum — by the
line 1361/19 (689 pcs./m?). The number of grains per plant ranged from 61.6 to 110.6. On average, the
highest number of grains per plant was formed by the line 1638/19 (100.6 pcs.), the lowest — 1343/19
(70.4 pcs.). The grain weight per plant averaged 3.54 g and ranged from 2.26 to 4.56 g. The number of
grains per ear varied from 28.9 to 51.5 pieces, the maximum number was formed by the lines 1361/19
(42.7 pes.) and 1638/19 (41.2 pcs.). In terms of the grain weight per ear the standard was exceeded by
the line 1361/19 (1.93 g), the values for the indicator varied from 1.02 to 2.28 g.

Keywords: winter wheat, line, productivity, 1000-grain weight
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INTRODUCTION

Winter wheat is one of the main food crops.
Nowadays, the growth of grain production and
its quality are of great importance in agriculture,
as the sustainable development of the whole in-
dustry is largely dependent on them [1].

Increase in grain production in the future is
impossible without wide and comprehensive use
of the latest achievements of science. The lead-
ing role, undoubtedly, belongs to breeding, new
varieties and technologies of their cultivation [2].

Accelerated and sustainable increase in grain
production is the main task of agriculture. In this
regard, breeding is called to play a major role in
solving this problem. Its main task is to increase
crop yields by creating new high-yielding vari-
eties with high grain quality [3].

Successful development of modern grain
farming is impossible without engaging new va-
rieties and hybrids of agricultural crops, includ-
ing winter wheat varieties, in production. Their
introduction is the least costly and one of the
most effective ways to increase crop production
and improve its quality [2].

The purpose of the study is to analyze the
variability of quantitative traits of winter soft
wheat lines.

MATERIAL AND METHODS

The research was conducted at the Agrarian
Scientific Center "Donskoy" in 2020-2023 (Ros-
tov region). Seven lines of winter soft wheat of
intensive type served as the material for research.
The Ermak variety was used as a standard.

The soil of the experimental field is carbonate
chernozem, heavy loamy, thick with high carbon-
ateness — up to 4.0% CaCO, in the arable layer
of thick horizon (up to 140 cm). Humus content

— 3.6-4.0%, mobile phosphorus — 20-23 mg/kg
of soil, exchangeable potassium — 300-380 mg/
kg. In general, the soil of the experimental plot
by its fertility and physical and chemical proper-
ties is beneficial for growing winter wheat.

Sowing was carried out with a mounted seed-
er Wintersteiger Plotseed using the conventional
row method. The seeding rate was 4.5 mln ger-
minated seeds/ha, planting depth was 5-6 cm.
The plot area of 10 m?, sixfold repetition, sys-
tematic arrangement in six tiers. After sowing,
the soil was rolled with ring rollers. The fore-
crop — green-manured fallow.

Maintenance measures were applied taking
into account the crop phytosanitary condition
and recommendations on the use of insecticides
and fungicides in the cultivation zone. In the
winter period, systematic treatment of the crops
from rodents was carried out.

Harvesting was carried out with a small-sized
Wintersteiger Classic combine harvester using a
single-phase method at full grain ripeness. Har-
vested from the plot was weighed in the field and
converted to 14% moisture and 100% purity.

The 2019/20 agricultural year turned out to
be dry: a total of 463.7 mm of precipitation fell
during the year with the norm of 582.4 mm. Their
distribution by seasons and temperature regime
(+1.6 © C to the average annual norm) were atyp-
ical for our zone and not quite favorable for the
growth and development of winter wheat plants,
especially in the spring period. Lack of moisture
in the spring-summer period led to the formation
of shrinked grain.

The year 2020/21 was marked by an increased
temperature regime and uneven distribution of
precipitation during the year. The average annu-
al air temperature amounted to 11.7°C, exceed-
ing the long-term norm by 2.0°C. In general, the
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prevailing weather conditions allowed to obtain
sufficiently high grain yields.

2021/22 was characterized by higher tem-
perature regime in winter and uneven distribu-
tion of precipitation during the year. The aver-
age annual air temperature amounted to 11.1
°C, exceeding the mean annual data by 1.4 °C.
The reduced temperature regime in May had a
favorable effect on the growth and development
of winter wheat, as well as on the formation of
high grain yields.

The agricultural year 2022/23 was not quite
favorable for growth and development of winter
wheat, especially during the late spring - early
summer, in terms of precipitation distribution
by seasons, temperature regime (+1.9 °C to the
average annual norm). Intense precipitation with
strong gusty winds in late May — early June had
a negative impact on winter wheat plants, which
led to poor yield, mainly on fallow predecessors,
due to lodging of crops and strong development
of fungal diseases.

RESULTS AND DISCUSSION

Yield is determined by the production from
one hectare of area and represents the final result
of all physiological and biochemical processes
of plant life in interaction with external environ-
mental conditions’.

The average yield of winter soft wheat lines
for the years of research in the experiment was
9.76 t/ha, the variation in this trait was from
7.75 t/ha for line 1784/20 to 11.79 t/ha for line
1361/19 (see Table 1).

Plant height is an important trait because it
determines other morphological traits of linear
growth, with close genetic determination of the
trait - genotype-medium response of the variety
under vegetation conditions and has an inverse
relationship with resistance to lodging [4].

In terms of plant height, the variation ranged
from 85.0 to 115.0 cm, the maximum height was
in line 1638/19 in 2022 and the minimum height
was in line 1420/19 in 2021, the mean value of
the trait was 90.6 cm.

The weight of 1000 grains determines the
yield properties of the seeds and refers to vari-
etal traits. It is well known that a high 1000 grain
weight can be obtained when plants are grown
under favorable meteorological conditions
during the period of grain filling and ripening.
With the same number of stalks and ear grain
content the yield will be higher in those crops
with a higher 1000 grain weight [5].

Grain size as the most important agronom-
ic trait in genetic and breeding studies is given
great attention (see footnote 1). Grain is consid-
ered coarse if the mass of 1000 grains is more

Tab6a. 1. VI3MEHIMBOCTH KOJIMYECTBEHHBIX MMPHU3HAKOB 03UMOI MaTKOH mmreruisl (2020-2023 1)
Table 1. Variability of quantitative traits of winter soft wheat (2020-2023)

Trait Average Va}ue of the Varia.tion range of the Stglnc.iard Coe.:fﬁ.cient of
trait trait (min — max) deviation, ¢ variation V, %
Yield t/ha 9,76 7,75-11,79 0,44 4,48
Plant height, cm 90,6 85,0-115,0 3,57 3,95
Weight of 1000 grains, g 37,9 32,9-459 2,99 7,90
Earing date, May 22 16-30 2,78 12,34
Ear length, cm 8,8 7,3-10,0 0,55 6,23
Productive spikelets, pcs./m? 704 471-924 30,28 4,30
Number of grains per plant, pcs. 89,4 61,6-110,6 9,29 10,39
Grain weight per plant, g 3,54 2,26-4,56 0,37 10,35
Number of grains per ear, pcs. 38,5 28,9-51,5 2,72 7,07
Grain weight per ear, g 1,47 1,02-2,28 0,22 14,63

'Klimenko S.B., Abramova I.N., Klimenko N.N., Klimenko A.S. Evaluation of the breeding lines of soft spring wheat // Scientific
research and development to the implementation of the agroindustrial complex: materials of the international scientific and practical

conference of young scientists. Irkutsk, 2023, pp. 62-68.
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than 47 g, medium coarse — 3940, fine — 27-38
g. According to the mass of 1000 grains, all the
studied lines were classified as fine- and medi-
um-grained, the variation was from 32.9 to 45.9
g. The minimum weight of 1000 grains was
obtained in 2020 in line 1638/19 (32.9 g), the
maximum — in line 1361/19 (45.9 g), the average
value of the trait — 37.9 g.

The duration of the growing season is one
of the main adaptation traits that determine the
suitability of varieties for cultivation in a partic-
ular zone [6]. In the south of the Rostov region,
the earing phase is a more reliable criterion for
determining the ripeness group than the ripening
phase [7].

All varieties ripened almost simultaneously,
so the assessment of their early maturity was
carried out by the date of earing for 2020-2023.
In the middle-early variety Ermak on average it
occurred on May 19. According to the date of
earing, the lines 1120/19, 1343/19, 1361/19 and
1420/19 (May 20 — 22) can be referred to the
mid-early maturity group. Line 1784/20 (May
23) belongs to the medium-maturing group, and
1638/19 and 1921/20 (May 26 — 27) to the mid-
dle-late group.

An important element of ear productivity is
its length. This trait varies greatly depending on
varietal characteristics, as well as on the weath-
er and climatic conditions [8]. With the average
value of the trait (8.8 cm), the length of the ear
for 4 years of research varied from 7.3 to 10.0
cm. The greatest ear length was formed by line
1361/19 (10.0 cm) in 2023, the least — by line
1120/19 (7.3 cm) in 2021.

Varieties with high productive spikelets (more
than two stalks per plant) are recommended to
cultivate in order to increase yields and increase
grain yields [5]. The highest number of stems
was formed in 2023 — 924 pcs/m? (1343/19),
the minimum was observed in 2021 — 471 pcs/
m? (1120/19). The average value of productive
spikelets for the years of study amounted to 704
pieces/m?.

The number of grains in an ear is important.
Productive stalks form the ear, which can be long
or short; the longer the ear, the greater its ear
grain content and potential grain yield [9]. The
varieties and lines studied differed in the number

of grains in the ear and per plant. With an aver-
age value of the number of grains per ear (38.5
pieces) and the number of grains per plant (89.4
pieces), the variation in the number of grains per
ear during the years of research ranged from 28.9
(1784/20) to 51.5 pieces (1361/19). In terms of
the number of grains on one plant, line 1120/19
formed both minimum and maximum number,
but in different years from 61.6 (2022) to 110.6
pieces (2023).

Grain weight per ear and per plant depends
on the variety genotype and growing conditions
[10]. The variation of grain weight per ear was
from 1.02 g in line 1784/20 to 2.28 gin 1361/19,
grain weight per plant — from 2.26 g in 1120/19
to 4.56 g in 1361/19. The average value of the
grain weight per ear trait for the years of study
was 1.47 g, grain weight per plant — 3.54 g.

The coefficients of variation for the traits
presented in Table 1 had values from 3.95 to
14.63%, indicating an insignificant and average
level of variability of these traits. At the same
time, yield, plant height, ear length, productive
spikelets, number of grains in an ear and weight
of 1000 grains for 2020-2023 studies changed
insignificantly, the coefficients of variation (V)
were 4.48; 3.95; 6.23; 4.30; 7.07; 7.90%, respec-
tively.

The earing date, number of grains per plant,
grain weight per plant and grain weight per ear
had medium level of variability with the coef-
ficient of variation (V) of 12.34; 10.39; 10.35;
14.63%, respectively.

Yield is the result of a compromise between
productivity and resistance to adverse environ-
mental factors [2]. With the average yield of Er-
mak variety (8.73 t/ha), taken as a standard, the
average yield of the promising lines during the
years of study varied from 9.78 to 10.12 t/ha. On
average for 4 years of research all seven lines sig-
nificantly exceeded the standard variety Ermak
in terms of yield (LSD , 0.37 t/ha). The gain was
from 1.05 (1120/19 and 1343/19) to 1.39 t/ha
(1784/20). The maximum yield was formed by
the lines 1361/19 (10.05 t/ha), 1784/20 (10.12)
and 1921/20 (10.00 t/ha) (see Table 2).

The most productive lines were 1361/19
(10.01 t/ha) and 1420/19 (10.14 t/ha), as evi-
denced by the indicator (%)characteriz—
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ing the variety's adaptive ability. This indicator
shows the average yield of the variety in con-
trasting (stress and non-stress) conditions and
genetic flexibility of the variety, its compensa-
tory ability. The higher the degree of correspon-
dence between the genotype of the variety and
various environmental factors, the higher this
indicator is [11, 12].

Favorable weather and climatic conditions in
the spring-summer period of 2022 contributed to
the formation of the highest yield of the stud-
ied lines of winter soft wheat of intensive type,
the average for the experiment — 11.43 t/ha.
The maximum yield was obtained in the line
1420/19 — 12.08 t/ha with the yield of the stan-
dard 10.02 t/ha and LSD , - 0.38 t/ha.

In 2023 unfavorable for yield formation
due to high precipitation and lodging of plants,
the lowest yield in the experiment was formed
— 7.98 t/ha. It was maximally high in the line
1921/20 — 8.90 t/ha, in the standard — 6.64 t/ha,
LSD,, - 0.43 t/ha.

The coefficient of variation (7)) makes it possi-
ble to give an objective assessment of the degree
of variation when comparing any aggregates.
When studying quantitative characteristics, it al-
lows selecting the most stable ones. Variation is
considered weak at "< 10%, average — at V' from
11 to 25% and strong — at V' > 25%. The lowest
variation index for yield was observed in the line
1120/19 (13.10%), which indicates an average
level of variability in this trait, in other lines it

was from 15.40 to 18.96%, which also confirms
the average level of variability in yields.

Higher yield in structural terms the studied
lines formed at the expense of the following in-
dicators: productive spikelets, number of grains
per plant and grain weight per ear (line 1921/20);
productive spikelets, number of grains per plant,
number of grains per ear and grain weight
per ear (1638/19). Of greatest interest is line
1361/19, which combines six structure elements
with maximum values of 1000 grain weight, ear
length, number of grains per plant and ear fine-
ness, as well as grain weight per plant and grain
weight per ear (see Table 3).

On average for 4 years, the height of the stan-
dard variety Ermak was 107.8 cm. All studied
lines formed height from 93.7 to 109.4 cm and
belong to low-stemmed varieties.

The studied lines differed significantly in the
weight of 1000 grains. Weight gain relative to the
standard was observed in three lines: 1361/19,
1420/19 and 1120/19. The best result among
them was observed in line 1361/19 (43.51 g),
which formed the mass of 1000 grains by 4.23 g
more than the standard variety Ermak.

The spikelet length of the studied lines var-
ied from 7.9 to 9.4 cm. The maximum spikelet
length was formed by the lines 1361/19 (9.4 cm)
and 1420/19 (9.3 cm).

Analyzing the average number of productive
stems per 1 m?, it should be noted that the stan-
dard variety Ermak showed the lowest value —

Tada. 2. YpoxxaiiHOCT TUHUHA 03uMON MATKOH mmennnsl (2020-2023 rr)
Table 2. Yield of winter soft wheat lines (2020-2023)

Variety/line Yield vha min + max Co.eﬁj"lcient of
min max average variation V, %
Ermak (standard) 6,64 10,02 8,73 8,33 18,36
1120/19 (Rostovchanka 7 x Ne 42 CIMMYT) 8,33 11,26 9,78 9,80 13,10
1343/19 (1567/10 x Slavna) 7,80 11,88 9,78 9,84 17,27
1361/19 (1993/10 x Slavna) 8,10 11,79 10,05 10,01 15,40
1420/19 (1602/12 x Slavna) 8,20 12,08 9,83 10,14 16,66
1638/19 (Marathon x MV 15-04) 8,11 11,35 9,80 9,73 15,69
1784/20 (1276/08 x Spivanka) 7,75 11,68 10,12 9,72 18,96
1921/20 (1514/09 x Perlina) 8,23 11,46 10,00 9,85 16,77
LSD,, 0,37
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Tao6a. 3. DneMeHTsl CTPYKTYPbI JMHUAN 03UMON MATKOH mireHuns (2020-2023 rr.)
Table 3. Elements of winter soft wheat line structure (2020-2023)

Weight Spik Pro- | Number Grai Num- Grai
Plant of pll €| ductive | of grains AN ber of ram
. . . et : weight . weight
Variety/line height, 1000 | spike- per grains
. ength, per per ear,
cm grains, | 7 lets, plant, lant per ear,
pcs./m? pcs. plant. g pcs. &
Ermak (standard) 107,8 | 39,28 | 8,5 660,8 97,4 3,89 39,8 1,59
1120/19 (Rostovchanka 7 x Ne 42 CIMMYT) | 101,0 | 40,13 | 7,9 691,8 87,4 3,26 39,5 1,38
1343/19 (1567/10 x Slavna) 1034 | 36,51 | 9,2 732,0 70,4 3,49 38,7 1,37
1361/19 (1993/10 x Slavna) 101,0 | 43,51 | 9,4 689,0 95,0 4,19 42,7 1,93
1420/19 (1602/12 % Slavna) 101,6 | 40,26 | 9,3 689,5 85,5 3,38 36,8 1,45
1638/19 (Marathon x MV 15-04) 109.4 | 34,56 | 9,2 713,5 100,6 3,59 41,2 1,46
1784/20 (1276/08 x Spivanka) 100,7 | 35,08 | 8,4 766,5 96,7 3,02 34,6 1,19
1921/20 (1514/09 x Perlina) 93,7 |36,48 | 9,2 758,8 90,0 3,48 35,8 1,74
Standard deviation 3,6 2,99 0,6 30,3 9,3 0,37 2,7 0,22

660.8 pcs./m?, therefore, all the analyzed lines
exceeded it in this feature. On average, the max-
imum number of productive stems was formed
by the line 1784/20 — 766 pcs./m?.

On average, 39.8 grains per ear were formed
in the standard and 97.4 grains per plant during
the years of study. The maximum number of
grains in the ear on average was formed by the
lines 1361/19 (42.7 pieces) and 1638/19 (41.2
pieces), the maximum number of grains per plant
was formed by the line 1638/19 (100.6 pieces).

Line 1361/19 averaged the maximum grain
weight both per ear (1.93 g) and per plant (4.19 g).

CONCLUSIONS

1. Evaluation of the breeding lines of winter
soft wheat in different weather conditions in the
years of research showed that all lines of win-
ter soft wheat have high and stable productivity,
as well as a complex of economically valuable
traits and properties regardless of the weather.

2. The studied lines formed higher yield in
structural terms due to the following indicators:
productive ear length, number of grains per plant
and grain weight per ear — line 1921/20; produc-
tive ear length, number of grains per plant, num-
ber of grains per ear and grain weight per ear —
1638/19. Of greatest interest is the line 1361/19,
which combines six elements of structure with
maximum values of 1000 grain weight, ear

length, number of grains per plant and ear fine-
ness, as well as grain weight per plant and grain
weight per ear. These lines are recommended for
involvement in the breeding process in order to
obtain new high-yielding source material.

Lines 1361/19 "Udarnik" and 1120/19
"Sarkel" were transferred to the State Variety
Trial in 2023.
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(P PeKTUBHOCTH COBMECTHOI0 BO3/1eJILIBAHUSA (PecTyI0InyMa
C ICMAPIETOM HA KOPMOBBIE LeJiM B JiecocTenu 3anagHon Cubupu

KameBapos H.!., CX) bakmaes /I.}FO., ’Knanosa U.JI.

Cubupckuii ghedepanvhwviii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
HoBocubupckast ob6macts, p.im. Kpacnoo6ck, Poccus
(<De-mail: bakshaevd@mail.ru

[IpencraBnensl AaHHBIE MO YPOXKAHHOCTH U OMonorniyeckoi 3PpQPpeKTUBHOCTH COBMECTHOTO BO3-
JICNIbIBAHMS (PECTYIOIMYMa U dCIaplieTa MeCUaHHOrO MPH Pa3IuYHbIX CIIOCO0aX MOCEBa U BHECCHUS
A30THBIX yI0OPEHUI BECHOU B YCIIOBUAX JIECOCTEITHOM 30HBI 3ananHoit Cuoupu. BepkuBaeMoCTh pac-
TEeHUH (ecTynoiamymMa 1mocie MpOXoXkKACHUS 3MMOBKH TIEpPBOTO TO/Ia )KHU3HHU cocTaBmiia 86%, acrap-
1IleTa B OJIHOBHJIOBOM MoceBe — §6%, OHAa CHU3MWIACH MPU MOCEBE C YEPEAOBAHUEM PSIOB A0 76%,
P MTOCEBE CMEChI0 ceMsiH — J10 67%. COBMECTHBIN MTOCEB (PECTYIOIUYMA C ACIAPIICTOM MOBBICHII
ypoxaiiHOCTh Ha 22,6% 10 CpaBHEHHIO C OJHOBHIOBBIM MoceBoM ¢ectynonunyma (30,38 T 3eneHoit
Macchl /Ta) pH 4epe3psHoM rocese 1 Ha 7,9% (1o 26,73 1/ra) — npu noceBe cmechbio ceMsiH. Koad-
(dunment >HepreTrdeckoit d3pdexrunoctr (KI2) paen 7,7-9,0 u xapakrepusyeTcsl Kak BBICOKHIA,
peHTabenpHOCTH cMecelt — 373%. BHecenne MuHepanpHOTO a30Ta B 03¢ 30 KT J.B./Ta TOCTOBEPHO
YBEIIMYHIIO YPOXKAHHOCTh cMecel (eCcTylIomyMa ¢ 3CIapIieToOM Ha BapHaHTaX 4epe3psIHOTO Moce-
Ba Ha 29,5% v Ha BapuaHTe 1MoceBa cMechio ceMsH Ha 11,5% 3a cueT yBenmu4eHus: 00JIMCTBEHHOCTH
60060BorO KOMITOHEHTa. B akcniepumente KOO pasen 4,4-5,2 u xapakTepu3syeTcs: Kak BBICOKHIA, peH-
TabeapHOCTD moceBa cMeceit — 352%. [Ipu yBenuueHnn 10361 MUHEPAIBLHOTO a30Ta 1o 60 Kr 1.B./Ta
MaKCHMaJIbHAs YPOXKaHHOCTh Ha BapHaHTE TIOCEBA CMEChIO ceMsH — 41,84 T 3e1eHoi MaccHl /Ta, 9To
Ha 32% BblllIe OAHOBHUIOBOTO MoceBa (ectynonuyma. [IpudaBka oOyciosieHa yBenuueHrneM Ha 4%
BBICOTHI pacTeHuil ¢ectynomuyma u Ha 60% — ero maccel. [Ipu mocese ¢ yepenoBaHueM psIOM ypo-
)aitHoCcTh coctaBmia 39,11 T 3eneHOlN Macchl/Ta, uTo BhIlIe KOHTpoust Ha 23,4%. KOO pasen 4,7-4,9
U XapaKTepu3yeTcs Kak CpeHuH, peHTabensHOCTh moceBa cmeceii — 349—364%. [Tokazarens s dex-
TUBHOCTHU Ucmonb3oBanms mamuu (LER) B cmecsx cocrasun 0,96—1,06, 94T0 oATBEpKIAET UX LIETe-
CO00Pa3HOCTH.

KuroueBbie c1oBa: QpecTynoamyM, dCIapIeT, Coco0bl MoceBa, a30THBIE yA0OpeHHs, KOHKYPEHT-
Hasi CIOCOOHOCTh

The effectiveness of joint cultivation of festulolium with esparcet for
forage purposes in the forest-steppe of Western Siberia

Kashevarov N.I., ©<X)Bakshaev D.Yu., Zhdanova I.L.

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

(<De-mail: bakshaevd@mail.ru

The results of the analysis of the yield and biological efficiency in the joint cultivation of festulo-
lium and esparcet with various methods of sowing and applying nitrogen fertilizers in spring in the
conditions of the forest-steppe zone of Western Siberia are presented. The survival rate of festulolium
plants after overwintering the first year of life was 86%, esparcet survival rate in single-species sowing
was 86% and decreased when using the skip-row planting to 76%, when sowing with a mixture of
seeds to 67%. Joint sowing of festulolium with esparcet increased the yield by 22.6% compared with sin-
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The effectiveness of joint cultivation of festulolium with esparcet Kashevarov N.I., Bakshaev D.Yu., Zhdanova L.L.

for forage purposes in the forest-steppe of Western Siberia

gle-species sowing of festulolium (30.38 t/ha of the green mass) when using the skip-row planting and by
7.9% (to 26.73 t/ha) when sown with a mixture of seeds. The energy efficiency ratio (EER) is 7.7-9.0 and
is characterized as high, the profitability of the mixtures is 373%. The introduction of mineral nitrogen at
a dose of 30 kg a.i./ ha significantly increased the yield of the mixtures of festulolium with esparcet in the
variants skip-row planting by 29.5% and in the variant of sowing with a mixture of seeds by 11.5% due
to an increase in the leafiness of the legume component. In the experiment the EER equals 4.4-5.2 and
is characterized as high, the profitability of sowing the mixtures is 352%. With an increase in the dose of
mineral nitrogen to 60 kg a.i. / ha, the maximum yield on the variant of sowing with a mixture of seeds is
41.84 t/ ha of green mass, which is 32% higher than single—species sowing of festulolium. The increase
is due to a 4% increase in the height of the festulolium plants, and 60% of its mass. When using skip-row
planting, the yield was 39.11 t/ha of the green mass, which is 23.4% higher than the control. The EER
equals 4.7-4.9 and is characterized as average, the profitability of sowing the mixtures is 349-364%. The

arable land equivalent ratio (LER) in the mixtures was 0.96—1.06, which confirms their effectiveness.
Keywords: festulolium, esparcet, sowing methods, nitrogen fertilizers, competitive ability
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INTRODUCTION

Perennial grasses occupy a leading place in
solving the problem of sustainability of the fod-
der base, obtaining nutritious fodder, balanced
in protein, essential amino acids and vitamins.
They serve as a basis for biologization of farm-
ing, increase soil fertility, protect it from wind
and water erosion, with rational use of inten-
sification factors increase ecological safety of
cenoses and sustainability of cheap fodder pro-
duction [1, 2].

Widely used in meadow farming traditional
cereal grasses (timothy grass, cock's foot, mead-
ow fescue, awnless brome, etc.) are character-
ized by insufficient content of water-soluble car-
bohydrates, low rate of regrowth after the next
cycles of alienation, summer growth depression.
In this regard, it is important to expand the range
of cultivated forage crops by creation, introduc-
tion and adaptation of new species and variet-

ies with better economically useful properties in
production conditions' [3—6].

One of such promising fodder crops is Fes-
tulolium (Festulolium F. Aschers. Et Graebn.)
- an artificially bred fodder crop obtained using
methods of intergeneric hybridization of genera
Lolium sp. and Festuca sp. Festulolium inherited
from ryegrasses excellent fodder qualities (high
content of sugar, protein and metabolizable en-
ergy), good feed digestibility and digestibility,
the ability to intensively form a large number of
well-branched vegetative shoots, from fescue -
good winter hardiness, drought resistance, resis-
tance to prolonged stratification and trampling?
[7].

Mostly grass mixtures with festulolium have
been studied in the European part of Russia [8-
13], in Western Siberia such studies are con-
ducted for the first time in the Siberian Federal
Scientific Centre of AgroBioTechnologies of the

'Obraztsov V.N. Theoretical and practical bases of cultivation of festulolium for fodder and seeds in the forest-steppe of the cen-
tral Chernozem region of Russia: Doctor of Science in Agriculture thesis/ V.N. Obraztsov. Voronezh: Voronezh SAU, 2018, 404 p.

2Klyga E.R., Vasko P.P. Festulolium: agrobiological aspects of cultivation. Minsk: DPC Ministry of Finances, 2016, 68 p.
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D} PHEeKTUBHOCTH COBMECTHOTO BO3/IEIbIBaHHS (EeCTYI0INyMa
C 9CIapleToM Ha KOPMOBBIE LICJIH B JecOCTenH 3ananHoi Cuoupu

Kamesapos H.1., bakmaes /[.1O., )Knanosa 1.JI.

Russian Academy of Sciences (SFSCA RAS)
[14]. The obtained preliminary results confirm
the prospects of scientific development of culti-
vation methods and introduction of festulolium
into forage production in Western Siberia, aimed
at full realization of the biological potential and
obtaining sustainable yields of this crop.

The purpose of the research is to develop
methods of cultivation of single-species and
mixed crops of festulolium of the Izumrudny
variety with esparcet in the conditions of the for-
est-steppe of Western Siberia.

The research objectives are to establish the
expediency of joint sowing of festulolium of the
[zumrudny variety with esparcet; and to deter-
mine the optimal method of sowing at applica-
tion of small (starting) doses of nitrogen.

MATERIAL AND METHODS

The research was conducted at the field sta-
tion of the Siberian Research Institute of Forage
Crops of the SFSCA RAS, located in the north-
ern forest-steppe of Western Siberia, Russia.

The soil type is chernozem leached medi-
um-moist medium loamy, with humus content
in 040 cm layer — 4.3-6.5%, which character-
izes it as medium-sufficient. The soil of the ex-
perimental plot is relatively well provided with
mobile forms of phosphorus and exchangeable
potassium. Soil solution reaction (pH) = 7.4.

According to climatic resources, it is a mod-
erately warm insufficiently humidified agrocli-
matic region with average annual precipitation
of 386 mm (254 mm in April-September, 113—
130 mm in June—August). The hydrothermal co-
efficient according to Selyaninov is 1.2.

The weather conditions in the study years
were favorable for perennial grasses in 2019
(HTC =1.15), in 2020 (1.29), in 2021 (1.0), and
unfavorable in 2022 (0.6), in 2023 (0.99).

Experiment scheme.

Sowing methods (factor A):

1) festulolium (control);

2) esparcet (control);

3) festulolium 1 row + esparcet 3 rows;

4) festulolium + esparcet (seed mix sowing).

Nitrogen fertilizer application options (factor B):

1) without fertilizers (control);

2) application of N, ;

3) application of N.

Repetition of the experiments was 4-fold
with systematic arrangement of the variants. The
sowing area of the plots was 36 m?. Sowing was
carried out in the second ten-day period of July.
Fertilizer application was made in spring before
grass regrowth in a scattered manner with sub-
sequent incorporation with a rigid spike harrow.

The yield results were analyzed through the
"land equivalent ratio" (LER) and "competitive
ratio" (CR) [9]. These indicators are calculated
by the formula

LER = (YAB/YAA) + (YBA/YBB)’

where LER — land equivalent ratio, Y, — yield
of crop 4 in a mixed sowing with crop B, t/ha;
Y,, — yield of crop B in a mixed sowing with
crop 4, t/ha; Y, and Y,, — yields of crops 4 and
B, respectively, in single-crop sowing, t/ha.

CR,,= (LER,: LER)) (Z,,
CR,, = (LER,:LER) (Z,,

: ZAB)a
2, ),

where CR , — competitive coefficient of crop 4
mixed with crop B; CR,,— competitive coeffi-
cient of crop B mixed with crop 4; Z u Z, —
the ratio of 4 and B crops in the mixture, %.

The farming equipment and techniques in
the experiment: early spring moisture closure
in two traces by rigid spike harrows BZSS-1.0,
pre-sowing cultivation KPS-4.2 with harrowing,
rolling with ring rollers ZKKSH-6 before and
after sowing. Sowing by SN-16 seeder at a depth
of 2-3 cm. The norms of festulolium sowing: 16
kg/ha in single-crop sowing, when sowing with
alternating rows - 4 kg/ha, in mixed sowing - 8
kg/ha. Esparcet sowing norms: 120 kg/ha in pure
sowing, 90 kg/ha in alternating rows, 60 kg/ha in
mixed sowing.

Festulolium of the Izumrudny variety and
SibNIIK 30 Hungarian sainfoin were used in
the experiment. Fertilizer — ammonium nitrate
(N) — was applied in spring at the beginning of
regrowth in a scattered manner with subsequent
incorporation with a rigid spike harrow.
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RESULTS AND DISCUSSION

Soil moisture at the time of sowing in the
years of grass establishment was 9,7 mm in
the 0-20 cm layer in 2019, in 2020 — 22.4 mm,
which allowed to note the appearance of the first
sprouts on the Sth — 7th day, mass sprouts — on
the 15th day.

A significant change in the field germination
rate depending on the sowing method and the
year of grass establishment was observed. Fa-
vorable conditions for festulolium were formed
in 2020, when maximum sprouts were obtained
of 463-702 plants per square meter. During
the period of sowing — sprouting, 84.8 mm of
precipitation fell (139% of the average annual
norm) with an average monthly ambient air tem-
perature of +19.7 °C (+0.3 °C to the average an-
nual norm). Unfavorable conditions for festulo-
lium were observed at the 2019 planting, where
the number of emerged plants was 247-342 pcs/
m?, which was due to partial death of plants be-
cause of the established drought in August: pre-
cipitation for the month was 21.5 mm, which
was 32% of the average annual norm, air tem-
perature exceeded the average annual index by
+2.2 ° C (+18.4 ° C). At the same time, the share
of influence of conditions of the year of sowing
amounted to 13%, the sowing method — 1%.

On average, the density of festulolium in the
control was 523, in mixtures — 347-377 pcs./m?,
esparcet — 80 and 45-70 pcs./m?, respectively
(see Table 1). The plant survival rate after over-
wintering was 86% in festulolium, in esparcet it
decreased from single-crop sowing to mixtures
by 23-57% and was 76% (73 pcs./m?) in row
sowing and 67% (30 pcs./m?) in mixed sowing.

Esparcet stand density influenced its share in
the yield. Thus, depending on the sowing vari-
ant, the content of festulolium in the yield of the
first cutting was 1.1-2.3 times higher in mixed
sowing than in the sowing with alternating rows
(see Table 2). At the same time, with the increase
in the dose of the applied nitrogen, the share
of festulolium increased by 42.9-54.2% and
amounted to 45.6 and 49.2% in the variant with
alternating rows; in contrast, the share of festu-
lolium decreased by 17.0-26.6% and amounted
to 62.2 and 55.0% when sowing with a mixture
of seeds. This pattern was repeated in all the
years of herbage use.

When taking into account the yield of grass
stands of festulolium with esparcet, it was found
that on average for three years there was an in-
crease in the efficiency of mixtures compared to
single-crop sowing of festulolium (see Table 3).
Collection of green mass increased from 22.6%
to 30.38 t/ha in the variant of cross-row sowing
due to a greater share of esparcet in the crop
(up to 60.7-68.1%) and at the expense of 11%
increased shoot weight of esparcet. In mixed
sowing of festulolium with esparcet, green mass
yield increased by 7.9% to 26.73 t/ha due to a
9% increase in shoot weight of festulolium.

Fertilizer application at the doses of N, and
N,, increased the harvest of green mass in festu-
lolium by 2.79 and 6.92 t/ha, esparcet — by 1.82
and 9.51 t/ha due to the increase in biometric in-
dices of plants of both crops.

When N, was applied, the yield was higher
when sowing with alternating rows — 35.68 t/ha
due to greater leaf coverage of esparcet plants,
which can be seen in the figure, where when
placing cereal and legume components in sep-

Ta6a. 1. I'ycrora BCX0M0B U BEDKHBAEMOCTH B OJHOBHIOBEIX W CMEIIAaHHBIX TIOCEBaX

Table 1. Germination density and survival in single-species and mixed crops

Before winterization, | After overwintering, Survival o
cs./m? pes./m? urvival rate, %
Option P
Cereals Legumes Cereals | Legumes | Cereals | Legumes
Festulolium 523 - 450 - 86 -
Esparcet - 80 - 69 - 86
Festulolium 1 row + esparcet 3 rows 377 70 323 53 86 76
Festulolium + esparcet (mixed sowing) 347 45 302 30 86 67
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Taoa. 2. ConepkaHue 371aKOBOTO KOMIIOHEHTA B CMEILIAHHBIX MOCEBaxX (PecTyIoarmymMa ¢ 3cnapreToM
B 3aBUCHMOCTH OT YPOBHSI MUHEPAJILHOTO MUTAHUS U TOJla MOJIb30BaHusl, %o

Table 2. The content of the cereal component in mixed crops of festulolium with esparcet, depending
on the level of mineral nutrition and the year of use, %

Nitrogen dose, kg a.i./ha
Option N, Ny, N,
1st hay crop ZIL(EOI;ay 1st hay crop 2%(30}?}/ 1st hay crop 2?;30};1}/
First year of use (2020-2021)
Festulolium 1 row + esparcet 3 rows 28,7 57,8 37,5 70,4 43,8 62,3
Festulolium + esparcet (mixed sowing) 90,2 79,2 63,1 88,3 49,1 80,3
Second year of use (2021-2022)
Festulolium 1 row + esparcet 3 rows 43,8 27,8 61,1 39,7 54,6 46,2
Festulolium + esparcet (mixed sowing) 78,8 70,0 72,1 83,4 75,2 79,6
Third year of use (2022-2023)
Festulolium 1 row + esparcet 3 rows 232 32,3 38,2 24,3 493 23,3
Festulolium + esparcet (mixed sowing) 56,1 37,3 51,6 21,0 40,7 29,1
On average over the years of use
Festulolium 1 row + esparcet 3 rows 31,9 39,3 45,6 44,8 49,2 43,9
Festulolium + esparcet (mixed sowing) 75,0 62,1 62,2 64,2 55,0 63,0

Taoa. 3. ypO)KaﬁHOCTL OAHOBHUJAOBBIX U CMCUIAHHBIX ITOCECBOB MHOTOJICTHUX TPaB B CPCAHEM

3a 2020-2023 rr., T 3eJIeHOI Macchl/Ta

Table 3. Yield of single-species and mixed crops of perennial grasses on average for 2020-2023, t

of green mass /ha

Dose of applied nitrogen, kg a.i./ha Increment, =+ t/ha
Option Fertilizer
N, N, N, Mixture

N30 N60
Festulolium 24,77 27,56 31,69 - +2,79 +6,92
Esparcet 34,68 36,50 44,19 - +1,82 +9,51
Festulolium | row + esparcet 3 rows 30,38 35,68 39,11 +5,61 +5,30 +8,73
Festulolium + esparcet (mixed sowing) 26,73 30,73 41,84 +1,96 +4,0 +15,11
LSD 4 (mixtures) 0,99 — - - - -
B (fertilizers) 0,54 - - - - -
AB 1,72 - - - - -

arate rows, its value increases with increasing
nitrogen dose. At joint sowing the reaction to
nitrogen is less pronounced.

Increasing the nitrogen dose to 60 kg/ha
boosted the yield of the mixtures to 39.11-41.84
tons of green mass/ha, revealing the advantage
of companion sowing. At the same time, the
increased mass yield was provided due to the
increase in the height of festulolium plants by

4% and its mass by 60% compared to skip-row
planting.

The index of evaluation of arable land equiv-
alent ratio (LER) allows to judge about the ex-
pediency of cultivation of mixtures. In the ex-
periment, its value ranged from 0.96 to 1.06,
which confirms their feasibility (see Table 4).
Without fertilizers, the efficiency was higher for
festulolium in mixed sowing due to the favor-
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able neighborhood of crops, in skip-row plant-
ing the efficiency was higher for esparcet due to
the larger occupied area in the sowing.
Nitrogen application increases the efficiency
of festulolium in the mixture to 0.60— 0.80 and
has the maximum value in seed mixture sow-
ing, making it the most effective. Application
of a small dose of nitrogen (30 kg/ha) in skip-
row planting makes the neighborhood of crops
competitive (CR value of festulolium — 0.93, es-
parcet — 1.04), in mixed planting festulolium is
more competitive. When increasing the nitrogen
dose up to 60 kg/ha, the preferential competi-
tiveness is higher for esparcet (1.10—1.91).

Evaluation of crop cultivation efficiency is
carried out through comparison of energy and
economic indicators. It was found that without
fertilizer application the costs of cultivation of
single-species crops for three years of use were
25 308-28 458 MJ, mixtures — 26 882 MJ. Ener-
gy yield was obtained respectively 218 738-258
174 (EER = 8,6—9,0) and 207 008- 243 229 MJ
(EER =7,7-9,0).

Nitrogen application increased energy input
to 60,588 MJ/ha and increased energy yield
to 301,270 MJ/ha, while the energy efficiency
ratio decreased to 4.7-4.9 and had an average
value.
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Taoa. 4. Ouenka >PeKTUBHOCTH, KOHKYPEHTOCIIOCOOHOCTH U arpECCUBHOCTH KYJBTYP B LIEHO3€E

Table 4. Evaluation of the effectiveness, competitiveness and aggressiveness of the crops in the cenosis

Alternating rows of festulolium LER festulolium | LER esparcet LER CR festulolium CR esparcet
and esparcet

N,

1:3 0,49 0,55 1,04 12,93 2,38

Mixed sowing 0,79 0,20 1,00 1,97 1,21
Ny,

1:3 0,62 0,37 1,00 0,93 1,04

Mixed sowing 0,75 0,30 1,05 7,11 1,60
Ny,

1:3 0,60 0,35 0,96 0,88 1,10

Mixed sowing 0,80 0,26 1,06 0,66 1,91

The maximum profitability of crops without
fertilizer use was observed at skip-row planting
of festulolium with esparcet — 373%, at applica-
tion of 30 kg a.i./ha — 352%. Increase of the ni-
trogen dose up to 60 kg a.i./ha reduces the level
of profitability in mixtures to 349-364%.

CONCLUSIONS

1. The survival rate of festulolium plants in
the first year of life after wintering is 86%. In
esparcet the survival rate decreases from 86% in
single-species sowing to 76% when sown with
festulolium in alternating rows, and minimally
when sown with seed mixture — 67%.

2. It was found that without the use of nitro-
gen fertilizers in spring at the beginning of veg-
etation on single-species sowing of festulolium
the yield was 24.77 t of green mass/ha. Its com-
panion sowing with esparcet increased the yield
by 22.6% (5.61 t/ha) when sown in rows and by
7.9% (1.96 t/ha) when sown with a seed mixture.
The coefficient of energy efficiency was 7.7—
9.0 and is characterized as high. Profitability of
mixtures sowing — 373%.

3. Application of mineral nitrogen at a dose
of 30 kg a.i./ha significantly increased the yield
of mixtures of festulolium with esparcet in the
variants of skip-row planting by 29.5% and in
the variant of sowing with a mixture of seeds by
11.5% due to an increase in the legume compo-
nent. The coefficient of energy efficiency was
4.4— 5.2 and is characterized as high. Profitabili-

ty of sowing mixtures — 352%.

4. When increasing the dose of mineral nitro-
gen up to 60 kg a.i./ha, the maximum yield was
obtained in the variant sown with a mixture of
seeds — 41.84 tons of green mass/ha, which is
32% higher than single-species sowing of fes-
tulolium. The increase is due to a 4% increase
in the height of festulolium plants and a 60%
increase in their weight. In the row rotation sow-
ing, the yield was 39.11 tons of green mass/ha,
which was 23.4% higher than the control. The
coefficient of energy efficiency was 4.7—4.9 and
is characterized as average. Profitability of sow-
ing mixtures was 349-364%.

5. The index of arable land equivalent ratio
(LER) in the mixtures was 0.96—1.06, which
confirms their feasibility. Without nitrogen ap-
plication the main share of the factor belongs to
festulolium, with application of small doses of
nitrogen the influence of legume component in-
creases due to increased competitiveness (CR).
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BriepBeie Ha Tepputopun 3amamnoit Cubupu (B HoBocmOupckoit obnactu) ObUIM MPOBEICHBI
JIBYXJICTHHE MPOU3BOJICTBEHHBIC UCIIBITAHKS 3KCIIEPUMEHTAILHOTO MPOTOTHUIIA TIperapara Ha OCHOBE
SHTOMOIATOreHHoro rpubda Metarhizium robertsii. B pabote nucnonb3oBan mramMM P-72, BblieneHHBIH
W3 TIOTHOIINX JIMYMHOK KOJIOPAJCKOTO JKyKa Leptinotarsa decemlineata Say, N3 KOJUIEKIUH MUKPO-
Oprann3MoB MHCTHTYTa CHCTEMaTHKH W SKOJOTMU KHMBOTHBIX CHOMpCKOro oraeneHusi Poccuiickoit
akajeMuy Hayk. BujoBasi weHTH(QHKAIMS rpuda OCYIIECTBICHA C TIOMOIIBIO CEKBCHUPOBAHUS pe-
ruona rera Qakropa smonraunu EFla. ITokazana criocoOHOCTh mpenapara CyIIecCTBEHHO HMOBBIIIATH
napameTpbl 3JIEMEHTOB CTPYKTYpPhI Yporkash KapTodelsi Ha MPOTSHKCHUU BCETO MEpUojia BereTallHy.
YCTaHOBIICHO JOCTOBEPHOE YBEIMUCHUE YHCIIa BBDKUBIIMX POCTKOB B 1,4 pasa, koiudecTBa cTedmeil u
KiyoHei — B 1,5 paza. Poctoctumynupyromuii 3¢ (hexT oT ncronbp30BaHus MpernapaTa Ha OCHOBE HTO-
MOIIaTOT€HHOT0 Tprda MPOSIBUIICS B YBEIWYEHUH MAcChl pacTeHHi K ¢asze nBerenus. [Ipubaska ypo-
Kasi B CPETHEM 3a JBa rofia cocraBmia 36,0% 1mo BapuaHTy ¢ mpuMeHeHueM M. robertsii, CylIieCTBEHHO
NpeBbIIas MPOAYKTHBHOCTh KapTogelsi B KOHTpoJe. YpOBEHb PEeHTa0EIbHOCTH MPOU3BOACTBA Kap-
TodeNs ¢ UCTOMB30BAaHIUEM dHTOMOTIATOTeHHOTO Tpruda M. robertsii Bo3poc 10 92,0% (mpu 50,0% B
KOHTPOJIGHOM BapHaHTE) 32 CUET YBEJIMYEHMS BaJOBOTO ypOXkas M IOBBIIICHUS! KayecTBa TOBAPHOM
MPOJYKITUH. 3apaKeHHOCTh KITyOHEH HOBOTO ypoykasl pU30KTOHHO30M 3HAYHUTEIILHO CHHU3HJIACH B Ba-
pHaHTe, BKJIIOYAIOIIEM MTPOBeCHNE 00PaOOTKH YHTOMOIIATOTEHHBIM IPUOOM: KOJIMYECTBO KITyOHEH co
CKJIEPOIMSMH YMEHBIIHUIIOCH B 2,8 pa3a Mo CpaBHEHHIO C KOHTPOJIEM, YTO B UTOTE MTPUBEIIO K ITOBBIIIIE-
HUIO YMCIIa 37I0POBBIX KIIyOHEH U CylIeCTBEHHOMY (B 2,5 pa3a) CHIKEHHIO CKJICPOLMAILHOTO HHICKCA.

KaroueBble cjioBa: SHTOMONATOTCHHBIN TPHO, BIEMEHThI CTPYKTYPBI YpOrKasi, pHU30KTOHHO3, TIPO-
JTYKTHBHOCTb, PEHTa0EIbHOCTD
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For the first time in Western Siberia (Novosibirsk region), two-year production trials of an expe-
rimental prototype of a drug based on the entomopathogenic fungus Metarhizium robertsii have been
conducted. Strain P-72 isolated from the dead larvae of Colorado potato beetle Leptinotarsa decemli-
neata Say from the collection of microorganisms of the Institute of Systematics and Ecology of Ani-
mals of the Siberian Branch of the Russian Academy of Sciences was used in this work. Species iden-
tification of the fungus was performed based on sequencing of the elongation factor gene region EF1a.
The ability of the preparation to significantly increase the parameters of potato yield structure elements
throughout the whole vegetation period was shown. A reliable increase in the number of surviving
sprouts by 1.4 times, the number of stems and tubers by 1.5 times was found. The growth-stimulating
effect of using the preparation based on entomopathogenic fungus was manifested in the increase of
plant weight by the flowering phase. The average yield increase for two years amounted to 36.0% in
the variant with application of M. robertsii significantly exceeding the productivity of potatoes in the
control. The level of profitability of potato production with the use of entomopathogenic fungus M. ro-
bertsii increased to 92.0% (with 50.0% in the control) due to the increase in gross yield and improved
quality of marketable products. Infestation of new harvest tubers with rhizoctoniose significantly de-
creased in the variant including treatment with entomopathogenic fungus: the number of tubers with
sclerotia decreased 2.8 times compared to the control, which eventually led to an increase in the number
of healthy tubers and a significant (2.5 times) decrease in the sclerotial index.
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INTRODUCTION

The Novosibirsk region ranks fifth in the Si-
berian Federal District in terms of potato pro-
duction. Potatoes are grown in 13 agricultural

of self-sufficiency of the product amounting to
81.0%.

The future potato yield is formed during the
entire growing season, from germination to the

enterprises, 32 peasant farms and private entre-
preneurs' farms in the region. In 2021, farms of
all categories produced 292,000 tons of potatoes
at a yield of 21.3 — 25.6 tons / ha, with the level

formation of new crop tubers and harvesting.
The main elements that make up the yield are as
follows: number of plants (or density of produc-
tive plants) per unit area at harvest, number of
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tubers per bush, tuber weight'. The most import-
ant limiting factors for potatoes in any region of
cultivation are diseases and pests that can com-
pletely destroy plantings during the growing
season.

Rhizoctoniose has a stable negative impact
on the formation of the elements of potato yield
structure throughout the whole vegetation peri-
od among the complex of pests. The data of our
long-term studies show that the seed material in
the farms of the region is always infected with
rhizoctoniose pathogen, and the share of the tu-
bers infested with sclerotia of the pathogen is
very high and reaches 80.0% and more, which
many times exceeds the regulations.

In the period of the first element of the yield
structure formation, rhizoctoniose harmfulness
is manifested in sprouts damage, their complete
death, sprout dropouts against the background of
high degree of tuber infestation with the patho-
gen. During formation of the second element of
the yield structure (plant biomass and number
of stolons), rhizoctoniose leads to 10.0-13.2%
damage and 6.8-8.0% death of potato stolons
in the conditions of the region. Influence on the
third element of the yield structure (tuber weight
and quality) is manifested in yield reduction, de-
terioration of seed and marketable qualities of
the tubers. At the same time, the prevalence of
rhizoctoniose sclerotia averages 36.0—41.0%,
and the share of small fraction of the yield in-
creases [1].

The use of microorganisms colonizing the
rhizosphere and plant tissues (e.g. bacteria of the
genera Pseudomonas and Bacillus, arbuscular
mycorrhiza fungi and endophytic fungi, in par-
ticular Metarhizium and Baeuveria) has a high

potential as biological control agents against
phytopathogens, reducing disease incidence and
stimulating plant growth? [2, 3].

Entomopathogenic fungi used as endo-
phytes can positively influence plant growth.
Growth-stimulation mechanisms are multifacet-
ed, related to direct, indirect and ecological ef-
fects (occupation of ecological niche). The direct
effect of endophytes is caused by an increase in
nutrient uptake, transfer of additional nitrogen
from insects killed as a result of mycosis, ex-
ogenous production of gibberellins, as well as
antagonistic activity against many phytopatho-
genic fungi®. Indirect effects are associated with
stimulation of synthesis of endogenous phyto-
hormones and enzymes, changes in the root ar-
chitecture, induction of systemic resistance of
plants to stress factors [4-6].

Earlier we have shown that the effectiveness
of Metarhizium robertsii to reduce the infection
of rhizoctoniose was high at all stages of pota-
to ontogenesis and amounted to 52.0-84.0%. In
addition, in laboratory experiments it was found
that the fungus M. robertsii shows antagonistic
activity, inhibits the growth of aerial mycelium,
reduces the viability and size of sclerocysts of
Rhizoctonia solani formed on the tubers [7].

The purpose of the study was to evaluate the
effect of potato tuber treatment with the proto-
type preparation based on the conidia of M. rob-
ertsii on the formation of the yield structure ele-
ments under production conditions.

MATERIAL AND METHODS

The studies were conducted at the Institute of
Systematics and Ecology of Animals of Siberi-
an Branch of the Russian Academy of Sciences

'Chulkina V.A., Medvedchikov V.M., Toropova E.Yu., Stetsov G.Ya., Vorobyev V.I. Phytosanitary optimization of crop production

in Siberia: technical crops: textbook. Novosibirsk, 2001, Part 3, 196 p.; Shevchenko V.A., Raskutin O.A., Skorokhodova N.V., Kobzeva
T.P. Technology of crop production: textbook. M., 2004, 382 p.; Korshunov A.V. Potato breeding in Siberia and the Far East - worthy
attention // Scientific support of potato breeding in Siberia and the Far East: status, problems and promising directions: materials of
the international scientific conference (Kemerovo, July 13-14, 2006). Kemerovo, 2006, pp. 91-96.

2Lednev G.R., Levchenko M.V., Pavlyushin V.A. Modern approaches to the development and use of mycoinsecticides to reduce
the number of harmful arthropods // Collection of abstracts of the IV th All-Russian Congress on Plant Protection with international
participation "Phytosanitary technologies in ensuring the independence and competitiveness of the agroindustrial complex of Rus-
sia". St. Petersburg, 2019.

3Behie S.W., Zelisko PM., Bidochka M.J. Endophytic Insect-Parasitic Fungi Translocate Nitrogen Directly from Insects to Plants
// Science, 2012, N 336, pp. 1576—-1577; Behie S.W., Bidochka M.J. Ubiquity of Insect-Derived Nitrogen Transfer to Plants by Endo-
phytic Insect-Pathogenic Fungi: An Additional Branch of the Soil Nitrogen Cycle // Microbiology, 2014, N 80, pp. 1553-1560; Gao
FE-K., Dai C.-C., Liu X.-Z. Mechanisms of fungal endophytes in plant protection against pathogens // African Journal Microbiology
Research, 2010, N 4, pp. 1346-1351.
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(ISEA SB RAS) and Novosibirsk State Agrarian
University (NSAU). Production trials were con-
ducted in ZAO "Priobskoe", located in the No-
vosibirsk region, in 2021 and 2022. The objects
of research were potato variety Red Scarlet, a
strain of entomopathogenic fungus M. robertsii
(isolate P 72) and fungus R. solani causing rhi-
zoctoniose.

The strain of the entomopathogenic fungus M.
robertsii from the collection of microorganisms
of the ISEA SB RAS, isolated from the dead lar-
vae of the Colorado potato beetle Leptinotarsa
decemlineata Say on the territory of Latvia in
1972, was used in this work*. Species identifica-
tion of the fungus was carried out on the basis of
sequencing of the elongation factor gene region
EFla [8].

Production trials of the prototype preparation
based on the M. robertsii conidia were conduct-
ed in ZAO "Priobskoe", Novosibirsk region, at
the seed potato production site under the follow-
ing variants:

1) tuber treatment with water (control);

2) tuber treatment with fungus M. robertsii;

3) treatment of the tubers with Emesto Quan-
tum chemical preparation ("standard").

Potato tubers were treated with M. robertsii
conidia immediately before planting. Low-vol-
ume spraying in production containers was used.
Consumption of the experimental prototype of
the preparation with a titer of 5 - 10° conid-
ia/g was 0.6 kg/t, consumption of the working
suspension was 12 1/t. The control variant was
treated with water at the rate of 12 I/t. Treatment
with systemic insecto-fungicide Emesto Quan-
tum was carried out at the recommended dose
of 0.3 1/t with the working fluid consumption of
12 1/t. The area of each plot was 0.5 ha. Planting
was carried out on May 14th and 20th in the first

and second season, respectively, by mechanized
method using a Grimme GL 34K G potato planter
to a depth of 6-8 cm. The planting pattern was 75
x 20 cm. The ridges were milled with Grimme
GF 75-4 5 days after the planting to create a firm
loose ridge around the tuber.

Before laying the experiment, soil infestation
with R. solani fungus was analyzed by the meth-
od of multiple soil plates using selective medi-
um’. The level of soil infection was below the
threshold of harmfulness, however, a high level
of tuber infestation by rhizoctoniose was noted
(prevalence of manifestation forms was 78.0
and 83.0%, respectively, by years of the exper-
iments). Thus, the studies were conducted on a
high natural infectious background of rhizocto-
niose infestation of the seed material.

Potato rhizoctoniose infection was recorded
in two stages: 1st count — 5 weeks after planting,
sprouting phase; 2nd — 7 weeks after planting,
budding - flowering phase. 15 plants were an-
alyzed in fourfold repetition (i.e. 60 plants per
variant) according to Frank's method®.

For each plant, the disease progression index
(DPI) was calculated according to the general-
ly accepted formula by summing the products
of the number of stems (shoots) and the corre-
sponding scale score and then dividing by the
product of the sum of the number of stems and
the highest scale score, expressed as a percent-
age. On the same material the mass of plants was
determined, as well as the number of surviving
sprouts, the percentage of fallen and diseased
stolons from their total number.

Assessment of tuber infestation by rhizocto-
niose was carried out with determination of the
sclerotial index’ (yield from 25 plants in fourfold
repetition). During the harvesting period, tuber
weight, number, and fractional composition of
the tubers were evaluated for the variants of the

Serebrov V., Maljarchuk A., Shrernshis M. Spontaneous variability of Metarhizium anisopliae (Metsch.) Sor. strains as an ap-
proach for enhancement of insecticidal activity // Plant Science (Sofia), 2007, N 44, pp. 236-239.

SHenis Y., Ghaffar A.R., Baker R., Gillespie A. A new pellet soil-sample and its use for the study of population dynamics of
Rhizoctonia solani // Phytopathology, 1978, N 19, pp. 1269-1273; Ko W., Hora FK. A selective medium for the quantitative deter-
mination of the Rhizoctonia solani in soil // Phytopathology, 1971, N 61, pp. 707-710.

®Frank JA., Leach S.S., Webb R.A. Evaluation of potato clone reaction to Rhizoctonia solani // Plant Diseases Rep., 1976, N 60

(11), pp. 910-912.

"Shaldyaeva E.M., Pilipova Yu.V. Potato rhizoctoniose: sclerotial index // Plant Protection and Quarantine, 1999, N 5, pp. 16-17.

3amuTa pacTeHui

CHOUPCKHUI BECTHHK CEITbCKOXO3STHCTBEHHOM HayKH * 2024 « 54 « 4 63



Potato productivity on the background of the entomopathogenic
fungus Metarhizium robertsii application in production trials

Shaldyaeva E.M., Pilipova Yu.V., Tomilova O.G., Tyurin M.V,
Schmidt N.V., Vasilenko N.V., Glupov V.V.

experiment (harvest from 25 plants in fourfold
repetition).

The data were analyzed using Statistica 8*
program. Data from the field experiments were
analyzed using one-factor analysis of variance
(ANOVA) followed by pairwise comparison us-
ing the Fisher test. The correlation between the
indicators of pathological process intensity and
parameters of yield structure elements was de-
termined by Pearson correlation coefficient.

RESULTS AND DISCUSSION

Pre-planting treatment of potato tubers with
the prototype preparation based on M. robertsii
conidia significantly influenced the formation
of the yield structure elements during the whole
vegetation period.

A reliable difference between the variant,
which assumed treatment with M. robertsii, and
the control in the number of surviving shoots,
number of stems, stolons and tubers by years

of research was established (see Table 1). Thus,
at the sprouting phase, the number of surviving
shoots (plant lesions — 0 —4 points) significant-
ly increased in the variant with tuber treatment
with M. robertsii fungus (p = 0.035 in 2021 and
p = 0.038 in 2022), which further led to an in-
crease in the parameters of other elements of
the yield structure. According to the results of
the studies, the number of stems increased 1.3
times, stolons — 1.2 — 1.7 times, tubers — 1.4 —1.6
times in comparison with the control after ap-
plication of the fungus. In addition, the study of
growth-stimulating effect showed an increase in
plant weight in the variant with M. robertsii in
the flowering phase (2nd count) (see Table 1).
Significant increase in the indicators of the
yield structure elements led to an increase in
potato yield (see Table 2). A reliable increase
in biological and gross yield in the variant with
M. robertsii in the years of production trials was
established (p <0.00021). The average yield in-

Ta6a. 1. Biusaue M. robertsii Ha GopMUpOBaHHUE AIEMEHTOB CTPYKTYPBI YpOXKast
Table 1. Influence of M. robertsii on the formation of crop structure elements

Option
Indicator Control M. robertsii Chemical preparation
2021
il;rirslgzior(:)f survived sprouts, pcs./bush (Ist 2,35+ 0,05 3.115 40,2620 2,635+ 0,125°
Weight of one plant, g (2nd registration) 132,80 +9,18 145,23 £21,47* 116,75 + 16,85°
Number of stems, pcs./bush (2nd registration) 2,52 +0,112 3,254+ 0,20° 2,53 +0,19°
Number of stolons, pcs./bush (2nd registration) 5,28 £0,51¢ 6,33 £ 1,45° 4,38 +£0,48¢°
Number of tubers, pcs./bush (harvesting) 4,73 £ 0,40° 7,58 +£0,80° 5,25 £0,42°
Weight of one tuber, g (harvesting) 38,80 + 0,402 50,10 £ 5,422 48,00 + 3,45°
2022
izrilslzzior(l))f survived sprouts, pcs./bush (Ist 273 40,17 3,34+ 0,26° 2,624 0,17
Weight of one plant, g (2nd registration) 99,37 £ 8,392 138,65 +7,62° 109,80 += 15,91*
Number of stems, pcs./bush (2nd registration) 3,98 +0,23¢ 5,00 £0,158° 4,250+ 1,001
Number of stolons, pcs./bush (2nd registration) 6,70 £ 0,85% 11,60 + 0,47° 7,10 £1,79°
Number of tubers, pcs./bush (harvesting) 4,302 6,13 5,202
Weight of one tuber, g (harvesting) 50,50 + 3,20° 46,96 + 0,63° 44,50 £ 2,00?

Note. Here and in Table 2, different letters indicate significant differences between the variants (p <0,05).

SHammer O., Harper D.A.T.,, Ryan P.D. PAST: Paleontological Statistics Software Package for Education and Data Analysis //

Palaeontologia Electronica, 2001, N 4 (1), pp. 1-9.
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crease for two years amounted to 36.0% in the
variant with the application of entomopathogen-
ic fungus, significantly exceeding the productiv-
ity of potatoes in the control.

Infestation of new harvest tubers with rhi-
zoctoniose significantly decreased in the variant
with treatment with entomopathogenic fungus:
the number of tubers with sclerotia decreased by
2.8 times compared to the control, which even-
tually led to an increase in the number of healthy
tubers and a decrease in the sclerotial index by
2.5 times (p = 0.00047) (see Table 2).

The increase in the indicators of the yield
structure elements is primarily associated with
the protection of potatoes from rhizoctoniose
under the conditions of application of the M.
robertsii fungus. Production trials showed a
noticeable reduction in plant infestation, which
led to improvement of phytosanitary situation in

plantings and an increase in agrobiological indi-
cators (see the figure).

Both in the sprouting and flowering phases,
there was a significant decrease in the disease
development index on the stems after treatment
of tubers with M. robertsii compared to the con-
trol (»p =0.00024 and p = 0.00013 for the dates of
recordings, respectively), which contributed to a
reliable increase in the parameters of the second
element of the yield structure (plant biomass) in
the variant with M. robertsii.

Significant reduction in the number of dis-
eased and fallen stolons after treatment with
M. robertsii relative to the control or chemical
treatment provided a significant increase in such
indicators as the number of stolons (p < 0.043)
and the number of tubers per bush (p < 0.016)
(see Table 1).

Our correlation analysis indicates the pres-

Tao6a. 2. [IponykruBHOCTE KapTodens Ha ¢poHe npuMeHenus M. robertsii
Table 2. Potato productivity against the background of M. robertsii application

Option
Indicator
Control M. robertsii Chemical preparation
Gross yield, t/ha:
2021 18,82 + 0,85* 28,67 = 0,96° 21,10 £ 1,25°
2022 18,48 £ 0,87° 22,15+ 1,33 18,70 £ 0,82°
Yield increase (two-year average), % - 36,08 6,65
Sclerotial index (two-year average) 2,97 +0,19° 1,18 £ 0,93 2,35+0,37¢
a 6
3 601 15-
g T a
% T
— a ¢ a a
4] T = 10 a
g T E b
g b 2
2 20 g 5
2 b 2 b b b
2 g
2 a b
A NPl
0 ' ' 0- : . ==
Ist registration 2 nd registration Infested Fallen Infested Fallen
1st registration 2 nd registration
1 Control 1 M. robertsii [ Chemical preparation

Wunexc pa3sutus 0one3Hu (a) ¥ MOPAKEHHOCTH CTOJIOHOB (6) KapTo(els pU30KTOHHO30M B TIPOU3BO/I-

CTBCHHBIX JKCIICPUMCHTAX (cpe;[Hee 3a JIBa roz[a)

Paznuunbie OyKBBI yKa3bIBAIOT Ha CYLIECTBEHHBIE Pa3inyus Mexay Bapuantamu (p < 0,05).
The index of disease development (a) and the incidence of potato stolons (6) with rhizoctoniose in

production experiments (average over two years)

Different letters indicate significant differences between the variants (p < 0,05).
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ence of close dependence of yield structure ele-
ments on the intensity of pathological process of
rhizoctoniose in the experiment variants. Thus,
the decrease in the number of dead shoots in the
variant with M. robertsii was negatively cor-
related with the number of stems per bush (R =
-0.89; p = 0.0001), leading to an increase in this
element of the yield structure. In addition, the
number of healthy stems was positively correlat-
ed with the number of the formed stolons (R =
0.98; p <0.0001), differing markedly in the vari-
ant with entomopathogenic fungus. In turn, the
number of stolons was positively correlated with
the number and weight of the formed tubers (R =
0.62; p=10.032).

To obtain high yields of proper quality tubers,
it is important to use adaptive varieties, healthy
seed material and modern potato cultivation tech-
nologies. Researchers note that the formation of
the yield structure elements directly depends on
the phytosanitary condition of the tubers, and the
health improvement of planting material reduces
the prevalence of stem rhizoctoniose, increases
the field germination of potatoes, increases the
leaf area and, as a consequence, increases tuber
yield and seed productivity of potatoes [9]. Our
data indicate an increase in the parameters of the
yield structure elements against the background
of treatment of planting material with entomo-
pathogenic fungus.

The presence of the M. robertsii fungus in the
root zone of plants leads to its interaction with
host plants and has a positive effect on the plant
growth and nutrition, as well as on disease sup-
pression. Thus, researchers noted that inocula-
tion of potato with M. robertsii promotes active
development of the root system, changes in its
structure, increases nitrogen content and phos-
phorus bioavailability [2]. This is all the more
important since its availability in soils is often
limited, and its deficiency inhibits plant devel-
opment’.

However, the increase in the indicators of the

yield structure elements is primarily associated
with the activation of natural plant defense sys-
tems against phytopathogens and an increase in
their resistance to infectious diseases'”. It is es-
tablished that plants synthesize a number of an-
tioxidant enzymes, such as catalase, peroxidase,
involved in the neutralization of free radicals.
Metabolic processes are also associated with the
synthesis of phytohormones in the rhizosphere
of plants and induction of resistance to biotic
and abiotic stresses.

Colonization of the root system of the plants
by M. robertsii determines the efficiency of
bio-control in suppressing the pathogenic fungus
R. solani. We have shown a significant reduction
of potato rhizoctoniose infestation throughout
the whole vegetation period, which led to the
improvement of phytosanitary situation in the
plantings. In addition, in earlier studies we noted
that the beginning of colonization of plants by
M. robertsii was accompanied by a significant
increase in the activity of protective enzymes
(peroxidase and polyphenol oxidase) in leaves
and root tissues [10], which indicates a change
in the immune status of colonized plants and
correlates with the data of other authors' [11].

CONCLUSION

Thus, two-year production tests of the exper-
imental prototype preparation based on conidia
of the entomopathogenic fungus M. robertsii in-
dicate a significant increase in the parameters of
the elements of the potato yield structure: health
improvement and increased survival of sprouts
led to an increase in the weight of the stems by
1.4 times, the number of stolons and tubers — by
1.5 times. Low-volume spraying of the planting
material before planting provided an increase in
the number of the tubers healthy from rhizoc-
toniose and an increase in the yield in the con-
ditions of Western Siberia. The level of profit-
ability of potato production with the use of ento-
mopathogenic fungus M. robertsii increased up

'Feng K., Lu HM., Sheng H.J., Wang X.L., Mao J. Effect of organic ligands on biological availability of inorganic phosphorus in

soils / Pedosphere, 2004, vol. 14, pp. 85-92.

YBonas U., Lahaye T. Plant disease resistance triggered by pathogen-derived molecules: refined models of specific recognition //

Current opinion in microbiology, 2002, vol. 5, N 1, pp. 44-50.

"YHirano E., Koike M., Aiuchi D., Tani M. Pre-inoculation of cucumber roots with Verticillium lecanii (Lecanicillium muscarium)
induces resistance to powdery mildew // Research Bulletin of Obihiro University, 2008, N 29, pp. 82-94.
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to 92.0% (with 50.0% in the control) due to the
increase in gross yield by 36.0% and improve-
ment in the quality of marketable products.
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N3yuenne 3¢ppekTHBHOCTH NPUMEHEHUS TANIPUHA
NPU BLIPANIUBAHUM CTEPJISAN

Maxkcum E.A.!, C)¥0pun JI.A.%, Arapkosa H.B.2, CBuctyHoB A.A.%, Eaxknn MLA.23
'Kybanckuii eocyoapcmeennulii acpaphuiil ynusepcumem um. M. T. Tpyouruna

Kpacnonap, Poccus

?Kpacnooapckutl HayuHblil YeHmp no 300MexHuu U 6emepuHapuu

Kpacnonap, Poccus

Beepoccutickutl Hay4HO-UCCIe008amenbCKUll UHCIMUMYm pblOHO20 X035SUCMed U OKeaHozpagduu
Mocxksa, Poccus

C<De-mail: 4806144@mail.ru

B nporiecce skcnieprMenTa U3y4eHO BIMSHUE Ha MOKA3aTesy MPOAYKTUBHOCTH OCETPOBBIX PBIO HO-
BBIX KOPMOBBIX JOOABOK, CO3IJaHHBIX Ha OCHOBE ralprHa U TMPEICTaBIAIONINX co00i OnomMaccy MHaKTH-
BHPOBAHHOH KYJIBTYPHI KJIETOK HETAaTOTCHHBIX METAHOKUCIITIONTNX APOXOKeH i Oakrepuit. Mccnemo-
BaHuUs npoBoawM B KpacHomapckoM Kpae Ha CerojeTkax crepisad. JIMTeIbHOCTh OIbITa COCTaBHIIa
60 nueii. ComacHO cxeMe OmbITa, 1-s1 (KOHTPOJIbHAS) TPYIIIa PBIOBI MOTydalia MOJTHOPAMOHHbBIE KOM-
oukopma 0Oe3 100aBok, T.e. conepxkainue 100,0% poioHON Myku. [Ipu kopmienun 2-i rpymmsl 50,0%
pr16HOI Myku 3amenmn 50,0% ranpuna. B pannone 3-i rpymnmsl copepskanoch 25,0% peIOHON MyKH U
75,0% ranpunHa. B xopMme 15151 4-i rpymmbel ppIOHas MyKa 1 TalpiH HaXOAWIMCH B COOTHOIIEHNH 75/25%.
B 5-i1 rpynme npoBenH MOJTHOIIEHHYIO 3aMeHY PRIOHON MYKH Ha TallpHH, B TAHHOM CIIy4dac KOJUIECTBO
nobaBku cocrapisio 10,5 kr. CeroneTku CTepisiiy U3 6-i TpyIbl TOTyYaad KOMOUKOPM, B KOTOPOM
nonst rapnuHa cocrasisiia 10,0%. HayaneHas xuBast Macca BO Bcex rpymnmax Obuia onuHakoBas — 30 T.
BkJiroueHue ranpuna B palMoH 3a CUeT CHIKEHHUS 00beMa PIOHOM MYKH CIIOCOOCTBOBAIIO YBEITMUCHUIO
KOHEYHOM JKMBOM Macchl CTEPIIS/AN B ONBITHBIX Tpynmnax Ha 4,4-19,4% 1o cpaBHEHUIO C KOHTPOJIBEHBIM
BapuanToMm. Mckimouennem ctamu 5-1 u 6-51 rpymmsl, noxy4dasime 100,0 u 90,0% ranpuna BMecTo peIo-
Holi Myku. KoHeuHast skrBasi Macca B IaHHBIX TPYIIIax okazanach Hike Ha 2,3 u 0,9% cooTBETCTBEHHO.
3arparbl kKopMa Ha | KT IpUPOCTa KUBOM MACChI B TPYIITaX ¢ YACTUYHOW WITH TTOJTHOM 3aMEHOH PHIOHOM
MYKHU OBUTH HH)KE OTHOCUTENBHO 1-#1 rpymmsl (ot 7,0 1o 17,9%,). Britouenre B moIHOpanoHHbIE KOpMa
ranprHa CrocoOCTBOBANIO YBENMUYEHUIO IPHObLTH OT 553,00 o 1785,00 p.

KiroueBble cjioBa: ranpuH, CTepIsiib, KOPMJICHUE PO, JMHAMKKA POCTa, OMOXMMHUYECKHE TIOKa-
3areNy KPOBH, KUIIeYHasi MUKpoQIopa

Studying the efficiency of Gaprin application in sterlet farming

Maxim E.A.', X)Yurin D.A.2, Agarkova N.V.2, Svistunov A.A.%, Yozhkin M.A.>3
'Kuban State Agrarian University named after I.T. Trubilin

Krasnodar, Russia

’Krasnodar Research Centre for Animal Husbandry and Veterinary Medicine
Krasnodar, Russia

SRussian Federal Research Institute of Fisheries and Oceanography

Moscow, Russia
(XDe-mail: 4806144@mail.ru

In the course of the experiment, the influence of new feed additives created on the basis of Gaprin and
representing biomass of inactivated cell culture of non-pathogenic methane-oxidizing yeasts or bacteria on
sturgeon fish productivity indicators was studied. The research was carried out in the Krasnodar Territory
on sterlet fingerlings. The experiment lasted for 60 days. According to the scheme of the experiment, the
Ist (control) group of fish received complete feeds without additives, i.e. containing 100.0% fish meal. In
group 2 feeding, 50.0% fishmeal was replaced with 50.0% Gaprin. Group 3 diet contained 25.0% fishmeal
and 75.0% Gaprin. In the feed for group 4, fish meal and Gaprin were in the ratio of 75/25%. In Group 5, fish

300TEXHUS U BETEPUHAPHS CHOUPCKHUI BECTHHK CEITbCKOXO3STHCTBEHHOM HayKH * 2024 « 54 « 4 69



Studying the efficiency of Gaprin application
in sterlet farming

Maxim E.A., Yurin D.A., Agarkova N.V.,
Svistunov A.A., Yozhkin M.A.

meal was completely replaced by Gaprin, in this case the amount of additive was 10.5 kg. Sterlet fingerlings
from Group 6 received feed with 10.0% Gaprin. The initial live weight in all groups was similar at 30 g.
However, the inclusion of Gaprin in the diet by reducing the amount of fish meal contributed to an increase
in the final live weight of sterlets in the experimental groups by 4.4—19.4% compared to the control. The ex-
ceptions were groups 5 and 6, which received 100.0 and 90.0% Gaprin instead of fishmeal. Final live weight
in these groups was lower by 2.3 and 0.9%, respectively. Feed costs per 1 kg of live weight gain in the groups
with partial or complete replacement of fish meal were lower relative to the 1st group (from 7.0 to 17.9%,).
Inclusion of Gaprin in complete feeds contributed to the increase in profit from 553.00 to 1785.00 rubles.
Keywords: Gaprin, sterlet, fish feeding, growth dynamics, blood biochemical parameters, intesti-

nal microflora
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INTRODUCTION

In the current geopolitical situation, the pri-
ority importance for researchers and fish farm-
ers is the food security of our country, which
is implemented, among other things, due to the
stable supply of the fishery complex with Rus-
sian-made fodder. Development of new and sta-
ble production of already used fodder compo-
nents are strategic tasks of fodder production in
the Russian Federation [1-3].

It is necessary to solve the issue of quality
feed production in order to ensure full-fledged
feeding of fish. A particular problem facing stur-
geon feed producers is the shortage of quality
fish meal used in the production of feed for all
age groups of fish. Partial or, if possible, com-
plete replacement of fish meal in diets represents

a significant step in establishing the production
of balanced feeds for sturgeon, salmon, carps
and catfish family [4-7].

The choice of feed characteristics and proper-
ties is always based on the rearing technology. It
must be taken into account that the requirements
for fish farms that raise fish in closed water sys-
tems, pool farms, cages and ponds are different’
(8, 9].

Gaprin can be used as an alternative for qual-
itative partial replacement of fishmeal or as a
supplement to fishmeal that does not meet the
requirements within the framework of sturgeon
farming technology?*>.

At present, the most important thing is to de-
velop and introduce exactly those formulations
into fodder production, which by their compo-

Yurin D., Maxim E., Yurina N., Aniskina M., Gneush A., Brantova M., Kobleva E. Obtaining feed for herbivorous fish using the
aquaponic method // Fundamental and Applied Scientific Research in the Development of Agriculture in the Far East, Agricultural

Innovation Systems, Ussuriysk, 2022, vol. 2, pp. 160—169.

2Yaremenko A.V. Protein production from methane // Technological innovations and scientific discoveries: Proceedings of the VII
International Competition of Scientific Research Works, Ufa, 2021, pp. 11-14.

3Litvinenko P.A., Korentovich M.A. The use of biomass of methane-oxidizing bacteria (gaprin) in feeding sturgeon fish // Actual
issues of science and economy: new challenges and solutions: Proceedings of the LV Student Scientific and Practical Conference

Tyumen, 2021, pp. 619-625.
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sition will contribute to better assimilation of all
the components*>.

Taoa. 1. Cxema onbiTa
Table 1. Design of the experiment

The main objective of the study is to establish . . Feed
e eqe . Ratio of fish meal Additive
the possibility of partial or complete replacement Group to supplement in the | quantity, | YO
of fish meal with alternative feed protein (gap- diet, % kg ukmge’
rin) in the production of balanced sterlet feeds. gt (control) 100/ — , 30
Objectives: 2nd 50/50 5,25 30
1) determine the effect of the developed com-  3rd 25/75 7,87 30
pound feed formulations on sterlet survival rate;  4th 75/25 2,65 30
2) evaluate physiological and biochemical 5th — /100 10,50 30
parameters of sterlet when alternative feed pro-  6th 90/10 1,50 30
tein (gaprin) is used); Total 27,77 | 180

3) study the economic efficiency of gaprin
application in sterlet feeding.

MATERIAL AND METHODS

Taoa. 2. [MurarenbHOCTE MEKPOOHOIOTHIECKOTO

Oenka ranpuH

Table 2. Nutritional value of the microbiological

protein Gaprin

The study was conducted on the farm of IE Indicator | Value
Oleinik M..V. (Maikop, Republic ‘of Adygeya). Nutritional content, %
The experiment on sterlet fingerlings was car-  Mags fraction of crude protein 72,6+3.0
ried out in pools. Water supply in the pools was  Nass fraction of fat 9.6+ 1,0
provided from the pond, if necessary, water tem-  Mass fraction of ash 5-10
perature was reduced by adding water from the Mass fraction of moisture <8
well. The conditions of keeping corresponded  Ferrrum 380-700
to the technology of fish breeding at fish farms. ~ Copper 150-250
Duration of the experiment was 60 days. The 2 S , >0-90
number of fish with an initial weight of 29.9— o Amino acid profile, %
30.1 g — 150 pieces in each group. The scheme ~ASPartic acid , 6,36+ 0,88
. . . Glutamic acid + glutamine 6,84 + 0,94
of the experiment is presented in Table 1. Histd: 165061
In the course of the study, the 1st (control) Sls,n e 2’67i0’33
group received full feed with 100.0% of fish Aen_ne, 4’09ﬂ:0’89
meal in its composition. In the experimental retnine ’ ’
. .. Glycine 3,89 + 0,40
groups fish meal was replaced with gaprin in the .

. . Threonine 3,41 £0,37
following ratios: 2nd group - 50/50, 3rd - 25/75, Alanine 554 & 0.65
4th - 75/25, 5th - full replacement, 6th - 90/10. . ’ ’

.. L . . Tyrosine 2,29 +£0,73

Feed additive gaprin is a biomass of inac- Valine 410 £ 0.5
tivated cell culture of non-pathogenic meth- | . 271 4 043
ane-qx.idizing yeas.t or bacFeria..Indic.ators cha.r- Leucine + isoleucine 8:5 4+ 0290
acterizing t'he quality of microbiological protein Phenylalanine 3,02+ 0,43
are shown in Table 2. ‘ Lysine 3.89 + 0.40
The nutritive value of the OOO "Praktika"  \fethionine 1,80+ 0,24
feeds, used for the study, corresponded to the  Cystine + cysteine 0,44+ 0,11
generally accepted norms of feeding, and satis-  Triptophane 125+0,12

fied all the needs of fish of this species.
Fish parameters under study:

Note. Protein content in gaprin at least 75 — 76%.

*Momeni M.A. Gaprin - one of the points of contact between the interests of Iran and the Russian Federation // Neftegaz.RU,
2021, N1 (109), pp. 46-50.

3Zenkovich PA., Korentovich M.A., Litvinenko A.I. Analysis of profitability of growing young Siberian sturgeon on artificial
feeds enriched with microbial protein (gaprin) and hydrogenated fatty acids // Proceedings of the LVII Scientific and Practical Con-
ference of Students, Postgraduates and Young Scientists, Tyumen, 2023, pp. 45-51.
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1) intestinal microflora composition;

2) feed ratio;

3) fatness ratio;

4) basic blood parameters.

Disinfection measures were carried out prior
to planting the fish in the pools as a preventive
measure. The outer surface of the pools, which is
not in contact with water, was treated with lime.
Hydrochemical parameters of water in the pools
corresponded to the norm for fish farms.

RESULTS AND DISCUSSION

The highest final live weight was recorded
in group 3 — 127.1 g, which exceeds the index
of the control group by 19.4%. In the 2nd and
4th groups there was a tendency to increase live
weight by 6,4 and 4,4%, respectively, in relation
to the control (see Table 3). After 30 days, the
absolute body length of fish in the experimental
groups exceeded the control index by 1.1- 2.2
cm.

Fish survival rate for the whole period of
rearing was at the same level and amounted to
100.0%. The highest fatness factor was observed
in group 3 (3.60), the lowest (2.99) in group 5,
where fish meal was completely replaced with
gaprin.

In the experimental groups that received gap-
rin as part of complete feeds, the consumption of
mixed fodder per 1 head tended to decrease. Re-
duction of feed costs per 1 kg of gain amounted
to: in the 2nd group — by 8,0%, in the 3rd group

— by 10,6, in the 4th group — by 11,6, in the 5th
group — by 7,0, in the 6th group — by 17,9% rel-
ative to the control.

The inclusion of microbial protein in the
composition of complete feeds had no negative
effect on the intestinal microflora of the sterlet
fingerlings (see Table 4).

The content of total protein in the blood of
the control group was 21.9 g/1, in the experimen-
tal groups this indicator tended to decrease (see
Table 5).

The amount of urea in group 3 was signifi-
cantly lower than in group 1 by 23.11% (p <
0.05). In general, all blood parameters were
within normal values for this age group of fish,
indicating that there was no negative effect of
the feed additive used.

Gross gain differed by the groups: in group
2 it was more by 0.9 kg, in group 3 — by 3.1, in
group 4 — by 0.7 kg, and in groups 5 and 6 it was
less by 0.3 and 0.1 kg, respectively. In the exper-
imental groups it is possible to note a tendency
to reduce the cost price of 1 kg of live weight
gain relative to the control: by 10.4% — in the
2nd group, by 26.9 — in the 3rd group, by 12.6
— in the 4th group, by 3.5 — in the 5th group, by
4.6% — in the 6th group.

Table 6 shows the indicators of economic ef-
ficiency of gaprin application.

The additional profit, obtained by feeding
gaprin, amounted to: in the 2nd group — 1785,00
rubles, in the 3rd group — 4745,00, in the 4th

Taou. 3. OcHOBHBIE PHIOOBOTHO-OHOIOTHUYECKUE MTOKA3ATEIN CErOJICTOK CTEPIISI TN
Table 3. The main fish-biological indicators of sterlet fingerlings

. Group

Indicator Ist 2nd 3rd 4th 5th 6th
Average fish weight, g:
initial 30,10+ 0,03 (30,00 = 0,02 30,10 + 0,04 { 29,90 + 0,03 | 30,00 + 0,02 | 30,00 + 0,03
end 106,4+0,4 | 113,2+0,2 | 127,103 | 111,0+0,2 | 104,003 | 1054+ 0,4
% to the control 100,0 106,4 119.4 104,4 97,7 99,1
Body length after 30 days of
rearing, cm 149+0,1 | 151+02 | 152+0,1 | 151+0,1 | 152+02 | 152=+0,1
% to the control 100,0 101,1 102,2 101,1 101,7 101,7
Gross increment of one fish for
60 days, g 76,3 83,2 96,9 81,2 74,0 75,4
Average daily gain, g 1,3 1,4 1,6 1,4 1,2 1,3
% to the control 100,0 109,0 127,0 106,4 97,0 98.8
Survival rate, % 100,0 100,0 100,0 100,0 100,0 100,0
Coefficient of fatness 3,22 3,31 3,60 3,25 2,99 3,03
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Taoa. 4. CocraB KHIIEYHOH MUKPOQIIOPBI CETONETOK CTEPIISAN

Table 4. Composition of the intestinal microflora of sterlet fingerlings

. Group
Indicator
Ist 2nd 3rd 4th Sth 6th
Escherichia coli 6,0 - 107 3,0-10° 3,0-10° 3,0-10 5,0-10° 4,0 - 107
Hay bacillus 2,2-10° 2,5-10* 2,0-10* 1,8-10* 3,8-10° 3,8-10*
Staphylococcus 1,0 - 10¢ 1,0 - 10* 1,0-10° 1,0-10° 1,0-10° 1,0-10°
Enterococcus 5,0 - 10! 4,0 - 10! 1,0 - 10! 3,0-10! 3,0- 10! 3,0- 10!
Taba. 5. buoxumudeckne mokazareau KpoBu crepisiau (M £ m; n=5)
Table 5. Biochemical parameters of sterlet blood (M £ m; n =15)
. Group
Indicator Ist 2nd 3rd 4th 5th 6th
Total protein, g/l 21,90 + 0,87 | 14,40 +0,74* | 13,50 + 0,63** | 14,70+ 1,32 | 14,70+ 1,32 | 14,70 + 1,32
Urea, mmol/ | 3,72+£0,25 | 3,62+021 | 2,86+0,16% | 3,12+£0,42 | 3,12+£0,42 | 3,12+0,42
Glucose, mmol/ 1 2,95+0,13 2,99 +0,18 3,41 £0,39 3,38 £ 0,40 3,38 0,40 3,38 £ 0,40
ASAT, U/1 2168 +£21,6 | 252,0+ 14,6 | 3572+31.4 | 317,6+228 | 317,6 228 | 317,6 22,8
ALAT, U/1 203,2+ 16,9 | 231,2+21,6 | 157,0+34,0 | 236,6 +28,6 | 236,6 + 28,6 | 236,6 = 28,6
Cholesterol, mmol/1 | 2,66 0,15 | 2,68+023 | 1,65+0,11%* | 2,81+0,12% | 2,8140,12% | 2,81 +0,12%
Total bilirubin, pmol/1 | 7,80+0,10 | 7,90+0,11 | 8,10+034 | 8,08+028 | 8,08+028 | 8,08+028

Note. Differences are significant at * p < 0.05; ** p <0.01 relative to the control.

Taoda. 6. DxoHomudeckas 3pHEeKTUBHOCTh MPUMEHEHUS TalpUHA JIJIsl YACTUYHOW 3aMEHbI PHIOHOM MYKH

B pallMOHax KOPMJICHHUA CTEPIAAN

Table 6. Indicators of economic efficiency of the use of Gaprin for partial replacement of fishmeal in

sterlet diets

Indicator Group

Ist 2nd 3rd 4th Sth 6th
Gross increment by group, kg 11,4 12,5 14,5 12,1 11,1 11,3
Feed intake per group, kg 20,6 19.4 15,9 15,8 16,6 17,0
Gaprin cost, rubles/kg - 32,5 16,3 48,7 58,5 5,85
Cost of mixed fodder consumed, rubles 3296,0 3104,0 25440 2528,0 2656,0 2720,0
Electricity costs, rubles 2200,0 2200,0 2200,0 2200,0 2200,0 2200,0
Salary, rubles 3500,0 3500,0 3500,0 3500,0 3500,0 3500,0
Other expenses, rubles 1700,0 1700,0 1700,0 1700,0 1700,0 1700,0
Production costs — total, rubles 10 696,0 | 10504,0 | 99440 9928,0 | 10056,0 | 10120,0
Cost of gross output, rubles 13 680,0 | 15000,0 | 17400,0 | 14 520,0 | 13 320,0 | 13 560,0
Cost price of 1 kg of weight gain, rubles 938,2 840,3 685,8 820,0 905,9 895,0
% to the control 100,0 89,6 73,1 87,4 96,5 95,4
Profit, rubles 2711,0 4496,0 7456,0 4592.,0 3264,0 3440,0
Additional revenue, rubles - +1785,0 | +4745,0 | +1881,0 | +553,0 | +729,0
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group — 1881,00, in the 5th group — 553,00, in
the 6th group — 729,00 rubles. Thus, the inclu-
sion of gaprin in complete feeds can increase the
profitability of production.

CONCLUSIONS

1. The use of gaprin in sterlet feeding for 60
days resulted in a fish survival rate of 100.0% in
all groups.

2. Blood parameters were within the normal
range for this age group of fish; however, protein
was significantly elevated in the control group,
reflecting immune status and indicating a high
load on the endocrine system.

3. Intestinal microflora values were normal.

4. The final weight of fish exceeded the con-
trol by 4.4-19.4%.

5. There was a decrease in feed costs per 1
kg of gain by 7.0-17.9% in the experimental
groups. The highest average daily gain was char-
acterized by the fish in group 3 - 1.6 g.

6. Gross gain differed by the groups: in the
2nd it was more than in the control by 0.9 kg, in
the 3rd — by 3.1, in the 4th — by 0.7 kg, and in the
5th and 6th — less by 0.3 and 0.1 kg.

7. The cost of 1 kg of fish weight gain in
group 2 decreased by 10.4%, in group 3 — by
26.9, in group 4 — by 12.6, in group 5 — by 3.5,
in group 6 — by 4.6%.

8. Profit in group 2 increased by 1785.00
rubles, in group 3 by 4745.00, in group 4 by
1881.00, in group 5 by 553.00 and in group 6 by
729.00 rubles.

9. Based on the results obtained, in order to
reduce feed costs, increase weight, safety and
profitability of sturgeon fish farming, we recom-
mend replacing up to 25.0% of the weight of fish
meal in sterlet diets with gaprin.
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Xapakrepuctuka osell IIpunoysipbs mo MUKpocCaTeJJINTaAM
U PenpOAYKTHBHBIM CIIOCOOHOCTAM

C<)MatwwokoB B.C., ’Kapukos 51.A., KaneBa JL.A.

Hucmumym acpobuomexnonozuti um. A.B. JKypasckoeo ®edepanvrozo ucciedoeamenbckozo yenmpa
Komu nayunwiii yenmp Ypanovcxozo omoenenus Poccuiickoii akademuu Hayk

CroixThIBKap, Poccus

(<D e-mail: nipti38@mail.ru

AHanu3upoBany NOIMMOPHU3M MUKPOCATEIUIUTOB Y OBLIEMATOK, HOIYYEHHBIX OT BHYTPUIIOPOZ-
HBIX CHAapUBAaHUI MEYOPCKHUX MOJYTOHKOPYHHBIX OBEIl M MX MOMECEH OT CKpEeIIUBaHUs ¢ OapaHaMu
KyHOBIIIEBCKOH MOPOABL. [ eHOTUITpOBaHUE TTOTOIOBBS M0 STR-T0KycaM MPOBEIU C UCTIONb30BaHU-
eMm Habopa pearenToB COrDIS Sheep, pekomMeH10BaHHOTO MeXayHapOIHBIM OOIIIECTBOM I'€HETUKU
*uBOTHBIX (International Society of Animal Genetics: ISAG). ¥V oBLeMaToK y4YuThIBaJIM BO3PacT
Hayajga pernporyKIHH, INIOAOBUTOCTh, MOIOYHOCTh, COXPAHHOCTh U MHTEHCUBHOCTh POCTA IIPUILIO-
J1a 10 TPEXMECAYHOTO Bo3pacTa. B rpymme nedopckux OBLEMATOK BBIBHIM 74 ajiens, KpoccOpen-
HeIX — 81. Haubosnee nonumopdHbiME B 00eHX TpyHmax okaszanuch JoKycsl INRAOOS n INRAO23,
Haumenee — ETHI152. Cpennsas no 12 STR-nokycaMm reHeTHdeckas TUCTAHLMS MEXITy IpylnraMu
coctrasmia 0,019 = 0,003. [euopckue oBipl (I1) U ux momecu ¢ GapaHamu KyHOBIIIICBCKOH MOPO-
nel (1/2 T + 1/2 K) noctoBepHO pa3nuyaiich M0 4acToTaM HEKOTOpHIX reHoB STR-nmokycoB. Tak,
amnens INRA023%2 8 rpymme oBuemarok 11 BecTpeuancs ¢ gactoroii 0,174 1 0TCYyTCTBOBAN B TPYIIIE
1/2 11+ 1/2 K, amnens INRA172"?% — coorBerctBerno 0,326 u 0,122. Cpenuue 3HaueHus Fis B 00enx
rpynmnax ObuTd OMU3KUMH K HymO. 110 OCHOBHBIM T€HETHUKO-TIOMY/SLMOHHBIM TapaMeTpaM TPYIIIbI
JOCTOBEPHO HE paznuyaiuch. OIHAKO HEKOTOPOE MPEMMYIIECTBO MEUYOPCKUX OBIIEMATOK IO CpPaB-
HEHHIO ¢ KpoccOpeanbiMu oBriaMu 1/2 IT + 1/2 K 1o cenekTHBHBIM NpU3HAKaM, O-BUIAUMOMY, 00Y-
CJIOBIICHO 0OJiee BHICOKMM I€HETHYECKHUM BKJIAJIOM B MX HACJIEICTBEHHOCTh aDOPUTCHHOW CEBEPHOM
KOPOTKOXBOCTOH 0BIBI. [1o pe3ynbraram HcciaeqoBaHUsI MOYKHO MPEIIIONIOKHUTh, YTO BO3pACT Havyaja
PENPOAYKIMH OBLIEMATOK CBSI3aH C YPOBHEM UX I'€TEPO3UTOTHOCTH N0 STR-IOKycaM.

KroueBbie cj10Ba: OBLBI, MUKPOCATEIUIUTHL, TETEPO3UTOTHOCTE, BO3PACT, PEIIPOLYKIIHS

Characteristics of sheep in the Near Arctic region
by microsatellites and reproductive abilities

CX)Matyukov V.S., Zharikov Ya.A., Kaneva L.A.

A. V. Zhuravsky Institute of Agro-Biotechnologies of Komi Science Centre of the Ural Branch of the
Russian Academy of Sciences

Syktyvkar, Russia

(<De-mail: nipti38@mail.ru

The microsatellites polymorphism was analyzed in ewe lambs obtained from intra-breed mating of
the Pechora semifine-wool sheep and their littermates from crossing with the Kuibyshev rams. Geno-
typing of the population by STR loci was performed using the COrDIS Sheep reagent kit recommend-
ed by the International Society of Animal Genetics (ISAG). The age of the beginning of reproduction,
fertility, milk yield, safety and growth intensity of the litter up to three months of age were taken into
account in the ewe lambs. In the group of the Pechora sheep sows 74 alleles were detected, and 81
alleles were detected in the crossbred ones. INRA005 and INRA023 loci were the most polymorphic in
both groups, while ETH152 was the least polymorphic. The mean genetic distance between the groups
for the 12 STR loci was 0.019 + 0.003. Pechora sheep (P) and their litters with the Kuibyshev rams
(1/2 P+ 1/2 K) differed significantly in the frequencies of some STR loci genes. Thus, the INRA023%2
allele was found with a frequency of 0.174 in the group of P ewes and was absent in the 1/2 P+ 1/2 K
group, while the INRA172'% allele was found with a frequency of 0.326 and 0.122, respectively. The
mean Fis values in both groups were close to zero. The groups did not differ significantly in the main
genetic-population parameters. However, some advantage of the Pechora ewe sows in comparison
with the crossbred sheep 1/2 P+ 1/2 K on selective traits, apparently, is due to a higher genetic contri-
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bution to their heredity of the indigenous northern short-tailed sheep. According to the results of the
study, it can be assumed that the age of onset of reproduction of the ewe lambs is related to the level

of their heterozygosity for STR loci.

Keywords: sheep, microsatellites, heterozygosity, age, reproduction
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INTRODUCTION

Genetic markers are a convenient tool for
solving the most diverse problems of genetic
analysis. It is believed that ideal genetic markers
are "neutral" polymorphic hereditary systems in
which the replacement of alleles in the marker
locus does not affect the phenotypic manifes-
tation of the traits of selection significance [1].
Due to their high polymorphism and relatively
simple and cheap determination procedure, mi-
crosatellites are widely used as genetic markers
[2]. Polymorphism of microsatellites belongs
to neutral'. However, genes of marker loci can
be linked to structural or regulatory genes that
control biologically important animal traits [3].
Modern genome labeling methods make it pos-
sible to identify homozygous regions associat-
ed with "selection points" at the individual and
population levels [4, 5].

The use of STR markers in breeding implies,
at a minimum, the availability of information on
the linkage of the marker to genes controlling
the trait being selected®. In the absence of such

information, it is necessary to conduct explor-
atory studies to analyze the possible relationship
between genetic diversity at STR loci and/or oth-
er marker systems and genetic variability of se-
lectively important traits [6—9].

The purpose of the research is genetic-popu-
lation characterization of semi-fine fleece sheep
in the Romney Marsh type by STR-loci and their
reproductive abilities in the conditions of the
circumpolar region, as well as study of possible
interrelation of the level of heterozygosity on
STR-loci with the reproductive abilities of sheep.

MATERIAL AND METHODS

The object of the study was the livestock of
sheep of the peasant farm of L.A. Kaneva, lo-
cated in the Ust-Tsilemsky district of the Komi
Republic. The territory of the district belongs to
the Atlantic-Arctic climatic zone with the geo-
graphical coordinates 65°48'13" north latitude
and 51°32'4" east longitude®. Experimental an-
imals were obtained from inbreed mating of the
Pechora semi-fine wool-and-meat producing

'Khlestkina E.K. Molecular markers in genetic research and breeding // Vavilov Journal of Genetics and Breeding, 2013, vol. 17,

N 4/2, pp. 1044-1054.

2Obexer-Ruff G., Sattler U., Saitbekova N., Glowatzki M.—L., Gaillard C. Association studies using random and "candidate"
microsatellite loci in two infectious goat diseases // Genetics Selection Evolution, 2003, vol. 35, N 1, pp. 113-119. DOI: 10.1051/

£se:2003020.

3Brattsev A. Climate // Komi Republic: Encyclopedia. Syktyvkar: Komi Book Publishing House, 1997, vol. 1, pp. 25-26.
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sheep (P) and their crossing with the rams of the
related Kuibyshev breed (K). Control animals
were kept in groups in one room on low-concen-
trate diets typical for farms in the Far North. The
Pechora breed group is classified as an extinct
breed. The gene pool status of the Kuibyshev
breed is "critical" [10].

Genotypes of purebred animals were desig-
nated by capital initial letter of the breed name,
genotypes of littermates were designated by
fractions: numerator — blood and abbreviation
of the mother breed name, denominator - blood
and abbreviation of the father breed (P - pure-
bred ewes of the Pechora breed group; 1/2 P +
1/2 K - littermates of the first generation: ewes
of the Pechora breed group, ram of the Kuiby-
shev breed).

Primary information on the origin, age of
birth and first lambing, fertility and litter safety
was obtained from zootechnical records for the
period from 2010 to 2020. The study of micro-
satellite polymorphism was conducted in 2020-
2022. DNA was extracted from the tissues of
auricles cut off during animal labeling. Samples
were preserved with 96% rectified ethyl alcohol.
The analyses were performed commercially in
the laboratory of the OOO "Gordiz" (gordiz.ru)
using the COrDIS Sheep reagent kit recommend-
ed by the International Society of Animal Genet-
ics (ISAG) which allowed to analyze polymor-
phism at 12 loci: McM042, INRA006, McM527,
ETH152, CSRD247, QOarFCB20, INRAI72,
INRA063, MAF065, MAF214, INRA0OS,
INRA023 and a gender marker AMEL®.

Fecundity of the genotyped lambed ewes,
starting from the second lambing, was estimated
by the number of live lambs per lambing (Po).
Milkiness was calculated by litter gain for the
first 20 days of the suckling period®. For each
lambing, we determined litter survival rate by
the formula

Wp = Pw /Po,

where Wp is the number of lambs surviving to
weaning (three months of age) in fractions of
one unit, Pw is the surviving litter to weaning
(heads), and a complex indicator, designated as
the "reproduction rate" (RR), equal to the av-
erage number of lambs obtained from one ewe
per lambing to weaning (Pw) divided by the age
(years) of the first lambing of the ewe (Al): RR =
Pw/Al.

The results of sheep genotyping by STR loci
were processed using GenAlEx 6.5 program.
The following parameters were calculated for
the groups of ewe lambs: N — number of ani-
mals in the group, n — the number of recorded
lambings, Na — average number of alleles per lo-
cus, p; — frequencies of the i-th gene in the j-th
sample, Ne - the average effective number of al-
leles per locus, Ho — indicator of the average ob-
served (actual) heterozygosity, He — estimate of
the average expected heterozygosity per locus,
uHe — unbiased estimate of the average expect-
ed heterozygosity per locus, fixation index Fis
and genetic distance Fst according to the Wright
model.

The average heterozygosity at 12 STR-loci
was calculated for each ewe. Individual data on
all sheep ewes within individual breed groups
were ranked by heterozygosity, then for each
breed group the data sets were divided into three
subgroups depending on the level of heterozy-
gosity of sheep ewes: modal - MO, with hetero-
zygosity below modal (M-) and above (M+). For
each of them arithmetic averages for quantitative
traits - X and errors of averages +sX, differenc-
es between averages (A) in pairwise comparison
of groups and errors of differences (£sA) were
calculated. Statistical processing of the data was
performed in Microsoft Excel program.

4COrDIS Sheep. Reagent kit for multiplex analysis of 12 microsatellite markers and amelogenin locus of COrDIS Sheep. User's
manual. URL: https://gordiz.ru/wp-content/uploads/2021/05/instrukcziya-cordissheep-140521.pdf (accessed on 20.01.2022).

SGOST 25955-83 Agricultural breeding animals // Methods of determining the productivity of sheep. Moscow: Publishing House

of Standards, 1984, 8 p.

SPeakall R., Smouse P.E. GenAlEx 6.5: genetic analysis in Excel. Population genetic software for teaching and research-anupdate

// Bioinformatics, 2012, vol. 28, pp. 2537-2539.
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RESULTS AND DISCUSSION

The study of microsatellite polymorphism
in two samples of semifine-wool sheep of dif-
ferent breeds revealed 86 alleles. In terms of
allelic diversity, the more numerous crossbred
group 1/2 P + 1/2 K was richer than group P.
In group P 74 alleles were detected, 1/2 P +
1/2 K - 81. The most polymorphic loci in both
groups were INRAOOS5 and INRA023, and the
least polymorphic was ETH152. The follow-
ing alleles were found with high frequencies in
both groups McM04?%!, INRA006'°, McM527'%,
ETHI152'%, ETHI152", CSRD247°**’, OarF-
CB20’', INRA172%* INRA063'7, MAF065',
MAF214'°, INRA005'™, INRA023". The al-
leles INRA006'**, OarFCB20%, INRAI172'%

MAF065"%°, INRA02°"? occurred in the samples
with contrasting frequencies. Reliable differenc-
es were found in the frequencies of 9 alleles be-
tween the groups (see Table 1).

The maximum genetic distance according
to Wright (Fst) between groups P and 1/2 P +
1/2 K was established by the structure of locus
INRA023 — 0.051, high — by locus McM527 —
0.029. The total specific weight of the contribu-
tion of these two loci to the genetic differentia-
tion of the compared groups amounted to 38.6%.
The smallest genetic distances were found for the
structures of the loci ETH152 (0,009), INRA063
(0,009), INRAI172 (0,009), MAF065 (0,012).
The average genetic distance across the 12 STR
loci was 0.019 + 0.003 (see the figure).

Taoda. 1. XapakrepucTuka 3KCIEPUMEHTAIBHBIX TPYIII OBLEMATOK 10 YacTOTaM ajuienield STR-T0KyCcOB
Table 1. Characteristics of the experimental groups of ewes by allele frequencies STR-loci

I (n=23) 1211+ 12K (n=41) Difference
Locus Allele
X +5X- X +sX- A +s,
1 2 3 4 5 6 7 8

INRAO23 194 0,196 0,058 0,232 0,047 0,036 0,075
198 0,087 0,042 0,012 0,012 0,075 0,043

200 0,043 0,030 0,378 0,054 —0,335%** 0,061

202 0,000 0,000 0,024 0,017 0,024 0,017

204 0,152 0,053 0,073 0,029 0,079 0,060

206 0,239 0,063 0,146 0,039 0,093 0,074

208 0,000 0,000 0,049 0,024 —0,049 0,024

210 0,043 0,030 0,024 0,017 0,019 0,035

212 0,174 0,056 0,000 0,000 0,174* 0,056

216 0,022 0,022 0,000 0,000 0,022 0,022

218 0,043 0,030 0,000 0,000 0,043 0,030

220 0,000 0,000 0,061 0,026 —0,061 0,026

McM042 81 0,391 0,072 0,427 0,055 -0,036 0,090
87 0,109 0,046 0,256 0,048 —-0,147* 0,067

89 0,065 0,036 0,085 0,031 -0,020 0,048

93 0,043 0,030 0,000 0,000 0,043 0,030

95 0,022 0,022 0,098 0,033 0,076 0,039

99 0,152 0,053 0,061 0,026 0,091 0,059

103 0,217 0,061 0,073 0,029 0,144 0,067

INRA006 108 0,000 0,000 0,073 0,029 0,073 0,029
110 0,522 0,074 0,610 0,054 0,088 0,091

112 0,043 0,030 0,012 0,012 0,031 0,032

116 0,109 0,046 0,085 0,031 0,023 0,055

124 0,174 0,056 0,049 0,024 0,125 0,061

132 0,109 0,046 0,098 0,033 0,011 0,056

134 0,043 0,030 0,073 0,029 -0,030 0,042
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[Ipoxgonxenue tabiu. 1

1 2 3 4 5 6 7 8

McM527 164 0,413 0,073 0,268 0,049 0,145 0,088
166 0,130 0,050 0,207 0,045 0,077 0,067

168 0,196 0,058 0,232 0,047 ~0,036 0,075

170 0,087 0,042 0,195 0,044 ~0,108 0,060

172 0,043 0,030 0,000 0,000 0,043 0,030

174 0,000 0,000 0,012 0,012 ~0,012 0,012

176 0,130 0,050 0,085 0,031 0,045 0,058

ETHI52 186 0,326 0,069 0,390 0,054 ~0,064 0,088
188 0,239 0,063 0,110 0,035 0,129 0,072

190 0,109 0,046 0,110 0,035 ~0,001 0,057

192 0,326 0,069 0,390 0,054 ~0,064 0,088

CSRD247 213 0,348 0,070 0,232 0,047 0,116 0,084
223 0,043 0,030 0,037 0,021 0,007 0,037

227 0,304 0,068 0,415 0,054 0,110 0,087

229 0,109 0,046 0,098 0,033 0,011 0,056

231 0,065 0,036 0,085 0,031 -0,020 0,048

233 0,043 0,030 0,049 0,024 ~0,005 0,038

237 0,087 0,042 0,085 0,031 0,002 0,052

OarFCB20 87 0,000 0,000 0,049 0,024 0,049 0,024
89 0,109 0,046 0,085 0,031 0,023 0,055

91 0,435 0,073 0,354 0,053 0,081 0,090

93 0,022 0,022 0,195 0,044 —0,173%* 0,049

95 0,065 0,036 0,049 0,024 0,016 0,043

99 0,022 0,022 0,024 0,017 ~0,003 0,027

101 0,043 0,030 0,098 0,033 ~0,054 0,044

105 0,304 0,068 0,146 0,039 0,158 0,078

INRA172 126 0,326 0,069 0,122 0,036 0,204* 0,078
154 0,370 0,071 0,463 0,055 -0,094 0,090

158 0,109 0,046 0,061 0,026 0,048 0,053

160 0,065 0,036 0,146 0,039 ~0,081 0,053

162 0,130 0,050 0,049 0,024 0,082 0,055

164 0,000 0,000 0,146 0,039 0,146%* 0,039

170 0,000 0,000 0,012 0,012 0,012 0,012

INRAOG3 169 0,283 0,066 0,341 0,052 -0,059 0,085
175 0,304 0,068 0,183 0,043 0,121 0,080

177 0,152 0,053 0,134 0,038 0,018 0,065

183 0,196 0,058 0,183 0,043 0,013 0,072

197 0,043 0,030 0,146 0,039 0,103 0,049

201 0,022 0,022 0,012 0,012 0,010 0,025

MAF065 125 0,109 0,046 0,134 0,038 ~0,025 0,059
127 0,457 0,073 0,293 0,050 0,164 0,089

129 0,065 0,036 0,220 0,046 0,154 0,058

131 0,043 0,030 0,000 0,000 0,043 0,030

135 0,283 0,066 0,341 0,052 ~0,059 0,085

137 0,043 0,030 0,012 0,012 0,031 0,032

MAF214 183 0,043 0,030 0,098 0,033 ~0,054 0,044
187 0,000 0,000 0,073 0,029 -0,073 0,029

189 0,609 0,072 0,427 0,055 0,182 0,090

191 0,217 0,061 0,268 0,049 ~0,051 0,078

223 0,130 0,050 0,134 0,038 0,004 0,062
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End of the table 1

1 2 3 4 5 6 7 8
INRAOOS 127 0,087 0,042 0,085 0,031 0,002 0,052

129 0,000 0,000 0,037 0,021 -0,037 0,021
133 0,000 0,000 0,012 0,012 -0,012 0,012
135 0,043 0,030 0,159 0,040 —0,115% 0,050
137 0,000 0,000 0,012 0,012 -0,012 0,012
141 0,087 0,042 0,207 0,045 0,120 0,061
143 0,109 0,046 0,134 0,038 —-0,025 0,059
145 0,261 0,065 0,171 0,042 0,090 0,077
147 0,087 0,042 0,049 0,024 0,038 0,048
151 0,283 0,066 0,122 0,036 0,161* 0,076
153 0,043 0,030 0,012 0,012 0,031 0,032

Significance level:

*p < 0,05.

**p <0,01.

***p < 0,001.

The locus values of genetic distances were
within + 3¢ of the average for the 12 STR loci.
However, their distribution for a number of pa-
rameters poorly corresponded to normal. The
asymmetry was +1.98, the excess was +4.82, and
the coefficient of variation (C.V.) was 60.9%.

The experimental groups did not differ sig-
nificantly in average genetic and population pa-
rameters (see Table 2). By the number of alleles
per locus, group P was noticeably inferior to 1/2
P + 1/2 K, which is probably due to the smaller
sample size.

In both groups, unbiased estimates of expect-
ed heterozygosity were not significantly higher
than the corresponding unadjusted He estimates.
In group P, the Fis values for the MAF214 locus
reached the maximum value (0.460), were high
for the loci INRA063 (—0,252), ETH152 (-0,211)
and McM042 (0,140), the number of alleles on
these loci was respectively 4, 6, 4, 6. The min-
imum Fis values characterized the six-allel-
ic loci: MAF065 (-0,005), McM527 (—0,047)
and INRA006 (0,027); nine-allelic INRA023
(-0,038).

The interval of Fis locus values in group P
ranged from — 0.002 to 0.427. The mean Fis
values were close to zero (see Table 2). In the
group of ewes 1/2 P + 1/2 K the distribution of
Fis lokus values was more uniform, the inter-
val was much narrower: from — 0,116 to 0,193.
Comparison of the average genetic-population

indices for the two groups of sheep for none of
them allowed us to reject the null hypothesis that
the analyzed samples belong to the same general
population.

According to the traits characterizing the
adaptability of the animals, no reliable differ-
ences between the groups of sheep were found
(see Table 3).

In ewe lambs with different levels of hetero-
zygosity for STR-loci, low age of the beginning
of reproduction characterized the group MO,
high — M—. According to this feature, the dif-
ference between these two groups was reliable
at the significance level of p< 0.05. The differ-
ence between the M+ and MO groups was close
to reliable (p < 0.10). For other characteristics,
all differences were not statistically reliable (see
Table 4).

Earlier [11] it was suggested that the differ-
ence between P and 1/2 P + 1/2 K groups in
STR-locus structure is most likely due to the ge-
netic component introduced by the Kuibyshev
breed, since it was in the crossbred group 1/2
P + 1/2 K that alleles that were not found in P
were detected. In this connection, it should be
noted that the gene pools of the Pechora breed
group and the Kuibyshev breed are related. They
were formed by crossing of aboriginal coarse-
wool Russian sheep with English semifine-wool
sheep Romney Marsh: the first — by absorptive
crossing of the aboriginal northern short-tailed
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Taba. 2. XapakTepucTka rpyII OBIEMATOK Pa3HOM MOPOTHOCTH IO T€HETHKO-TIOMYISIIIMOHHBIM
rapaMeTpam, BEIYUCIEHHBIM 10 STR-1I0Kycam

Table 2. Characteristics of the groups of ewes of different age of breed according to genetic and
population parameters calculated from the alleles of polymorphic STR-loci

Group Locus Na Ne Ho He uHe Fis
1 2 3 4 5 6 7 8

INRAO23 9 6,151 0,870 0,837 0,856 —-0,038

McMO042 7 4,133 0,652 0,758 0,775 0,140

INRA006 6 3,032 0,652 0,670 0,685 0,027

McMS527 6 3,963 0,783 0,748 0,764 —0,047

ETHIS5?2 4 3,550 0,870 0,718 0,734 -0,211

P (n=23) CSRD247 7 4,149 0,826 0,759 0,776 —0,088
OarFCB20 7 3,327 0,783 0,699 0,715 -0,119

INRAI172 5 3,623 0,783 0,724 0,740 —0,081

INRA063 6 4,232 0,957 0,764 0,781 —0,252

MAF065 6 3,245 0,696 0,692 0,707 —0,005

MAF214 4 2,290 0,304 0,563 0,576 0,460

INRAOOS 8 5,371 0,870 0,814 0,832 —-0,069

Average (X) 6,3 3,922 0,754 0,729 0,745 —-0,024
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End of the table 2

1 | 2 3 4 5 6 7 8
Sampling error (& sX) 0,43 0,298 0,049 0,021 0,021 0,053
INRA023 9 4,332 0,854 0,769 0,779 -0,110
McM042 6 3,654 0,659 0,726 0,735 0,093
INRA00G 7 2,489 0,537 0,598 0,606 0,103
McM527 6 4,669 0,634 0,786 0,796 0,193
ETHI52 4 3,043 0,561 0,671 0,680 0,164
12P+12K CSRD247 7 3,946 0,805 0,747 0,756 -0,078
(n=41) OarFCB20 8 4,837 0,805 0,793 0,803 -0,015
INRA172 7 3,588 0,805 0,721 0,730 -0,116
INRA0G63 6 4,483 0,854 0,777 0,787 -0,099
MAF065 5 3,723 0,805 0,731 0,740 -0,100
MAF214 5 3,484 0,707 0,713 0,722 0,008
INRA0O5 11 7,063 0,927 0,858 0,869 -0,080
Average (X) 6,8 4,109 0,746 0,741 0,750 -0,003
Sampling error (+ sX) 0,55 0,332 0,036 0,019 0,019 0,033

Tada. 3. XapakTepucTrKa OBIIEMATOK Pa3HOU MOPOJHOCTH IO HEKOTOPHIM BOCIIPONU3BOAUTEIBHBIM MPH-

3HAKaM

Table 3. Characteristics of the ewes of different breeds according to some reproductive traits

Age Lambs for Survival. i Daily gain R
E . of first the first | Lamb crop, UIVIVaL, 01 n itk yield | of lambs up epro-
we group Statistics 1 . . fractions of duction
ambing, | lambing, heads it of ewes, kg | to 3 months rate
days heads aun of age, g
P Average (X) 669,5 1,14 1,05 0,929 21,5 183,7 0,595
(n=142) Standard error
(£s¥%) 17,9 0,05 0,06 0,036 1,3 11,4 0,038
1Pk |Average (X) 659.1 1,09 0,97 0,893 20,0 1562 | 0,572
(n="15) Standard error
(£s%) 16,7 0,03 0,05 0,035 0,9 8,5 0,031
Difference P— 1/2 P+ 1/2 K (A) 10,3 0,050 0,074 0,035 1,5 27,5 0,023
Error of difference (£s,) 24,5 0,064 0,075 0,050 1,5 14,2 0,049

coarse-wool sheep up to the third - fourth gener-
ations, the second — by crossing of the Cherkasy
long thin-tailed coarse-wool sheep up to the sec-
ond generation of Romney Marsh inclusive [10].
Consequently, the specific weight of the pre-
served genes of the northern native short-tailed
sheep adapted in the Arctic Circumpolar Region
and now extinct could not exceed 13% in the
heritability of P ewes. In crossbred group 1/2 P
+ 1/2 K it was 2 times lower. According to the
results of the study [11], absorptive crossbreed-
ing for the improving breed and selection ac-
cording to the target standards of semifine-wool
meat-wool breeds in the Romney-Marsh type
led (judging by the allelic structure of STR-lo-

ci) to the loss of the gene pool characteristic of
the short-tailed aboriginal sheep of the Pechora
semifine-wool sheep, which lived earlier in the
European Subarctic and the Arctic.

However, P and 1/2 P + 1/2 K differed sig-
nificantly in the frequencies of some STR-locus
genes, which were found in the Pechora sheep
group with high frequencies, and in the cross-
bred group 1/2 P+ 1/2 K - with low frequencies
and vice versa. Thus, according to the results of
the present study, the allele INRA023?'? in the
group of P ewes was found with a frequency of
0.174 and was absent in the group 1/2 P + 1/2
K, the allele INRA 172" respectively 0.326 and
0.122, etc. (see Table 1). In pairwise comparison
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Tabua. 4. XapakTepucTrka OBLEMATOK C pa3HbIM YPOBHEM I'€TE€PO3UIOTHOCTH 1O STR-JIOKycaM MO HEKO-
TOPBIM BOCIIPOU3BOIUTENBHBIM ITPU3HAKAM

Table 4. Characteristics of the ewes with different levels of heterozygosity for STR-loci for some
reproductive traits

. . Daily gain of
Ewe group and Age of first | Lambs for the Survival, in o Lamb repro-
number of lamb-| Average (¥) | lambing, | first lambing, Lar}?b d fractions of Milk yleLd of ;ambs tllllp tof duction rate/
ings (n) days heads crop, heads a unit ewes, ke n;(;r; gso year
M- X 693,2 1,09 0,94 0,864 20,4 157 0,532
n=33 +sX 21,7 0,05 0,07 0,059 1,6 14,1 0,055
MO X 628,2 1,10 1,00 0,922 21,5 173 0,605
n=>51 +5X 18,1 0,04 0,05 0,035 1,1 9,9 0,033
M+ X 686,0 1,15 1,06 0,924 19,2 165 0,591
n=33 +5X 25,3 0,06 0,07 0,044 1,2 14,0 0,042
Difference MO — M — (A) —65,0* 0,007 0,06 0,058 1,1 16 0,072
+ Error of difference (+s,) 28,2 0,066 0,089 0,069 1,9 16,8 0,064
Difference M0 —M + (A -57.8 —-0,053 —-0,06 —-0,003 2,3 8 0,014
+ Error of difference (+s,) 31,1 0,076 0,089 0,057 1,6 16,9 0,053
Difference M— — M + (A) 7,2 —-0,061 -0,12 -0,061 1,2 -8 —-0,059
+ Error of difference (+s,) 33,3 0,081 0,106 0,073 2,0 19,4 0,069

of groups P and 1/2 P + 1/2 K, the distribution
of locus-specific estimates of genetic distances
F’st could be considered normal with great diffi-
culty, indicating the presence of the factors dis-
turbing the random distribution of the estimates.
Excluding the data on the INRA023 locus with a
near abnormally high Fst value from processing,
the mean Fst value across 11 loci decreased from
0.019 £ 0.003 across 12 loci to 0.016 £+ 0.002,
C.V. — from 60.9 to 40.0%, kurtosis respective-
ly — from 4.82 to — 0.28, skewness — from 1.98 to
0.027, i.e., the distribution of the estimates (ex-
cept for the coefficient of variation) approached
the parameters of a normal distribution.

Thus, if we search for the consequences of
the pressure of microevolutionary factors on
neutral polymorphic systems, it seems neces-
sary, first of all, to pay attention to the loci for
which deviant population genetic estimates were
obtained. According to Hall [12], as a result of
numerous studies of genetic distances on mi-
crosatellites between different sheep breeds, Fst
values ranged from 0.06 — 0.10 of the median
class. In our study, the Fst value between groups

of fine-wool sheep close in genesis only for the
INRA(23 locus approached 0.06 (see the figure)
and the limit of the confidence interval for the
general population, and the average value for 12
STR-loci was 0.019 + 0.003, indicating a low ge-
netic difference between the compared groups.
The analysis of characterization of these groups
by some traits of animal adaptability, revealed
statistically unreliable, but biologically and eco-
nomically important advantage of group P over
1/2 P+ 1/2 K. The only exception was the age of
the beginning of reproduction.

The ecological environment of the circumpo-
lar region, where sheep lived, is characterized
by specific seasonal photoperiodism (polar day
and polar night), duration of pasture and stall
periods, temperature and humidity regime, bo-
tanical composition of fodder plants, etc. It dif-
fers from the central regions of Russia and from
South-Eastern England, where the improving
breed Romney Marsh originated from. This
gives reason to doubt the high adaptive value of
the gene pool of the Celtic sheep in the condi-
tions of the circumpolar region. On the contrary,
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according to oral testimonies of the indigenous
inhabitants of the northern regions of the Komi
Republic, the absorbed Romney Marsh aborig-
inal northern sheep had a number of valuable
adaptive qualities, the main of which were un-
pretentiousness, early age of sexual maturity,
prolificacy and polyestricity. Therefore, some
advantage in adaptability to the conditions of
the circumpolar area of the Pechora sheep ewes
in comparison with crossbred sheep 1/2 P + 1/2
K, apparently, is due to a higher contribution of
the indigenous northern short-tailed sheep to
their heredity. In this case, it is very likely that
rare alleles and alleles that occurred with low
frequencies in the indigenous northern sheep
in the course of absorptive crossing and genetic
drift, were lost. The deficiency of the qualities
that the extinct northern aboriginal short-tailed
sheep possessed is acutely felt in the currently
available initial breeding material for crossbred
breeding and selection of sheep in the ecological
conditions of the Arctic and Subarctic [11].

CONCLUSION

The analysis of microsatellite polymorphism
in ewe lambs obtained from inbreed mating of
the Pechora semifine-wool sheep in the Rom-
ney-Marsh type and their littermates from cross-
ing with the Kuibyshev breed rams showed that
in both groups the most polymorphic loci were
INRAOOS5 and INRA023, the least — ETH152. The
average genetic distance between the groups for
12 STR loci was 0.019 + 0.003. No significant
differences between the groups were found for
the main genetic-population parameters. The av-
erage Fis values for both groups of sheep ewes
were close to zero. However, the distribution of
Fis values in the group of sheep ewes 1/2 P+ 1/2
K was more uniform than in the P group.

Crossbreeding of ewe lambs P with rams of
the Kuibyshev breed did not lead to an increase
in the observed heterozygosity and improve-
ment of the reproductive abilities in the group of
crossbred ewe lambs.

The division of the experimental stock into
groups according to the level of heterozygos-
ity revealed an advantage in the rate of sexual
maturation and reproduction of modal class ewe

lambs over the M— and M+ groups. At the same
time, the increase of heterozygosity in the M+
group did not lead to a significant increase in
fertility and viability of the progeny or, on the
contrary, to a decrease in its viability due to the
destruction of coadapted gene complexes in the
process of gamete formation in the crossbred
parent [8].

Some difference in the traits of adaptability
and genetic-population characteristics by micro-
satellites of two groups of sheep similar by the
method of breeding and related by the paternal
breed [10], most likely, is due to the different
specific weight in their gene pools of the genes
of the now extinct northern aboriginal sheep
adapted in the circumpolar area.

The results of the study suggest that intrapop-
ulation heterozygosity indices determined by
STR loci may be correlated with the age of the
beginning of sheep reproduction.

In Ovis aries, the position of many selective-
ly significant and neutral STR loci on chromo-
somes is known. This information, as well as the
expansion of the breed composition and increase
in the number of the animals in the experimen-
tal samples, will be used in the future to obtain
more extensive estimates of marker associations
with selectively significant traits.

All applicable international, national and/or
institutional principles of animal care and use
have been observed.
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Biusinue HaHOYACTHL cepedpa M NMPenapaToB Pa3jiMnuHbIX
(papMakosoru4ecKux rpynn Ha 0aKTePUIIUIHY IO
aKTHUBHOCTB Staphylococcus aureus

CXDHedenona E.B.
Cubupckuii hedepanvhviil HayuHblll yeHmp azpoouomexronozuti Poccutickou akademuu HayK

HoBocubupckas o6macts, p.i. Kpacnoo6ck, Poccust
De-mail: filll555@mail.ru

bakrepun ¢ MHOKECTBEHHON JIEKAPCTBEHHOW YCTOWYUBOCTBIO CTAJIM OJJHOM U3 CaMBIX CEPBE3HBIX
yIpo3 Al CUCTEMBI 3/JpaBOOXpPAaHEHMs BO BCEM MHpe. 3J0ynoTpelieHrne aHTHOMOTHKaMHU CIoco0-
CTBOBAJIO BO3SHUKHOBEHUIO U TIepeade MEXaHU3MOB YCTOHUMBOCTH Cpean OaKTepuii, CTaBs 1oJ yrpo-
3y TepaneBTUYECKUI MOTCHINAI aHTHONOTHKOB. BeCKOHTPOJIBHOE IPUMEHEHNE aHTHOAKTEPUAJIbHBIX
CPEACTB NPUBOANUT K BO3HWKHOBEHHUIO PE3UCTCHTHOCTH, OOYCIIOBICHHOM MYTalUsIMH B XpOMOCO-
mHoi JIHK, a Taxxe moiaydyeHueM IUIa3MuA, HHTETPOHOB OT JAPYTHMX MHKPOOPIaHHU3MOB IIPU TOpPH-
30HTasIbHOM nepeHoce reHoB. B 2010 r. Ha crpansl BPUKC (bpasunuto, Poccuto, Muauto, Kurait n
HOxuyo Adpuky) npuxoamnock 76% moTpedieHusi aHTHOMOTUKOB, TIpH 3ToM WHIuUs noTpedsna
12,9 mapn en., Kutait — 10 mapa. [1o coctosauto Ha 2017 . HaIMYHe yCTOWYMBBIX K KapOarmeHeMam
Acetobacter baumannii n Enterobacteriaceae mpuBeo K TOMY, 4TO pacxojbl Ha 3ApaBOOXpPaHEHHE B
CLUA cocraBuim okoso 281 muH 1071. B cootBercTBHM ¢ oTueTamu LleHTpa o npouiiakTuke 1 KOH-
tpouto 3aboneBanuii (Centers for Disease Control and Prevention), ronsko B CLIA exerogno ¢uk-
CUpYETCsI OKOJIO 2,3 MJTH 3MIM30/10B 3a00JIeBaHU, CONPOBOKAAIOLIMXCS MHOKECTBEHHOH JIEKapCTBEH-
HOH YCTOWYHUBOCTHI0O MUKPOOPTAaHU3MOB 1 TpuBeAmuX K 25 000 meTaapHBIX HCXOA0B. B CBS3H ¢ 3TUM
MHPOBOE COOOLIECTBO YUCHBIX AKTUBU3UPOBAJIO U3yUEHHE COUCTAHHOTO IPUMEHEHNUS Pa3JInYHbIX aH-
THOAKTEpUAIBHBIX MPENapaToOB JIs AOCTHKEHUSI MaKCUMaJIbHON OakTepuuuaHon akTUBHOCTH. [1po-
BEJICHBI HCCIIEZIOBAHMS 110 ONIPEIENICHUIO CHHEPTUUecKoro 3(hekra rmpu MpuMeHEHNH KOMOMHAIMH T1pe-
NapaToB pa3MYHbIX (apMaKoIOTHYECKUX IPYII U HaHOYACTHIL cepeOpa. B Hamem uccienoBanuu 3a-
(hUKCUPOBAHO yBEIMYCHHE OaKTEPUIIUIHON aKTUBHOCTH B 53,87 pa3a (¢ 2,528 no 0,0098 Mkr/min) npu
COYETAaHHOM HCIIONIb30BaHUM HaHouacTul cepedpa u JIMCO B oTHOIIEHUH pedepeHTHOro mTaMma
Staphylococcus aureus ATCC 25953. Torma xak npu KyJIsTHBHPOBaHUH u3omsaTa St. aureus ¢ JJMCO
Y HAaHOYACTHUIIAMHU cepedpa YyBCTBUTENFHOCTH yBenmnumiachk B 128,2 pasa (c 5,056 mo 0,039 mxr/mm).

KiroueBble ci10Ba: HaHOUaCTHIIBI cepedpa, St. aureus, aHTHOMOTHKH, AaHTHOMOTUKOPE3UCTEHTHOCTb,
AgNPs, 6axrepu, EPCUCTEHTHOCTh

The effect of silver nanoparticles and preparations
of various pharmacological groups on the bactericidal activity
of Staphylococcus aureus

(D)Nefedova E.V.
Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences

Krasnoobsk, Novosibirsk region, Russia
C<De-mail: filllS55@mail.ru

Multidrug-resistant bacteria have become one of the most serious threats to public health worldwide.
The abuse of antibiotics has contributed to the emergence and transmission of resistance mechanisms
among bacteria, jeopardizing the therapeutic potential of antibiotics. Uncontrolled use of drugs leads to
the formation of antibiotic resistance due to mutations in chromosomal DNA, as well as the production
of plasmids, integrons from other bacteria during horizontal gene transfer. In 2010, the BRICS countries
(Brazil, Russia, India, China and South Africa) accounted for 76% of antibiotic consumption, with India
consuming 12.9 billion units and China — 10 billion units. As of 2017, carbapenem-resistant Acetobacter
baumannii and Enterobacteriaceae resulted in approximately US$ 281 million in healthcare costs in the
United States. According to numerous reports from the Center for Disease Control and Prevention, ap-
proximately 2.3 million episodes of multidrug-resistant microbial diseases resulting in 25,000 deaths are
recorded annually in the United States alone. In this regard, the world community of scientists has inten-
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sified the study of the combined use of various antibacterial drugs to achieve maximum bactericidal ac-
tivity. Studies have been conducted to determine the synergistic effect when using combinations of drugs
of various pharmacological groups and silver nanoparticles. A significant increase in bactericidal activity
by 53.87 times (from 2.528 to 0.0098 mcg/ml) was found with the combined use of AgNPs and DMSO
against the reference strain Staphylococcus aureus ATCC 25953. While the cultivation of St. aureus iso-
late with DMSO and silver nanoparticles revealed a sensitivity increase of 128.2 times (from 5.056 to

0.039 mcg/ml).

Keywords: silver nanoparticles, St. aureus, antibiotics, antibiotic resistance, AgNPs, bacteria, per-

sistence
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INTRODUCTION

In recent years, most antibacterial drugs have
become ineffective in the treatment of bacterial
infections [1-4]. Antibiotic resistance has be-
come a global problem in the treatment of in-
fectious diseases; the extensive use of antibiot-
ics has led to the development of resistance to
them in numerous human and animal bacterial
pathogens. Resistance of microorganisms to an-
tibacterial drugs can lead to a decrease in the ef-
fectiveness of therapies for bacterial diseases, as
well as to increased morbidity, mortality and, in
most cases, long-term bacterial carriage' [5, 6].

Resistance of a significant number of bacte-
ria to many drugs causes significant economic
losses in dairy farming. As a consequence, there
is a need to develop relevant, cost-effective and
efficient antibacterial drugs that can overcome
antimicrobial drug resistance [7].

The mutually reinforcing antibacterial effect
of the combined use of silver nanoparticles and
chitosan against methicillin-resistant Staphylo-
coccus aureus, Proteus mirabilis, Pseudomonas

aeruginosa and Acinetobacter baumannii has
been determined. Chitosan-mediated microbial
cell permeability has been found to enhance the
penetration of silver ions into the cell® [8].

The combined use of silver nanoparticles
and quartzetin showed that synergistic quartze-
tin enhanced the antimicrobial effects of silver
nanoparticles, showing significant bactericidal
activity against antibiotic resistant £. coli and S.
aureus® [9].

Innovations in the development of nanotech-
nology make it possible to obtain modern ma-
terials with significant antimicrobial properties
with low toxicological indicators. Recently,
both in medicine and veterinary medicine, silver
nanoparticles with high antibacterial and anti-
viral activity have been used in the therapy of
infectious diseases. It has been found that when
silver nanoparticles and antibacterial drugs are
used together, silver nanoparticles enhance these
properties. After exposure of silver nanoparti-
cles to bacteria, the latter show a significant in-
crease in antibiotic sensitivity to a wide range of
drugs [10-12]. In this regard, it is advisable to

"Yuan Y.G., Peng Q.L., Gurunathan S. Effects of silver nanoparticles on multiple drug-resistant strains of Staphylococcus aureus
and Pseudomonas aeruginosa from mastitis-infected goats: an alternative approach for antimicrobial therapy // International Journal

of Molecular Sciences, 2017, vol. 6, N. 18 (3), p. 569.

*Huang L., Dai T, Xuan Y. Synergistic combination of chitosan acetate with nanoparticle silver as a topical antimicrobial: effica-
cy against bacterial burn infections // Antimicrobial Agents and Chemotherapy, 2011, vol. 55 (7), pp. 3432-3438.

3Sun D., Zhang W., Mou Z. Transcriptome analysis reveals silver nanoparticle-decorated quercetin antibacterial molecular mech-
anism// ACS Applied Materials and Interfaces, 2017, vol. 9 (11), pp. 10047-10060.
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study the joint use of silver nanoparticles with
drugs of different pharmacological groups in or-
der to possibly increase their bactericidal activ-
ity [11-14].

The purpose of the work was to study the
bactericidal activity of the combinations of sil-
ver nanoparticles and preparations of different
pharmacological groups on St aureus strain
ATSS 25953 and St. aureus isolate extracted at
infectious pathology of cattle.

MATERIAL AND METHODS

To study the effect of silver nanoparticles,
the preparation Argovit (OOO SPC "Vector-Vi-
ta", Novosibirsk) containing AgNPs at a dose of
13 pg/mL was used. In addition, preparations of
different pharmacological groups were used:

1. Chitosan is an aminopolysaccharide ob-
tained from crustacean shells, which is a natural
source of lipophilic form of dietary fibers and
has analgesic, antimicrobial effect (OOO "Alina
Pharma", Russia).

2. Quartzetin is a natural biochemical sub-
stance of flavonoid group with antimicrobial, an-
tioxidant, wound healing effect (Shaanxi, China).

3. Arabinogalactose belongs to the class of
carbohydrates, polysaccharides, isolated from
the pith of larch wood, possesses antimicrobial
action (OOO "Level", Russia).

4. Septabik is a surfactant quaternary ammo-
nium compound with bactericidal, fungicidal ac-
tion (OOO "Abik Septa", Russia).

5. Lactic acid is a product of anaerobic me-
tabolism of glucose, which has antimicrobial,
fungicidal action (OOO "Dry Starch and Lactic
Acid", Russia).

6. Dimethyl sulfoxide (DMSO) is a medici-
nal product with anti-inflammatory, antimicrobi-
al, fibrinolytic action (AO "Tatkhimfarmprepa-
raty", Russia).

Determination of microorganisms’ sensitivi-
ty to antibacterial drugs and their combinations
was carried out by consecutive serial dilutions in
meat-peptone broth by introducing the reference

strain of St. aureus ATSS 25953 and St. aureus
isolate extracted from cattle into 0.2 ml of 1.5 -
10 CFU/ml and subsequent incubation for 24 h
at 36.5+0.5°C*+3,

RESULTS AND DISCUSSION

When culturing the reference strain of St. au-
reus ATCC 25953 with septabic and argovit, a
4-fold increase in antimicrobial properties was
revealed (see the table). The effective concen-
tration of septabic was 10.112 pug/ml, whereas
the effective concentration of septabic in com-
bination with argovit decreased to 2.528 pg/ml.
When the St. aureus isolate was cultured with
septabic and silver nanoparticles, a 2-fold in-
crease in sensitivity was observed (from 2.528
to 1.264 pg/ml).

The studies revealed a two-fold decrease in
the antibacterial activity of the combination of
lactic acid and argovit against both the isolate
and the reference strain of St. aureus ATCC
25953 (from 2.528 to 5.056 and from 5.056 to
10.112 pg/ml, respectively).

The study of bactericidal properties of arab-
inogalactose against the reference strain of
St. aureus ATCC 25953 and St. aureus isolate
showed that in combination with argovit the an-
tibacterial activity increased 5-fold (from 10.112
to 5.056 and from 2.528 to 10.112 pg/ml).

Antibacterial activity of DMSO to the refer-
ence strain of St. aureus ATCC 25953 was char-
acterized by a 53.87-fold increase in sensitivity
in the presence of argovit (from 2.528 to 0.0098
png/ml). At the same time, cultivation of St. au-
reus isolate with DMSO and silver nanoparti-
cles revealed a 128.2-fold increase in sensitivity
(from 5.056 to 0.039 pg/ml).

At cultivation of St. aureus isolate with
quartzetin the growth of antibacterial activity in
4 times (from 0.158 to 0.632 pg / ml) was noted.
Antibacterial activity of this preparation to the
reference strain of St. aureus ATCC 25953 was
characterized by a 4-fold increase in the pres-
ence of argovit (from 0.632 to 0.158 pg/ml).

‘MG 4.2.1890-04. Determination of sensitivity of microorganisms to antibacterial drugs: methodological guidelines. Moscow,

2004, 101 p.

SEUCAST. 2022. URL: https://www.cucast.org/fileadmin/src/media/PDFs/EUCAST _files/Breakpoint tables/v_12.0 Break-

point_Tables.pdf (accessed on 07.03.2023).
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AHTHOMOTHUKOYYBCTBUTENBHOCTH pedepeHTHoro mramma St. aureus ATCC 25953 u nzonsra St. aureus
K aproBUTY M MpenaparaM pa3IndHbIX (apMaKoIOrHYeCKUX rPyIIT

Antibiotic sensitivity of the reference strain of St. aureus ATCC 25953 and St. aureus isolate to drugs of various

pharmacological groups

Bactericidal concentration of antibacterial substances combinations, pg/ml
Antibacterial substance St. aureus ATCC 25953 St. aureus

Argovit Preparation Argovit Preparation
Argovit 0,0395 - 0,079 -
Chitosan 10% - 0 - 0
Chitosan 10% + argovit 0,632 2,528 1,264 5,056
Quarcetin 5% — 0 — 0
Quarcetin 5% + argovit 0,158 0,632 0,158 0,632
Arabinogalactose 10% - 0 - 0
Arabinogalactose 10% + argovit 0,632 5,056 1,264 10,112
Septabik — 10,112 — 2,528
Septabik + argovit 0,316 2,528 0,158 1,264
Lactic acid - 2,528 - 5,056
Lactic acid + argovit 0,632 5,056 1,264 10,112
DMSO — 2,528 — 5,056
DMSO + argovit 0,0197 0,0098 0,0049 0,039
CONCLUSIONS bial Resistance: Focus on Antibiotics // Antibi-

1. The results of the studies showed that the
combined use of silver nanoparticles and the
studied drugs produced various results depend-
ing on the genus and species of the microorgan-
ism. The reference strain of St. aureus ATCC
25953 was the most susceptible to such effects,
which, apparently, is associated with the absence
of previously active contact with the applied
preparations.

2. An increase in bactericidal activity by
53.87 times (from 2.528 to 0.0098 pg/ml) was
found with the combined use of silver nanopar-
ticles and DMSO against the reference strain of
St. aureus ATCC 25953. Whereas, when cultur-
ing the St. aureus isolate with DMSO and silver
nanoparticles, a 128.2-fold increase in sensitiv-
ity (from 5.056 to 0.039 png/ml) was recorded.
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IIpumenenune metonoB MAC B celeKIIUN NMIIIEHULbI
HA YCTOMYUBOCTH K CENTOPUO3Y

C<DXapuna A.B., Capunuesna JI.C.

Dedepanvublii acpapusiii Hayunoli yeump Cesepo-Bocmoka um. H.B. Pyonuykoeo
Kupos, Poccus
(<De-mail: Khavchas@yandex.ru

JlaHHbBIi 0030p MpelcTaBisIeT akTyalbHYI HH()OPMAIUIO 1O IeHaM YCTOHYMBOCTH MSTKON
nmeHunsl (Triticum aestivum L.) x centopuosy (STB), B0o3OyIuTEIIMH KOTOPOTO SIBIISTFOTCS
Zymoseptoria tritici, Parastagonospora nodorum, Mycosphaerella graminicola. OcHOBHOE
BHUMAaHHUE YAEIEHO T'€HETHYECKOMY KOHTPOJIIO YCTOWYHMBOCTH IIIEHUIBI K CENTOPHO3Y C TOYKH
3peHHs] KOJMYECTBEHHOTO M Ka4eCTBEHHOTO XapakTepa YCTOMYMBOCTH U €€ 3(PQPEKTUBHOCTH.
O0001IeHBI TOCTUTHYTHIE K HACTOSIIEMY BPEMEHH YCIEXd B WACHTH(HKAIMH TCHOB U JIOKYCOB
KOJIMYECTBEHHBIX TPU3HAKOB IIICHUIBI, CBA3aHHBIX C YCTOWYMBOCTBIO K Z. tritici u P. nodorum.
[IpencraBmena xapakTepucTHKa 15 TEHOB YCTOMYMBOCTH K CENTOPHO3Y M HaWOojiee dYacTo
NPUMEHSIEMBIX MOJICKYJSIPHBIX MapkepoB. llpuBeneHs! naHHble O copTax, oOnamaroummx Haubosee
s¢dexTuBHBIMU reHaMu ycToitunBoctd K STB: Bulgaria 88, Oasis, Sullivan, Veranopolis, Chinese
spring, Tadinia, Flame, Hereword, Curtot, Tonic, Kavkaz-K4500, Arina, Riband, Balance, Apach.
PexomeH0BaHbI MEPCIIEKTUBHBIC MapKePbl, B OCHOBHOM MHKPOCATEIUINTHI, MM TOBTOPBI MIPOCTOH
nocnefoBarenbHOCTH (SSR), Ans MCTIONB30BaHMS B CENEKIMHM Ha YCTOMYMBOCTH 1. aestivum L. x
cenropuosy. Ilpumenenne B kauecTBe MOJEKYJSIPHBIX MAapKEPOB T'€HOB YCTOMYMBOCTU KYJIBTYPHBIX
pacTeHni aMILTU(UIIMPOBAHHBIX TOIMMOP(HU3MOB UTHHEI (pparmerTa (AFLP) TeXHUYeCKH CIIOKHBIH
npouecc. [To Mepe OTKPBITHS U KapTUPOBAHHSI HOBBIX T€HOB YCTOHYMBOCTHU IOMOIHACTCSI HHPOPMALHS
0 BO3MOXHOCTH MTUPAMHUIUPOBaHuUs Sth TeHOB B celeKIMOHHOM Marepuane. CoueTaHne HECKOJIBKUX
T€HOB B TEHOME IMOBBIIIAET yCTOWYMBOCTH COPTA, TaK KaK aKTUBHOCTH FeHOB poTHB STB nposiBisieTcs
Ha pa3HbIX CTAJIUSAX Pa3BHTHUS pacTeHHH. [[puMeHeHre N3BECTHBIX TEHOB B MapKep-0I0CPEI0BaHHOM
CEJIEKLUH IIIEHUIBI U IIOUCK HOBBIX I'€HOB YCTOWYMBOCTH MO3BOJIST IIOIY4aTh CTA0MIIbHbIE YPOXKaK
[P MUHUMaJIbHOM HCIOJIb30BaHNH ITECTUIIHIOB.

KuaroueBsle ciioBa: niuenuna, Zymoseptoria tritici, Parastagonospora nodorum, Mycosphaerella
graminicola, cenTOpro3, TeHbl yCTOWYMBOCTH Sth, MOJIEKYISIPHBIE MapKephl

Application of MAC methods in wheat breeding
for resistance to Septoria blight

C<)Kharina A.V., Savintseva L.S.
Federal Agrarian Scientific Center of the North-East named after N.V. Rudnitsky

Kirov, Russia
(<De-mail: Khavchas@yandex.ru

The review presents up-to-date information on the genes of resistance of soft wheat (7riticum
aestivum L.) to Septoria blight (STB), the causative agents of which are Zymoseptoria tritici, Paras-
tagonospora nodorum, Mycosphaerella graminicola. The main attention is paid to the genetic control
of wheat resistance to septoria blight from the point of view of the quantitative and qualitative nature
of resistance and its effectiveness. The successes achieved so far in the identification of genes and loci
of quantitative wheat traits associated with resistance to Z. tritici and P. nodorum are summarized.
The characteristics of 15 genes of resistance to septoria blight and the most commonly used molecular
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markers are given. The data on the varieties with the most effective STB resistance genes are pre-
sented: Bulgaria 88, Oasis, Sullivan, Veranopolis, Chinese spring, Tadinia, Flame, Hereword, Curtot,
Tonic, Kavkaz-K4500, Arina, Riband, Balance, Apach. Promising markers, mainly microsatellites, or
simple sequence repeats (SSR), are recommended for use in breeding for 7. aestivum L. resistance to
septoria blight. It is technically difficult to use fragment length polymorphisms (AFLP) as molecular
markers of resistance genes of cultivated plants. As new resistance genes are discovered and mapped,
information about the possibility of pyramiding Stb genes in the breeding material is being updated.
The combination of several genes in the genome increases the stability of the variety, since the activity
of the genes against STB is manifested at different stages of plant development. The use of known
genes in marker-mediated wheat selection and the search for new resistance genes will allow to obtain
stable yields with minimal use of pesticides.

Keywords: wheat, Zymoseptoria tritici, Parastagonospora nodorum, Mycosphaerella graminico-
la, Septoria blight, Stb resistance genes, molecular markers
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Soft wheat is one of the most important food
and feed crops in the world. Yields and economic
benefits in cereal production are largely depen-

regions of the world" ?. This disease is wide-
spread in wheat growing areas. Septoriose can
lead to a yield reduction of up to 10-15%, with
weather conditions favorable for the pathogen,
losses can reach 50%? [1]. Factors that provoke
the development of the disease are high humidi-

dent on diseases that reduce yields. Septoria tri-
tici blotch (STB) of soft wheat is caused by fungi

Zymoseptoria tritici and Parastagonospora no-
dorum, anamorph Mycosphaerella graminicola,
belonging to the class Ascomycetes. Currently,
STB is the main foliar disease of wheat in many

ty and cool weather*.

The traditional way to control STB is to use
fungicides, which is not always efficient, cost-ef-
fective and environmentally friendly.

'Cowger C., Hoffer M.E., Mundt C.C. Specific adaptation by Mycosphaerella graminicola to a resistant wheat cultivar // Plant

pathology, 2000, vol. 49, N 4, pp. 445-451.

*Hardwick N.V., Jones D.R., Slough J.E. Factors affecting diseases of winter wheat in England and Wales, 1989-1998 // Plant

Pathology, 2001, vol. 50, N 4, pp. 453-462.

3Eyal Z. The Septoria tritici and Stagonospora nodorum blotch diseases of wheat // European journal of plant pathology, 1999,

vol. 105, N 7, pp. 629-641.

“Shaw M.W., Royle D.J. Factors determining the severity of epidemics of Mycosphaerella graminicola (Septoria tritici) on winter
wheat in the UK // Plant Pathology, 1993, vol. 42, N 6, pp. 882—899.
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Breeding varieties resistant to this disease pro-
vides a reliable and economical way to control
STB, but until recently, breeders had to rely on
unknown genes to select resistant varieties [2].

Qualitative resistance is usually controlled by
a single gene, providing almost complete resis-
tance and specificity for pathogen isolates with
the corresponding avirulence gene [3]. As a rule,
quantitative resistance to STB is controlled by
multiple genes providing partial resistance and
may be specific or nonspecific for different iso-
lates® [4].

Creation and industrial use of wheat varieties
resistant to septoriose is the most expedient for
obtaining stable yields of the crop. The genes of
wheat resistance to STB are not always effective
against different strains, as sexual reproduction
results in recombination of genetic material, and
more virulent resistant forms are formed [5-7].
Currently, more than 18 STB resistance genes
used in breeding have been identified and char-
acterized [8]. But not all known genes provide
protective functions of the plant against different
strains of M. graminicola. To create the varieties
that retain resistance to STB for a long time, it
is necessary to combine several most effective
genes in breeding material (pyramiding).

Randomly amplified polymorphic DNA frag-
ments (RAPD)®, restriction fragment length
polymorphisms (RFLP)’, microsatellites, or sim-
ple sequence repeats (SSR)3, amplified fragment
length polymorphisms (AFLP)°, monomorphic
DNA markers (STS, EST) are used as molecular
markers of resistance genes in cultivated plants

[9].

One of the first identified genes for septoriose
resistance was the Stb/ gene identified in winter
wheat variety Bulgaria 88. Later this gene was
used in the development of the varieties Oasis
and Sullivan'®". Stb1 is a dominant gene, which
is confirmed by the studies in which crosses of
gene carriers with unstable varieties were per-
formed [10]. In addition, Stb/ provides high re-
sistance of carriers to STB, due to which wheat
varieties can be used in production for quite a
long time'.

The studies conducted at the Department of
Botany and Plant Pathology of the Purdue Uni-
versity in the USA showed the highest informa-
tiveness of SSR markers for Stb/ detection in
wheat samples [10]. The SSR marker Xbarc74
amplified a 188 bp fragment in the resistant line
and a 175 bp DNA fragment for the suscep-
tible cultivar Arthur. Markers Xgwm?213 and
Xgwm335 amplified the fragments of 160 and
205 bp in the susceptible variety Arthur, respec-
tively. SSR marker Xgwmo66 amplified a 598 bp
fragment in the resistant variety, which was ab-
sent in the susceptible variety. All of the above
markers are present in the variety Bulgaria 88 as
well as the Oasis and Sullivan derived from Bul-
garia 88. This indicates that the adhesion block
was preserved in the process of backcrossing
[10]. In the course of the study, it was found that
other types of markers are not efficient enough
for the Stb1 diagnosis.

The Sth2 gene was studied on the material of
the resistant variety Veranopolis [11]. Mapping
showed the location of the Sth2 on chromosome
1B. The highest efficiency in determining the

SJlibene M., Gustafson J.P, Rajaram S. Inheritance of resistance to Mycosphaerella graminicola in hexaploid wheat // Plant

breeding, 1994, vol. 112, N 4, pp. 301-310.

*Williams J.G.K., Kubelik A.R., Livak K.J., Rafalski J.A., Tingey S.V. DNA polymorphisms amplified by arbitrary primers are
useful as genetic markers // Nucleic acids research, 1990, vol. 18, N 22, pp. 6531-6535.

"Nelson J.C., Sorrells M.E., van Deynze A.E., Lu Y.H., Atkinson M., Bernard M., Leroy P, Faris J.D., Anderson J.A. Molecular
mapping of wheat: major genes and rearrangement in homoeologous groups 4, 5, and 7 // Genetics, 1995, vol. 141, N 2, pp. 721-731.

8Roder M.S., Korzun V., Wendehake K., Plaschke J., Tixier M.H., Leroy P, Ganal M.W. A microsatellite map of wheat // Genetics,

1998, vol. 149, N 4, pp. 2007-2023.

°Vos P, Hogers R., Bleeker M., Reijans M., van der Lee T., Hornes M., Frijters A., Pot J., Peleman J., Kuiper M., Zabeau M.
AFLP: A new technique for DNA fingerprinting // Nucleic acids research, 1995, vol. 23, N 21, pp. 4407-4414.

YPatterson F.L., Roberts J.J., Finney R.E., Shaner G.E., Gallun R.L., Ohm H.W. Registration of Oasis wheat // Crop Science,

1975, vol. 15, N 5, pp. 736-737.

"Patterson F.L., Shaner G.E., Huber D.M., Ohm H.W., Finney R.E., Gallun R.L., Roberts J.J. Registration of Sullivan Wheat 1

(Reg. No. 615) // Crop Science, 1979, vol. 19, N 2, pp. 297-299.

2Jackson L.F., Dubcovsky J., Gallagher L.W., Wennig R.L., Heaton J., Vogt H., Gibbs L.K., Kirby D., Canevari M., Carlson H.,
Kearney T., Marsh B., Munier D., Mutters C., Orloff S., Schmierer J., Vargas R., Williams J., Wright S. Regional barley and common
and durum wheat performance tests in California // Agron Prog Rep, 2000, vol. 272, pp. 1-56.
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gene was established for markers Xbarc008,
Xbarc137 and Xgwm264. The Xbarc008 marker
produced a 245 bp fragment in susceptible lines,
while a 260 bp fragment was amplified in resis-
tant lines. The Xbarc137 primer produced a 240
bp fragment in RAC875-2 and susceptible lines,
while a 260 bp fragment was obtained in resis-
tant parental and resistant lines. For Xgwm264,
a single 230-bp fragment was present in Ver-
anopolis and resistant lines and was absent in
RACS875-2 and susceptible lines (the data not
shown). A 230 bp amplicon was present in Ve-
ranopolis and resistant lines, but was absent in
susceptible lines. A band of similar size was also
detected in the resistant variety Chinese spring
and nullisomic-tetrasomic lines, which are
nullisomic for 3B but contain 1B. The 230-bp
fragment was not detected in the lines lacking
chromosome 1B. The results confirm that this
amplicon is specific for 1B. According to other
researchers, the wheat variety Veranopolis may
contain up to four STB resistance genes [12, 13].

The Sth4 gene is a source of septoriose resis-
tance in the variety Tadinia. It is effective at the
stage of not only seedlings, but also adult plants
in field and greenhouse conditions. This is one
of the genes, the presence of which allowed to
maintain resistance for quite a long time. Resis-
tance due to the presence of the Sth4 gene was
effective under field conditions in California
from 1975 through the late 1990s".

The studies conducted at the Department of
Botany and Plant Pathology at the Purdue Uni-
versity examined AFLP and SSR markers as-
sociated with the Sth4 gene. The AFLP marker
EcoRI-ACTG/Msel-CAAAS and the microsat-
ellite Xgwm111 were found to be closely linked
to the Stb4 locus on chromosome 7D. Attempts
to convert AFLP markers into easily analyzed
PCR-based markers were unsuccessful. The
only informative SSR marker was Xgwmlll1,
which was also linked to Szbh5 [14].

The Stb5 gene was mapped on chromosome
7D. The closest marker was the SSR marker

Xgwm44, located near the centromere at a dis-
tance of 7 ¢cM from Stb5. In addition, Stb5 is
closely related to the wheat red coleoptile gene
Re3 (see footnote 8). Also, the Xgwm111 mark-
er is located on chromosome 7D at a distance of
0.7 cM from Stb4 and 11.9 cM from Stb5. Thus,
Xgwmlll is a common marker for the two
STB'" resistance genes. SSR markers Xgwm121
and Xgwm437, as well as RFLP marker Xpsr490
are located at a much greater distance from Stb35,
so they are of little significance in gene identifi-
cation.

Microsatellite markers located on chromo-
some 3A were used in a study to map Stb6 in
the resistant wheat variety Flame [15]. The re-
sistance to IPO323 isolate of hybrids between
resistant variety Flame and susceptible variety
Longbow was analyzed. The locus Xgwm369,
located in the distal part of the short arm of chro-
mosome 3A, corresponded to the Sth6 gene. The
Xwmcll locus, located near the centromere,
was weakly linked to both Sth6 and Xgwm369.
Stb6 confers resistance to STB in the cultivar
Hereward, as no susceptible plants were found
among the F2 Flame x Hereward hybrids. Sth6
was detected in the distal part of the short arm of
the 3A chromosome at a distance of 2 cM from
Xgwm369. The amplicons identified in suscep-
tible and resistant cultivars differ in length. The
amplifiable fragments in Longbow and Flame
cultivars were 189 and 197 bp in size, respec-
tively. Experiments with F1 hybrids of resistant
varieties showed that genes in wheat varieties
Shafir, Vivant, Hereward, Flame and breeding
line NSL92-5719 provide resistance to [PO323
isolate [15].

The Stb7 gene was mapped at the distal end of
the chromosome 4AL. The most closely spaced
microsatellite markers GWM160, WMC219,
and WMC313 were noted at 0.3; 1.1; and 3.5 cM
from Stb7. In addition to those listed, six other
SSR markers (GWM397, GWM637, WMC161,
WMC232, WMC262, WMC283) are included in
the 108.1 cM linkage group [16]. The resistant

BSomasco O.A., Qualset C.O., Gilchrist D.G. Single gene resistance to Septoria tritici blotch in the spring wheat cultivar ‘Tadin-

ia’// Plant Breeding, 1996, vol. 115, N 4, pp. 261-267.

YdArraiano L.S., Worland A.J., Ellerbrook C., Brown J.K. Chromosomal location of a gene for resistance to Septoria tritici blotch
(Mycosphaerella graminicola) in the hexaploid wheat ‘Synthetic 6x’ // Theoretical and Applied Genetics, 2001, vol. 103, N 5, pp.

758-764.
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soft wheat line ST6 was crossed with two sus-
ceptible lines, Katepwa and Erik. The presence
of the gene in hybrid populations was detected
using microsatellite markers. WMC219 was the
only marker associated with Stb7 in the ST6/Erik
hybrid population. An ST6 amplicon of 175 bp
in length was detected only in resistant hybrids.
Fragments of 226 and 230 bp were detected in
susceptible hybrids, and they were also isolated
in the unstable varieties Erik and Katepwa, re-
spectively. Stb7 may be linked to other disease
and pest resistance loci, as other resistance loci
(H25, Lr28, Lr30, Pm16, Sr7, Wsm1, YrMin and
YrND) were identified on the chromosome 4A'.

STB resistance due to the presence of the
Stb8 gene was established in a study of synthet-
ic hexaploid wheat W7984. The study was car-
ried out in the USA in 1998-2001 [17]. Hybrid
plants obtained by crossing the resistant variety
and the susceptible Opata 85 were studied using
AFLP and microsatellite markers, among which
only three (Xgwml146, Xgwm577, Xgwmo611)
showed the highest informativity. Each primer
pair amplified fragments of a specific length in
resistant plants: Xgwm146 — 200 bp, Xgwm577
—200 and 160 bp, Xgwm611 — 150 bp. The same
primers amplified fragments of a different size
in the susceptible variety Opata 85: Xgwm146 —
175 bp, Xgwm577 — 180 and 140 bp, Xgwm611
—200 bp. The markers Xgwm146 and Xgwm577
were the most effective in the detection of Sth8,
as they are located at a distance of 3.5 and 5.3
cM from Stb8. Xgwm611 is located at a rather
significant distance from Sth8 — 19.3 cM [17].
The use of other types of markers in the determi-
nation of Stb8 is inexpedient, since RFLPs have
been found to be unrelated to the gene, and the
use of AFLP markers is technically difficult.

Sth9, a gene for resistance to S. tritici blotch
(STB), was found in two spring wheat varieties,
Courtot and Tonic. It confers resistance to M. gr-
aminicola isolate IPO89011. This gene is locat-
ed between markers Xfbb226 (3-6 cM) and Xk-
suF1b (9 cM) on the long arm of chromosome
2B [18].

The Stb10 gene was discovered and mapped

in the early 2000s during a resistance study of
the soft wheat variety Kavkaz-K4500 (Ka-
vkaz-K4500) [19]. Kavkaz-K4500 (KK) is one
of the first varieties resistant to STB. The variety
was developed using the Russian winter wheat
variety Kavkaz and the Brazilian variety Fron-
tana (see footnote 3). Kavkaz-K4500 is a carrier
of several STB resistance genes. Their combi-
nation provides resistance to several strains of
M. graminicola of different origin (Israel and the
Netherlands). A population of hybrids obtained
by crossing Kavkaz-K4500 and the suscepti-
ble variety Shafir was studied. The susceptible
variety Longbow was used as a control. Stb10
was mapped on chromosome 1D. The localiza-
tion of the Stb12 gene was determined for the
first time — it is located on chromosome 4A, as
well as the Sth7 gene known at the time of the
study [16]. There are two closely related genes
on the arm of the chromosome 4AL between loci
Xgwm219 and Xgwm313. The gene for resis-
tance to ISR398 is designated here for the first
time as Sth12. The results suggest that STB re-
sistance genes may be clustered [19]. In addition
to the Stb10 and Stb12 genes mapped for the first
time, Kavkaz-K4500 is a source of other STB
resistance genes (see Table 1).

Stb7, Stb10 and Stb12 were found to be effec-
tive against several isolates of M. graminicola.
Stb7 provides resistance to ISR398, [PO87019
and ISR8036, Sth10—to IPO94269 and ISR8036.
Thus, the pattern of "gene-for-gene" interaction
between M. graminicola and Triticum aestivum
is confirmed.

Gene mapping showed that one of the major
QTLs for resistance to ISR398 isolate is locat-
ed on the 4A chromosome near Xwmc219. The
most effective markers identified correspond to
the fragments of different lengths in resistant
and susceptible varieties. The fragment of the
variety Kavkaz-K4500 Xwmc219 was 185 bp
in size, while the fragment of the variety Shafir
was 215 bp. The QTL responsible for resistance
to [PO87019 is located on the 4A chromosome
but closer to Xwmc313. The amplicon of Ka-
vkaz-K4500 Xwmc313 was 195 bp, the ampli-

SMeclntosh R.A., Hart G.E., Devos K.M., Gale M.D., Rogers W.J. Catalogue of gene symbols for wheat 1990 supplement // Ce-
real Research Communications, 1990, vol. 18, N 1-2, pp. 141-157.
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con of Shafir was 215 bp. The combination of
STB resistance genes in Kavkaz-K4500 allows
its wide use in breeding.

A new gene for resistance to M. graminico-
la isolate TPO90012, designated Stb11, which
is mapped on the chromosome 1BS by the Stb6
gene for resistance to isolate [IPO323 and prob-
ably by the Stb7 gene for resistance to isolate
[PO87019, was found in the Portuguese breed-
ing line TE 9111. All these genes are closely re-
lated to microsatellite markers that can be used
for marker-assisted selection [20].

The septoriose resistance gene Stbl15 was
identified in the Swiss variety Arina and British
variety Riband. Stbh15 is located on the chromo-
some 6AS and provides resistance to the Ethio-
pian isolate TPO88004 [21]. The closest mark-
er is the RFLP marker Xpsr904, located 14 cM
from Stb15. Xpsr904 was identified as the only
significant marker associated with specific resis-
tance to this STB isolate [22].

Among European wheat varieties, resistance
to IPO88004 isolate due to the presence of the
Stb15 gene is quite common. Perhaps, therefore,
the use of such varieties in breeding for resis-
tance to STB is not always effective and in de-
mand. However, in combination with other Stb
genes, the use of the Sth135 is quite justified.

In 2012, an international group of scientists
discovered two new genes of resistance to M.
graminicola — Stb16 and Stb17. As a result of
screening of the hexaploid varieties, recombinant
inbred lines obtained by crossing the hexaploid
varieties with susceptible and different STB re-

sistant soft wheat varieties, it was found that
synthetic hexaploid wheat (SH) varieties have
the highest resistance to several STB strains.
Synthetic hexaploid wheat varieties combine ge-
nomes of tetraploid and diploid progenitors and
can be a source of new genes of resistance to M.
graminicola [8].

The Stb16 gene identified in the wheat breed-
ing line M3 has shown efficacy against M. gr-
aminicola both at the seedling stage and in adult
plants. Stb16 is located on the long arm of the
3D chromosome and is closely related to the mi-
crosatellite marker XGWM494. The Sth16 gene
was obtained from Aegilops tauschii, which was
the donor of the D-genome chromosome in M3.
Also in the study, the Stb17 gene, located on
the SAL chromosome and conferring resistance
to STB in adult plants, was identified. Sth17 is
linked to the SSR marker XHBG247. Tetraploid
durum wheat varieties not susceptible to septo-
riose disease were used for M3 line work [8].

The Stb18 gene was detected in the study of
wheat varieties Balance and Apache, as well as
their hybrids. The gene activity was determined
against some isolates at the seedling stage and
against others at the adult plant stage. QTL on
the 6DS chromosome of winter wheat cultivar
Balance was determined using four isolates of
M. graminicola. Isolate TPO89011 allowed to
establish the efficiency of the gene at the seed-
ling stage, and IPO323 showed the efficiency
of Stb18 at the stage of not only seedlings but
also adult plants. The closest SSR markers were
Xgpw3087 and Xgpw5176 [23]. Stb18 was also

Taba. 1. I'ensl, obecieunBaronyue ycToManBoCTh copra mieHuIsl Kaskaz-K4500 k M. graminicola

Table 1. Genes that ensure the resistance of the Kavkaz-K4500 wheat variety to M. graminicola

Isolate Resistance gene
Sth6;
IPO323 Sthy
IPO87019 Stb7
1PO94269 Sth10
Stb12;
ISR398 Sth7 (7)
Stb10;
ISR8036 Sib12

Location on the chromosome The nearest marker
Stb6: 3A
X 369
Stbx: ? gwm
4A Xwme313
1D Xgwm848
AA Stb12: Xgwm?219
Sth7: Xgwm313
Stb10: 1D Sth10: Xgwm848
Stb12: 4A Stb12: Xwmc219
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found to be expressed in the presence of another
wheat STB resistance gene, Sth6. Thus, syner-
gism of Stb genes with respect to Stb6 and Sth18
is manifested.

STB resistance genes are distributed in the ge-
nome of soft wheat on different chromosomes, as
confirmed by international studies (see Table 2).

As new resistance genes are discovered and
mapped, information about the possibility of
pyramiding Stb genes in breeding material is re-
plenished. The combination of several genes in
the genome increases the resistance of a variety,
since the activity of genes against STB is man-
ifested at different stages of plant development.
In addition, not all genes may provide resistance
to different strains of M. graminicola. Applica-
tion of known genes in marker-mediated breed-
ing of wheat and search for new resistance genes
will allow to obtain stable yields with minimal
use of pesticides.
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HALIN FOBUJIAPBI
OUR JUBILJARS

K 70-1eTturo Hukoaas Muxaijaosunua UBanosa

Uneny-koppecnonaenty PoccuiickoiiakageMurHay K, JOKTOpY TEXHUYECKHX HAay K, [Tpodeccopy, py-
KOBOJHTEI0 CHOMPCKOTO HAYYHO-MCCIIEIOBATEHCKOTO HHCTHTYTAa MEXaHU3AIUHY U 3IEKTPH(PUKAITIH
CebCKOT0 X03s1iicTBa CHOMPCKOTO HAYYHOTO IIEHTPa arpoOnoTexHosoruii Poccuiickoii akaieMun Hayk
(CuolIMD COPHIIA PAH), nouetnomy pabotHuky AIIK P®, nnoctpannomy uieny MoOHroibckon
aKaJeMHUHU arpapHbIX HayK UCIONHWIOCH 70 JeT.

Huxonaii Muxainosuu poawics 17 anpens 1954 r. B ¢. Yp-benapu benosckoro paitona Ke-
MepoBckoil obnmactu. B 1977 r. okonunn HoBocuOUpCKUil cenbCKOX03s1CTBEHHBI HHCTUTYT MO
CIIeHUAIIBHOCTU «MeXaHn3amus CenbCKOro X035 UCTBay.

TpynoByto AeATeNbHOCTh Ha4al B yuxo3e HoBocuOUpCKOro cenbCkoXo3aiCTBEHHOTO MHCTUTYTA,
rae B 1971, 1972 rr. Tpynuiics ciecapeM peMOHTHO-TexHUu4Yeckux Mactepckux. C 1977 r. paboran
B CHOMPCKOM Hay4YHO-MCCIIEA0BAaTEIbCKOM MHCTUTYTE MEXaHU3AIMH U 3JIEKTPUPHUKALIUH CEJIbCKO-
T0 XO3SIUCTBA. 3/1€Ch OH COCTOSUICS KaK MH)KEHEp, YUEHbIW, TaJaHTIMBBIA OpraHU3aTOp HAyKH U
IPOM3BOJICTBA, PO/ MyTh OT MHXKEHEpa-cTaxepa /10 AUpeKTopa HHCTUTyTa. Paboran muaammm
Hay4YHbIM COTPYIHHUKOM, HAyYHBIM COTPYJHHUKOM, CTaplIMM Hay4YHbIM COTPYAHHMKOM; ¢ 1993 r. —
3aBEYIOMUM HAy4dyHOU JlabopaTopuei, YUYEeHbIM CEKpeTapeM, 3aMecTuTesieM aupekTopa, ¢ 2006
no 2016 r. nupexropom uHCTUTYTAa. B Hacrosmee Bpems Huxonaii MuxaisioBud pyKOBOIUTEIND
Cu6MIM3S COHIIA PAH.

B 1988 1. 3ammTun kanauaaTckyo auccepranuio «Cenapalus 3epHa Ha KOHUYECKHUX PENIeTax C
npopuIupoBaHHON MoBepXHOCThIO», B 2001 . — mokTOpCcKyr0 « TeXHONIOrHYEeCKoe U TEXHUYECKOe
o0ecreueHre NHTEHCU(PUKAIIUK CYIIKH 3€pHA C YUETOM PECypCOCOEPEKEHUSD.

H.M. MBaHOB — crienqyaJiicT B 00JaCTH KOMILIEKCHON MEXaHW3aIliHU CEIbCKOXO3SIMCTBEHHOIO
NPOM3BOJCTBA, BKIIOYAsi MEXaHU3AIMIO MIPOLIECCOB MOCIeyO00pOoUHOil 00pabOoTKH 3€pHOBBIX B yC-
noBusix Cubupu, aBrop 6onee 282 HayyHbIX paloT, BKIItoUas 54 marenra Ha u3ooperenus, 14 mpo-
rpamm Ha DBM, 26 pekomenaanuii, 4 MmoHorpaduu.

ITon HayuHbiM pykoBozacTBoM Hukonass MuxaiioBnya 3alMIIEHO IIECTh KAHIUAATCKUX JHC-
cepranuil u ABe JOKTOPCKHE.
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HALIIU FOBHJIAIPAI

H.M. VBaHOB a1 TEOPETUYECKOE U HKCIIEPUMEHTATbHOE 000CHOBAHUE CUCTEMbI TEXHOJIOTHYe-
CKOTO M TEXHHMYECKOTO 00ECIIEYEeHHs TPOIIECCOB KOMIUIEKCHOW MEXaHU3AIH CEITbCKOX03SiCTBEH-
HOTO MPOU3BOJICTBA, BKIIIOYAs MOCICYOOpPOUHYI0 00pabOTKy 3epHa U CeMsH B ycioBusax Cubupu.
Pazpabotan sHeprocoeperarolyo TeXHOJOTHIO MOCIeyOOpOUHON 00paboTKH 3epHa, 0OBEIUHIIO-
LIYI0 B €IMHOM TEXHOJOTHYECKOM IPOLIECCE NPEABAPUTEIbHYIO OUYUCTKY M SHEProcOeperaroulyo
CYLIKY C YaCTMYHOM peKynepanueil TemIoThl; 000CHOBaJ TEXHOJIOIMYECKUE CXEMBbI, KOHCTPYKTHB-
HO-pEKMMHBIE [TAPAMETPBl TEXHUUYECKUX CPEACTB HAa OCHOBE MCIIOJIb30BAHNS MHEPLIMOHHO-TPaBU-
TalMOHHBIX cuil. MM pa3zpaboTaHsl sHEpropecypcocOeperaomme TeXHOIOTHIYeCKUe CXeMbI, 000-
CHOBaHbl KOHCTPYKTHBHO-TEXHOJIOIMUECKUE MMapaMeTphl CYIINIOK Ha OCHOBE OJIO0YHO-MOIYJIBHOTO
WCIIOJIHEHUS], YACTUYHOW PEKYIEPalUU TEIUIOThI, MHOTOCIOMHON MHBEPCUHU 3€PHOBBIX ITOTOKOB.
Opranu3oBaHO UX CEpUITHOE ITPOU3BOCTBO.

Huxonaii MuxaiinoBruy — 4jieH 3KCIEPTHOM IPYyMIbI IPU COBETE Mo peanusanuu denepanibHO
HAy4YHO-TEXHUYECKOM IPOrpaMMBbl pa3BUTHsS CEIIBCKOro Xo3sicrBa Poccuiickoi Penepaunu Ha
2017-2025 rr., 610p0 KOOPAMHAIIMOHHOTO COBETA M OOBEIMHEHHOIO y4eHOro coBera OTaeneHus
CEJIbCKOXO35IICTBEHHBIX HAyK POCcCHIICKOM akaJieMUU HAyK, YJI€H KOJIJIETMHU U HAyYHO-TEXHUYECKOTO
COBETa MUHHMCTEPCTBA CEIbCKOI0 X034HCTBa MpaBuTenscTBa HoBoCcHOUpckoii obnactu, npeacena-
TeJb 00IIEeCTBEHHOTO coBeTa nHenekmu [octexHanzopa HoBocubupcekoit odmactu, mpeacenareib
JIUCCEPTAIMOHHOTO COBETA MO 3allUTEe JHOKTOPCKUX M KaHAuWJATCKux nucceprauuid 24.1.211.01,
npencenarens IAK psga By30B crpanbsl, HayuHbl 3kcriepT PAH, uneH peakosernn xypHana
«CuOupCcKHil BECTHUK CEIIbCKOXO3SIICTBEHHON HAayKW», HHOCTPAaHHBIN 4ieH MOHTOIBCKON aKaje-
MHUU arpapHbIX HayK.

Hukonait MuxaiinoBud HarpaxJeH MeAaibto opieHa «3a 3acayru nepen Oreuectsom» II crene-
HU, ynoctoeH 3Banus «IlouetHsrit padbotauk AITK Poccumy», HEOTHOKpAaTHO HArpasKIeH rPaMOTaMH
PACXH, CO PACXH, ry6epnaropa u 3akoHogareapHOTr0o codpanust HoBocnbupckoi odmacTu.

K.C. Tonoxsact, A.A. IlInent, A.A. I'apkyma, M.C. Yekycos, E.I1. Penés
B.B. A, A.C. lonuenxo, H.W. Kamesapos, K.5I. MoToBunos,
B.A. Conomenxo, H.A. Cypun

KonnextnB Cubupckoro HayqHO-HCCIEA0BATENFCKOTO HHCTUTYTA
MexaHuzanuu u snekrpudukamun COHIIA PAH
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HHPABUJIA JJISI ABTOPOB

ITpaBuia [yis aBTOPOB COCTABJIECHBI HA OCHOBE STMYECKUX MPUHLUIIOB, OOMIMX [UIS YICHOB HAy4YHOTO COOOLIECTBA, U
IpaBuJI MyOIUKaLUKY B MEKIYHapPOIHbBIX 1 OT€UECTBEHHBIX HAYUHBIX IIEPUOANYECKUX U3JAHUAX, & TAKXKE B COOTBETCTBUU C
TpeboBanusiMu BAK 1715t mepuoiuuecKux U3JaHui, BKIIOYEHHBIX B [lepeueHb poccuiickux peLieH3upyeMBbIX Hay4UHBIX Kyp-
HAaJIOB, B KOTOPBIX JJOJDKHEI OBITH OMyOIMKOBaHBI OCHOBHBIC HAYYHBIEC PE3yJIbTaThl AUCCEPTAINIl HA COMCKAHHUE YUCHOU CTe-
IIEHU JIOKTOpPa ¥ KaHAKUaTa HayK.

XKypnan myOnuKyeT OpuruHagbHbIE CTaThH MO (yHIaMEHTATbHBIM U IPUKIAIHBIM MIPOOJIEMaM 10 HalPaBICHUSIM:

» oOmiee 3emiieieNnue U pacTeHUEBOACTBO;

*  CeJICKIIUS, CEMCHOBOJICTBO U OMOTEXHOJIOTHSI PACTCHH;

*  arpoXMMHUsi, arporoYBOBE/ICHHE, 3AIUTA U KAPAHTUH PACTECHHIA;

*  KOPMOTIPOU3BOJICTBO;

*  UHQEKIHOHHbIE OOJIE3HN U UMMYHOJIOTUS )KUBOTHBIX;

*  YacTHas 300TEXHHs, KOPMIICHHE, TEXHOJIOTHH MPUTOTOBJICHUS] KOPMOB U IMPOU3BOJICTBA TPOAYKIIUH KHBOTHOBOJICTRA,
*  pa3BeJeHHUE, CENEKIIHUs, TCHETHKA U OMOTEXHOJIOTUS JKUBOTHBIX;

°  TEXHOJIOTHH, MAIIUHBI U 000PY0BAHKE JJISl arPONPOMBIIIJICHHOTO KOMITJICKCA.

Crarpsg, HampapisiemMas B pEJaKkiMi0, JOJDKHA  COOTBETCTBOBATb  TEMATHUECKUM  pasieiaM  IKypHaja
«CuOUpPCKUi BECTHUK CEITLCKOXO3SHCTBEHHON HAYKI»:

IIudp u HauMeHOBaHHE HAYYHO CHeNNAJbHOCTH B cooTBeTcTBUM ¢ HoMeHKkIaTypoii

HaumenoBanune pyopuxku .
HAYYHBIX CHIEIIHAJbHOCTEMH, 10 KOTOPBIM NPUCYKAAIOTCH Y4eHbIe CTeIIeHH

3emMireienne U XUMHU3aIus 4.1.1. Obmiee 3emiienienue U paCTEHUEBOJICTBO
4.1.3. Arpoxumus, arporio4yBOBE/ICHIE, 3aIIUTa 1 KaPaHTHH PACTCHHH

PacTenneBoncTBo u cenexnus 4.1.1. Obuiee 3emiiesienue U pacTEHUEBOICTBO
4.1.2. Cenekuusi, CEMCHOBOJICTBO M OMOTEXHOJIOTHUS PACTCHUI

3amura pacTeHUH 4.1.3. Arpoxumusi, arporoyBOBe/ICHUE, 3all1UTa U KapaHTUH PaCTCHUH

Kopmomnpoussoacrso 4.1.1. Obuiee 3emiresieNiiie ¥ PACTCHUEBOCTBO
4.1.2. Cenexuusi, CEMCHOBOJICTBO M OMOTEXHOJIOTHUS PACTCHUI
4.1.3. Arpoxumusi, arporoyBOBe/ICHHE, 3alITa 1 KAPAaHTUH PAaCTCHHH

300TeXHUS U BETEpUHAPUS 4.2.3. Undekuponnsle 60J1€3HN 1 IMMYHOJIOTUST JKMBOTHBIX
4.2.4. YacTHast 300TeXHHsI, KOPMIICHUE, TEXHOJIOTHU MPUTOTOBICHNUSI KOPMOB M IIPOM3BOJCTBA
MPOAYKINH )KUBOTHOBOACTBA
4.2.5. Pa3BeneHue, CeIEKIUs, TCHETHKA U OMOTEXHOJIOTUS YKUBOTHBIX

Mexanuszanus, aromatuzanusi,  4.3.1. TexHonoruu, MammHbl 1 000PYAOBaHUE VIS arpONPOMBIIIIIIEHHOTO KOMILIEKCA
MoOJIeJIpOBaHue U nHdopmaru-
OHHOE obecrieueHne

4.1.1. Obuiee 3emiienienue U paCTEHUEBOICTBO

[Ipo6nemsl. Cyxaenus 4.1.2. Cenexuusi, CEMEHOBOJICTBO M OMOTEXHOJIOTHUS PACTCHUI

Hayunsle cBsi3u 4.1.3. Arpoxumusi, arporoyBOBE/ICHNE, 3aL1Ta 1 KAPAaHTUH PaCTEHUN

W3 ucropun cenbckoxo3siii- 4.2.3. Indexnponnsle 60J1€3HN 1 IMMYHOJIOTHSI JKMBOTHBIX

CTBEHHOU HayKH 4.2.4. YacTHast 300TeXHHsI, KOPMIICHUE, TEXHOJIIOTHU MIPUTOTOBICHNUSI KOPMOB M IIPOM3BOJCTBA
Kparkue coobmenus MIPOIYKLUH KHUBOTHOBOJCTBA

W3 nuccepTaninoHHbIX paboT 4.2.5. Pa3Benienue, celeKIys, TeHETHKA U OMOTEXHOJIOT U dKUBOTHBIX

4.3.1. TeXHOJ’IOrI/II/I, MallruHbI 1 06opyz103aHI/Ie JUJI arponpOMBIINIIIEHHOI'O KOMILJIEKCAa

B xypHane Taxke ImyOIuKyI0TCs 0030pbI, KpaTKHe COOOIIEHHs, XPOHHKA, PEIICH3HH, KHIDKHBIC 0003pEHHsI, MATePHAITB IO
UCTOPHUH CEJIbCKOXO35MCTBEHHOW HAYKU U JIEATENbHOCTU YUPEKICHNUN U YUCHBIX.

Yueno myO6auKanuii OJHOTO aBTOPa B HOMEpe XKypHaJa He JJOJDKHO IPEBBIIATh IBYX, IPH TOM BTOPAst CTAThs JOITYyCTUMA
JIMILb B COABTOPCTBE.

K paccMoTpeHHIO IPHMHUMAIOTCS MaTepuallbl OT Pa3IM4YHbIX KaTerOpHil HccilenoBaTelleil, aclupaHTOB, JOKTOPAHTOB,
CIHELHUATNCTOB U SKCIIEPTOB B COOTBETCTBYIOLIUX O0IACTIX 3HAHUH.

Bce crarhu peneH3upyIOTCS B HMEIOT 3aperucTpupoBaHHbii B cucteMe CrossRef namexc DOI.

[TyGnukanuu Uit aBTOPOB GecIIATHBI.

ITpu HampaBIeHUM CTaTbU B peJAaKLUIO KypHalla « CHOMPCKUI BECTHUK CEIbCKOXO3AHCTBEHHON HAayKW» PEKOMEHIYyeM
PYKOBOJICTBOBAThCS CIEAYIOUIMMH MPaBUIaMH.
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PEKOMEHJALIMU ABTOPY 10 MOJAYM CTATHU

[pencraBienue crarby B )KypHa1 « CHOUPCKUI BECTHHUK CEIILCKOXO3IHCTBEHHON HAYKI TIOIPa3yMeBaeT, YTo:
e crarhs paHee He OblIa OIMyOJNMKOBAHA B JPYTOM JKypHAJIE;
*  CTarhs HE HAXOJIUTCS HAa PACCMOTPEHUH B JIPYTOM XKypHaJe;
*  BCE COaBTOPBI COIVIACHHI C IyOJIMKALMEH TEKyIel BEpCUH CTaThU.

Iepen oTmpaBKoii CTaTbl HA pacCMOTPEHUE HEOOXOOUMO yOennuThesl, 4To B (aiine ((aiinax) comepKuTcst BCsi He0OXo-
IMast HHQOpPMaIHs Ha PyCCKOM U aHTIIMACKOM sI3bIKaX, YKa3aHbl HCTOYHUKH HH(OPMAIINH, pPa3MENIeHHOI Ha PHCYHKaxX 1 B
TalIMIax, Bce CChUIKH 0()OPMIIEHBI KOPPEKTHO.

MOPSIJIOK HAITPABJIEHUS PYKOIIUCEM CTATEM

1. OTmpaBka cTaThy OCYIIECTBISIETCS Uepe3 AEKTPOHHYIO peaklnio Ha caiTe xkypHana https://sibvest.elpub.ru/jour/
index. [locne mpegBapuTENBbHON perMCTpanyy aBTOpa B MPABOM BEPXHEM YIUIy CTPAHHIIB BHIOpaTh ommuio «OTIpaBUTH
pPYKOITHUCH». 3aTeM 3arpy3uTh pyKomuch cratbu (B opmare *.doc mim *.docx) U COMpOBOAMTENBHBIC JOKYMEHTHI K HEHl.
[Mocxe 3aBepuIeHUst 3arpy3KH MaTepHaoB 00sA3aTeNbHO BHIOpaTh onuuio «OTHPAaBUTH MHCHMOY», B 9TOM CIIydae PemaKiys
aBTOMaTH4YeCKH OyJeT yBeJOMJICHA O MOTyYeHUH HOBOH PYKOTIHCH.

CompoBoIUTENBHBIE JOKYMEHTHI K PYKOIIHCH CTaThH:

*  CKaH-KOIMS MHUCbMa OT OPraHU3alliK C TOATBEP)KACHHEM aBTOPCTBA M pa3pelieHneM Ha myonukaruio (oopasen Ha http://
sibvest.elpub.ru/);

°  CKaH-KOITMSl aBTOPCKOM CHPaBKH IO NpeicTaBieHHOM (popme (oOpasen Ha http://sibvest.elpub.ru/), B koTopoii 1071KHO
OBbITH BBIPAXKEHO COIVIACHE Ha OTKPBITOE OMyOIMKOBAHHE CTaThbH B MEUaTHOM BapHaHTE )KypHajla U €ro dJEKTPOHHOH
Koruu B ceTu VIHTepHeT;

*  CKaH-KOIHS PYKOIHCH C MOANHUCSIMH aBTOPOB. ABTOp, MOANUCHIBAsI PYKONIMCh M HANPABISASA €€ B PEAAKIHMIO, TEM CaMbIM
nepeaaeT aBTopCcKue npasa Ha uznanue stoi crarbu COHLIA PAH,;

°  aHKEThI aBTOPOB Ha PYCCKOM U aHIIMHCKOM s3bIKax (oOpaserr Ha http://sibvest.elpub.ru/);

*  CKaH-KOIMS CIIPAaBKU M3 aCIUPAHTYPHI (VI OUHBIX aCIHPAHTOB).

2. Bee nocrynaromue B peJakIMI0 PyKOIUCH CTaTel PErUCTPUPYIOTCS YEPEe3 CUCTEMY HIEKTPOHHOH pefakiuu. B tnuHoM
KaOMHETE aBTOpa OTPaXKAETCsl TEKYLUH CTAaTyC PYKOIIHCH.

MNOPAJAOK OPOPMJIEHUSA CTATbHU

Texer pykonucu opopmisiercs mpudrom Times New Roman, keriem 14 ¢ untepsanom 1,5, Bce noiist 2,0 oM, Hymepanus
cTpanul BHU3Y. O0beM crarbu He Oosee 15 crpanull (BKITtouas TabIuIbl, WILTIOCTpauu U Oudnuorpaduio); crarei, pazme-
maeMsIx B pyopukax «M3 aucceprannonusix pabor» u «Kparkue coobuieHus», — He 6osee 7 cTpaHull.

CrpykTypa odopmiieHUsI CTATbU:

1. VIK

2. 3aroJi0BOK CTAaThbHM HA PYCCKOM U AHIVIMIICKOM sI3bIKaX (He OoJiee 70 3HAKOB).

3.  ®aMuJIuM 1 HHHIHAJIbI aBTOPOB, N0JIHOE 0UIHAIbHOE HA3BAHUE HAYYHOI'0 YUPesK/AeHHsl, B KOTOPOM IpoBe-
JeHbI HCCJIEI0OBAHNS, HA PYCCKOM M aHIVIMIICKOM fI3bIKAX.

Ecnu B monrotoBke cTaThy MPHHAMAIIN YYaCTHE aBTOPBI U3 Pa3HbIX YUPESKACHUH, HE0OX0ANMO yKa3aTh PHUHAIICKHOCTh
Ka)XJIOTO aBTOpa K KOHKPETHOMY YUPEXKJIEHHIO C TIOMOIIBIO HAJICTPOYHOTO UHJIEKCA.

4.  Pedepar Ha pycckoM M aHIIMIicKoM si3bIKax. O0beM pedepara He MeHee 200-250 cnoB. Pedepar sapnsercs kpar-
KHMM M TIOCIIE/IOBATENILHBIM M3JI0KEHHEM MaTepuaa CTaTbu 10 OCHOBHBIM pa3/ieliaM U JIOJDKEH OTpaXkaTh OCHOBHOE COZIEp-
JKaHUe, CJIEI0BATH JIOTUKE M3JIOKECHUSI MaTepraia U ONMCaHMs Pe3yJIbTaToOB B CTAaThe C MPHUBEACHUEM KOHKPETHBIX JaHHBIX.
He cnenyer Bkitouars BriepBbIe BBEICHHBIC TEPMHHBI, a00pEBHATYPHI (32 UCKITFOYEHUEM OOIIEU3BECTHBIX), CCHUIKU HA JIH-
Tepatypy. B pedepare He cieayer nmoguepkuBaTh HOBU3HY, aKTyaJlbHOCTb M JIMYHBINA BKJIAJ[ aBTOPA; MECTO MCCIICIOBaHUS
HEOOXOIUMO YKa3bIBaTh /10 001acT (Kpast), He YIIOMUHATh KOHKPETHBIE OPTaHU3allH.

5. KuiodeBble cj10Ba Ha PyCCKOM M AaHIVIMIICKOM sI3bIKAX. 5—7 CJIOB 10 TeMe cTaTbu. JKenaTeabHo, 4TOOBI KITIOUeBbIe
CJIOBA JONOJHSIM pedepar 1 Ha3BaHWUE CTAThH.

6. Hudopmanus o KOHPJIUKTE HHTEPECOB JUOO0 €ro 0TCYTCTBHU. ABTOp 00513aH YBEIOMUTb PEAAKTOPa O peaIbHOM
WM MTOTEHIIMATBHOM KOH(IMKTE MHTEPECOB, BKIIIOYMB HHPOPMAIHIO O KOHPIUKTE HHTEPECOB B COOTBETCTBYIOLIMN pa3iel
ctarbi. Ecnii KOH(IIMKTa HHTEPECOB HET, aBTOP JIOJKEH TAaKKe COOOIIUTH 00 ATOM.

IIpumep hopmynupoBKU: «ABTOp 3asBIISET 00 OTCYTCTBHH KOH(PIIUKTA HHTEPECOBY.

7. BaaromapHOCTH Ha PYCCKOM M aHIVIMHCKOM si3bIKax. B 3TOM paszerne ykas3bIBaroTCS BCe MCTOYHUKU (PUHAHCH-
pOBaHUS MCCIEIOBAHMA, & TAKXKe OJIaroAapHOCTH JIIOJSM, KOTOpPBIE y4acTBOBAIIM B padOTe HaJ| CTaThel, HO HE SIBJIAIOTCS ee
aBTOPAMH.

8. OcHOBHOIi TekeT cTaThbu. [Ipy N3T0KEHUH OPUTHHAIBHBIX SKCIIEPUMEHTABHBIX JaHHBIX PEKOMEHTYETCSI UCTIONb-
30BaTh M0/[3ar0JIOBKH:

BBEJEHME (nocraHoBka npoOiaeMsbl, e, 3aja41 UCCIIeIOBAHMS)

MATEPUAJ U METO/BbI (ycnoBusi, MeTozb! (METOIMKA) UCCIICAOBAaHUHN, ONTUCaHNE 00BEKTa, MECTO U BPEeMsl IIPOBe-
JICHUST )

PE3VYJIBTATBI U OBCYXKJAEHUE

3AKJIIOYEHME nnu BBIBOIbBI

CITUCOK JIMTEPATYPBI. KonruecTBo HCTOUHUKOB He MeHee 15. B criucok uTeparypbl BKIIFOYAKOTCS TOJIBKO PEICH-
3UpyEeMBbIC HCTOYHHUKH: CTaTbU U3 HAYYHBIX )KypHaI0B U MoHorpaduu. Camoruruposanue He 6onee 10% ot obiiero konuye-
cTBa. bubnmorpaduuecknii Ciucok 10KeH ObITh 0pOpMIIEH B BUJIE OOIIETO CIIMCKA B TIOPSJIKE YIIOMUHAHUS B TEKCTE, XKela-
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TEJIbHBI CCBUIKM HA HCTOYHUKH 2—3-JIETHETO CpoKa JaBHOCTH. [IpaBuia ohopMIIeHHs CIIMCKa JINTEPATYPhl — B COOTBETCTBUH
¢ 'OCT P 7.05-2008 (TpebOoBaHUsI ¥ TpaBUia COCTABICHUS OMOIHOrpaduuecKoil CChUIKM). B TEKCTe cChiIKa Ha MCTOYHUK
OTMeYaeTcsl MOPSIIKOBOi udpoil B KBaApaTHBIX cKoOKkax, Hampumep [1]. Jluteparypa B CUCKe JaeTcst Ha TeX sI3bIKax, Ha
KOTOPBIX OHA M3aHa. B oubmuorpaduueckoe onucanue myoauKauyu HeoOX0JMMO BHOCUTD BCEX aBTOPOB, HE COKpaIlas ux
OJTHUM, TpeMs U T.I. HejomycTumo cokpailieHne Ha3BaHUi cTaTrel, )KypHaIOB, U3aTeIbCTB.

Ecnu HeoOxoauMo cocrarhkesi Ha aBropedeparsl, TuccepTaiuy, COOPHUKH CTaTel, yueOHUKH, PEKOMEH IAINHU, yueOHbIe
nocodbus, FOCTsI, nHPOPMAITUIO C CAITOB, CTATUCTUYECKHE OTUYETHI, CTAThbH B OOIIECTBEHHO-TIOJIMTHYCCKUX ra3eTax U Mpo-
gee, TO TaKyro HHPOpMaIHIO cieayeT 0hOPMUTE B CHOCKY B KOHIE cTpaHHULBl. CHOCKH HyMepYIOTCs apaOCKuMH udpamu,
pa3MenIaTcst HOCTPAaHUYHO CKBO3HOI HyMepanuei.

Buumanue! Teopetndeckue, 0030pHBIE ¥ TPOOIEMHBIE CTaThH MOTYT HMETh ITPOU3BOIBHYIO CTPYKTYPY, HO 00513aTEIEHO
JIOJDKHBI COZlepKaTh pedepar, KIHUYeBble CI0Ba, CIIMCOK JIUTEPATYPHI.

HPUMEPBI O®OPMJIEHHUS CITUCKA JIUTEPATYPbBI, REFERENCES U CHOCOK

CIIUCOK JIUTEPATYPBI:

Monozpagpusn

Knumosa O.B. Tlonesbie KynbTypsl 3a0aiikaibs: Monorpadus. Yura: [Touck, 2001. 392 c.

Yacmb KHuzu

Xonmos B.I' MuHnMaibHas 00paboTKa KYJIMCHOTO Tapa TMOJ SPOBYIO MIICHHIYy MPU HHTEHCH()UKAUH 3eMIICIENUs B
I0)KHOI Ntecoctenu 3anaaHoit Cubupu // PecypcocOeperaromue cucteMsl 00padoTku moussl. M.: Arponpomusaar, 1990. C.
230-235.

Ilepuoouueckoe uzoanue

Haxyne AJL., Jlanwunos H.A., booicanosa I'B., [laxynv B.H. TexHOIOTHUECKIE Ka9eCTBA 3epHA MITKOU SPOBOM MIIIEHU-
16l B 3aBUCUMOCTH OT CUCTEMBbI 00pa0bOTKH 1MOouBbI // CHOMPCKUIT BECTHHUK Ccelbckoxo3siicTBeHHOM Hayku. 2018. T. 48. No 4.,
C. 27-35. DOI: 10.26898/0370-8799-2018-4-4.

REFERENCES:

CocTaBisieTCs B TOM )K€ HOPSIJIKE, YTO M PYCCKOSI3BIYHBIN BAPHAHT, IO CIICAYIOIINM MTPABHIIAM:

@ammnun 1.0. aBTOPOB B YCTOSIBIIEMCS CIIOCO0E TPAHCIUTEPALNH, aHIIOSI3bIYHOC HAa3BAHKUE CTATBH, MPAHCAUMEPAYUs]
HA36AHUSL PYCCKOSA3BIMHO20 UCTIOYHUKA (Hanpumep, uepe3 caum: https://antropophob.ru/translit-bsi) = anenoszviunoe Ha-
36anue ucmounuxa. Jlanee opopmienue st MOHOTpadUH: TOPOA, AaHITIOSI3BIYHOE Ha3BaHHE M3IATeNbCTBA, TOM, KOINIECTBO
CTpaHUIL; ULl XKypHAaJa: T, TOM, HoMep, cTpanuibl. (In Russian).

IIpumep: Avtor A.A., Avtor B.B., Avtor C.C. Title of article.

TpaHcnuTepanyst aBTOpOB. AHITIOSI3BIYHOE HA3BAHHE CTaThU

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

Tpancrumepayus ucmounuxa = Anenoa3vlyHoe Ha36aHue UCHOYHUKA

Momnozpagusn

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

Yacmob knuzu

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).

Ilepuoouueckoe uzoanue

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.

CHOCKHU:

LluTrupyembIii TEKCT'.

'Knumosa D.B., Anopeesa O.T., Temnukosa I'Il. TlyTi crabunnsanun KOpMOIIPON3BOACTBa 3abaiikanss // [Ipo6aeMsr u
MePCTIEKTUBBI COBEPIICHCTBOBAHMUS 30HAIBHBIX CHCTEM 3€MIICNICNTUSI B COBPEMEHHBIX YCIOBHSX: MaTepHalibl Hayd.-MIPaKT.
koH(}. (Huta, 16—17 okra6ps 2008 ). Uuta, 2009. C. 36-39.

Hugposoit uoenmugpurxamop Digital Object Identifier — DOI (xorna OH €CTh Y IIATUPYEMOTO MaTepuaa)

HEOOXOIMMO YKa3bIBaTh B KOHIIE OMOIHOrpapUUECKOil CChUTKH.

[pumep:

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.

Hamuuue DOI crateu cnemyer mpoBepaTh Ha caiite http://search.crossref.org/ mmu https://www.citethisforme.com.
I[J'IH OTOI'0 HY’>KHO BBECTH B ITOUCKOBYIO CTPOKY Ha3BaHUC CTAaTbU Ha AHIJIMICKOM SI3BIKE.

PUCYHKMU, TABJULBI, CKPUHINOTHI 1 ®POTOT'PAOUH

PucyHKH NOJKHBI OBITH XOPOILIETO KaueCcTBa, IPUTOAHBIE AJIs TedaTu. Bee puCyHKH HOKHBI MIMETh TOAPUCYHOUHBIE O/
mucu. [ToapucyHouHyo oanuch He0OX0AUMO NEPEeBECTH Ha aHNIMMCKUI s13bIK. PHCYyHKH HyMepyloTcs apabckumu nudpamu
IO MOPSIIKY CIIE0BaHuUs B TeKcTe. ECIIM pUCYHOK B TEKCTE OAMH, TO OH He HyMepyeTcsl. OTChUIKU Ha PUCYHKH 0(OPMIISIOTCS
crenyromuM oopasom: «Ha puc. 3 ykazaHo, 9To ...» i «YKa3aHo, 4To ... (cM. pHC. 3)». [lonprcyHOYHAst TOANHCH BKIOYACT
HOPSAIKOBBIM HOMEP PUCYHKA U ero HazBaHue: «Puc. 2. OnucaHue >KU3HEHHO BaKHBIX IIpoLieccoBy. IlepeBos noapucyHOYHOM
HOAIMCH CJIEAYET Pacloiarark ocie NOAPUCYHOUHOH HOAIKMCH Ha PYCCKOM sI3bIKE.

TaOnmu1s! JOMKHBI OBITH XOPOIIETO Ka4eCTBa, MPUTOAHBIE AN MedatH. [IpemodTuTenbHbl TaOMUIBI, TPUTOAHBIE IS pe-
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JaKTUPOBAHMUS, & HE OTCKAaHWPOBAHHbIE WJIH B BHJIE PUCYHKOB. Bce TaOMUIIBI TOKHBI HMETh 3arofoBKU. Ha3BaHue TaOmuIbl
JOJDKHO OBITh NMEPEBEACHO HAa aHIIMMCKUM A3bIK. TaOmuIbl HyMEpyIOTCsl apaOCKUMU nudpamMy 10 HOPAIKY CICIOBAHUS B
texcre. Ecnu Tabnuiia B TekcTe ofiHa, TO OHa He HyMmepyeTcs. OTChUIKM Ha TaOauIbl 0(QOPMIISIOTCS CISIYIOLUIM 00pa3oM:
«B Tabmn. 3 yka3aHo, 4To ...» WK «YKa3aHo, 4To ... (cM. Tabx1. 3)». 3aroJa0BoK TaOJIUIIbI BKJIIOUAET IOPSAKOBBINA HOMEp Tabnu-
bl 1 ee Ha3BaHue: «Tabu. 2. Onucanue KU3HEHHO BaXKHBIX IIPOIIECCOBY. [IepeBos 3arooBKa TabIHIbI CISAYET pacioiararb
II0CJIe 3aroJI0OBKa TaOIHIBI HA PYCCKOM SI3BIKE.

dotorpaduu, CKpUHIIOTHI U APYTHe HEPUCOBAHHbIE WILTIOCTPAMM HEOOXOANMO 3arpy’kaTbh OTAENBHO B BHIE (ailyioB
¢dopmara *.jpeg (*.doc u *.docx — B ciydae, eciiu Ha M300paKCHUE HAHECEHBI JOTOJIHUTEIbHbBIC TOMETKH). Pa3perieHue
n300paxkeHus 1oKHO ObITh >300 dpi. Daitnam n300paxkeHnit HeOOXOANMO MPUCBOUTH Ha3BaHUE, COOTBETCTBYIOIIEE HOMEPY
pHCYHKa B TeKcTe. B onmcanunm ¢aiina cieayer OTIeIbHO NPHBECTH OAPHCYHOUHYIO MOMIHCH, KOTOPas JOKHA COOTBET-
CTBOBAaTh Ha3BaHHIO GoTOrpaduu, MOMENIaeMOH B TEKCT.

Cnenyer oOpaTuTh BHUMaHHE Ha Harmucanue GopMy B cTathe. Bo n3dexxanue myTaHHIBl HeOOX0MMO Tpedeckue (o, f,
7 U JIp.), pycckue (A, a, b, 6 u ap.) OyKBbI U HUQPBI TUCATH MPSIMBIM IPUPTOM, JJATUHCKHE — KypCUBHBIM (W, Z, m, n u ap.).
MareMaTuuecKie 3HaKH M CUMBOJIBI HY)KHO IHCaTh Takke NMpsAMbIM mpudrom. HeoOxoqumo 4eTko ykasplBaTh BEPXHUE U
HIDKHHME HAJICTpOUHbIe cuMBonbl (W', F| 1 1p.).

B3AMMOJEWNCTBUE MEXKY )KYPHAJIOM U ABTOPOM

Penakiys mpoCUT aBTOPOB IPH MOJTOTOBKE CTATEH PYKOBOJCTBOBATHCS M3JIOKCHHBIMH BBIIIC IIPABIIAMH.

Bce nmocrynaronue B xypHan « CHOMPCKUN BECTHUK CEITbCKOXO3SICTBEHHON HAYKH» CTAThbH MPOXOIAT HPEIBAPHTEIb-
HYIO [IPOBEPKY Ha COOTBETCTBHE (hopMabHbIM TpeboBanusiM. Ha 3ToM 3Tarie penakist OCTaBIsieT 3a co00ii IIpaso:

* IPUHATBH CTaThIO K PACCMOTPEHHIO;

°  BEpHYTbh CTaThIO aBTOPY (aBTOpam) Ha JI0padOTKY € MPOCHOOW YCTPAHUTD OMIMOKU WK JT00aBUTh HEIOCTAIOIIHE IAHHBIC,
*  BEpHYTb CTaThbO aBTOPY (aBTOpaMm) Oe3 paccMOTpeHHs1, 0OPMIICHHYIO HE 110 TPEOOBaHUIM JKypHaa;

*  OTKJIOHHTH CTaThIO M3-32 HECOOTBETCTBHS €€ LIeIISIM Ky pHAJIa, OTCYTCTBHS OPUTMHAJIBHOCTH, MaJIOH HAyYHOH [ICHHOCTH.

ITepenmcka ¢ aBTOpaMU PYKOIIMCH BEACTCS Yepe3 KOHTAKTHOE JHII0, YKa3aHHOE B PYKOIHCH.

Bce HayuHbIe cTaThH, HOCTYIMBIINE B PEAAKIHIO KypHaita « CHOUPCKHI BECTHHK CEIbCKOXO3SICTBEHHON HAYKI, IIPO-
XOISIT 00s13aTeNIbHOE JIBYXCTOPOHHEE «clienoey perieHsupoBanue (double-blind — aBTop 1 pelieH3eHT He 3HAKOT IPYT O JpPYTe).

Pykonucu HampasIsiFOTCS 0 NPOGHIII0 HAYYHOTO HCCICAOBAHMS HAa PELICH3HIO WICHAM PEJaKIOHHOM KOJUICTHH, a TaK-
JKC IpUITIAIICHHBIM PELUCH3CHTAaM — BEAYIIIUM CIICIAAJIUCTaM 110 TEMAaTUKE PELICH3UPYCMbIX MaTCPpUAJIOB. Penrenue o B1>160pe
TOTO MJIM MHOTO PELCH3CHTA JUIS IIPOBEICHUS AKCIIEPTHU3BI CTaThbH NPUHUMACT IIABHBIA PEIAKTOP, 3aMECTHTEIb [JIABHOTO
pemakTopa, Hay4HbIH pegakTop. CpoK peneH3NPOBAHUS COCTABIICT 4—6 HEIelb.

B CHOpHBIX Cllydasix perakTop MOKET IPHBIICYB K MIPOIIECCY PEIICH3UPOBAHMUS HECKOIIBKUX CIICIIHAIIICTOB, & TAKXKE [NIABHO-
ro peaakropa. [Ipu MoNOXUTETFHOM 3aKIFOUCHHH PELICH3CHTA CTAThs IEPEAACTCS PEAAKTOPY TS OATOTOBKH K IICYaTH.

[Ipu IPUHATHH PEIICHHUsI 0 JOpabOTKEe CTAThU 3aMEYaHHsl 1 KOMMCHTAPUH PELICH3CHTa IIEPeIatoTCs aBTopy. ABTOPY la-
ercs 2 Mecdla Ha ycTpaHeHMs 3aMeuaHuid. Ecnu B TedeHue 3TOro cpoka aBTOp HE yBEJOMMI PENaKLHUIO O IUIAHHUPYEMBIX
JeHCTBHSAX, CTAThsl CHUMACTCSI C O4ePe/IH 1Ty OJIMKALIIH.

ITpu npuHESATHA peleHns 00 0TKase B ITyONMKAINK CTaThH aBTOPY OTIIPABISICTCS COOTBETCTBYIONIEE PEIICHNE PEHAKIIIH.

OTBEeTCTBEHHOMY (KOHTAaKTHOMY) aBTOPY IIPHUHSTOM K MyOJIMKAIMK CTaThU HANPABISCTCS (DMHAIBHAS BEPCHUs BEPCTKH,
KOTOPYIO OH 00sI3aH TIPOBEPHTh.

MOPSJOK IEPECMOTPA PEIIEHUM PEJAKTOPA/PEIIEH3EHTA

Ecnu aBTOp HE COMIACEH € 3aKIIFOYCHIEM PELICH3EHTA H/IMITH PEIAKTOPa WM OTACIbHBIME 3aMEYaHHUSIMHU, OH MOXKET OCIIO-
PHTH MIPUHSITOE perieHune. J[jis 3Toro aBTopy He0OXOAUMO:
*  HCOPABHUTh PYKOIHCH CTATHH COTIACHO 0OOCHOBAHHBIM KOMMEHTAPHSIM PEIICH3CHTOB M PEIAKTOPOB;
*  SICHO M3JIO)KUTH CBOIO MTO3UIIHIO TI0 PACCMATPHBAEMOMY BOIIPOCY.

PenakTopsl COEHCTBYIOT TIOBTOPHOM MOIa4e PYKOIUCEH, KOTOPbIE MOTEHI[HAIFHO MOIIM OBl OBITH MPHUHSTHI, OXHAKO
OBLIM OTKJIOHCHBI U3-3a HCOOXOMMMOCTH BHECCHHS CYIICCTBCHHBIX HU3MCHCHHU MITH cOOpa HOMOIHUTEIBHBIX JAHHBIX, U TO-
TOBBI MOJPOOHO OOBSACHHUTH, YTO TPEOYETCS UCIIPABUTH B PYKOIMCH JIJIsl TOTO, YTOOBI OHA ObLiIa MPUHSATA K My OJIIMKAIUH.

JEUCTBUS PEJAKIIMH B CIYUAE OGHAPY KEHUS IVIATUATA, PABPUKAIIAU
NJIN PANBCUOPUKALINN JAHHBIX

Penakuus Hay4HOTO *)ypHana «CHOMPCKHI BECTHHK CEIIbCKOXO3HCTBEHHON HAYKH» B CBOCH pabOTEe PyKOBOACTBYETCS
TpaAuLIMOHHBIMU 3TUYECKUMU IIPUHIUTIaMHU Haquoi/i TNICPUOAUKHU U CBOJOM IIPUHIUIIOB «Ko;[el(ca OTHUKHU HAYYHBIX ny6m/u<a-
iy, pa3pabOTaHHBIM M YTBEPKACHHBIM KOMUTETOM 110 3THKE HAY4HBIX ITyOJIMKauid, TpeOys COOMIONeHNs 3TUX TPABUII OT
BCEX YYaCTHUKOB M3JIaTEJIbCKOTO Mpoliecca.

HUCITPABJIEHUE OLLIMBOK U OT3bIB CTATBHU

B ciiyuae oOHapykeHHsI B TEKCTE CTaThH OIMIMOOK, BIUSIONIMX HA €€ BOCIPUATHE, HO HE MCKaKAIOIIUX H3JI0KECHHBIC
pe3yJbTaThl KCCIIEAOBaHKS, OHH MOTYT OBITh UCTIpaBIICHBI myTeM 3ameHbl pdf-aiina crareu. B ciiyuae oOHapyKeHHS B TEK-
CT€ CTaThbH OLINOOK, HCKAXKAIOIIUX PE3YIIbTaThl HCCIEA0BAaHMS, THOO0 B Cllydae Iiarnara, 00Hapys>KeHusl HeJOOPOCOBECTHOTO
HOBEJCHUS aBTOpa (aBTOPOB), CBSI3aHHOTO ¢ (Ganbcuduranueil n/unm Gpadpukanyeil 1aHHbIX, CTaThs MOXKET ObITh OTO3BaHA.
VHNIMaToOpOM OT3BIBA CTATBH MOXKET OBITH PEJAKIIHsI, aBTOP, OPraHu3anus, 4acTHoe JUo. OTO3BAaHHAS CTAThs [IOMEYACTCS
3HaKOM «CTaThsl 0TO3BaHA», Ha CTPAHHUIIE CTAThH pa3MellaeTcss HHPOpPMAIHs O IPUYHHE ee 0T3bBa. MH(opMmaris 06 oT3bIBe
CTaThU HANpaBJsieTcs B 0a3bl JAaHHBIX, B KOTOPBIX HHICKCUPYETCS JKyPHAIL.
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