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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-7-1 Twrr cTaThu: OpUTHHATIBHAS
YIK: 632.4.01/.08+633.1 Type of article: original

KOPHEBAS I'HUJIb HPOBQFI INIEHAUIBI B ITIOJIEBBIX CEBOOBOPOTAX
JIECOCTEIIN UPKYTCKOHU OBJIACTH

<) Pasuna A.A.!, 3aitneB A.M.! %, Cononyn B.I."%, Istiioa O.I'.!

' Hpxymcxuil hayuno-ucciedosamenbCekuil UHCIMUmym cenbeko2o xosaticmea — gunuan Cubupckozo
pedepanvrozo Hayuno20 yenmpa azpodouomexnono2uii Poccuiickou akademuu Hayk
WpkyTtckas obnacts, c. [IuBoBapuxa, Poccus

?Upxymcexuil 2ocyoapemeennviil azpaphviil yuueepcumem um. A.A. Edxicescrkozo
HpkyTtckas obnacts, noc. MonoaexHsiii, Poccns
(X)e-mail: razina.alfiya@mail.ru

[IpuBeneHs! pe3ynbTaThl UCCIECTOBAHHM 1O OLIEHKE PacipOCTPaHEHHOCTH KOPHEBBIX THU-
JIeH W ypOXKaHOCTH SIPOBOM IMIIIEHUIIBI B JIECOCTEITHOM 30He VMpKyTCKOW 00JIacTH B TOJNEBBIX
ceBO0O0OpOTaX Ha Pa3HBIX (hOHAX YIOOPEHHOCTH U MpreMax 0OpadoTKH MmouBbl. CXema OmbITa:
NPEALIECTBEHHUKH — I1ap B CEBOOOOPOTE (Iap — IMIIEHUIIa — OBEC), TOPOXOOBCSAHASI CMECh U KY-
Kypy3a B ceBoOOOpOTE (TOPOXOOBCSIHAS CMECh — MILIEHHIA — KyKypy3a — MIIEHHIIA); TPHEMBI
00paboTku 1mouBbl — Benamika mwryrom [IJIH-5-35 na rmyouny 2022 cm, nuckoBanue B/IT-3 Ha
rryouny 12-14 cm; ynoOpenue — 6e3 ynoOpenuid, nojnoe Munepanbaoe ynoopenne N, P, K, ..
PacnipocTpaneHHOCTh KOPHEBOM THUIIM B CpeTHEM 3a 3 rofia CHIKaach B ceBooboporte ¢ 33%-M
HACBIILIEHUEM IIIECHUIIEH 1 TOCEBE €€ MO MapOoBOMY MPEIIECTBEHHUKY 110 CpaBHEHHIO ¢ 50%-M
HACBIIIEHUEM 110 TOPOX0-0BCy Ha 6,1%, 1o Kykypy3e Ha 0,9%; 1o quckaropHoi 00paboTKe Mo-
YBBI IO CPAaBHEHHIO CO BCIAIIKOM B TApOBOM MpeiiecTBeHHrke Ha 11,8%, mo ropoxo-oBcy Ha
4,7%, o kykypy3e Ha 9,2%; 1o ynoopeHHOMY (hOHY B TPEXIIOIBLHOM CEBOOOOPOTE MO Mapy Ha
4%, o ropoxo-oBcy Ha 1,9%, no kykypy3se Ha 4,8%. CTaTUCTHUYECKHU JOCTOBEPHAsT HANOOIb-
masi yposkalHOCTh SIpOBOM MIIIEHUIBI OTMEUEHA B TPEXMOJIbHOM ceBooboporte ¢ 33%-Mm Ha-
CBILIICHUEM MIICHHIICH 0 Tapy MPH BCTAIIKE MOYBBI, YTO BBIIIE IO aHATOTHYHONW 00paboTKe
MOYBHI B ceBO0OOpOTE ¢ 50%-M HACBIIIIEHUEM MIIIEHUIIEH TIPU TTOCEBE 10 TOPOXOOBCSHOM CMe-
cu Ha 31,3%, o Kykypyse Ha 23,8%. Buecenne munepanbhbix ynoopenuit N, P, K, nosbI-
[1aJI0 YPOXKAMHOCTH, 2 00pabOTKa MOYBBI TUCKOBAHUEM U TIPEIIICCTBEHHUKH TOPOXOOBCIHAS
CMECh U KYKypy3a CHIXKaJIM. 32 pOTAlMI0 CHU3WIACh PAaCpOCTPAHEHHOCTh KOPHEBOW THUIH
OT UCXO/IHOTO MOKa3aTeNsl C OMHOBPEMEHHBIM POCTOM YposkaHOCTH — ¢ 33%-M HachIlLIEHUEM
ceBooOopoToB mienuteit Ha 9,0 u 35,0%, ¢ 50%-m — Ha 6,6 1 45,7%.

KuroueBble ciioBa: sipoBasi MIlIEHUIA, KOPHEBask THUJIb, CEBOOOOPOT, BCHAIIIKA, JUCKOBA-
HUE, MUHEpaJIbHbIE YIOOpEHUs, YPOXKaliHOCTh

ROOT ROT OF SPRING WHEAT IN FIELD CROP ROTATIONS
IN THE FOREST-STEPPE OF THE IRKUTSK REGION

<)Razina A.A.!, Zaitsev A.M."?, Solodun V.I."2, Dyatlova O.G.!

rkutsk Scientific Research Institute of Agriculture — Branch of the Siberian Federal Scientific Centre
of Agro-BioTechnologies of the Russian Academy of Sciences
Pivovarikha, Irkutsk region, Russia

Yrkutsk State Agrarian University named after A.A. Ezhevsky
Molodezhny, Irkutsk region, Russia

(X)e-mail: razina.alfiya@mail.ru

The paper presents the results of the studies to assess the prevalence of root rots and yields of
spring wheat in the forest-steppe zone of the Irkutsk region in field crop rotations on different back-
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Root rot of spring wheat in field crop rotations Razina A.A., Zaitsev A.M., Solodun V.I., Dyatlova O.G.
in the forest-steppe of the Irkutsk region

grounds of fertilization and tillage practices. The experiment scheme: forecrops — fallow in crop ro-
tation (fallow — wheat — oats), pea-oat mixture and corn in crop rotation (pea-oat mixture — wheat —
corn — wheat); tillage methods — plowing with PLN-5-35 plow to a depth of 20-22 cm, BDT-3
disking to a depth of 12-14 cm; fertilization - no fertilizer, complete mineral fertilizer N, P, K, ..
The prevalence of root rot decreased on average for 3 years in the crop rotation with 33% saturation
of wheat and its sowing on a fallow forecrop in comparison with 50% saturation in pea-oats by
6.1%, in corn by 0.9%; disc tillage compared to plowing in fallow forecrop by 11.8%, in pea oats
by 4.7%, in corn by 9.2%; on fertilized background in three-field crop rotation in fallow by 4%, in
pea oats by 1.9%, in corn by 4.8%. Statistically reliable highest yield of spring wheat was observed
in three-field crop rotation with 33% saturation of wheat on fallow at soil plowing, which is higher
than similar soil treatment in crop rotation with 50% saturation of wheat at sowing on pea and oat
mixture by 31.3%, on corn by 23.8%. Application of mineral fertilizers N, P, K, increased the
yield, while tillage with discing and the forecrops such as pea and oat mixture and corn decreased
the yield. Over the rotation, root rot incidence decreased from baseline with a concomitant increase
in yield — with 33% wheat saturated in the rotations by 9.0% and 35.0%, and with 50% wheat satu-
rated in the rotations by 6.6% and 45.7%.

Keywords: spring wheat, root rot, crop rotation, plowing, disking, mineral fertilizers, yield

s nurupoBanus: Pasuna A.A., 3aiiyes A.M., Conooyn B.U., [{amnosa O.I" KopHeBas THUJIb SPOBO IMIIEHUIIBI B TTOJEBBIX
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INTRODUCTION prevalence of wheat infections by Bipolaris so-
rokiniana; however, there is currently a grad-
ual change in the microbiota structure with a
dominance of Fusarium fungi [4]. It has been
established that in mouldboard soil treatments,
Helminthosporium root rot predominates, while
in no-till, Fusarium rot dominates. In the condi-
tions of Western Siberia, a significant increase
in plant infestation with common root rot under
the No-Till technology was not detected [5]. A
trend was identified showing an increase in the
number of epy pathogens in the initial years after
switching to no-till technology and their reduc-
tion thereafter [6]. The development of spring
wheat root rots was determined by its forecrop,
whose influence increased throughout the vege-
tation [7]. The role of autumn fallow as a method

The widespread minimization of soil treat-
ments has ambiguous effects on the phytosani-
tary situation in the wheat agro-ecosystem, spe-
cifically on the prevalence of root rots. Research
conducted both in Russia and abroad has indi-
cated a trend of negative impacts of shallow and
no-till treatments on the phytosanitary condition
of various soil types. Significant accumulation
of root rot pathogens has been observed in the
plow layer of soil during minimal stubble mulch,
shallow, and nonmouldboard cultivation and in
the absence of primary soil treatments [1-3].

With the application of superficial soil treat-
ments, the taxonomic composition of root rot
pathogens also changes. According to epy Ural
scientists, the region previously witnessed the
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to conserve soil moisture, accumulate nutrients,
clear soil from weeds, disease pathogens, and
pests has been established [8].

The influence of fertilizers under different
soil treatment systems on the prevalence of root
rot is ambiguous. There are reports of increased
root rot prevalence both in the background of
no fertilizer application during mouldboard and
differentiated treatments, and with the introduc-
tion of organic and mineral fertilizers against the
backdrop of disc harrowing to a depth of 10-12
cm [9, 10]. Wheat’s resistance to pathogenic
organisms under intensive cultivation technol-
ogies significantly decreases as nitrogen nutri-
tion levels increase [11]. Against the backdrop
of nitrogen fertilizers, the soil’s infestation with
pathogenic microorganisms tends to decrease,
especially in no-till options. This correlation is
even more pronounced against the background
of complex fertilizers [12].

According to literary sources, surface and
no-till treatments provide the greatest resource
conservation, reduce production costs, and opti-
mization of plant nutrition and the phytosanitary
situation in crops due to the use of fertilizers and
plant protection products prevents a decrease in
crop productivity [13-15].

The issue is also important for the Irkutsk re-
gion, where the comprehensive influence of soil
treatment methods, crop rotations, and fertilizers
on the prevalence of spring wheat root rots has
not been studied.

The purpose of the research is to assess the
prevalence of root rots and the yield of spring
wheat when cultivated under different crop
rotations and intensification levels in the for-
est-steppe zone of the Irkutsk region.

MATERIAL AND METHODS

Research was conducted between 2017 and
2020 in the forest-steppe zone of the Irkutsk
region at the experimental field of the Irkutsk
Research Institute of Agriculture. The soil of
the site is heavy loamy gray forest with a hu-
mus content in the 0—30 cm layer of about 5%

(GOST 26213-91), total nitrogen — 0.22%
(GOST R 58596-2019), pH_, — 5.5 (GOST R
58594-2019), total absorbed bases — 21-25 mg-
equi./100g (GOST 27821-88), hydrolytic acid-
ity — 7.3-8.0 mg-equiv./100g (GOST 26212
91), degree of base saturation — 73-83%;
availability of P,O,— 100120 kg/ha, K,O — 80—
100 kg/ha (GOST R 54650-2011).

The three-factor field experiment had the fol-
lowing variations: forecrop (factor A) - fallow in
a three-field crop rotation with 33% saturation
with wheat (fallow - wheat - oats); a mix of peas
and oats and corn in a four-field crop rotation
with 50% saturation with wheat (peas and oats
mix - wheat - corn - wheat); soil treatment meth-
ods (factor B) — plowing with a PLN-5-35 plow
to a depth of 20-22 cm, disk harrowing with
a BDT-3 to a depth of 12—14 cm; fertilization
(factor C) — no fertilizers, full mineral fertilizer
N45P45K45'

The experimental plot area was 70.0 m?. The
experiment was replicated three times. The spring
wheat variety used was Buryat awned wheat.
Seeds were not treated, and fungicides were not
used. Ammonium nitrate with a nitrogen content
of 34.4% and diammonium phosphate with an
NPK (%) ratio of 10:26:26 were applied. The
fertilizer dose was determined based on the nu-
trient content in the soil, depending on the pre-
decessor, targeting a yield of spring wheat of 3.5
tons/ha for pure fallow, 2.6 tons/ha for corn, and
2.2 tons/ha for annual grasses. Sowing was done
on May 20th with a seeding depth of 5—-6 cm and
a sowing rate of 7 million germinating seeds/ha.

The prevalence of root rots (P, %) was deter-
mined according to the recommendations of the
All-Russian Plant Protection Institute!. Wheat
yield was measured using a “Terrion” combine.
Statistical processing of experimental data was
carried out using the variance analysis method
and the Snedecor V52 software package.

RESULTS AND DISCUSSION

Out of the 4 years of research, 2017 and 2020
were favorable for plant growth and develop-

Yanskii V.I., Levitin M.M., Ishkova T et al. Methods of pest accounting. Recommendations of VIZR // Plant protection and

quarantine. 2002, no. 3, pp. 51-52.

2Sorokin O.D. Applied statistics on the computer. 2nd ed. Novosibirsk: SUE PBCA SB RASKhN, 2012, 282 p.
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ment at the start of vegetation. In May, there
was twice as much precipitation and 15.2 mm
more than the norm, and the average daily air
temperature was 1.4 and 2.8 °C higher than the
multi-year average.

The beginning of the vegetation period in
2018 and 2019 was droughty. In May and June
2018, precipitation was below the norm by 1.9
and 2.3 times, respectively, and in May 2019,
it was 1.7 times below the norm. The first and
second ten days of June were also dry. The tem-
perature conditions varied these years —in 2018,
average daily temperatures in May and June
were respectively 1.5 and 5.1 °C higher than the
multi-year average, while May 2019 was cold
with an average air temperature 1.7 °C below the
norm.

The crop rotation was laid out in 2017 on a
plot where various agricultural crops, including
cereals, were grown the previous year. Here, in
the sprouting phase of spring wheat, the preva-
lence of root rot was 52.7% and was taken as the
initial average value, which was 3.5 times higher
than the economic threshold of harmfulness set
at the beginning of vegetation (15%).

The seeds used in the experiment (see Table
1) were infected on average over four years by
a complex of pathogens: to a greater extent by
fungi of the genera Fusarium sp. (72.1%), Al-
ternaria sp. (34.6%), and to a lesser extent — Bi-
polaris sp. (7.8%), Penicillium sp. (3.3%), the
total wheat seed infection rate was 88.7%. In
2019 and 2020, the infection rate of Alternaria
sp. significantly increased (93.7 and 38.5%, re-
spectively).

In 2018, the prevalence of root rots, as prov-
en by a variance analysis of experimental data,
was influenced by the level of fertilization and
the type of preceding crop (see Table 2). This
indicator decreased when using mineral fertiliz-
ers N,.P, K, and increased in crop rotation with
50% wheat saturation when sown after pea and
oat mixtures and corn, and was not dependent
on different types of soil treatment. However,
there was a trend of reduced disease prevalence
against the background of disc-tillage.

In 2019, fertilization did not have a signifi-
cant effect on the prevalence of root rot. A sta-
tistically significant reduction in root rot preva-
lence by 19.6% was noted in the variants where
soil discing was performed. The most reliably
low disease prevalence rates were ensured by
sowing wheat after corn, while the pea and oat
mixture slightly increased this value within the
experiment’s error margin (see Table 2).

In 2020, when sowing on fallow without us-
ing fertilizers, a decrease in root rot prevalence
was noted, significant compared to the forecrop
corn (by 19.7%) and insignificant compared to
the pea and oat mixture (by 7.8%). Complete
mineral fertilization increased, and soil discing
decreased the disease prevalence within the lim-
its of experimental error.

Fertilizers contributed to a slight decrease
in the prevalence of root rot of spring wheat in
three-field crop rotation: by 4% for fallow, 1.9%
for pea and oat, and 4.8% for corn.

The yield of spring wheat in the experiment
during the research years statistically significant-
ly depended on the studied factors (see Table 3).

Taoa. 1. Pesynbrarsl GUTOMATONIOTHYECKOTO aHAIN3A CEMSH SIPOBOM MIIEHHIIBI, %o

Table 1. Results of phytopathological analysis of spring wheat seeds, %

Study year sgggllfﬁgs heent Total infestation
Alternaria sp. | Bipolaris sp. Fusarium sp. | Penicillium sp.

2017 0,0 0,0 6,0 98,0 1,0 100,0

2018 42,0 6,0 15,0 29,0 8,0 58,0

2019 2,0 93,7 8,7 91,7 1,0 98,0

2020 1,0 38,5 1,5 69,5 0 99,0
Average 11,3 34,6 7,8 72,1 33 88,7
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Ta6a. 2. PacnpocTpaneHHOCTh KOPHEBBIX THUJICH SIPOBO¥ MIeHUIIBI B ombite, 2018-2020 rr., T/Ta
Table 2. Prevalence of root rots of spring wheat in the trial, 2018-2020, t/ha

, 2018 2019 2020 Average
Forecrop Tillage for 3
(factor A) (factor B) No fer- | N,,P, K, | Aver- | No fer- | N, P, K, | Aver- | No fer- | N P, K, | Aver- or

tilizers | (factor C)| age | tilizers | (factor C) | age tilizers | (factor C) | age years

Fallow |Plowing

(control) 42,5 42,1 42,3 | 73,0 66,2 69,6 40,3 50,0 52,6 | 54,8
Disking 37,2 43,4 40,3 | 42,1 40,8 41,5 39,9 54,3 47,1 | 429
Average 39,9 42,8 41,3 | 57,6 53,5 55,6 40,1 52,2 46,2 | 47,7

Pea and

;)at mixX- | Plowing 53,2 39,9 46,6 | 73,5 72,5 73,0 55,2 42,1 48,7 | 56,1
ure

Disking 64,8 63,9 64,4 | 40,8 48,5 44,7 40,5 49,8 452 | 51,4
Average 59,0 51,9 55,5 | 57,2 60,5 58,9 47,9 45,9 46,9 | 53,8
Corn
Plowing 65,7 61,9 63,8 | 349 30,8 32,9 62,6 63,3 63,0 | 53,2
Disking 54,3 37,0 45,7 | 31,5 28,9 30,2 56,9 55,0 56,0 | 43,9
Average 60,0 49,5 54,8 | 33,2 29,9 31,6 59,8 59,2 59,5 | 48,6
Average
Plowing 53,8 47,9 50,9 | 60,5 56,5 58,5 52,7 51,8 52,3 | 53,9
Disking 52,1 48,1 50,1 | 38,1 39,4 38,9 45,8 53,0 49,4 | 46,1
Average 53,0 48,0 50,5 | 49,3 48,0 48,7 49,3 52,4 50,9 | 50,0
LSD, for the factors C=4.58: B=458: C=2.61:B=26: A4=169: B=138:
BC=6,48;4=5,61; BC=3,69; 4=3,20;, C=13,8; BC=19,5;
AC=1793; AB=17,93; AC=4,52; AB=2,52; AC=23,9; AB=2,52;
ABC=11,22 ABC = 6,39 BC=19,5
Factor influence share, % | C=1,8; B=0; 4 =21/4; A=41,1; B=36,0; A=60,0;B=0;, C=0;
AB=57.2;AC=0,5; C=0,1; AB =20,0; AB=22; AC=0;
BC=0 AC=13;BC=1,1 BC=6.,5

The introduction of mineral fertilizers N, P, K,
increased the yields, while soil discing and the
preceding crops pea and oat mixture and corn
reduced them.

The highest yield of spring wheat during the
research years and on average over 3 years was
noted in a three-field rotation with 33% wheat
saturation following fallow during soil plowing,
which was higher than the similar soil treatment
in rotation with 50% wheat saturation when sown
after a pea and oat mixture by 31.3%, and after
corn by 23.8%. With disc-tillage, the yields were
lower than plowing when sown after all the fore-
crops: fallow by 18.0%, pea and oat mixture by
8.4%, and corn by 13.4%. The full mineral fertil-

izer N, .P, K, . in the experiment contributed to an
increase in the yield compared to the unfertilized

variants on average over 3 years by 0.3 tons/ha.

CONCLUSION

On average over 3 years in a three-field rota-
tion with 33% wheat saturation and its sowing
following fallow (fallow — wheat — oats), the
prevalence of root rot was lower than in the ro-
tation with 50% saturation of this crop: for pea
and oat by 6.1%, and for corn by 0.9%. Disc-till-
age over an average of 3 years of observation
more effectively limited the prevalence of root
rot compared to plowing in a fallow forecrop by
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Ta6a. 3. YpoxaitHOCTh sIpOBOH HIeHUIbI B omibiTe, 2018-2020 rr., T/ra
Table. 3. Yield of spring wheat in the trial, 2018-2020, t/ha

. 2018 2019 2020
Forecrop Tillage
(factor A) (factor B) No fer- | N, P, K No fer- | N, P,.K No fer- | N,.P, K
tilizers | (factor C) | XV | tilizers | (factor ) | AV | tilizers | (factor C) | AVETa8®
Fallow Plowing 1,95 2,21 2,08 3,28 3,31 3,30 3,16 3,71 3,44
(control)
Disking 1,95 1,88 1,92 2,27 2,32 2,30 2,74 3,27 3,01
Average 1,95 2,05 2,00 2,78 3,32 2,80 2,95 3,49 3,22
Peaand |Plowing 1,40 1,65 1,53 1,87 2,27 2,07 2,15 2,74 2,45
oat mix-
ture Disking 1,38 1,50 1,44 1,68 2,05 1,87 1,94 2,52 2,23
Average 1,39 1,58 1,49 1,78 2,16 1,97 2,05 2,63 2,34
Corn Plowing 1,25 1,88 1,57 2,47 2,61 2,54 2,34 2,89 2,62
Disking 0,91 1,06 0,99 2,43 2,66 2,55 2,01 2,57 2,29
Average 1,08 1,47 1,28 2,45 2,64 2,55 2,18 2,73 2,46
Average |Plowing 1,53 1,91 1,73 2,54 2,73 2,64 2,55 3,11 2,83
Disking 1,41 1,48 1,45 2,13 2,34 2,24 2,23 2,79 2,51
Average 1,47 1,70 1,59 2,34 2,54 2,44 2,39 2,95 2,67
LSD; for the factors C=0,1;B=0,1; BC=0,13; C=0,10; B=0,10; A=0,08; B=0,07;
A=0,12; AC=0,16; BC=0,15;4=0,13; C=0,07;, BC=10,09;
AB=0,16; ABC=10,23 AC=0,18; AB=0,18; AC=0,11; AB=0,11;
ABC=10,25 ABC=0,16

11.8%, for pea and oat by 4.7%, and for corn by
9.2%.

The saturation reduction of the rotation with
spring wheat from 50 to 33% positively affected
its yield, which increased by 37% when sow-
ing wheat after the pea and oat mixture and by
30.9% after the corn forecrop.

When applying full mineral fertilizer
N,,P, K, for wheat, the yield on average in-

creased by 12.5%.
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IF'EHOTHUIIMYECKASA PEAKIIUA AYMEHS
HA MOBBIINEHHOE COAEPXXAHUE KAJIMMUS B IIOYBE

<) Toscruk E.B.""2, Illymienosa O.H.!, Illennuxosa U.H.!
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Kupos, Poccus

’Bamckuil 20cy0apcmeenuvlil yHusepcumen

Kupos, Poccus

()e-mail: tovstik2006@inbox.ru

[IpencraBieHsl pe3yiabTaTbl CPABHUTENBHON OLIEHKH HAa KOHTPOJIBHOM M MPOBOKAIIMOHHOM IOY-
BEHHOM (DOHE TI0 KaJIMHIO COPTOB SApOBOTO stumenst (Hordeum vulgare L.), NOTy4eHHBIX Pa3THIHBIMH
Metonamu. Beero m3yueno 10 copros: Pogauk [Ipukambs, Hosudok, [duna, 3a3epckuii 85, Triumph,
Tallon (rubpunm3arus u oto0p); PopBapxa, buonuk, Butpywm (kinetounas cenexnus); [lamsatu dynnaa
(mytarenes). MccnenoBanust mpoBoamiu B 2021 . B KIMMaTHUeCKUX yciaoBuiax Kuposckoir obmac-
. CeMeHa pacTeHUll KaKJO0ro coOpTa BBICEBAIM B BEI€TALIMOHHBIE EMKOCTH, HAIIOJHEHHBIE JIEPHO-
BO-TIOA30IMCTON MOYBOM. [IpoBOKaLMOHHBIN MOYBeHHBINH (oH 1o Kaamuio (6,4 + 0,5 Mr/kr) cos3na-
BaJIM IIyTeM BHECEHUs B MOYBY aneTara kaamus. CpeqHee 3HaYCHUE YPO)KalHOCTH COPTOB SIUMEHS B
KOHTpoJIe (TTOYBEHHBIN (OH 6e3 KaaMus) cOCTaBmIIO 279 1/M?, Ha MPOBOKAIMOHHOM (ore — 216 /M2
B ycnoBusix KagMHEBOIo cTpecca ypoKalHOCTh THOPHIOB CHUYXKAJIACh 10 CPABHEHHUIO C KOHTPOJIEM
Ha 12,2%, perenepantoB — Ha 29,6, myTanTta — Ha 42,4%. Cpean uccie10BaHHBIX COPTOB CTAOUIBHO
BBICOKYIO YPOXKaHHOCTh KaK Ha KOHTPOJIbHOM (334 r/m?), Tak 1 Ha KaaMueBoM (oHe (263 r/m?) moka-
3aJ1 copT broHuK, nMeromuii pereHepanTHOE NPOUCXOKAeHKE. [IpOTyKTHBHAS KYCTHCTOCTh THOPHI-
HBIX COPTOB SIYMEHSI HAa KOHTPOJILHOM (pOHE BapbupoBaia ot 2,8 10 4,1 mrT., y pereHepantos — ot 3,4
1o 4,8, copra-myranTta — 4,3 mrt. B ycinoBusx kaIMrueBoro crpecca NpoayKTUBHAs KyCTHCTOCTb CHU-
)Kajach B CpemHeM Ha 2,7 mT. — y THOPUAOB, Ha 3,4 — y pereHepaHToB, Ha 2,6 IMT. — y MyTaHTa. bro-
HUK HE3aBHCHMO OT ITOYBEHHOTO ()OHA IO CPABHEHHUIO C APYTMMH COPTaMH MMeEJ HauOOJIbILIYIO MPO-
JQYKTUBHYIO KyCTUCTOCTb. 3HAaUMMBbIX Pa3JInuMil B COAEPIKaHUU MOIU(EHOTIOB B 3ePHE UCCIIETYyEMBIX
COPTOB Ha KOHTPOJIBHOM U TPOBOKALMOHHOM MOYBEHHOM (hOHE MO KaIMHIO HE BBISIBICHO. B ycrnoBusax
KaJMHEBOTO CTpecca OTMEUEHO CHIKEHUE CoflepKaHus (JIaBOHOMIOB B 3€pPHE, a TAK)KE HAKOIICHHUE
kaamus (0,29-0,92 mr/kr). Copra THOPUIHOTO POUCXOXKICHUS B OONBIIEH CTENEHHU POSIBIISIIH CIIO-
COOHOCTb K HAaKOIUICHHIO KaJMUs B 3€pHE.

KiroueBble cjioBa: s;tuMeHb, KAAMHUH, YPOXKAHHOCTb, IPOLYKTUBHASI KyCTUCTOCTb, MOJU(EHOIH,
(hraBOHOU B

GENOTYPICAL RESPONSE OF BARLEY TO INCREASED
CADMIUM CONTENT IN SOIL

<) Tovstik E.V.":2, Shupletsova O.N.!, Shchennikova I.N.!

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

*Vyatka State University
Kirov, Russia
()e-mail: tovstik2006(@inbox.ru

The results of a comparative evaluation of spring barley (Hordeum vulgare L.) varieties obtained
by different methods on control and provocative soil background for cadmium are presented. A total of
10 varieties were studied: Rodnik Prikamya, Novichok, Dina, Zazersky 85, Triumph, Tallon (hybrid-
ization and selection); Forward, Bionic, Vitrum (cell selection); In memory of Dudin (mutagenesis).
The studies were carried out in 2021 under the climatic conditions of the Kirov region. Seeds of the
plants of each variety were sown in vegetation containers filled with soddy-podzolic soil. Cadmium
provocative background (6.4 = 0.5 mg/kg) was created by adding cadmium acetate to the soil. The
average yield of barley varieties in the control (soil background without cadmium) was 279 g/m?;
against a provocative background — 216 g/m?. Under the conditions of cadmium stress, the yield of
hybrids decreased compared to the control by 12.2%, regenerants — by 29.6%, mutant — by 42.4%.
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Among the studied varieties, the Bionic variety, which has a regenerated origin, showed a consistently
high yield both on the control (334 g/m?) and cadmium background (263 g/m?). Productive bushiness
of hybrid barley varieties against the control background varied from 2.8 to 4.1; in regenerants — from
3.4 to 4.8; mutant varieties — 4.3 pieces. Under the conditions of cadmium stress, productive bushi-
ness decreased by an average of 2.7 — in hybrids; for 3.4 — for regenerants, for 2.6 pieces — a mutant.
Bionic, regardless of the soil background, compared with other varieties, had the highest productive
bushiness. Significant differences in the content of polyphenols in the grain of the studied varieties on
the control and provocation soil background for cadmium were not revealed. Under the conditions of
cadmium stress, a decrease in the content of flavonoids in grain was noted, as well as the accumulation
of cadmium (0.29-0.92 mg/kg). Varieties of hybrid origin showed the ability to accumulate cadmium
in grain to a greater extent.
Key words: barley, cadmium, yield, productive bushiness, polyphenols, flavonoids
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INTRODUCTION mium in the soils of agricultural lands has been
established only for its gross forms. Depending
on the granulometric composition and acidity of
the soil, it varies from 0.5 to 2.0 mg/kg>.

The danger of elevated cadmium content in
the soil for plants lies in inducing stress in them

[4]. Depending on its nature and severity, as well

Among the first-class pollutants, cadmium
raises the greatest concern due to its ability to
bioaccumulate in the food chain [1]. Currently,
various methods are being developed to prevent
cadmium from entering food raw materials and
food products. One of them is monitoring the

content of cadmium in arable soils, as well as in
mineral fertilizers produced based on phosphate
rock. According to regulatory documentation,
depending on the type of fertilizer and its phos-
phate content (no more than 5% and equal to or
more than 5%), the concentration of cadmium
should not exceed 3 and 20 mg/kg respectively.
However, even with a low cadmium content in
fertilizers, over time, this element accumulates
in the soil when fertilizers are applied [2, 3]. The
approximate permissible concentration of cad-

as the type of plant, stress can lead to a series
of pathological changes in plant tissues of vari-
ous levels [5]. One of them is the production of
polyphenols, the protective role of which is as-
sociated with antioxidant activity [6]. It should
be noted that phenolic compounds are increas-
ingly being considered as biochemical markers
of stress in cereals [7].

Interest in polyphenols is not limited to plant
stress resistance. It also focuses on non-extract-
able polyphenols, which play an important role

'GOST P 58658-2019. Products and food with improved characteristics. Mineral fertilizers. General technical conditions.

Moscow, 2020, 19 p.

2SanPiN (Sanitary Regulations and Standards) 1.2.3685-21. Hygienic norms and requirements to ensure safety and (or) harm-
lessness for humans of habitat factors. https://docs.cntd.ru/document (accessed on: 01.03.2023).
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in the nutritional value of products, as well as
their inhibitory activity regarding a-glucosidase
(8, 9].

An important task to maintain the yield and
quality of crop products in conditions of soil
pollution with cadmium is to develop stress-tol-
erant varieties using various methods [10].

The prospects of these varieties can be as-
sessed using a variety of indicators (morphomet-
ric, physio-biochemical), as well as by the pro-
ductivity of plants [11]. Along with this, when
selecting varieties with increased resistance to
cadmium, it is important to determine the level
of accumulation of the toxic metal in the struc-
tural parts of the plants, especially in the grain.

The aim of the study is to investigate the ge-
notypic reactions of barley in soil conditions
with an excess of cadmium ions.

MATERIAL AND METHODS

The studies were conducted in 2021 at the
Federal Agricultural Research Center of the
North-East named after N.V. Rudnitsky (Kirov
Region) under vegetative trial conditions. The
research subjects were 10 varieties of spring
barley of various origins, created using breeding
and biotechnological methods (see Table 1).

The experiment was conducted under close to
field conditions. 35 seeds of each variety were

sown in vegetative containers 150 cm long,
130 cm wide, and 30 cm high, filled with sod-
dy-podzolic soil (organic matter content — 2.5 +
0.3%, nitrogen in terms of nitrate form — 1.7 +
0.5 mg/kg, mobile phosphorus — 50 = 10 mg/kg).

The feeding area for the plants was 4 x 15 cm.
To create a provocative soil background for cad-
mium, a solution of cadmium acetate was intro-
duced into the soil a month before epy sowing.
According to atomic absorption spectroscopy,
the content of mobile cadmium compounds in
the soil as a result of model pollution was 6.4 +
0.5 mg/kg. The control background was soil
without cadmium. During the experiment, plants
were watered as the soil dried out. The criteria
for evaluating resistance were productive (yield
calculated per 1 m?, bushiness) and biochemical
(content of polyphenols, flavonoids, cadmium in
grain) plant characteristics.

The content of polyphenols and flavonoids in
the grain was determined by the spectrophoto-
metric method on a PE 5300 VI spectrophotom-
eter (Russia) (glass cuvettes with an optical lay-
er thickness of 1 cm)?®. Gallic acid was used as
an internal standard when determining the con-
tent of polyphenolic compounds, and rutin when
determining flavonoids. The total content of
polyphenols was determined in alkaline extracts
from grain, free polyphenols and flavonoids — in

Taoa. 1. Copra sumeHs, NOTy4YeHHbIE Pa3IMUYHBIMA METOIAMU
Table 1. Description of barley varieties obtained by various methods

Variety Origin Selection criterion
Hybridization and selection

Rodnik Prikamya Russia Standard

Novichok ” Aluminum and acid tolerance

Dina v Rapid maturity, acid tolerance

Zazersky 85 Belarus >

Triumph Denmark . .

Tallon Australia High yield
Cell selection

Forward Aluminum and acid tolerance

Bionik Russia Drought tolerance, aluminum and acid tolerance

Vitrum Aluminum and acid tolerance
Mutagenesis

Memory of Dudin Russia High yield

3Shupletsova O.N., Tovstik E.V. The content of polyphenols in the grain of barley varieties of regenerant origin, grown on dif-
ferent soil backgrounds // Methods and technologies in plant breeding and crop production: Proceedings of the VIII International
Scientific and Practical Conference (Kirov, April 6, 2022). Kirov, 2022, pp. 120-125.
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aqueous-alcoholic. The content of bound poly-
phenols in the grain was determined by the dif-
ference between the total content of polyphenols
in alkaline extracts and the content of free poly-
phenols in ethanol extracts.

The cadmium content in the grain was deter-
mined by atomic absorption spectroscopy us-
ing the “Spectr 5-4” instrument (Russia). Grain
samples were prepared for analysis by the dry
ashing method*.

The mathematical processing of the exper-
imental data was carried out using statistical
analysis®. Microsoft Excel software was used to
interpret the obtained data.

RESULTS AND DISCUSSION

The assessment of the resilience of varieties
is primarily based on analyzing visible changes
in plant morphology under stress conditions. In
this context, a comparison of the productive fea-
tures of plants on both the control and the cadmi-
um-provocative soil backgrounds was conduct-

a

Genotype

Memory of Dudin ]_ﬁ

Vitrum E
Bionik —_‘
Forward _—‘

Tallon
Triumph |—
N
Rodnik Prikamya
Novichok
I 1 1 1 | |
0 100 200 300 400 500
Yield, g/m’

ed. Depending on the experimental variant, the
yield of the varieties varied widely (see Fig. 1, a).

The yield of most barley varieties averaged
279 g/m? in the control and 216 g/m? in the
provocative background. Under stress condi-
tions, this parameter’s values decreased com-
pared to the control: in hybrid-origin varieties
by 12.2%, regenerants by 29.6%, and mutants
by 42.4% (see Fig. 1, a). However, for the Novi-
chok and the Tallon varieties, the yield increased
in the presence of cadmium in the soil compared
to the control conditions.

One of the varieties with consistently high
yields on both control and cadmium back-
grounds was the regenerant-origin Bionic vari-
ety (334 and 263 g/m?). This variety also showed
the highest productive bushiness (see Fig. 1, 0).

According to literature data, the shoot forma-
tion intensity in cereals is one of their adaptation
mechanisms to the excess of toxic metal ions
in the soil. This allows plants not only to grow
successfully under ion toxicity conditions but

6

Genotype
Memory of DudinE %

Vitrmn-——‘ "
Bionik

Rodnik Pn'kamya'—ﬁ
Zazersky 85-—ﬁ %

Novichok |

0 1 2 3 4 5
Productive bushiness, pcs.

Hl Cadmium
1 Control

Puc. 1. Cpenssist ypo:xaliHOCTB (@) ¥ TIPOIYKTUBHASI KyCTUCTOCT (6) TEHOTUIIOB Ha KOHTPOJIBHOM U KaJIMHUEBOM (hOHE

Fig. 1. Average yield (a) and productive bushiness (6) of the genotypes on the control and cadmium background

4GOST 26929-94. Sample preparation. Mineralization for determination of toxic elements content. URL: https:// docs.cntd.ru/

document (accessed on: 01.03.2023).

SGOST R 8.736-2011. State system for ensuring the uniformity of measurements. Direct multiple measurements. Methods of
measurement results processing. Basic provisions. https://docs.cntd.ru/document (accessed on: 01.03.2023)

Titov A.F,, Kaznina N.M., Talanova V.V, Plant resistance to cadmium (on the example of cereal family): textbook; Institute of
Biology of the Karelian Scientific Center RAS. Petrozavodsk: Karelian Scientific Center RAS, 2012, 55 p.
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also to maintain a high reproductive potential.
Although productive bushiness is an inherited
characteristic of a variety, it also depends on the
growth conditions of the plants®. According to
analysis report, the productive bushiness of the
hybrid barley varieties in the control background
ranged from 2.8 to 4.1 pieces, for regenerants —
from 3.4 to 4.8, and for the mutant variety it was
4.3 pieces. In the cadmium background, the pro-
ductive bushiness of the varieties predictably de-
creased compared to the control background (on
average: 2.7 pieces — hybrids, 3.4 — regenerants,
2 pieces — mutant). The exception was the Tallon
variety, for which no significant differences in
the level of productive bushiness were found be-
tween the control and provocative backgrounds
(see Fig. 1, 6). The Zazerskiy 85 and the Mem-
ory of Dudin varieties showed the highest sen-
sitivity to cadmium: a decrease in the indicator
compared to the control by 26.7% and 39.5%,
respectively.

In addition to the productive characteristics
of plants, biochemical indicators of the grain
were evaluated. The assessment of polyphenol
content in the grain of the studied varieties was
of practical interest. It is known that one of the
most important functions of polyphenolic com-
pounds is their participation in protecting plants
from oxidative stress [6]. The profile of polyphe-
nolic compounds in the above-ground mass of
plants can depend not only on growth conditions
but also on varietal characteristics [12]. The re-
corded values of polyphenol content in the grain
under both control and cadmium-provocative
backgrounds varied within a narrow range (from
7.78 to 9.56 mg/g), indicating the absence of
significant differences between the varieties (see
Table 2).

Varieties with both a high level of polyphe-
nol content in the grain (Rodnik Prikamya, Vit-
rum, Dina, Memory of Dudin) and a low level
(Zazersky 85) were identified. Regardless of the
variety, the content of free polyphenols in the
grain was lower than that of bound ones. The
presence of a soil stressor reduced the content of
free polyphenols in the barley grain of all stud-
ied genotypes. While under control conditions

their proportion in the total count reached 21.5-
50.5% depending on the genotype, under stress
conditions, it ranged from 20.9-26.3%.

In recent years, the non-extractable fraction
of polyphenols has been increasingly viewed as
key due to its stability during processing and its
ability to reach the large intestine, providing a
positive effect on human health [13, 14]. Based
on the results of the conducted studies, the con-
tent of bound polyphenols in the grain of vari-
ous varieties on the control background varied
widely (49.5-78.5%), partly due to the lower re-
corded values for Forward and Bionics. Under a
cadmium-provocative background, there was a
noted increase in the content of bound polyphe-
nols relative to the control in the varieties. How-
ever, varietal differences were less pronounced
than on the control background (73.7-79.1% of
the total polyphenol content) (see Table 2). The
increase in bound and decrease in free polyphe-
nols in the grain under the influence of cadmi-
um indicates the presence of stress in all studied
genotypes, regardless of their origin.

A practical interest was the assessment of the
flavonoid content in grain as markers of stress
resistance, which are part of the free fraction of
polyphenols [15]. It was assumed that varieties
with different stress resistance might have vary-
ing levels of antioxidant protection and, accord-
ingly, experience different effects of oxidative
stress caused by growing conditions.

Depending on the growing conditions of the
plants and varietal characteristics, the level of
flavonoids varied widely (see Table 2). On a
control background, the content for hybrid ori-
gin varieties varied from 0.013 to 0.115 mg/g,
regenerants ranged from 0.047 to 0.063, and
mutant variety was 0.056 mg/g. The highest
amount of flavonoids was noted in the “Dina”
variety, and the lowest in the “Tallon”. A de-
crease in flavonoid content was observed on a
provocative background in all the studied variet-
ies (except for Tallon), but to a greater extent in
hybrid origin varieties: Triumph (61.2% relative
to control) and Dina (62.6%), as well as among
regenerants in the Vitrum variety (76.3%).

Titov A.F,, Kaznina N.M., Talanova V.V. Plant resistance to cadmium (on the example of cereal family): textbook; Institute of
Biology of the Karelian Scientific Center RAS. Petrozavodsk: Karelian Scientific Center RAS, 2012, 55 p.
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Taon. 2. Conepxanue momueHoIOB U (IaBOHOWIOB B 3epHE TCHOTHIIOB SIYMEHS, TIOJTyYSHHBIX pa3iiny-

HBIMH METOJaMU

Table 2. The content of polyphenols and flavonoids in the grain of barley genotypes obtained by various

methods
Control background Cadmium background
Polyphenols o Polyphenols
TABOHO- .
Genotype free mg/kg l B o, free m/kg 1 B Flavonoids,
bound % Total, mg/kg MI/T tomd % Total, mg/kg mg/g
Hybridization and selection
*
Novichok 2,32 £0,07 8,48+ 0,34 | 0,046 209011 9,29+0,04 | 0,039
42,6 77,5
Zazersky 85 2,01 £0,03 7,78 £0,01 | 0,057 2,01£0.15 8,42 +£0,56 0,039
73,8 76,1
+ + *
Rodnik Prikamya 2,64 £0,07 9,05+£0,11 | 0,076 2,09+0,10 9,12+ 0,39 0,050
70,8 77,1
. 2,00+ 0,28 1,98 £0,01
Dina 85 931+022| 0,115 89 9,37+0,14 0,043
. 2,41 +0,01 2,01 +0,11%
Triumph Y 8,81+0,74 | 0,049 S 8,89+0,39 | 0,019
227+0,11 1,90 £ 0,01
5 5 + s 5 +
Tallon s 8,26+0,75| 0,013 o1 9,08+0,16 0,027
Cell engineering
£
Forward 4422061 188510,13| 0,063 20920,10 9,07+032 | 0,047
50,1 76,9
%
Bionik 4,49 £045 8,89+ 0,39 | 0,047 239£0,16 9,09 + 0,33 0,021
72,5 73,7
%
Vitrum 2,74 +0,03 9,06 0,14 | 0,059 2392008 9,10£0,07 | 0,014
69,8 73,8
Mutagenesis
+ + *
Memory of Dudin 249 £0,02 9,36 +0,12 | 0,056 2,09+ 0,00 9,59+0,12 0,033
73,4 78,2
%p < 0,05.
The next stage of the research was the assess- CONCLUSIONS

ment of cadmium accumulation in the grain of
the studied genotypes on a cadmium background
(see Fig. 2).

The value of this indicator, according to
atomic absorption spectroscopy, was 0.29-0.92
mg/kg, exceeding the maximum allowable con-
centration (MAC) in grain (0.1 mg/kg) for all the
studied varieties. On a provocative background,
regenerant genotypes, induced as a result of cell
selection under stress conditions, accumulated
cadmium in regenerative organs 1.75 times less
(on average 0.32 mg/kg dry weight) compared
to varieties (on average 0.56 mg/kg dry weight)
that did not undergo in vitro selection.

1. The reaction of barley varieties to an ex-
cessive amount of cadmium in the soil was stud-
ied. Significant genotypic differences in stress
sensitivity among varieties obtained by differ-
ent methods were noted. The presence of a soil
stressor reduced the content of free polyphenols
in the grain of all genotypes, complicating their
bioavailability. Regenerant varieties such as
Forward, Bionic, Vitrum, created as a result of
in vitro selection, had a higher level of free poly-
phenols under stressful conditions (on average
2.29 mg/g) but with a relatively low proportion
of flavonoids (on average 0.027 mg/g) compared
to hybrids like Rodnik Prikamya, Novichok,
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Cadmium
content, pg/g

1,2 7

0,8

N ' I . ' . - '

0.0 Novichok | Zazersky Rodnik ' Dina Trlumph Tallon ' 'Forward' Bionik ' Vitrum' Memory
85 ~ Prikamya of Dudin

Variety

Puc. 2. Coneprkanre KaIMAS B 3€PHE TIMCHS
Fig. 2. Cadmium content in barley grain

Dina, Zazerskiy 85, Triumph, Tallon (2.01 and
0.036 mg/g respectively) and the mutant Memo-
ry of Dudin (2.09 and 0.036 mg/g respectively).
The results indicate the weakest manifestation of
oxidative stress of regenerants on a provocative
background among the studied genotypes.

2. A varying nature of cadmium ion accu-
mulation in the grain was shown, which signifi-
cantly depends on the genetic specifics of the
plants. Regenerant varieties, induced as a result
of callus cell selection on selective media, accu-
mulated cadmium to a lesser extent (on average
0.31 pg/g) compared to the mutant (on average
0.41 pg/g) and hybrid-origin varieties (on aver-
age 0.56 pg/g).

3. The activity of barrier functions, which
reduce the negative impact of cadmium on
plants, along with the manifestation of oxidative
stress, influenced the formation of yield (pro-
ductive bushiness). Genotypes with high yields
on a soil background with cadmium were iden-
tified: Bionic (263 g/m?), Novichok (260), and
Memory of Dudin (250 g/m?).

4. The use of biotechnological methods
alongside traditional breeding allows expand-
ing the genotypic diversity of adaptive forms/
stress-tolerant varieties, which enhances the po-
tential to maintain yields in conditions of soil
contamination with cadmium.
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N3YYEHME CEJEKIIMOHHBIX ®OPM MOJIBBI (TRITICUM DICOCCUM
(SCHRANK) SCHUEBL.)

) Crénouxun I1.H.

Cubupcruii HAYUHO-UCCTE008AMENbCKULL UHCIMUMYM PACIEHUEB00CMBA U CeleKyUuU —
Gunuan Dedepanvroco ucciedosamenbcko2o yenmpa « ncmumym yumono2uu u 2eHemuKu
Cubupckoeo omoenenus Poccutickou akademuu Hayk»

HoBocubupckast o6macts, p.im. KpacnooOck, Poccus

()e-mail: petstep@ngs.ru

[IpencraBneHsl pe3yibTaThl H3yYEHUs XO3SMCTBEHHO MOJIE3HBIX NPU3HAKOB PACTEHUH CENEeKLINOH-
HBIX TuHMA 10510 (Triticum dicoccum (Schrank) Schuebl.) momyrono3epHotii ¢ GproneToBoi OKpacKoi
nepuKapIia 3epHa. Misyyanu cemb CEJIEKIMOHHBIX JIMHUM Fy, CO3IaHHbIX JBYXCTYEHYATOW THOpH M-
3anuei proIeTOBO3EPHOM TBEPIOH MIIEHHUIIBI C TOJ03EPHOI M 0€30CTOM mondaMu, U IATh CEJIEeKLIU-
OHHBIX 00pAa310B MOJIYTON03ePHON TOJIOBI. B MoNeBbIX ONMbITax OTOMpaIN PACTEHUS MO CEIEKINOHHO
neHHsM mpu3Hakam. C 2020 mo 2022 1. mpoBoaniu (eHOIOrnYecKre HaOMIONEHUs], CTPYKTYPHBIH
aHAJIM3 U OLIEHUBAJIM KOJIMYECTBEHHbIC IPU3HAKN PACTEHHUH CENEKLMOHHBIX (JOPM I0JIOBI ¢ (PHONIETO-
BOM OKpackoli 3epHa. J{ByX(aKTOPHBII INCTIEPCHOHHBIN aHAJIN3 MTOKa3all CyIIeCTBEHHbIE (PaKTOPBI —
CEJICKIIMOHHBIE JIMHUM W TOAbI M3y4YeHHsA. B mporecce m3ydeHus BBISBICHO, YTO JJIS JallbHEHIIen
CEJICKIIMOHHON pabOoThl IEHHOCTD MPEICTABISIOT JIMHUN M10JI0BI, HECYIIHE COYETaHUE XO3SIHCTBEHHO
Ba)XHBIX TpU3HaKoB. KopoTkocteOenpHast guoneroBozepHas ¢popma 27-1 ycToiiunBa K MOJIETaHUIO,
BbIMOJIaYrBaeMoCTh 3epHa — 80%, macca 1000 3epen — 3437 1. JIunus 27-12 obnanaet 3epHoM ¢ huro-
JIETOBOM OKPACKOM, BRICOKMM ITOKa3aTelieM HaTyphl 3epHa okoio 800 1/11 1 Xopotei JIst By X3epHSH-
KU IPOAYKTUBHOCTBIO 3epHa, nocruraromieii 400 r/m?. duonetoBo3epHas auHuUs moaosl 31-16 obna-
JTAeT XOPOIIeH KyCTUCTOCTOCTRIO (3—4 1mIT.), KOpOTKUM cTedseM (71-74 cM), BBICOKUMH TIOKA3aTeIISIMA
YCTOHYHMBOCTH K ToJieTaHuto (4—5 OannmoB) u BeIMonadnBaeMocTH 3epHa (80%). C 2021 mo 2022 r.
TaKye K€ UCCIIeJOBaHMsI MMPOBOIMIIM C MOIYToJI03epHOM TOI00H U3 Komiekuu Beepoccuiickoro uH-
CTUTyTa TEHETHYECKHX pecypcoB pactennii M. H.W. Basunosa (BUP). Beinenena cenexiuonHas
JMHUS 1071061 41/14 110 BEICOKOMY MOKa3aTeII0 BHIMOJIOUEHHBIX 3epeH (85%). OCHOBHBIMU HEAOCTAT-
KaMH CO3JJaHHBIX ()OPM TILIEHULBI IBY3EPHIHKHU € PHOIETOBOOKPAIIEHHBIMH 3€pHAMH ITOKa OCTAIOTCS
OTHOCUTEJILHO HEBBICOKHHU YpOXKail 3epHa, HEJOCTATOYHO MPOUYHBINA KOJIOCOBOM CTEPKEHDb, HEMOJIHAS
BBIMOJIAYMBAEMOCTh 3€PHOBKHU U3 LIBETKOBBIX M KOJIOCKOBBIX udellyi. OgHako JalbHEeHIIen ceileKkuu-
OHHOU paboTOW MOKHO TOOUTHCS YNyUILIEHHS 3TUX MPU3HAKOB, a TAK)KE MOBBIIICHHE YPOKAHHOCTH
3epHa, Macchl 1000 3epeH u 0oJiee MoJIHOE 0CBOOOKICHHUE 36PHOBKH M3 YEIYH ITPH MOJIOTHOE.

KitroueBble ciioBa: nonba, rudpup, cenekunoHHast JMHUS, IPU3HAK

STUDY OF THE BREEDING FORMS OF EMMER WHEAT (TRITICUM DICOCCUM
(SCHRANK) SCHUEBL.)

() Stepochkin P.I.

Siberian Research Institute of Plant Production and Breeding - Branch of the Federal Research Center
«Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences»
Krasnoobsk, Novosibirsk region, Russia

(x)e-mail: petstep@ngs.ru

The results of the study of economically useful features of the plants of the semi-naked emmer
wheat breeding lines (7¥riticum dicoccum (Schrank) Schuebl.) with purple pericarp coloring of grain
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W3y4enue ceneKInOHHBIX (JOPM MOJIOBI Crénouxun I1.1.
(Triticum dicoccum (Schrank) Schuebl.)

are presented. Seven breeding lines F, created by two-step hybridization of the purple-grain durum
wheat with naked and awnless emmer, and five breeding samples of semi-naked emmer wheat were
studied. In the field experiments, plants were selected for selection valuable traits. Phenological
observations, structural analysis, and evaluation of the quantitative traits of the plants of emmer wheat
breeding forms with purple grain coloration were carried out from 2020 to 2022. Two-way analysis
of variance showed significant factors - the breeding lines and the years of study. In the course of
the study, it was found that for further breeding work, emmer wheat lines carrying a combination of
economically important traits are of value. Short-stalked purple-grain form 27-1 is resistant to lodging,
the yield of the grain - 80%, the weight of 1000 grains — 34-37 g. Line 27—12 has grains with purple
color, high grain-unit value of about 800 g/l and good grain productivity for emmer wheat reaching
400 g/m?. Purple emmer line 31-16 has a good bushiness (3—4 pieces), short stalk (71-74 ¢cm), high
lodging resistance (4—5 points) and grain threshing capacity (80%). From 2021 to 2022, the same
studies were conducted with emmer wheat from the collection of the N.I. Vavilov All-Russian Institute
of Plant Genetic Resources (VIR). The selection line of emmer wheat 41/14 was distinguished by the
high indicator of threshed grains (85%). The main disadvantages of the established forms of emmer
wheat with purple-colored grains still remain relatively low grain yield, insufficiently strong ear shank,
not complete grinding of the grain from the flowering glumes and husks. However, further breeding
work can improve these traits, as well as increase the grain yield, the weight of 1000 grains and a more
complete release of the grain from the chaff during threshing.
Keywords: emmer wheat, hybrid, breeding line, trait
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INTRODUCTION more antioxidants beneficial for human health
than soft wheat grain'.

The amelcorn grain is challenging to separate
from its husk, a factor that hampers its practi-
cal use. Presently, breeders are developing va-
rieties where the grain easily detaches from the
glume and lemma. In this direction, Russia has
produced a naked grain variety of emmer called
Gremme?.

In light of this, it is proposed to classify such
naked grain forms of amelcorn under a new sub-

European breeders place significant empha-
sis on the programs aimed at developing cereal
varieties for whole grain functional nutrition.
Among these cereals is emmer wheat (7riticum
dicoccum (Schrank) Schuebl.), also known as
amelcorn. Emmer grain is primarily used for
porridge preparation. This crop boasts valuable
nutritional components such as dietary fibers
and antioxidant substances. Its grain contains

'Lachman J., Orsak M., Pivec V., Jiru K. Antioxidant activity of grain of einkorn (7riticum monococcum L.), emmer (Triticum
dicoccum Schuebl [Schrank]) and spring wheat (7riticum aestivum L.) varieties // Plant soil environment, 2012, vol. 58. no 1.
pp. 15-21.

2Temirbekova S., Ionov E., lonova N., Afanasyeva Y. Winter and spring dinkel wheat / Agrarian review. 2014, no. 6 (46), pp. 40-42.
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Stepochkin P.I.

species — Triticum dicoccon (Schrank) Schuebl.
subsp. Nudicoccon Kobyl. et Smekal. [1].

The main goal for breeders is to create vari-
eties that are well-adapted to local environmen-
tal conditions and possess maximum nutrition-
al value [2]. Secondary metabolites, associated
with the coloring of cereal grains, play a signifi-
cant role in enhancing a crop’s nutritional value.
Some cereals have colored grains containing a
substantial amount of anthocyanins in their outer
layers. They exhibit high antioxidant activity in
rice grain with colored pericarp [3]. Using ingre-
dients from the whole grain of such cereals is a
strategy for producing functional food products
[4]. The coloring of cereal grains is determined
by anthocyanins — natural antioxidants belong-
ing to the class of flavonoid compounds (flavo-
noids)?.

They are water-soluble phenolic pigments
of plants [5]. A vast body of knowledge on the
genetics of their biosynthesis in barley has been
accumulated [6]. Depending on the localization
of these compounds in the grain and their chem-
ical formula, the grain color can be red, blue, or
purple. The purple coloring of the grain is due
to anthocyanin compounds localized in the peri-
carp®.

In wheat with dark-colored grains, anthocy-
anins play a protective regulatory role against
biotic and abiotic stresses [7].

Flavonoids are vital for human health. They
play a positive role in the treatment and preven-
tion of diseases such as cardiovascular diseases,
arthritis, various types of cancer, Alzheimer’s
disease, type II diabetes, and obesity".

They regulate cholesterol metabolism [8] and
inhibit the obesity process [9].

Given this, cereals with colored grains are of
interest in terms of functional nutrition. How-
ever, wheat varieties with a high antioxidant
content in their grain are rare, and they are not
cultivated in Russia. This property is especially
crucial to impart to amelcorn, the grain of which

is mainly used for cooking porridge. Addition-
ally, producing forms of emmer with grain that
easily detaches from the husk is also essential
for practical use.

The purpose of the research is to evaluate new
breeding lines of emmer with purple grain col-
oring and semi-naked forms with regular grain
coloring based on economically beneficial traits.

MATERIAL AND METHODS

The study utilized five half-naked breed-
ing lines of emmer wheat (Triticum dicoccum
(Schrank) Schuebl.) developed by V.D. Koby-
lansky at the N.I. Vavilov All-Russian Institute
of Plant Genetic Resources (VIR), and seven
purple-grained lines derived from F hybrid pop-
ulations from complex crossings conducted by
E.I. Gordeeva using marker-assisted selection
[10] at the Institute of Cytology and Genetics
of the Siberian Branch of the Russian Academy
of Sciences. The origins of the purple-grained
lines involved naked emmer wheat Gremme,
awnless emmer wheat k-25516 (from the global
VIR collection), and wheat Tri15744 (donor of
purple pericarp grain coloration). The half-na-
ked emmer wheat lines of hybrid origin (35 in
total) were developed by the VIR researcher
V.D. Kobylansky in 2017. Most of them were
discarded during subsequent breeding work due
to a lengthy vegetative period and fragile spikes.
After further evaluation until 2021, five stable
lines were selected and included in the exper-
iment. One of the main criteria for their selec-
tion was a naked grain yield of no less than 40%
during threshing. Lines with a prolonged veg-
etative period were also excluded. Planting in
all study years was done manually in the first
decade of May on fallow field plots, each mea-
suring 0.25 m? with four replicates, using a sow-
ing rate of 75 germinating seeds per linear meter.
The Gremme variety and the collection sample
k-25516 were used as standards. In 2020, plant-
ings at the end of May were partially damaged

3Prochazkova D., Bousova I., Wilhelmova N. Antioxidant and prooxidant properties of flavonoids // Fitoterapia. 2011, vol. 82,

pp. 513-523.

‘Knievel D.C., Abdel-Aal E.M., Rabalski I., Nakamura T., Hucl P. Grain color development and the inheritance of high anthocyan-
in blue aleurone and purple pericarp in spring wheat (7riticum aestivum L.) // Journal of Cereal Science. 2009, vol. 50, pp. 113-120.

SPojer E., Mattivi F., Johnson D., Stockley C.S. The Case for Anthocyanin Consumption to Promote Human Health // A Review
of Comparative Reviews in Food Sciences. 2013, no. 12, pp. 483-508.
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by insect pests. By the end of the plant’s vegeta-
tion in 2020, there were occasional heavy rains,
affecting plant lodging. In 2021 and 2022, the
conditions for plant growth and development
were more favorable.

During the structural analysis of emmer
wheat plants, a previously published method
for determining grain nature was used [11]. The
threshing of spikes was done using the MK1
spike thresher. Statistical analysis of results sep-
arately for purple-grained forms and half-naked
forms from the VIR was conducted according to
the methodology using two-factor ANOVA and
Student’s t-test®.

RESULTS AND DISCUSSION

In the populations of the nine purple-grained
forms of the crop, no emergence of plants with-
out this grain trait was observed. Within each
purple-colored line in the older generations
(from the seventh to the ninth), homogeneity for

a 9] 6” A‘ l‘e 0

this trait was noted. This fact suggests that the
studied forms have a high degree of homozy-
gosity for these genes. However, the lines them-
selves varied in the intensity of grain coloration
(see the figure).

All purple-grained breeding forms showed
high resistance to diseases over the years of
study. The half-naked breeding forms obtained
from the VIR were slightly affected (0-2 points
on a 5-point scale) by powdery mildew and
brown rust. All emmer wheat plants were slight-
ly affected by Septoria.

Almost all of the studied emmer wheat forms,
except for the Gremme variety, have a rath-
er brittle and fragile spike axis, which in field
conditions leads to grain yield loss during plant
lodging in the maturity phase and during har-
vesting. Therefore, the plants were harvested
immediately after reaching full grain ripeness.

Two-factor ANOVA of the purple-grained
forms, conducted for five quantitative traits, re-

I
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CeMeHa pouTeNIbCKUX PopM (PHOJIETOBO3EPHO MOJIOBI:

a — rono3epHas noioda I'pemmn; 6 — Ge3ocrtas monbda k-25516; ¢ — puoneroBozepHast meHuua Tril5744.
CeMeHa (pHOIETOBO3EPHBIX JIUHUM THOPUIOB: ¢ — cpenHecTeOenbHas 27-3; 0 — HuzkocreOenbHas 31-16;
e — IMHHOCTeOenbHast 27-12; o — HU3KocTeOenbHas 27-1; 3 — HuskoctedenpHas 31-20

Seeds of the parent forms of the purple colored grain emmer wheat:

a —naked emmer wheat Gremme; 6 — awnless emmer k-25516; 6 — purple-colored grain wheat Tril5744.
Seeds of the purple-colored emmer lines: 2 — mid-stemmed 27-3; 0 — low-stemmed 31-16; e — long-
stemmed 27-12; orc — low-stemmed 27-1; 3 — low-stemmed 31-20

’Dospekhov B.A. Methodology of field experiment with the basics of statistical processing of research results. Moscow, 1985.
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vealed significant factors. The manifestation of
traits such as straw length and grain yield was
significantly influenced by the following factors:
“breeding lines”, “study years” — and (border-
line significant) the “interaction” of these two
factors. The “breeding lines” factor was found
significant for all five traits. The “study years”
factor was not significant for the manifesta-
tion of grain nature, the proportion of threshed
plants, and the weight of 1000 grains. Their least
significant difference (LSD) did not exceed the
table value (see Table 1).

In a similar manner, a two-factor ANOVA was
conducted on the same traits of the half-naked
emmer wheat forms developed at the VIR. Only
one factor — “breeding lines” — was significant.
The “study years” factor was not significant, and
the LSD did not exceed the table value.

The results obtained from the ANOVA allow
us to identify significant differences in the stud-
ied traits based on the least significant difference

and through pairwise comparisons, using stan-
dard errors. Table 2 presents data for seven traits
of seven purple-grained and five half-naked
breeding forms of emmer wheat.

The proportion of threshed caryopses, al-
though not reaching the level of the naked em-
mer wheat Gremme variety, but exceeding 80%,
was noted for 2 study years in the half-naked
breeding sample 41/14. Once in 3 years, the
80% mark was exceeded by the purple-grained
breeding forms 31-16, 31-19, and 27-1.

In terms of the weight of 1000 grains, none of
the studied forms significantly exceeded the best
standard for this trait — the naked Gremme va-
riety. Over 3 study years, the best indicators for
this trait were from the purple-grained 27-1, 27-
3, and 27-12. The breeding sample 27-1 had the
highest trait value in 2020 (37.9 £ 2.6 g) and in
2021 (34.4 +£ 3.1 g). In 2022, the highest weight
of 1000 grains was in form 27-3, equal to 35.4 +

Ta6a. 1. Pesynsrarsl AByX()aKTOPHOTO AUCTIEPCHOHHOTO aHAIM3A MSTH KOJTHMYECTBECHHBIX IIPH3HAKOB
cemu uoneroBozepHbIX (2020—2022 IT.) ¥ IATH MTOTYTOJI03EPHBIX CENEKITMOHHBIX (opM 1monos (2021,

2022 rr.), HoBocubupck

Table 1. The results of the two factor variance analysis of five quantitative traits of seven violet grain
(20202022 years) and five semi-naked grain breeding emmer forms (2021, 2022 years), Novosibirsk

Thousand
Title Culm length, cm Share O.f throeshed Grain unit, g/l | kernel weight, Yield, g/m*
grains, % g
Purple-grained

F, years (F ;= 3,09) 9,85 1,14 0,09 2,34 13,9
Range of mean values of all

lines in each year 81,2...-853 | 68,7...-72,5 | 746,0...-747,6 | 30,2 ... -31,1 | 315,6 ... —365,0
LSD,; years 2,01 5.8 7,15 0,93 20,6

F,, lines (F; = 2,19) 115,8 6,74 412 19,3 14,3
Range of mean values of

every line for all years 72,8 ...-102,2 | 64,0...-79,7 |722,5...-793,4|27,8... 33,1 | 286,6 ... -384,0
LSD, lines 3,08 8,9 10,9 1,42 31,5

Half*naked

F, years (F = 3,94) 1,45 1,96 0,19 0,26 1,42
Range of mean values of all

lines in each year 102,1 ...-104,2 | 60,6 ...—65,1 |744,6...-747,0 [26,2 ... 27,6 296,5 ... -308.,0
LSDO5 years 3,39 6,4 11,08 1,29 19,3

F, lines (F = 2,46) 10,11 16,6 2,54 6,06 15,23
Range of mean values of

every line for all years 959... —-109,9 | 46,3... 83,5 | 739,3 ... -763,1 | 24,6 ... 28,0 | 257,1 ... -345,9
LSDOS lines 5,36 10,1 17,5 2,04 30,5
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Tao6a. 2. Ilokazarenu npu3HakoB cemu (puoneToBo3epHBIX (2020—2022 TT.) ¥ NSATH MOITYTOI03EPHBIX
cenekIuoHHbIX Gopm mosnosr (2021, 2022 rr), HoBocubupck

Table 2. Indexes of characteristics of seven violet grain (2020-2022 years) and five semi-naked grain
breeding emmer forms (2021, 2022 years), Novosibirsk

Study Number. of Culm length, Share of Grain unit, Thousand . . Resistapce
Emmer wheat name productive threshed kernel Yield, g/m? | to lodging,
year stems, pcs. om grains, % gl weight, g point
Gremme, standard | 2020 | 2,1£0,2 | 106,6 £2,6 | 94,6 +£3,7 | 766+9 |423+22 | 492+71 2
2021 22+03 | 1043+£39 | 975+1,4 | 757+ 11 |384+4,6| 45525 2
2022 23+0,3 | 1059+3,5]989+0,1 | 762+ 15 | 40,7+2,8 | 497 +31 3
k-25516, standard 2020 25+03 | 104,7+£33 | 14719 | 768+7 |354+1,1| 368+38 2
2021 23+04 | 1053+3,1 | 13,6+3,4 | 753+14 | 33,6+0,8 | 370 +36 2,5
2022 | 2,6+£0,5|107,8+4,1 | 11,7+3,3 | 776 £10 | 33,8+0,9 | 438 £22 3
Purple-grained
31-16 2020 3,1+£0,7 | 71,0£2,6™ | 74,4+ 143 | 715+ 15" | 28,9+ 3,5 | 332+34 4
2021 394+0,8 | 73,3+3,9" | 82,4+7,9 | 778 +15 | 32,4+ 1,1 | 35944 4,5
2022 | 4,1+0,7 | 74,6 +53" | 73,886 | 758 +14 [32,5+1,0 | 375+20 5
31-19 2020 1,7+03 | 71,3£2,1" | 86,9+7,3 | 716 £ 16" | 27,4+£3,4 | 275+41" 3
2021 1,8£0,3 | 72,1 £23" | 75,1 £17,2| 720+ 15 | 283 +3,1 | 291 56" 3,5
2022 1,6£0,4 | 750+3,6™ | 72,6 =11 | 734+15 [29,6+1,4| 316+18" 3,5
31-20 2020 1,8+0,3 | 70,8 2,1 | 73,8+ 11,0 | 719+ 15" |27,0+2,3"| 267 + 30" 3
2021 1,9+03 | 71,4 £2,1" | 69,1 £ 11,5| 723+ 17 | 28,6 £2,2 | 298 + 36" 4
2022 1,8+0,4 | 78,3+£3,6" | 62,7+7,0 | 726+ 13" | 27,6 £0,9 | 309 + 25" 3,5
27-1 2020 2,1+0,5|756+2,9" [533+11,0] 791+17 | 37,9+2,6 | 389+25 3
2021 2,1+04 | 76,1 £2,9" | 80,5+7,9 | 719+19 | 33,6 1,8 | 330+ 19" 4
2022 1,9+04 | 799+3,9" | 76,4+8,0 | 740+ 17 | 34,4+3,1 | 323 +21" 3,5
27-3 2020 25+04 | 854£3,1" [46,5+10,0| 724+12 | 29,6 £3,9 | 304 28 2
2021 2,7+0,5| 86,6+2,9" | 74,8+85 | 768+17 | 32,4+2,1 | 370+63 3,5
2022 3,1+0,5 | 884+2,0" |753+10,0| 754+14 | 354+0,9| 455+25 3,5
27-12 2020 22+03 | 955+44 | 582+6,5 | 802+ 13 |31,2+2,2| 364+50 2
2021 24+03]103,3+48 | 61,6£5,6 | 796+ 10" | 32,2+2,0| 338+33 3
2022 2,1+£0,5|107,9+£5,6 | 58011 | 782+12 |34,5+1,5| 449+26 3
28-12 2020 | 2,3+05 | 98,7+54 | 52,7+83 | 722+29 |29,0+23 | 272 + 38" 2
2021 25+£06 | 89,0+£6,2 | 52,7+83 | 743+15 | 29,7+3,6 | 260 £ 55" 2,5
2022 23+0,5 ] 929+6,0 | 62,111 | 729+13" | 28,6 £2,0 | 327 +51 3,5
Half-naked
53/15 2021 1,7+03 | 94,5+4,7 [41,5+134| 767+16 |262+1,47| 258 +26° 3
2022 1,5+04 | 97,3£5,9 | 51,2+5,6 | 735+20 |254+2,5"| 264 +28" 4
41/14 2021 2,0£0,4 | 101,7+4,0 | 853+4,4 | 745+ 11 [289+2,7| 300+ 13" 3
2022 | 2,3+£0,5 | 104,5+57 | 81,7+6,5 | 742+17 | 282+1,6 | 313+£33 3
50/15 2021 25+04 | 108,5+55 | 50,0£8,9 | 751+16 |252+1,5"| 347 +30 2,5
2022 | 2,7+0,7 | 111,3+5,9 | 56,8+ 11,2 | 736 £25 [23,9+1,2"| 345+46 3
57/14 2021 23+03 | 99,7+5,1 [57,9+10,5| 753+20 |24,8+2,9"| 260 +29° 3
2022 26+0,7 | 97,5+£5,7 | 634+85 | 773+9 |252+1,3"| 254+21 4
38/15 2021 2,6+0,6 | 1063+59 [685+10,0| 742+22 |27,6+2,2"| 317 +44 2
2022 23+0,7 | 110,3+73 72,7148 | 737+17 | 28,4+ 1,7| 363 £51 3

Note. Significant differences from the best standard in the year of study:

*p < 0.05;
#kp < 0.01.

PactreHneBoncTBO M ceneKIus
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0.9 g. High grain unit values over the 3 study CONCLUSION

years were noted for the purple-grained hybrid
line 27-12. In 2021, its grain unit value (796 +
10 g/1) significantly exceeded the best standard’s
trait value. The highest grain unit value (802 +
13 g/l) was reached in 2020. The highest grain
productivity indicators among all the studied
breeding samples were achieved in 2022 by the
purple-grained forms 27-12 (449 + 26 g/m2) and
27-3 (455 £ 25 g/m?). For the Gremme standard,
this trait’s value that year was 497 + 31 g/m?. In
the previous 2 study years, the yield of this vari-
ety was above 450 g/m?. The studied forms had
varying degrees of lodging. The highest lodg-
ing resistance score (4-5 points) on a 5-point
scale over 3 years was held by the short-stalked
line 31-16. It also exhibited increased tillering
(3-4 shoots) compared to other forms. Lines de-
veloped from the VIR did not have significant
breeding value. Overall, the purple-grained lines
proved to be more promising for further breed-
ing work.

Among the forms studied, the sample from
the VIR global collection k-25516, hybrid lines
27-1, 27-12, 31-16, and VIR breeding forms
53/15 and 50/15 can be attributed, in terms of
phenotype, to the species Triticum dicoccum
(Schrank) Schuebl., i.e., to amelcorn, whose
spikelets contain 2 grains each. In other forms,
including the Gremme variety, the spikelets of-
ten set 3, and sometimes even 4 grains, which
is typical for Triticum durum L. Neverthe-
less, Gremme is recognized as a naked emmer
wheat variety, proposed to be classified under a
new subspecies of emmer — Triticum dicoccon
(Schrank) Schuebl. subsp. Nudicoccon Kobyl.
et Smekal. [1]. Currently, the important feature
of the Gremme variety — naked grain — has not
been passed on to our breeding forms, as the
main emphasis in the initial phase of creating
breeding material was on obtaining plants with
purple grain color.

Breeders from all countries strive to produce
the varieties that possess high nutritional val-
ue and good adaptability to local environmental
conditions [2]. The emmer wheat forms being
created align with these breeding directions and
are recommended for use in functional nutrition.

In the course of the study, it was found that
for further breeding work, the value lies in em-
mer wheat lines carrying a combination of eco-
nomically important traits. The short-stalked
purple-grained form 27-1 is resistant to lodging,
with a grain threshability reaching 80%, and a
1000 grain weight of 34-37g. Line 27-12 has
grain with a purple hue, a high grain unit val-
ue (around 800 g/l), and good grain productiv-
ity for emmer (400 g/m?). The purple-grained
emmer wheat line 31-16 has good tillering (3-4
shoots), a short stem (71-74 cm), high resistance
to lodging (4-5 points), and a grain threshabil-
ity reaching 80%. The breeding line 41/14 has
been singled out from the half-naked emmer
forms derived from VIR due to its high threshed
grain indicator (85%). The main drawbacks of
the created breeding emmer wheat forms remain
the relatively low grain yield, not sufficiently
strong spike axis, and incomplete threshing of
the grain from the glume and lemma. However,
further breeding can achieve improvements in
these traits.
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BJIUSHUE MMOT'OJHBIX YCJIOBU HA BAPUABEJIBHOCTH
OU3NOJOI'NYECKHUX ITAPAMETPOB JIMCTA Y COPTOB I'PYIIN

X)Mumko A.E., Moxap H.B., Baikos B.B.

Cesepo-Kasrascxuil hedepanvuviil HAyuHblLL YeHmp cado800CmMad, GUHOSPAOAPCMEA, BUHOOENUs
Kpacuonap, Poccus

(<)e-mail: mishko-alisa@mail.ru

[IpencraBnensl pe3ynbTaThl M3YYEHUs aaNTalMOHHOTO MOTEHIMAja MHOTOJETHUX IUIOAOBBIX
KYJBTYP B 3aBHCUMOCTH OT KIIMMaTHUeCKUX M3MeHeHuil. [IpousBenena omeHka (U3HOIOTHYECKOTO
COCTOSIHMSL HEKOTOPBIX COPTOB TPYIIM B T€UEHHE JIETHUX reproaoB B 2021, 2022 rr. Ha TeppUTOPUHU
IJIOOBBIX HacaxaeHuit KpacHomapckoro kpas. McciaemoBansl ABa poccuiickux copra (DmaMeHko,
Jlro6epckas) u aBa eBponeiickux (Kondepenmnms, Bunbsmc). s ycuiieHus HEraTHBHOTO BO3/EH-
CTBUS JIETHUX CTPECCOBBIX (DAKTOPOB MPOBEICH SKCIEPUMEHT 10 MCKYCCTBEHHOMY BBICYIIMBAHUIO
CBE)KECOOpaHHBIX JIMCTHEB TPYILU MPH MOCTOSHHON KOMHaTHOW TeMmeparype. o u mocie crpecca
OTIPEEISUIT OTHOCUTEIBHOE COACPKAaHUE BOABI B JINCTHSIX U BBIXOJ DJIEKTPOIUTOB MO OOIICHPUHS-
TBIM METOJIMKaM. YCTaHOBIJICHO, YTO OTHOCHTEINIbHAS BIAYKHOCTH BO3/yXa SIBISICTCS BayKHBIM (DaKTO-
POM 11711 HOPMAJIBHOTO Pa3BUTHA JINCTA, U U3MEHEHHUE €€ MoKa3aTesieil B JIETHHE MECSIIbl CKOppeIH-
pOBaHO ¢ BapnaOeIbHOCTHIO 3HAUYEHUH CTPECCOBOTO IMapamMeTpa JUCThEB TPYIIH — C BHIXOIOM DJIEK-
TPOJHUTOB. BEISBIIEHO, YTO MHUPOKO paCIPOCTPaHEHHBIN eBporelickuil copt KoHdepeHus okazancs
HanOoJee BOCHIPHUMMYMBBIM K BO3ACHCTBHIO MCKYCCTBEHHOTro crpecca. Ilocie kpaTkoBpeMEHHOro
BBICYIIIMBAHUS JJIsl JAHHOTO COpPTa OBLIO XapaKTepHO Pe3KOe YBETUUEHHE BBIXOAA JIEKTPOIUTOB JI0
~36% Ha (QoHE 3HAYUTEIILHOTO CHUYKCHHUSI OTHOCUTEIBLHOIO COZIepKaHue BOJIbI B JINCThIX (71-73%),
YTO 00YCIIOBIEHO Pa3BUTHEM OKHCIHUTEIBHBIX IPOIECCOB, IPUBOIAIINX K HAPYIICHHUIO IEJT0CTHOCTH
KJIETOUHBIX MeMOpaH. OTeuecTBeHHBIE copTa Damenko u JIrobepckas, a Takke eBPOIEUCKUI copT
BuesiMc, HanpOTHB, IO HCCIEIOBAHHBIM (DU3HOIOTHYECKUM ITapaMeTpaM He UMEH CHIIBHBIX pa3iu-
yuii (M3MeHeHue (PU3N0IOTHIECKUX IapaMeTpoB coctaBumio ot 1,1 1o 1,3 pasa), 4To mo3BOIHIO HX
OTIPEeNUTh, KaK 0ojiee YyCTOHUMBBIEC COPTa K JAHHOMY THITY CTPECCOBOTO BO3/ICHCTBHSI.

KuroueBble ci10Ba: cesexIys, copTa IpyIIH, aanTaiusi, OTHOCUTEIbHOE COAEepPKaHNEe BOJIbI, BbI-
XOJT DIIEKTPOJIUTOB

INFLUENCE OF WEATHER CONDITIONS ON THE VARIABILITY
OF PHYSIOLOGICAL LEAF PARAMETERS IN PEAR CULTIVARS

x)Mishko A.E., Mozhar N.V., Vyalkov V.V.

North Caucasian Federal Scientific Center of Horticulture, Viticulture, Winemaking
Krasnodar, Russia

(><)e-mail: mishko-alisa@mail.ru

The results of the study of the adaptation potential of perennial fruit crops depending on climatic
changes are presented. The physiological state of some pear varieties during summer periods in 2021,
2022 in the fruit plantations of the Krasnodar Territory were evaluated. Two Russian varieties (Fla-
menko, Luberskaya) and two European varieties (Conference, Williams) were studied. An experiment
on artificially drying freshly harvested pear leaves at constant room temperature was conducted to
amplify the negative effects of summer stressors. The relative water content of leaves and electrolyte
leakage were determined before and after the stress according to generally accepted methods. It was
found that relative humidity is an important factor for normal leaf development, and the change in its
values in the summer months correlated with the variability of values of the stress parameter of pear
leaves - electrolyte leakage. It was found that the widespread European variety Conference was the
most susceptible to the effects of artificial stress. After a short drying period, this variety was char-
acterized by a sharp increase in the electrolyte leakage to ~36% on the background of a significant
decrease in the relative water content in the leaves (71-73%), due to the development of oxidative
processes, leading to a violation of the integrity of cell membranes. Russian varieties Flamenko and
Luberskaya, as well as the European variety Williams, on the contrary, by the studied physiological
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leaf parameters in pear cultivars
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parameters had no strong differences (the change of physiological parameters was from 1.1 to 1.3
times), which allowed them to be identified as more resistant varieties to this type of stress exposure.
Keywords: selection, pear cultivars, adaptation, relative water content, electrolyte leakage
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INTRODUCTION

The adaptive potential of plants is an im-
portant component in breeding selection, and
it is especially informative for specific growth
zones. The modern assortment of pear varieties
in the southern region of the country is primar-
ily represented by European varieties such as
Williams, Conference, Abbat Fetel, and Beurré
Clairgeau [1]. It should be noted that these va-
rieties were developed in milder climatic condi-
tions, which differ from the PriKubanskaya gar-
dening zone of the Krasnodar Territory in terms
of temperature regime and humidity levels.

During the summer period, high average
and maximum air temperatures, a decrease in
precipitation, and a reduction in relative air
humidity can become particularly critical for
plants, leading to a deficit in available water.
Only drought-resistant varieties can maintain
their physiological state under such conditions
by activating mechanisms to mitigate stress [2,
3]. At the physiological level, this is achieved
by regulating osmotic pressure in cells and ac-
tivating the antioxidant defense system [4, 5].
In susceptible varieties, drought leads to dis-
ruptions in physiological stability due to the

development of oxidative stress in plant cells
[6-8].

Assessing the drought resistance of perennial
woody plants is complicated by their large size,
lengthy life cycle, and the challenge of creating
artificial systems to simulate this stress factor.
Individual leaves can serve as model objects
for evaluating drought resistance in perennial
woody plants when placed under water deficit
conditions' 2. Such studies simulate drought ei-
ther through natural drying or by temperature-in-
duced artificial dehydration of leaves.

Simulating drought allows for the assessment
of'the plant’s physiological state in response to this
specific type of stress. In field conditions, distin-
guishing the negative impact of drought is compli-
cated by the presence of a whole range of stressors
in the environment, both biotic and abiotic.

The purpose of the study is to assess the re-
action of pear varieties to drought stress both in
field conditions and in the laboratory.

The objectives of the research are to artificial-
ly impose drought on the leaves of pear varieties,
determine physiological parameters before and
after short-term stress exposure, and assess the
drought resistance of the studied pear varieties.

'Percival G.C., Sheriffs C.N. Identification of drought-tolerant woody perennials using chlorophyll fluorescence // Journal of

Arboriculture. 2002, vol. 28 (5), pp. 215-223.

“Saprykina I.N. Resistance of cherry and plum cultivars from secondary Cisurals micro source area to the environment abiotic

factors // Bulletin of agrarian science. 2013, vol. 41 (2), pp. 54-57.
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MATERIAL AND METHODS

The study was conducted in the Pri-
Kubanskaya gardening zone of the Krasnodar
Territory in 2021 and 2022, based on the gar-
den plantation of the Collective Use Center
“Research and Breeding Collection of Genet-
ic Resources of Garden Crops” of the FSBSI
“North Caucasian Federal Scientific Center of
Horticulture, Viticulture, and Winemaking”
(NCFSC HVW). The subjects of the research
were two Russian pear varieties, Lyuberskaya
and Flamenko, and two European varieties,
Williams and Conference. The Flamenko and
Williams varieties are summer ripening, while
Lyuberskaya and Conference are late summer
ripening. The zoned variety Williams was used
as a control for the conditions of the southern
region. The studied varieties have large-sized
fruits, they are of high dessert and canning
quality, with high yield and other commercial
and consumer qualities.

The varieties were grafted onto the BA-29
rootstock. The orchard was established in 2007,
with a planting scheme of 5 % 2 meters. Leaves
were sampled from the middle part of one-year
shoots from 3-6 trees of each variety at the
beginning and middle of the summer period.
Weather data were provided by the Krasnodar
meteorological station (synoptic index 34929).
To enhance the negative impact of the current
weather conditions of the summer periods of
2021 and 2022, an experiment was conducted to
artificially dry freshly harvested pear leaves in a
closed transparent plastic container for 2 hours
at room temperature.

The relative water content in the leaves was
determined according to the commonly accepted
weight method®. The calculation of electrolyte
leakage was carried out using a conductometer
according to the method of Dionisio-Sese et al.*
The studies were conducted in 2-3 replicates.
The data are presented as means and their er-
rors. Statistically significant differences were
obtained as a result of the conducted Duncan’s
comparative test with a significance level of

0.05. Correlation analysis was used to assess the
relationship between the studied parameters.

RESULTS AND DISCUSSION

According to the weather indicators for the
summer period of 2021, higher values of rela-
tive air humidity were characteristic compared
to 2022 (see Fig. 1). In terms of temperature re-
gime, the studied period did not differ between
the years. The maximum values of relative wa-
ter content (91.1%) during the summer period of
2021 were found in the leaves of the Flamenko
variety. In 2022, the studied varieties did not sig-
nificantly differ, and the values of this indicator
ranged from 78.9 to 82.3% (see Fig. 2). After
short-term drying of the leaves in 2021 and 2022,
the most significant decrease in the parameter
was observed in the Conference variety, which
amounted to 17.2% and 9.7% respectively.

In terms of electrolyte leakage under control
conditions, pear variety indicators varied in the
range of 8.8 to 13.2%. Only in 2021, the Confer-
ence variety had a minimum value of 7.9% (see
Fig. 3). Stress exposure for most of the studied
varieties contributed to a slight increase in this
parameter. Only the Conference variety showed
an increase in electrolyte leakage by 1.7 times in
2021 and 3.7 times in 2022.

707 68.1 [ 30
‘Ns.,z i
651 28
- 26
50- 247 242
- 24
357 L 22
50- [ 20

I:I Average air temperature, °C
—8- Relative air humidity, %

Puc. 1. Tlorognble okaszareyiu JIETHEro nepuojia
2021, 2022 rr.

Fig. 1. Weather indicators of the summer period
2021, 2022

3Jiang Y., Huang B. Drought and heat stress injury to two cool-season turfgrasses in relation to antioxidant metabolism and lipid
peroxidation // Crop Science. 2001, vol. 41, pp. 436—442. DOI: 10.2135/cropsci2001.412436x.

*Dionisio-Sese M.L., Tobita S. Antioxidant responses of rice seedlings to salinity stress / Plant Science. 1998, vol. 135, pp. 1-9.
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Fig. 2. Relative water content in pear leaves in the summer periods of 2021, 2022
Significant differences are marked in Latin letters (p < 0.05).

The results of the correlation analysis assess-
ing the relationship between the studied phys-
iological parameters of pear variety leaves and
the weather conditions of the summer periods of
2021 and 2022 showed that statistically signifi-
cant direct relationships were identified between
the average values of relative air humidity and
electrolyte leakage in the Flamenko and Con-

ference varieties (see table). For the Flamenko
variety, such a correlation was characteristic
during the more humid summer of 2021, while
for the Conference variety it was during the
summer months of 2022. For the control variety
Williams, an inverse relationship was found be-
tween the average air temperature of 2021 and
electrolyte leakage.
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Williams Flamenko Conference Luberskaya
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Puc. 3. BbIxoJ 3I€KTPOIUTOB B JIUCTHAX IPyIIN B jeTHUE niepuoasl 2021, 2022 rr.
Fig. 3. Electrolyte leakage in pear leaves in the summer period of 2021, 2022
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According to the obtained data, the phys-
iological state of the pear varieties Williams,
Conference, and Flamenko depended on fluctua-
tions in air temperature and relative air humidity
during the studied years of 2021 and 2022. No-
tably, in the Flamenko variety, during short-term
leaf drying in experimental conditions in 2021,
there was a statistically significant decrease in
the relative water content in the leaves by 7.5%,
which corresponded to the variety’s reaction to
fluctuations in relative air humidity under con-
trol conditions according to correlation analysis
(r = 0.92 with p < 0.05). The Conference vari-
ety proved especially sensitive to fluctuations
in summer air humidity and temperature and to
artificial stress exposure. Under control condi-
tions, a direct dependence of electrolyte leakage
level from leaf tissues on relative air humidity
was detected only in 2022 (r = 0.86 with p <
0.05). According to experimental data, a simi-
lar correlation for this variety was also evident
in 2021: relative water content decreased by 1.2
times, while the level of electrolyte leakage in-
creased by 1.7 times. Therefore, the Conference
variety is the most sensitive among the studied
pear varieties to moisture levels. Depending on
the degree of drought during the summer period,
its physiological state will change more inten-
sively compared to other varieties. This vari-
ety’s weak resilience was confirmed in our ear-
lier studies on a range of physiological param-
eters [9]. Moreover, in a study evaluating pear
drought resistance in the foothill zone of Kab-
ardino-Balkaria, the authors also noted the Con-

ference variety as the most sensitive according
to water regime indicators, while the Williams
variety was classified as a variety with a medium
level of resilience [10].

At the same time, it’s worth noting that the
Conference variety accounts for the largest
share of the entire pear assortment in European
countries [11]. This variety originated back in
the 19th century. Given the widespread climate
changes currently happening, even for the mild-
er conditions of Spain and Italy (leaders in pear
production), its adaptation potential is limited
by such negative impacts [12]. In this context,
studying domestic pear varieties and searching
for the most adapted ones with high production
qualities is especially relevant. In the Krasnodar
region, researchers expand and continuously up-
date the pear variety assortment with genotypes
suitable for cultivation in the southern region
based on field and laboratory data [1, 13, 14].

CONCLUSION

During the studied summer periods, the
weather conditions of 2021 proved to be more
favorable for the examined pear varieties than
those of 2022. Relative air humidity is an im-
portant factor that has a direct impact on the
physiological parameters of pear leaves. Drying
the leaves under experimental conditions al-
lowed for an evaluation of the adaptive capabil-
ities of different pear varieties. It was found that
the widely cultivated European variety Confer-
ence was the most susceptible to this stress fac-
tor. In contrast, the Russian varieties Flamenko

OCHOBHBIEC KOPPEISAIIUU OTHOCUTEIBHON BIAKHOCTH BO3yXa U CPEAHEH TeMIlepaTyphl JIETHETO Meproa C

YPOBHEM BbIXO/a 3JICKTPOJIUTOB B JIMCTHAX I'PyLIN

Main correlations of relative humidity and average summer temperature with electrolyte leakage in pear

leaves

Weather index

Leaf physiological index

Electrolyte output in the Electrolyte output in the

summer period of 2021 summer period of 2022

Relative air humidity in the summer period of 2021
Relative air humidity in the summer period of 2022
Average summer temperature 2021

Average summer temperature 2022

* Correlation coefficient of the Flamenco variety.
** Correlation coefficient of the Williams variety.
*#% Correlation coefficient of the Conference variety.

0,92% -
- 0,86%**
—0,9%* =
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and Lyuberskaya demonstrated resilience based
on the studied physiological parameters after
artificial drought. Further research will provide
a more detailed characterization of the adaptive
potentials of various pear varieties.
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BAPUABEJIBHOCTbD [TIPU3HAKOB TEXHOJIOTHYECKOI'O KAYECTBA
JIBHOTPECTBI COPTOB JIBHA-TIOJII'YHIIA

Bunorpagosa T.A., (X)) Kynpsimosa T.A., Ko3psikoBa H.H.
Deodepanvholil HAYUHBLL YeHMP JYOSTHBIX KVIbMYD

Tsepckas obnacts, . Topxok, Poccus

()e-mail: info.trk@fnclk.ru

[IpeacraBneH aHanu3 pe3ysbTaToOB MEPEPAOOTKH JBHOTPECTHI PA3IMYHOIO KaueCTBa psifa COPTOB
JbHA-I0JITYHIIA OTEYECTBEHHOH M MHOCTPAHHOM CENEKLUUH C ONpPEACICHUEM CIEAYIOMNX MpU3Ha-
KOB TEXHOJIOTHYECKOTO Ka4eCTBa: BBIXOJ M HOMEP JJTMHHOTO U KOPOTKOTO BOJIOKHA, ITPOIICHTOHOMED
9THX K€ MPU3HAKOB C OIEHKOH BaprabenbHOCTH. OCHOBHBIE MCCIIEAOBAHUS MTPOBOIMIN HA THIOMIA/I-
KaX JIBHOCCIOIMX U JIbHOIIEpepadaThIBAIOMNX MpeanpuaTnii TBepckoit, CmoneHckor, [IckoBCKOH,
Kocrpomckoii, Bonoroackoii obmnacteir B 2001-2022 rr. YeraHoBneHo, 4yTo OOJbIlE BCETO B paspe-
3¢ COPTOB BapbHUPYIOT 3HAUEHHs BbIXOJA JJIMHHOIO BOJIOKHA M3 HU3KOKAYECTBEHHOH JIbHOTPECTHI
(momep 0,75): xoapduuneHT Bapuauuu B gaHHOM ciydae coctaBui 40,8%. Hanbomnee omHOpomHbIE
JIAaHHBIC 110 BBIXOJY JJTMHHOTO BOJIOKHA 3a()MKCHPOBAHBI MIPH NepepabOTKe JILHOTPECThl HOMep 1,25
(xoadpdunment Bapuaruu 26,5%), 9T0 HECKOIBKO MEHBIIIE N3MEHYHBOCTH 3TOTO MPHU3HAKA Y BOJIOKHA
13 BBICOKOKAUECTBEHHOW JHHOTpecThl HoMep 1,75 (koaddunument Bapuarmm 29,9%). Ilpu cpaBre-
HUHU (PaKTUYECKUX 3HAYCHWU BBIXOJ]Aa M MPOIICHTOHOMEPOB JUTMHHOTO BOJIOKHA C YCTAHOBICHHBIMHU
HOPMaMH ONPEeNICHbl COPTa, U3 JIbHOTPECTHI KOTOPBIX MOKHO MOIYYHUThH OONBIINI 00BbEM ATHHHOTO
BOJIOKHA Xopoliero kauectsa. Cpeay HUX TaKue HOBBIE cOpTa, Kak AuyekcaHnapuT, Bacunek, ['panr,
Cypckuii, Lle3aps, a Taxke copra, yKe Haxosmuecs: B mpou3BoacTee: JIeHok, 3apsuaka, Jlunep, Co-
¢bus, A 93, Teepckoii, Tomckmii 17, JIupa, TocT. BeigBieHsI copTa JbHA-IONTYHIIA ¢ MAKCUMAITEHBIM
COOTHOIIIEHHEM KOMIUIEKCHBIX TTOKasaTeliel, onpenersonux 3G¢GeKTHBHOCTh paboThl IbHOTIEpepa-
0aTBIBAIOIINX TPEATNPUATHIA — MPOIEHTOHOMEPOB JIIMHHOTO U KOPOTKOTO BOJIOKHA. JloIst mporieH-
TOHOMEPOB JJMHHOTO BOJIOKHA B MPOLIEHTOHOMEPAX BCEr0 MPOM3BEICHHOTO BOJIOKHA KOIEOIeTcs OT
68,2 1o 70,2% (JIbHOTpecTa HU3KOTO KauecTBa) JUIsd Jy4ymux coproB JleHok, 3apsHka, Bacunek, ot
68,5 1o 72,6% (JIbHOTpEcTa cpenHero kauecTna) st coptoB Toct, Tomckuit 17, Anexcanapurt, ot 72,1
1o 73,9% (pHOTpEcTa BBICOKOTO KadecTBa) s coproB Jlenok, Jlupa, [Ipanecka.

KuroueBbie cjioBa: copt, TbHOTpECTa, BApHAOETHHOCTh, BBIXOJ U HOMED JITUHHOTO U KOPOTKOTO
BOJIOKHA, ITPOIIEHTOHOMEP, HOPMa, TIPU3HAK TEXHOIOTUYECKOTO Ka4eCTBa

VARIABILITY OF THE TRAITS OF TECHNOLOGICAL QUALITY OF FIBER
FLAX VARIETIES FLAX STRAW

Vinogradova T.A., (<) Kudryashova T.A., Kozyakova N.N.
Federal Research Center for Bast Fiber Crops

Tver region, Torzhok, Russia

()e-mail: info.trk@fnclk.ru

The results of processing flax sraw of various quality varieties of flax of domestic and foreign selec-
tion with the determination of the following signs of its technological quality are presented: the output
and numbers of the long and short fibers, and the percentage numbers of the same signs with an assess-
ment of their variability. The main research was carried out at the sites of flax-growing and flax-process-
ing enterprises of the Tver, Smolensk, Pskov, Kostroma, Vologda regions in 2001-2022. It was found
that the values of the yield of long fiber from low-quality flax straw (number 0.75): the coefficient of
variation in this case was 40.8%. The most homogeneous data on the yield of long fiber were observed
from the flax straw number 1.25 (the coefficient of variation 26.5%), which is slightly less than the vari-
ability of this feature from the high-quality flax straw number 1.75 (the coefficient of variation 29.9%).
By comparing the actual values of yields and percentages of long fiber with the established standards,
the varieties from which, depending on its quality, it is possible to obtain a greater volume of good qual-
ity long fiber from flax straw were identified. Among them there are such new varieties as Alexandrit,
Vasilek, Grant, Sursky, Caesar, as well as the following varieties in production: Lenok, Zaryanka, Lead-
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er, Sofia, A 93, Tverskaya, Tomsky 17, Lira, Toast. The varieties of fiber flax with the maximum ratio of
complex indicators that determine the efficiency of flax processing enterprises — the percentage of long
and short fiber are identified. The share of long fiber percentage numbers in the percentage numbers of
total fiber produced varies from 68.2 to 70.2% (low quality flax) for the best varieties Lenok, Zaryanka,
Vasilek, from 68.5 to 72.6% (medium quality flax) for the varieties Toast, Tomsky 17, Alexandrit, from
72.1 to 73.9% (high quality flax) for the varieties Lenok, Lira, Praleska.

Keywords: variety, flax straw, variability, long and short fibers yield and number, percentage num-

ber, norm, a sign of technological quality
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INTRODUCTION

In the context of today’s market economy,
factors related to the quality of products come
to the forefront. Improving this quality becomes
a crucial condition for their competitiveness in
markets of various levels [1-5]. In flax cultiva-
tion, improving the quality of fibrous products
is intrinsically linked to the development of new
long-stalked flax varieties, which possess a high
content of high-quality fiber [6-8].

In the primary industry of bast fiber pro-
cessing, the technological quality of flax straw,
determined by the yield and grade of long and
short fiber, depends both on the grade of the flax
straw and on the peculiarities of the varieties [9].
For flax straw of each grade, standards for yield
and quality of long and short fiber are set when
processed using traditional technology' [10, 11].
Among the set of properties determining the
quality of any material, which ensures the pro-
cessing level and the intended use of raw mate-
rials, the most important is the uniformity of the
product [12]. The inconsistency in the physical

properties of flax straw is one of the main rea-
sons for its underutilization by flax processing
enterprises.

Sorting flax straw by grade aims to mitigate
the negative consequences, ensuring the selec-
tion of an optimal processing mode and labor
organization at individual production cycle op-
erations. However, given that in the Russian
Federation between 30 and 50 varieties of long-
stalked flax are cultivated and processed, each
with its own characteristics, the technological
quality traits of flax straw of the same grade can
vary significantly [13]. This can result in both
an actual exceedance of fiber yield and quality
compared to the standards in place and a reduc-
tion in these indicators specifically related to
varietal features. Therefore, it is necessary to de-
termine the variability of technological quality
traits of flax straw depending on its grade for the
respective long-stalked flax varieties.

Since the efficiency of flax processing enter-
prises is determined by meeting the standards
for fiber yield and quality, it is reasonable to

'Order of 28.11.2011. “Norms of yield and quality of fiber from retted flax straw”, approved by FSBI “Len Agency”. Moscow,

2011.
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Variability of the traits of technological quality of fiber flax varieties
flax straw

Vinogradova T.A., Kudryashova T.A., Kozyakova N.N.

identify the varieties from which the maximum
fiber yield, especially long fiber considered more
quality and being the main product of primary
processing, can be obtained. A criterion in this
case can be the ratio of complex indicators — per-
centage grades of long and short fiber for spe-
cific varieties. It is known that currently, in the
Russian Federation, the proportion of long fiber
in the total production volume does not exceed
one-third, whereas abroad it can reach 60-70%
or more [14].

Research Objectives:

1. Determination of the variability of tech-
nological quality attributes of flax straw of var-
ious numbers within different varieties of long-
stalked flax varieties.

2. Identification of long-stalked flax varieties
with the best ratio of complex indicators deter-
mining the profitability of flax processing enter-
prises, specifically the percentage of long and
short fiber.

The research results will allow optimization
of the product batch formation process of a spe-
cific quality, driven by market demands during
specific time intervals, taking into account the
potential for diversifying its use.

MATERIAL AND METHODS

The research was conducted under the pro-
duction conditions of flax-growing farms and
flax processing enterprises in the Tver, Smo-
lensk, Pskov, Kostroma, and Vologda regions
from 2001 to 2022. Individual experiments were
conducted at the Federal Research Center for
Bast Fiber Crops.

In forming the rolls of flax straw, the readiness
level for mechanical processing was determined,
including the measurement of the fiber’s separa-
bility from the wood. Additionally, the quality of
the flax straw was evaluated according to GOST
24383-89 “Flax straw. Requirements during pro-
curement.” Control developments were carried
out in accordance with a special methodological
program, which entailed preparing flax straw for

processing under production conditions at flax
processing enterprises, noting moisture and im-
purity indicators in batches weighing at least 2
tons®. The optimal processing regime, depend-
ing on the quality of flax straw, was selected
according to the technical operation rules of
flax factories. The conveyor speed of the dryer,
throughput capacity of the milling-beating unit,
rotation frequency of the milling rolls, conveyor
speed of the beating machine, rotation frequen-
cy of the beating drums in two sections of the
main beating machine, and two sections of the
machine for processing under-beaten material
were determined.

The technological operations algorithm was
as follows: feeding flax straw rolls to the un-
winder and the SKP-10-LU dryer conveyor,
drying the flax straw, mechanical processing
on the MTA-1JI milling-beating unit to obtain
long fiber followed by refining on the TL-4-2
beating machine, drying beating waste on the
SKP-10-KU dryer, processing beating waste on
the KPML-2 or AKLV preparing unit to produce
short fiber.

The total fiber yield, long and short fiber
yield, was calculated based on current regulato-
ry documentation. The quality of long fiber was
evaluated according to GOST 10330-76 “Retted
Flax. Technical conditions” (Amendment No.
4), and the short one - according to GOST 9394-
73 “Short Flax Fiber. Technical conditions.”

Experimental data were processed using stan-
dard variation statistics methods®*. The arithme-
tic mean of the technological quality attributes
of the flax straw, the range of data variation, the
coefficient of variation, and the standardized de-
viation were calculated.

RESULTS AND DISCUSSION

During the research period, control develop-
ments of 5253 batches of flax straw of various
quality from 35 varieties of long-stalked flax
varieties of domestic and foreign breeding were
conducted: Aleksim, Escalina, Lenok, A 93, A

Order of the Ministry of Agriculture of the Russian Federation No. 23 p of 10.03.2016. “The procedure for determining the
norms for conversion of flax and hemp straw into fiber” (in edition of the Resolution of the Government of the Russian Federation

No. 450 dated 12.06.2008).

3Nivorozhkina L.N., Arzhapovsky S.V., Rudyaga A.A. Statistical methods of data analysis: textbook. Moscow: Rif. 2018, 320 p.
4 Ivchenko T1., Medvedev Y.I. Mathematical statistics: textbook. Moscow: Librocom. 2020, 352 p.
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29, Mogilevsky 2, Dashkovsky, Zaryanka, Tver,
Alpha, Tomsky 16, Tomsky 17, Lyra, Elektra,
Tomsky 18, Toast, Leader, Impulse, Veralin, Su-
zanne, Sofia, Smolich, Vasilek, Agata, Diplomat,
Universal, Praleska, Sursky, Caesar, Alexandrit,
Nadezhda, Grant, Visit, Atlant, Fakel. Table 1
shows data on the output and quality of long and
short fibers in terms of long-stalked flax varieties
from low-quality flax straw (number 0.75), table

2 - data on medium-quality flax straw (number
1.25), and table 3 - on high-quality flax straw
(number 1.75).

The data from tables 1-3 show that the values
of characteristics for the same flax straw number
for the studied varieties differ significantly. The
minimum yield of long fiber from the flax straw
number 0.75 is 1.4% (Caesar variety), the max-
imum is 11.3% (Lenok variety). From the flax

Taba. 1. Beixog u Ka4ecTBO IITUHHOTO U KOPOTKOTO BOJIOKHA U3 JIbHOTpEeCTHI HOMED 0,75 B pazpese cop-

TOB JIbHA-JIONITYHIIA

Table 1. Yield and quality of long and short fiber in the section of flax varieties from flax seed number 0.75

Long fibre Short fibre
Variety Fibre yield, : Fibre yield, %Neof | Total fibre
o Number % Ne o Number % Ne total fibre yield, %
Aleksim 5,9 10,42 61,5 17,4 3,50 60,9 122,4 23,3
Escalina 5,9 10,00 59,0 23,8 3,00 71,4 130,4 29,7
Lenok 11,3 10,80 122,0 16,0 3,25 52,0 174,0 27,3
A 93 7,9 10,46 82,6 21,3 3,33 70,9 153,5 29,2
A 29 3,9 9,40 36,7 20,3 2,60 52,8 89,5 24,2
Mogilevsky 2 5,3 10,78 57,1 18,7 2,50 46,8 103,9 24,0
Dashkovsky 4,8 10,55 50,6 20,6 2,64 54,4 105,0 25,4
Zaryanka 10,4 11,00 114,4 16,2 3,00 48,6 163,0 26,6
Tverskoj 7,7 10,50 80,8 19,3 4,00 77,2 158,0 27,0
Tomsky 16 3,8 11,16 42,4 18,7 3,00 56,1 98,5 22,5
Tomsky 17 4,4 10,28 45,2 23,9 3,00 71,7 116,9 28,3
Lira 3,4 10,94 37,2 20,2 3,19 64,4 101,6 23,6
Elektra 2,6 10,59 27,5 24,2 3,00 72,6 100,1 26,8
Tomsky 18 3,3 10,17 33,6 25,1 3,00 75,3 108,6 28,4
Leader 9,2 9,61 88,4 194 4,00 77,6 166,0 28,6
Impulse 5,4 9,76 52,7 20,3 3,00 60,9 113,6 25,7
Veralin 6,7 10,75 72,0 22,4 3,50 78,4 150,4 29,1
Sofia 8,4 10,64 89,4 19,0 3,00 57,0 146,4 27,4
Smolich 5,9 10,17 60,0 19,4 3,00 58,2 118,2 25,3
Vasilek 8,9 11,00 97,9 15,2 3,00 45,6 143,5 24,1
Agata 6,7 10,21 68,4 13,8 3,00 41,4 109,8 20,5
Universal 6,2 10,00 62,0 21,2 2,33 49,4 1114 27,4
Praleska 5,6 10,54 59,0 19,6 2,00 39,2 98,2 25,2
Sursky 2,3 9,00 20,7 25,9 2,00 51,8 72,5 28,2
Caesar 1,4 10,99 15,4 18,9 2,50 47,3 62,7 20,3
Alexandrit 6,9 9,75 67,3 18,1 2,00 36,2 103,5 25,0
Nadezhda 8,0 9,00 72,0 19,4 2,00 38,8 110,8 27,4
Grant 7,6 9,50 72,2 20,6 2,66 54,8 127,0 28,2
Vizit 6,9 9,00 62,1 21,2 2,00 42,4 104,5 28,1
Atlant 3,1 10,00 31,0 22,1 2,00 442 75,2 25,2
Fakel 3,6 9,00 324 22,3 2,00 44.6 77,0 25,9
Average 5,9 10,19 60,4 20,1 2,81 56,2 116,7 26,1

Note. Hereinafter in the tables: % No. - percent number.
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straw number 1.25, the maximum yield of long
fiber was 12.7% (Vasilek variety), the minimum
was 2.0% (Elektra variety). From high-quality
flax straw (number 1.75), the output ranged from
16.0% (Lyra variety) to 7.0% (Nadezhda vari-
ety).

Since the long fiber is the main product in the
processing of flax straw, data on the long fiber
was used to assess the variability of technologi-
cal quality characteristics. Using the methods of
variance statistics based on tables 1-3, the range
of variation, dispersion, coefficient of variation,
and standardized deviation were determined for
the yield and quality (see Table 4).

Analysis of table 4 showed that the values of
the long fiber yield from low-quality flax straw
vary the most across varieties: the range of vari-

ation was 1.4-11.3%, and the coefficient of vari-
ation turned out to be quite high (V' = 40.8%).
The variability of this characteristic for long fi-
ber from medium-quality flax straw is somewhat
lower (V' =26.5%) than for fiber from high-qual-
ity flax straw (V' = 29.9%). This means that for
medium-quality flax straw of the long-stalked
flax varieties, it is easier to select an optimal pro-
cessing regime on production equipment.

The yield of long fiber from flax straw num-
ber 0.75 for the varieties Elektra (2.6%), Sursky
(2.3%), and Caesar (1.4%) deviates from the av-
erage value by an amount exceeding the stan-
dardized deviation from the actual average fea-
ture value and has the lowest values. The min-
imum fiber yield from flax tow number 1.25 is
observed in the varieties Elektra (2.0%), Tomsky

Ta6a. 2. Beixog u Ka4eCTBO IITUHHOTO U KOPOTKOTO BOJIOKHA U3 JIFHOTPECTHI HOMED 1,25 B pazpese

COPTOB JIbHA-ONT'YHIIA
Table 2. Yield and quality of long and short fiber in

the section of flax varieties from flax seed number 1.25

Vari Long fibre Short fibre % Ne of total | Total fibre
ariety Yield, % | Number % Ne Yield, % | Number % Ne fibre yield, %
Aleksim 9,0 1120 | 100.8 14.8 4,00 592 160,0 238
A 93 10,8 11,00 118,8 21,2 3,00 63,6 182.4 32,0
A 29 7,2 10,00 72,00 21,0 3,50 73,5 1455 28,2
Mogilevsky 2 8.4 10,99 923 19.7 3,00 59.1 1514 28.1
Dashkovsky 7,6 10,59 80,5 18,5 3,50 64,8 1453 26,1
Zaryanka 9,3 11,33 105.4 19,6 3,00 58,8 164,2 28,9
Tverskoj 12,2 12,00 146,4 20,4 4,00 81,6 228.,0 32,6
Tomsky 16 5,7 11,28 64,3 20,8 3,00 62,4 126,7 26,5
Tomsky 17 12,3 10,00 123,0 18,2 3,00 54,6 177,6 30,5
Elektra 2,0 10,37 20,7 30,6 3,00 91,8 112,5 32,6
Leader 9,3 11,29 105,0 19,7 4,00 78,8 183,8 29,0
Impulse 9,2 11,34 104,3 22,6 4,00 90,4 194,7 31,8
Susanna 10,2 10,92 111,4 13,0 4,00 52,0 163.4 23,2
Sofia 8.4 10,35 86,9 24,0 3,00 72,0 1589 32,4
Smolich 7.4 10,60 78,4 21,4 3,17 67.8 146,2 28,8
Vasilek 12,7 11,00 139,7 18,4 3,75 69,0 2087 31,1
Agata 10,1 11,96 120,8 21,6 3,56 76,9 197,7 31,7
Diplomat 8.6 11,00 94,6 31,1 4,00 124.4 219,0 39,7
Universal 8,0 10,29 82,3 21,4 2,50 53,5 135,8 29,4
Praleska 6,8 11,00 74,8 23,1 2,00 46,2 121,0 29,9
Cesar 7,0 10,82 75,7 19,9 2,75 54,7 130,4 26,9
Alexandrit 11,4 10,00 | 1140 21,0 2,50 52,5 166,5 324
Nadezhda 7,9 10,00 79,0 21,0 2,00 42,0 121,0 28,9
Grant 11,6 10,00 116,0 16,9 3,24 54,7 170,7 28,5
Vizit 9,4 10,00 94,0 222 3,00 66,6 160,6 31,6
Atlant 72 10,00 72,0 22,4 2,00 44,8 116,8 20,6
Fakel 6,0 10,00 60,0 24,8 2,00 49,6 109,6 30,8
Average 8,8 10,73 94,6 20,7 3,16 27,9 159,1 29,5
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Taba. 3. Beixog u Ka4eCTBO IITUHHOTO U KOPOTKOTO BOJIOKHA U3 JTFHOTPECTHI HOMEp 1,75 B paspese
COPTOB JIbHA-/I0JITYHIIA

Table 3. Yield and quality of long and short fiber in the section of flax varieties from flax seed number 1.75

Long fibre Short fibre
Variety % No of To.tal fibre
Yield, % | Number % Ne Yield, % | Number % Ne total fibre | yield, %
Aleksim 9,9 11,22 111,1 14,1 3,67 51,7 162,8 24,0
Eskalina 9,3 11,34 105,5 19,6 3,33 65,3 170,8 28,9
Lenok 12,2 11,00 134,2 15,8 3,00 474 181,6 28,0
A93 11,0 11,59 127.5 21,5 3,33 71,6 199,1 32,5
Mogilevsky 2 9,8 11,9 116,6 18,7 2,75 51,4 168,0 28,5
Dashkovsky 8,8 11,75 103,4 20,6 3,25 67,0 170,4 29,4
Zaryanka 11,4 12,00 136,8 19,2 3,00 57,6 1944 30,6
Tverskoj 10,8 12,00 129,6 22,4 4,00 89,6 219,2 33,2
Tomsky 16 8,5 11,09 943 16,8 3,00 50,4 144,7 25,3
Tomsky 17 12,7 10,00 127,0 19,9 3,00 59,7 186,7 32,6
Lira 16,0 10,91 174,6 16,0 4,00 64,0 238.,6 32,0
Elektra 8,2 11,18 91,7 20,5 3,58 73,4 165,1 28,7
Tomsky 18 11,4 10,00 114,0 18,5 6,00 111,0 225,0 29,9
Toast 12,6 10,70 134,8 19,3 3,50 67,6 202,4 31,9
Leader 13,4 12,00 160,8 19,0 4,00 76,0 236,8 324
Agata 9,0 11,43 102,9 20,3 3,58 72,7 175,6 29,3
Diplomat 8,4 11,00 92,4 32,6 4,00 130,4 222.8 41,0
Praleska 10,8 10,65 115,0 22,2 2,00 444 159,4 33,0
Sursky 14,8 11,00 162,8 18,2 3,67 66,8 229.6 33,0
Caesar 13,0 11,00 143,0 18,4 4,00 73,6 216,6 31,4
Alexandrit 13,0 9,75 126,8 19,0 2,68 50,9 177,7 32,0
Nadezhda 7,0 9,50 66,5 30,4 2,00 60,8 127,3 37,4
Grant 14,0 10,00 140,0 14,2 422 59,9 199,9 28,2
Average 11,1 11,00 122,2 19,9 3,46 68,0 190,2 31,0

Ta6a. 4. BapuabenbHOCTb PU3HAKOB TEXHOJIOTUYECKOTO KAYeCTBA JIbHOTPECTHI 110 BHIXOLY U HOMEPY
JUTMHHOTO BOJIOKHA

Table 4. Variability of the signs of technological quality of flax by yield and number of long fiber

Flax straw . .| Average Range of Ra.nge.: f)f Dispersion | Coefficient of Standardized
number | CTATACtestic | e | variability (act)| A0y (S) |variation (1), %]  deviate (1)
(stand.) -
0,75 Yield, % 5,9 1,4-11,3 6,4-8.,0 2,41 40,8 2,24
Number 10,19 9,00-11,00 10,10-10,40 0,655 6,43 1,24
% Ne 60,4 15,4-122,2 64,6-83,2 28,9 47,8 2,13
1,25 Yield, % 8,8 2,0-12,7 9,4-11,0 2,336 26,5 1,67
Number 10,73 10,00-12,00 | 10,70-11,00 0,602 5,6 1,21
% Ne 94,6 60,0-139,7 100,6-121,0 8,38 8,86 4,13
1,75 Yield, % 11,1 8,5-16,0 12,5-14,0 3,32 29,9 1,48
Number 11,00 9,50-12,00 11,30-11,60 1,05 9,54 1,43
% Ne 122,2 66,5-174,6 141,2-162,4 25,4 20,8 4,25
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16 (5.7%), Praleska (6.8%), Caesar (7.0%), and
Fakel (6.0%). The following varieties also had
the lowest yield of long fiber (flax tow number —
1.75): Escalina (9.3%), Dashkovsky (8.8%),
Tomsky 16 (8.5%), Elektra (8.2%), Agata
(9.0%), Diplomat (8.4%), Nadezhda (7.0%).

Since a 1% decrease in the yield of long fiber
results in a corresponding increase in the yield of
short fiber, given that long fiber is approximate-
ly three times more expensive than short fiber,
processing flax straw of the mentioned varieties
using traditional technology might lead to a loss
of 60-70% of the fiber’s value. Thus, depending
on its quality, it’s more reasonable to process the
flax straw of these varieties into uniform or short
fiber. For obtaining both long and short fibers, it
1s most profitable to use the following varieties:
Lenok, Zaryanka, Leader, Sofia, Vasilek (flax
straw number — 0.75), A 93, Tver, Tomsky 17,
Vasilek, Alexandrit, Grant (flax straw number —
1.25), Tomsky 17, Lyra, Toast, Leader, Sursky,
Caesar, Alexandrit, Grant (flax straw number —
1.75). Moreover, although the actual average
values for long fiber yield increase with increas-
ing flax straw quality, they are much lower than
the average values recorded in standards for fi-
ber yield and quality (see Table 5).

Such complex indicators as percentages and
their ratios are significantly below standardized
values. However, according to tables 1-3, there
are varieties where the ratio of percentages of
long and short fibers, determining the efficiency
of flax processing enterprises, matches the val-

ues set in foreign flax tow processing technolo-
gies. The varieties with the best complex indica-
tor ratios are shown in figures 1-3.

Thus, based on the data on the variability of
flax straw’s technological quality characteristics
depending on its number across long-stalked
flax varieties, and also the list of varieties char-
acterized by the best ratio of complex indicators,
one can achieve improvements in the technical
and economic performance of flax-producing
and flax-processing enterprises.

CONCLUSIONS

1. It has been established that among the
technological quality traits of flax straw, when
viewed across long-stalked flax varieties, the
yield of long fiber varies the most: the coeffi-
cient of variation for low-quality flax straw is
40.8%, medium-quality is 26.5%, and high-qual-
ity 1s 29.9%. Varieties have been identified from
which, depending on the quality of the tow, the
maximum yield of long fiber can be obtained:
Lenok, Zaryanka, Leader, Sofia, Vasilek, A 93,
Tver, Tomsky 17, Alexandrit, Grant, Lyra, Toast,
Sursky, Caesar.

2. Varieties of long-stalked flax with the max-
imum ratio of complex indicators (percentages
of long and short fiber) have been identified,
which is the primary criterion for the efficien-
cy of flax processing enterprises. These variet-
ies include Lenok, Zaryanka, Vasilek (flax straw
number — 0.75), Toast, Tomsky 17, Alexandrit
(flax straw number — 1.25), Lenok, Lyra, Prales-
ka (flax straw number — 1.75).

Taon. 5. Cpennue pakTHUECKUE U HOPMUPOBAHHBIC 3HAYEHUSI BBIXO/IA M HOMEPA JUTHHHOTO BOJIOKHA
Table 5. Average actual and normalized values of the output and the number of the long fiber

Actual values Standardized values
Flax straw
. Ratio % No. of long . Ratio % No. of long
number Yield, % | Number % Ne Yield, % | Number | % Ne
and short fibers and short fibers
0,75 5,9 10,19 60,4 22,6:77,4 6,4 10,10 64,6 20,2:73,8
1,25 8,8 10,73 94,6 29,8:70,2 9,4 10,70 100,6 36,9:64,1
1,75 11,1 11,00 122,2 35,8:64,2 12,5 11,30 141,2 46,8:53,2

44 Siberian Herald of Agricultural Science * 2023 ¢ 53 « 7

Plant growing and breeding



BapI/IaGCJIBHOCTB TIPA3HAKOB TEXHOJIOTHUYECKOrO Ka4€CTBa
JIBHOTPECTHI COPTOB JIbHA-0JII'YHIIA

Bunorpaznosa T.A., Kynpsimosa T.A., KosbsikoBa H.H.

S 2 80—70;1 702 W)
g 870 :
£ £ 60
2250
5,7 40 318——
g g 30 29,9 29,8 D
L
a 0 8 Variety

B Long fiber share, %
1 Short fiber share, %

Puc. 1. CooTHOlIEHHE TPOLIEHTOHOMEPOB JAJTUHHOTO
Y KOPOTKOTO BOJIOKHA U3 JIbHOTpEeCThI HOMED 0,75
IUIst cOpTOB: a — JleHok; 6 — 3apsinka; 6 — Bacunek

Fig. 1. The ratio of the percentage numbers of long
and short fibers from flax fiber numbers 0.75 for the
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NMMYHOJJOI'NMYECKASA OHEHKA O3UMBIX COPTOB AYMEHS
MPOTUB CETYATOM NATHUCTOCTHU JIUCTHEB

(X)Boakosa I'.B., SIxuuk 51.B., /lanniosa A.B.

DedepanbHulil HAYUHBIL YeHMpP OUOIO2UYECKOU 3aUUmbl pACmeHUll
Kpacnonap, Poccus

(X)e-mail: galvol.bpp@yandex.ru

[IpoBenena mMMyHOJIOTHYECKasl OIEHKA BbICEBAEMbIX Ha fore Poccuu COpPTOB SUMEHSI 03MMOTO
OTHOCHUTEJIbHO MOPAKCHUSI CETYATOH ISATHUCTOCTHIO JINCTHEB VIS AaJbHEHIIEro MCIOJIb30BaHUS B
CeJIbCKOX03HCTBEHHOM Mpou3BoAcTBe. Cerdarasi MATHUCTOCTh — JOMHHAT B MATOJIOTMYECKOM KOM-
ieKce 3a0o0JeBaHuil suMeHsl Bo BceM Mupe. [latodusnonornuecknue npoueccs pa3BUTHs HHPEKIUN
3aBHCAT OT THUIA YCTOWYMBOCTU copTa. Ha ycToiumBBIX copTax cerdyaras MSATHUCTOCTh OTMEYEHa B
BUJIe HEOOJBIINX TEMHBIX OKPYIJIBIX TsiTeH. HpUIMpoBaHWE 4acTo MPOUCXOJHUT B pe3ylbTaTe Me-
XaHWYECKUX TOBPEKICHHUH JIMCTOBOH TIacTHHBI. CHMITOMBI 3a00JIeBaHUS CETYATON MATHUCTOCTHIO
Ha BOCIIPUMMYHMBOM COPTE UMEIOT XapaKTEPHbIM CeTYaThlil PUCYHOK C BBIPQKEHHBIMHM HEKPO3aMU U
oOImMpHBIMU XJI0po3aMu. OJHUM W3 OCHOBHBIX CIIOCOOOB 3aILIUTHI MOCEBOB OT OOJE3HM SIBISIETCS
BO3JIE/IbIBAHUE YCTOMYMBBIX COPTOB. ccnenoBanne MpoBeIeHO B TEUECHHE BETrCTAMOHHBIX CE30HOB
2020-2022 rr. Ha UCKYCCTBEHHOM MH(EKIIMOHHOM (oHE B (pa3y BCXOAOB BETCTAL[HOHHOTO OIBITA U
B a3y 3pOcCibIX pacTeHUI Ha €CTeCTBEHHOM MH()EKIMOHHOM (DOHE B MOJIEBBIX YCIOBUsX. M3yueHO
10 copTOB 03UMOTO STYMEHS OTEUECTBEHHOH U 3apyOekHOM cenekiuu. FiMMyHoorndeckas oreHka B
(hazy BCXOIIOB BEISBMJIA IBA YCTOWYUBEIX K CETUATON MATHUCTOCTH JINCTHEB copTta, Oamt: Bunar (1,7)
n KBanT (1,6); copra Aprens (3,8), Dokc-1 (2,3) oTeuecTBeHHO cenekimu u copT Kapuoka (2,7) 3a-
PYOCKHOM CeNeKIMU MTO0Ka3aal YMEPEHHYI0 ycToHYnBOCTh. [loneBast ymepeHHasi yCTOHYNBOCTD BbI-
SBJICHA y YEThIpPEX COPTOB siluMeHs o3umoro, %: Busar (18,3), Keant (26,6), Mapycs (19,9), ®oxc-1
(24,9). ImMmyHOOTHYECKas OlIEHKa PEKOMEHIyEeMBIX K ITOCceBy Ha tore Poccru copToB sSTUMEHs — OJTUH
W3 OCHOBHBIX KOMIIOHEHTOB B CTPATETUH MOBBIIICHHS 3()()EKTUBHOCTH MEPOIIPHUSATHI 1O 3aIUTE Pac-
TEHUH U yIy4IlIEHUs SKOJOTUYECKOU COCTABIISIONIEH MOCEBOB CEIIbCKOX03SIMCTBEHHBIX KYJIBTYP.

Ki1roueBble cj10Ba: SUMEHb O3UMBIH, JIMCTOBbIC 3200JI€BaHUs, CETYATas MATHUCTOCTh, UMMYHOJIO-
ruyecKast OlleHKa

IMMUNOLOGICAL ASSESSMENT OF WINTER BARLEY CULTIVARS AGAINST
LEAF NET BLOTCH

() Volkova G.V., Yakhnik Y.V., Danilova A.V.
Federal Research Center of Biological Plant Protection
Krasnodar, Russia

()e-mail: galvol.bpp@yandex.ru

Immunological assessment of winter barley varieties sown in the south of Russia in relation to
leaf net blotch infestation for further use in agricultural production has been carried out. Barley net
blotch is dominant in the pathologic complex of barley diseases worldwide. The pathophysiologi-
cal processes of infection development depend on the type of resistance of the variety. Net blotch on
resistant varieties is noted as small dark rounded spots. Infection often occurs as a result of mecha-
nical damage to the leaf plate. The symptoms of net blotch disease on a susceptible variety have a char-
acteristic reticulate pattern with pronounced necrosis and extensive chlorosis. One of the main ways to
protect crops from the disease is the cultivation of resistant varieties. The study was conducted during the
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growing seasons of 2020-2022 on artificial infectious background in the sprouting phase phase of the
vegetation experiment and in the adult plant on the natural infectious background in field conditions. 10
varieties of winter barley of domestic and foreign selection were selected. Immunological assessment in
the sprouting phase revealed two varieties resistant to leaf net blotch, score: Vivat (1.7) and Kvant (1.6);
the varieties Artel (3.8), Fox-1 (2.3) of domestic selection and Carioca (2.7) of foreign selection showed
moderate resistance. Field moderate resistance was detected in four winter barley varieties, %: Vivat
(18.3), Kvant (26.6), Marusya (19.9), Fox-1 (24.9). Immunological assessment of barley varieties rec-
ommended for sowing in the south of Russia is one of the main components in the strategy of increasing
the efficiency of plant protection measures and improving the ecological component of crops.
Keywords: winter barley, leaf diseases, net blotch, immunological assessment
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INTRODUCTION

Barley (Hordeum vulgare ssp. vulgare L.)
is one of the first cereal species used by hu-
mans. Its cultivation began more than 10,000
years ago, almost simultaneously in differ-
ent regions [1]. Currently, barley is grown in
over 100 countries worldwide. It ranks fourth
among cereal crops in terms of yield and plant-
ing area, following wheat, rice, and maize. Its
high adaptability to adverse environmental con-
ditions (cold, drought, soils deficient in micro-
nutrients) provides a wide range of agroclimat-
ic zones for cultivation, allowing barley to be
a major product not only for fodder purposes
but also for brewing and food consumption [2].
The Russian Federation is the global leader in
barley production. In 2022, the sown area for
this crop amounted to 659.6 thousand hectares,
of which 176.4 thousand hectares (or 26.7% of

the total area) was in the Krasnodar region. The
gross harvest of winter barley in 2022 in Russia
reached 3.41 thousand tons, with the Krasno-
dar region contributing 1.21 thousand tons (or
35.5%)'. The ratio of the area to yield indicators
points to higher yields of winter barley in the
conditions of intensive crop farming in southern
Russia.

Net blotch of barley leaves (pathogen —
Pyrenophora teres Drechs.) is predominant
among diseases in the southern conditions of
Russia. Its appearance is recorded in the fall on
residues and winter forms, and with the resump-
tion of vegetation in the spring, the onset of the
disease on the leaf surface is noted from late
March to early April’>. The climatic peculiari-
ties of the region contribute to the widespread
distribution of this disease [3]. At the beginning
of spring, the disease manifests as individual
spots scattered across the foliage. Subsequent-

'Federal State Statistics Service. Bulletin “Gross yields and productivity of agricultural crops in the Russian Federation in 2022”.

https://rosstat.gov.ru/compendium/document/13277.

*Govorov D.N., Zhivykh A.N. Review of phytosanitary condition of crops in the Russian Federation in 2022 and forecast of
development of harmful objects in 2023. Moscow: Pervaya Obraztsovaya Typographiya. 2023, pp. 574.
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Immunological assessment of winter barley cultivars against leaf net
blotch

Volkova G.V., Yakhnik Y.V., Danilova A.V.

ly, when the weather conditions are favorable
for the pathogen’s further development, the dis-
ease is observed throughout the foliage. Partic-
ularly severe damage is noticeable on the lower
leaves, often leading to the die-off of the lower
tier of plants. In recent years, due to regional
climate changes towards warming, there has
been an increase in the frequency of outbreaks
of foliar diseases [2]. Annual losses for winter
barley from net blotch range from 15 to 50%.
Under optimal meteorological conditions and
when susceptible varieties are infected in pro-
duction plantings, the pathogen’s prevalence
can reach 100%, with its development ranging
from 50-90% [4].

In the Krasnodar Territory, a fairly large
number of genetically diverse barley varieties
approved for sowing in southern Russia are
cultivated, with a wide range of quality charac-
teristics. The best strategy to reduce the impact
of plant diseases on crops is a comprehensive
approach, including the use of crop rotation,
the application of fungicides, and the introduc-
tion of resistant varieties [5]. In some cases, us-
ing resistant varieties is the only viable option
for protecting crops due to the high demands
of the region with recreational resources and
a trend towards reducing the use of chemical
pesticides in agriculture. Resistant varieties
not only slow down the rate of infection but
also reduce the accumulation of infection foci
in the cenosis, which positively affects the
phytosanitary situation in the agrocoenosis
[6]. Fungicide treatment is the most common
and effective method of combating foliar dis-
eases, but it has a high pesticide load, which
is complicated by the increasing resistance
of pathogens. Using resistant varieties allows
for a reduction in the frequency of chemical
treatments, offers the possibility of using bio-
logical protection agents, ensures a predictable
reduction in crop infection, which contributes
to the timely detection of the economic thresh-
old of harmfulness (ETH level) of the patho-
gen and the prevention of epidemics. Breeding
strategies for agricultural crops for resistance
to the most harmful diseases are based on in-
formation about the evolutionary potential of

disease-causing populations and the genetic
diversity of host plant resistance [7].

The purpose of the study is to conduct im-
munological assessment of the barley varieties
sown in southern Russia in relation to net blotch
of leaves.

MATERIAL AND METHODS

The study was carried out in 2020-2022 at the
Federal Scientific Center for Biological Plant
Protection (FSCBPP) using a unique scientific
installation (USI) “Phytotron for the isolation,
identification, study, and maintenance of races,
strains, and phenotypes of pathogens” [https://
ckp-rf.ru/catalog/usu/671925/] and objects of
the FSCBPP bioresource collection “State col-
lection of entomoacariphages and microorgan-
isms”  [https://ckp-rf.ru/catalog/usu/585858/].
The immunological assessment of winter bar-
ley varieties against net blotch of leaves in the
juvenile phase was conducted under the condi-
tions of a Binder KBWF 720 climate chamber
(temperature 22 °C, humidity 80%, illumination
13,000 Ix) on an artificial infection background.
The evaluation in the adult plant phase was car-
ried out at a field station on a natural infection
background.

Nine varieties from Russian breeding cen-
ters: Vasya (P.P. Lukyanenko National Grain
Center), Valery, Cousin, Storm (Stavropol Fed-
eral Agricultural Research Center), Artel, Vivat,
Kvant, Marusya, Fox-1 (ANC “Donskoy”) and
one foreign-bred variety, Karioka (France) were
selected for the study. Infectious material for in-
oculating plants with the fungus P. teres in the
juvenile phase was selected in the year of adult
plant assessment from production barley crops
of the Krasnodar Territory and the Republic of
Adygea, according to standard methods. Incu-
bation of infected barley leaf areas occurred un-
der natural light and a temperature of 25 °C on
carrot-beet agar (120 ml beet, 120 ml carrot, 20
g agar, 1 | water).

For the immunological evaluation in the
seedling phase, pots with a volume of 0.5 liters
were sown with 12-15 seeds each and inoculat-
ed with a spore-mycelial suspension of P. teres
(50,000 conidia/ml). A record was made after

50  Siberian Herald of Agricultural Science ¢ 2023 « 53 « 7

Plant protection



I/IMMyHOJ'IOFI/I‘IeCKa}I OILICHKAa O3UMBIX COPTOB AYMCHS IIPOTUB
CeTYaToM IMSITHUCTOCTH JIUCTHEB

Bonkosa I'.B., SIxuuk 51.B., lannnosa A.B.

7 days. Ranking of varieties for resistance was
carried out according to the following criteria,
scores: 0 - no disease, R - resistance (0.5-2.0),
MR - moderate resistance (2-4), MS - moderate
susceptibility (4.5-6.5), S - susceptibility (7-9).

In field conditions, varieties were sown on
the plots without fungicidal treatments on a nat-
ural infectious background in three replicates
on areas of 1 m? each. The forecrop was com-
plete fallow. The Romans variety was sown as
a susceptibility control. The first disease count
was conducted from the moment of the prima-
ry manifestation of the disease - at the end of
the tillering phase, with subsequent counts up
to the milky-wax ripeness phase of the grain.
The degree of the leaf blotch infection and rank-
ing of varieties for resistance to pathogens was
assessed on a scale, %: 0 - no disease, R - re-
sistance (disease development up to 15), MR -
moderate resistance (disease development from
15 to 30), MS - moderate susceptibility (dam-
age up to 50), S - susceptibility (damage over
50). The average disease development was de-
termined from the total number of plants in each
replicate.

The soil of the infectious nursery is typical
for the central zone of the Krasnodar Territo-
ry - leached chernozem. The depth of the hu-
mus horizon is 80-150 ¢m, humus content in
the tillage layer up to 20 cm is 3.39% (GOST
2613-94), mobile phosphorus is 18.2 mg/100
g of soil (GOST 26204-91), mobile potassium
compounds are 30.6 mg/100 g (GOST 26205-
91), and soil reaction is slightly acidic (pH 5.5-
6.5). There is no exchange acidity; hydrolytic
acidity varies from 2 to 4 mg-equivalent/100 g
of soil, soil base saturation degree is 85-95%.
In the growing seasons of 2020 and 2021, mod-
erate temperature and precipitation deficit were
noted in May, so only occasional disease symp-
toms were observed on the leaves. In June, the
weather conditions were favorable for the fur-
ther development of the net blotch pathogen of
barley, so the disease manifestation was noted
universally on the foliage until the lower leaves
died off in the sowings. Weather conditions in

spring 2022 facilitated the widespread spread of
the disease. Isolated spots, chaotically distrib-
uted on the leaf surface, were observed almost
everywhere in production sowings of winter
barley. In early summer, the weather conditions
were unfavorable for the further development
of the disease pathogen; high leaf damage on
plants was not observed. Statistical processing
was done using the Statistica software version
13.3.

RESULTS AND DISCUSSION

The results of the immunological evalua-
tion of winter barley varieties in field infectious
nursery conditions and in controlled climate
chamber conditions on an artificial infectious
background revealed a relatively low resistance
against net blotch in varieties recommended for
sowing in the south of Russia. It is worth noting
that to create an artificial infectious background,
material was selected from three agro-climatic
zones of the region (southern foothill, central,
and western Azov) from various production
sites, which ensured a high level of pathogen
population heterogeneity. On average, over
2 years of study in the seedling phase against
leaf net blotch, resistance was found in the Viva
variety, score (1.7) and Kvant (1.6) (see Table
1). Moderate resistance was identified in the
following varieties, score: Artel (3.8), Karioka
(2.7), and Fox-1 (2.3); varieties Valery (4.9),
Vasya (4.2), Cousin (4.7), Marusya (4.3), and
Storm (4.1) were determined as moderately sus-
ceptible in controlled conditions on an artificial
infectious background.

As aresult of field trials regarding resistance
to leaf net blotch, it was found that 4 out of 10
studied varieties have moderate resistance to
the pathogen in the adult plant phase, %: Viva
(18.3), Kvant (26.6), Marusya (19.9), and Fox-
1 (24.9) (see Table 2); varieties Artel (34.9),
Valery (32.6), Karioka (41.6), Cousin (35.8),
and Storm (45.8) showed moderate susceptibil-
ity. The Vasya variety (55.2%) was identified as
susceptible to net blotch based on field evalua-
tion (see Fig. 1).

*GOST 26205-91 Determination of mobile forms of phosphorus and potassium by Machigin method modified by CINAO.
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Immunological assessment of winter barley cultivars against leaf net
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Tao6a. 1. IMMyHOTOTHYECKAs! OIICHKA COPTOB STYMEHST OTHOCHUTEIHHO CETYATON MATHUCTOCTH JTUCTHEB B
¢aze Bcxogos (DHIIB3P, 2021, 2022 1)

Table 1. Immunological assessment of barley cultivars with respect to leaf net blotch in the phase of
plant seedlings (FRCBPP, 2021, 2022)

Response of the varieties to P. feres infestation

Vari i Infestation, point Degree of resilience
ariety Origin
2021 2022 | Average | ygog 2022 | Average
value value

Artel ASC "Donskoy" 5,5 2,0 3,8 MS MR MR
Valery Stavropol FSAC 6,5 33 4,9 MS MR MS
Vasya National Grain Center P.P. 5.0 34 42 MS MR MS

Lukyanenko
Vivat ASC "Donskoy" 2,5 0,9 1,7 MR R R
Karioka France 2,0 34 2,7 MR MR MR
Kvant ASC "Donskoy" 3,0 0,2 1,6 MR R R
Cousin Stavropol FSAC 6,5 2,8 4,7 MS MR MS
Marusya ASC "Donskoy" 6,3 2,3 4,3 MS MR MS
Fox-1 ASC "Donskoy" 3,0 1,7 2,3 MR R MR
Storm Stavropol FSAC 5,7 2.4 4.1 MS MR MS
Romance (control) | National Grain Center PP.|  ; 5,0 6,0 S MS MS

Lukyanenko

Taoba. 2. IMMyHOIOTHYECKAs! OIICHKA COPTOB STYMEHST OTHOCUTEIHHO CETYATON MATHUCTOCTH JIUCTHEB B
¢a3y B3pocnoro pacrenus (DHLB3P, 2021, 2022 1)

Table 2. Immunological assessment of barley cultivars with respect to the leaf net blotch in the adult
plant phase (FRCBPP, 2021, 2022)

Response of the varieties to P. feres infestation
Variety Origin Infestation, point Degree of resilience
2021 | 2022 | AVeraEe | ooy | ggpp | Average

value value
Artel ASC "Donskoy" 46,6 233 34,9 MS MR MS
Valery Stavropol FSAC 493 15,9 32,6 MS MR MS
Vasya National Grain Center P.P. 733 372 55.2 S MS S

Lukyanenko

Vivat ASC "Donskoy" 26,6 10,0 18,3 MR R MR
Karioka France 46,6 36,7 41,6 MS MS MS
Kvant ASC "Donskoy" 40,0 13,3 26,6 MS R MR
Cousin Stavropol FSAC 50,0 21,7 35,8 MS MR MS
Marusya ASC "Donskoy" 26,6 13,3 19,9 MR R MR
Fox-1 ASC "Donskoy" 36,6 13,3 24,9 MS R MR
Storm Stavropol FSAC 70,0 21,7 45.8 S MR MS
Romance (control)y | National ' Grain - Center P15 | 500 | 550 | s MS s
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Puc. 1. ImMmyHOIOTHYECKAS OIIEHKA COPTOB SIMEHS 03UMOTO0 K P. feres B TONEBBIX YCIOBHSX:
a — Aprens (MS); 6 — Busar (MR); ¢ — Pomanc (S); e — Bacs (S);

(4-nueBHbIe repOapubie 00pasusl (PHIIB3P, 2022 r., opur.)

Fig. 1. Immunologic assessment of winter barley varieties to P, teres under field conditions:
a — Artel (MS); 6 — Vivat (MR); 6 — Romance (S); ¢ — Vasya (S); (4-day herbarium samples, FRCBPP, 2022, orig.)

It was noted that the nature of the damage
in different resistant varieties has somewhat dif-
ferent symptoms, which is consistent with the
literature data, as in other plant diseases, the ap-
pearance of symptoms depends on the virulence
of the pathogen, the genotype of the host, and
the environment [5]. Net blotch exists in two
different forms: P. teres f. maculata and P. teres
f. teres. Although these two forms are identified
as morphologically similar, they differ at the
genetic and pathophysiological levels, and also

a

produce toxins that vary in composition and
amount [8]. The form P. teres f. teres creates
dark-brown and longitudinal necrotic lesions
transitioning to chlorotic ones, while P. feres f.
maculata forms dark-brown round or elliptical
spots with chlorosis on leaf tissues (see Fig. 2).

Interaction between the plant and the fungus
involves physiological processes that manifest
as external signs on the host plant due to the
induction of various defense mechanisms [9].
On susceptible varieties, the infestation appears

Puc. 2. TunuyHpie CUMITOMBI TOPAKEHUS CETYATON MATHUCTOCTHIO JTUCTHEB:
a — copt Busar (MR); 6 — copt Pomanc (S) (PHIIB3P, 2022 r., opur.)

Fig. 2. Typical symptoms of lesions with leaf net blotch:
a — Vivat cultivar (MR); 6 — Romance cultivar (S) (FRCBPP, 2022, orig.)
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as focal in the form of brown necrotic spots on
infected tissues, which increase in size, forming
elliptical or spindle-shaped lesions. They rap-
idly spread across the entire lamina, forming a
characteristic net-like pattern with pronounced
necrosis and broad chlorosis, which can lead to
the death of the entire leaf [10]. The disease af-
fects the upper tiers, increasing the area of nec-
rotized leaf surface with chlorosis, and the lower
tiers die off. On more resistant barley varieties,
net blotch is observed as small dark round spots,
with less pronounced chlorosis and without the
typical net pattern. Often, the onset of infection

1

1st 24 hours

Puc. 3. Poct mutienuii rpuba P. teres Ha nHPUIEPO-
BAHHOM TKaHU:

1 — copt Pomanc (S); 2 — copt Bunar;

(MR) (®HIIB3P, 2022 r., opur.)

Fig. 3. Mycelium growth of P. teres fungus on
infected tissue:

1 — Romance cultivar (S); 2 — Vivat cultivar; (MR)
(FRCBPP, 2022, orig.)

begins at the edges of the leaf blade from me-
chanical damage to the plant during various ag-
ricultural practices or damage by phytophages.

The plant’s defense mechanisms determine
the varying growth of P feres colonies when
placing infected plant sections on a nutrient me-
dium (see Fig. 3). On the lamina of a susceptible
variety, a well-structured white fluffy mycelium
forms, which quickly grows, spreads across
the leaf, and takes on a darker shade. On the
infected tissue of a resistant variety, the fungus
grows more slowly, the mycelium is fluffy and
white. The formation of feathery white fungal
structures has been observed, which, according
to the literature, indicates a lack of nutrient re-
sources [5].

CONCLUSIONS

1. Immunological evaluation of 10 winter
barley varieties at the seedling stage in con-
trolled conditions on an artificial infection
background over 2 years of study revealed two
varieties resistant to leaf net blotch: Vivat (1.7
points) and Kvant (1.6 points) bred by the ASC
“Donskoy”. Varieties Artel (3.8 points), Fox-1
(2.3 points) bred by the ASC “Donskoy”, and
the foreign-bred variety Karioka (2.7 points)
showed moderate resistance.

2. Field moderate resistance to P. feres was
identified in four winter barley varieties, %: Vi-
vat (18.3), Kvant (26.6), Marusya (19.9), Fox-1
(24.9) bred by the ASC “Donskoy”. This is im-
portant to consider in their territorial placement.

3. Pathophysiological processes of infection
development depend on the resistance type of
the variety. In resistant varieties, net blotch is
marked as small dark round spots, with infec-
tion often resulting from mechanical damage to
the lamina. Symptoms of net blotch disease on
a susceptible variety have a characteristic net
pattern with pronounced necrosis and extensive
chlorosis.
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HEJECOOBPAZHOCTD 3AIIUTHI IIOCEBOB KYKYPY3bI
OT NPOI'PECCHUPYIOIIUX ®PUTOPAI'OB
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Hnemumym cenvckoeo xosaiicmea — ghunuan @edepanvHoeo HAyUHO20 YyeHmpa
«Kabapouno-Bankapcxuil nayunsiii yenmp Poccutickou akademuu HayKy»
Ka6apauno-bankapckas Pecnyonuka, Hansunk, Poccust

(<)e-mail: kbniish2007@yandex.ru

[IpoBenen B muHaMKUKe MOHUTOPUHT (huTO(aroB MoCeBOB KyKypy3sl B ycioBusx Kadapauno-bai-
Kapuu B CTenHoi 3acymumuBoi 30He 3a 2000-2021 rr. OT™MeueHo, 4TO U3MEHEHNE KIMMaTa B CTOPOHY
MOTEIUICHUS] W 3HAYUTEJIbHOC YBEJIMUCHHUE TUIOMIAACH MOCEBOB KYKYPY3bl M3MEHHIN (DUTOCAHUTAP-
HYyIO CHUTYaIHIO, 94TO MPHUBENO K (JOPMUPOBAHUIO 0YaroB BBICOKON YHCICHHOCTH M BPEIOHOCHOCTH
XJIOTIKOBOM COBKH. M3ydeHbI cpencTBa OOpPHOBI ¢ XJIOMKOBOW COBKOWM M KYKYPY3HBIM MOTBUTBKOM H3
Pa3IUYHBIX TPYNI XUMHUYECKHX M OHOJOTHYECKUX COCIUHEHHI. 3alMTHBIE MEPONPUSATHUS TUIAHH-
pOBalli ¥ OCYIECTBIISUIN, UCXOJIS U3 MPOTHO3UPYEMOU U PEaNbHO CIOKHUBIICHCS (PUTOCAHUTAPHOM
00CTaHOBKH, YTOOBI MOJTYYHUTH IKOJIOTUUECKU 00JIee YUCTYIO U OMOJIOTHYECKU MUTATEIbHYIO 3€PHO-
BYIO IPOAYKINI0. Ha 0CHOBaHWH MHOTOJICTHUX HAOMIONEHNUH YCTAaHOBJICHO, UTO BCIIBIIITKA XJIOTTKOBOM
COBKH M CTEOJIEBOTO KyKypPY3HOTO MOTBUIbKA TepHoAnYHa 5 £ 1 Tox. DTO MO3BOJIUT MPOBOIUTH CBOE-
BPEMEHHOE OIPBICKUBAaHUE B TOJIHI MAKCUMAJIBHBIX BCITBIIIEK YKa3aHHBIX Bpeautenei. Onpenenenne
ounonornyeckor A((HEKTUBHOCTH M TPAMOTHAS POTALUS TPYIIIBl XUMHUECKUX WHCEKTHIIMIOB TI03BO-
JISIT CHU3UTh UX PE3UCTEHTHOCTD K MIPOrPECCUPYIOIINM BPEIUTENIIM Ha MOCEBaX KyKypy3bl. 3HAYCHUS
ouonoruueckoil 3PpPpeKTUBHOCTH MHCEKTUIM/OB B BapuaHTtax npenapatoB Bommam @nexcu, CK u
AsanTt, KD coorBerctBoBaiu 97,1 u 95,6%. Xo3sicTBeHHYIO d3PPEKTUBHOCTh MHCEKTHUIIMIOB OIe-
HHBAJIM 110 TPHUOaBKe ypoxkaitHOCTH 3epHa, Tae Bommam dnexcu, CK; Apant, KO u Jlemunonma, CK
umenu 3Hadennd 1,1; 1,0 u 0,5 1/ra cooTBETCTBEHHO. MHOTOJIETHIMH HCCIIEIOBAHUSIMHA YCTAHOBJICHO,
YTO ypOXKANHOCThH 3aBHCUT OT CTETICHU MOBPEXKJICHUS MOYATKOB M 3€PHA KyKYPY3bl TYCEHHI] XJIOMKO-
BOI COBKHU. Pe3epBOM 3HAYMTEIHHOTO MOBBINICHUS YpOXKas 3epHa KyKypy3sl Ha 0,5—1,1 T/ra sBnsieTcst
UCIIO0JIb30BaHUE IPPEKTUBHBIX MHCEKTHUIIMOB XUMHUYECKOTO MPOUCXOKIACHUS C HU3KUMH HOPMaMHu
pacxona (Bonmnam ®nekcu, CK; ABant, KD). BrisiBieHO, 4TO 2-KpaTHOE ONpPBICKMBaHUE OMOMHCEK-
tunuaamu Jlemmmonwa, CK n buocnum, BT, I1 mo Havamy 1 MaccoBOMY OTPOXKICHUIO TYCECHHUIT 3HATH-
TEJBHO CHIDKAJIO BPEIOHOCHOCTh YKa3aHHBIX BpeaUTeNel, Ononornueckas 3p(heKTHBHOCTh KOTOPBIX
coctraBuna 77,9 u 73,5% COOTBETCTBEHHO.

KuroueBble ci10oBa: Kykypy3a, Gutodaru, BpelOHOCHOCTh, MHCEKTHUIIHIbI, OMOMHCEKTUITU/IBI, CH-
CTeMa MHTETPUPOBAHHOM 3aIIUThI, OMOJIOTHYECKAsl, XO3AHCTBCHHAS, SKOHOMUYECKast 3(h(HEKTUBHOCTh

EXPEDIENCY OF PROTECTING CORN CROPS FROM PROGRESSIVE
PHYTOPHAGES
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Monitoring of phytophages of corn crops in the conditions of Kabardino-Balkaria in the steppe arid
zone for 2000-2021 was carried out in dynamics. It was noted that climate change in the direction of
warming and significant increase in the areas of corn crops changed the phytosanitary situation, which
led to the formation of foci of high numbers and harmfulness of cotton budworm. Control agents
against cotton budworm and corn borer from different groups of chemical and biological compounds
were studied. Protective measures were planned and implemented based on the predicted and actual
phytosanitary situation in order to obtain ecologically cleaner and biologically nutritious grain prod-
ucts. Based on long-term observations, the outbreak of cotton budworm and corn borer was found to
be periodic for 5 + 1 years. This will allow timely spraying in years of maximum outbreaks of these
pests. Determination of biological efficacy and competent rotation of the group of chemical insecti-
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Expediency of protecting corn crops from progressive phytophages

Shipsheva Z.L., Shidova L.Kh., Khromova L.M.

cides will reduce their resistance to progressive pests on corn crops. Values of biological efficiency of
insecticides in the variants of Voliam Flexi, SC and Avant, EC preparations corresponded to 97.1 and
95.6%. The economic efficiency of the insecticides was evaluated by grain yield increment, where Vo-
liam Flexi, SC, Avant, EC and Lepidocid, SC and had the values of 1.1; 1.0 and 0.5 t/ha, respectively.
Long-term studies have established that yields depend on the degree of damage to cobs and corn grain
by cotton budworm caterpillars. The reserve of significant increase of corn grain yield by 0.5-1.1 t/ha
is the use of effective insecticides of chemical origin with low rates of consumption (Voliam Flexi, SC,
Avant, EC). It has been revealed that 2-fold spraying with bioinsecticides Lepidocid, SC and Bioslip
BT, P on the beginning and mass hatching of caterpillars significantly reduced the harmfulness of these
pests, the biological efficiency of which amounted to 77.9 and 73.5%, respectively.

Keywords: corn, phytophages, harmfulness, insecticides, bioinsecticides, integrated protection

system, biological, economical, economic effectiveness
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INTRODUCTION

The expansion of sown areas in recent times
has led to changes in the phytosanitary situation
in the corn agroecosystem. Consequently, there
has been a significant increase in the population
and harmfulness of the cotton budworm (Heli-
coverpa armigera Hb.) and the European corn
borer (Ostrinia nubilalis Hb.). There arose a
need to monitor them, followed by the devel-
opment of effective elements in the integrated
pest management system against these pests.
Growing corn with a short rotation, and in some
leased farms as a monoculture, has led to an in-
crease in the population and harmfulness of the
cotton budworm'.

The purpose of the research is to conduct a
comparative assessment of the economic, bio-
logical, and financial effectiveness of new-gen-
eration insecticides with a low application rate
and prolonged action.

Research objectives:

— monitoring of the cotton budworm and the
European corn borer from 2000 to 2021 in the
steppe zone of Kabardino-Balkaria;

— determination of the economic, biological,
and financial effectiveness of insecticides of bi-
ological and chemical origin for combating the
larvae of the cotton budworm,;

— comparative evaluation of the effectiveness
of insecticides for the development of the ele-
ments of a biologized protection system against
progressively harmful corn pests.

MATERIAL AND METHODS

Field trials were set up according to the ex-
isting methodologies in plant protection®* [1,
2]. Trial variants were arranged using a random-
ized method in a rectangular form. There were 9
variants. The area of the experimental corn plots
was 50 m?, the accounting plots covered 25 m?,

'Peresypkin V.F., Kovalenko S.N. Practicum on the methodology of experimental work in plant protection. Moscow: Agropromiz-

dat, 1989, 175 p.

2Pospelov S.M., Arsenieva M.V., Gruzdev G.S.; ed. by N.G. Berim. Plant protection. L.: Kolos, 1988, 432 p.
3Eshchenko V.E., Trifonova M.F., Kopytko P.G., Soloviev A.M., Firsov I.P,, Shevchenko V.A. Fundamentals of experimental work

in crop production. Moscow: KolosS, 2009, 264 p.

4Goncharov N.R., Kolychev N.G., Cherkasov V.A. Organization of plant protection. Moscow: Rosselkhozizizdat, 1985, 175 p.
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LlenecooOpa3HOCTh 3aIIUTBI HOCEBOB KyKYPY3bl
OT nporpeccupyonmx puroparon

IHummesa 3.J1., Hlugosa JI.X., Xpomosa JI.M.

with a three-fold repetition. The sowing pattern
was wide-rowed, with a sowing depth of 6-10
cm. Pest accounting, determination of econom-
ic, biological, and financial effectiveness were
conducted according to the methodologies [3].
Phytophage identification was carried out using
an identification guidebook®. When determining
the per hectare rate of insecticide application, the
List of Pesticides and Agrochemicals permitted
for use in the territory of the Russian Federation
was used [4, 5].

Scientific-production tests were conducted in
the steppe zone of the Kabardino-Balkarian Re-
public (KBR) on the Terek corn hybrid. Spray-
ing was carried out using a Comfort-OE-12u
backpack battery sprayer. The soil of the exper-
imental plots was southern chernozem, situated
in a relatively narrow strip between common
chernozems and dark chestnut soils.

Southern chernozems are characterized by a
low humus content in the A horizon (3.5-5.0%)
and gradual distribution throughout the soil pro-
file. Mainly, these soils are intensively used for
cultivating cereal crops, sunflowers, and corn for
grain and silage [6].

Soil treatment for the experimental corn sow-
ing included autumn plowing, spring cultivation,
and pre-sowing treatment. Corn sowing with a
sowing rate of 55,000 seeds/ha was conducted

Taoba. 1. IlepeueHb UCTIONB30BAHHBIX HHCEKTULIU-
noB u ynoopenwuii B 2020, 2021 rr.

Table 1. List of insecticides and fertilizers used in
2020, 2021

Group of Consumption
P Name of preparations rate, kg/ha; I/
preparations ha; tablet/ha
Bio Fitoverm, SC (2 times) 0,2
insecticides ) .
Leptocid, L (2 times) 3,0
Actarophyt-E (2 times) 0,4
Lepidocid, SC (2 times) 1,0
Biosleep BT (2 times) 2,5
_Chemjc% Avant, EC 0,25
MSECHCIAes | voliam Flexi, SC 0.4
Decis Expert, EC 0,2
Sharpey, OE 0,32

in the first ten-day period of May, and harvest-
ing was done when the grain moisture was 20%.
Technological operations for crop care were car-
ried out according to the standard corn cultiva-
tion system [7, 8].

The following biological and chemical insec-
ticides were used to combat the cotton budworm
(see Table 1).

Chemical insecticides were applied once
during the mass emergence of the second-gen-
eration cotton budworm larvae; bio-insecticides
were applied twice - at the beginning and during
the mass emergence of the larvae, with a 7-day
interval.

RESULTS AND DISCUSSION

In 2020 and 2021, scientific research contin-
ued on studying the progressing phytophages
and their harmful effects in the maize agroeco-
system. Such corn pests include the cotton bud-
worm (Heliothis armigera Hb.) and the Europe-
an corn borer (Ostrinia nubilalis Hb.).

In this context, the population dynamics of
these pests on corn crops since 2000 in the steppe
drought zone have been studied. Analysis of the
data on the harmfulness of the cotton budworm
and the European corn borer showed periodicity
in their surges and declines. From 2000 to 2021,
the intensity of corn plant colonization by Euro-
pean corn borer larvae was at or slightly above
the threshold level (ETH 1-4% of the colonized
plants). An exception was 2016, when 27% of
plants were colonized. Given that this pest is in
a depressed state, the periods of rise and decline
in the number of European corn borer larvae are
insignificant. Perhaps the corn borer has been in
depression for 20 years (within ETH limits), but
its harmfulness is increasing.

The figure clearly demonstrates a sharp de-
crease in the percentage of the damaged plants
in 2007, 2008; 2016, 2017, and in 2020, indi-
cating the periodicity of the harmfulness of the
cotton budworm larvae.

According to long-term monitoring of dan-
gerous pests, such as the cotton budworm and
the European corn borer, an inverse relationship

SAkhremovich M.B., Batiashvili 1.D., Bei-Bienko G.Ya. Determinator of agricultural pests by damage to cultivated plants.

Leningrad, 1976, pp. 38-48.
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of their harmfulness was identified. Analyzing
the population dynamics of these pests, shown
in the figure, it should be noted that the higher
the number and harmfulness of the cotton boll-
worm, the lower the number and harmfulness of
the European corn borer. For instance, in 2016,
the highest percentage of damage from European
corn borer larvae (27%) was recorded. In 2016,
the percentage of the corn plants colonized by
cotton budworm larvae significantly decreased
(to 27%).

Bio-insecticides were used twice at the begin-
ning and during the mass emergence of the cot-
ton budworm larvae. The spraying times were
slightly shifted. The accounting of the average
density of colonization by cotton budworm lar-
vae when using chemical insecticides was con-
ducted 7 days later, and bio-insecticides — 14
days after the second spraying.

In 2020 and 2021, new generation insecti-
cides with low usage rates and prolonged action
were tested. A comparative evaluation of the
biological effectiveness of the used insecticides
was conducted 7 days after spraying against cot-
ton budworm larvae (see Table 2).

The new generation insecticides had a high
value of biological effectiveness (BE) of 97.1%
and 95.6% in the variants 7 (Voliam Flexi, SC)
and 8 (Avant, EC) respectively. The bio-insecti-

cide Lepidocide, SC (variant 2) proved itself as
a good agent against the cotton budworm larvae
over 2 years of trials, and its biological effective-
ness was 77.9%.

The economic effectiveness (EE) of the in-
secticides was assessed by the increase in the
corn grain yield compared to the control. Both
in terms of economic and biological effective-
ness, the same variants stood out: Voliam Flexi,
SC (variant 7), Avant, EC (variant 8), and Lepi-
docide, SC (variant 2), where the yield increase
was 1.1, 1.0, and 0.5 tons/ha respectively.

In variants 3 (Biosleep, BT, P), 4 (Leptocide,
L), and 6 (Decis Expert, CE), the yield increase
was 0.2, 0.1, and 0.3 tons/ha respectively. In
variant 5 using Actarophyte-E, there was no
yield increase (-0.03 tons/ha).

As a result, the insecticides Voliam Flexi, SC;
Avant, EC; and Lepidocide, SC are promising
in the fight against cotton budworm larvae (see
Table 3).

One of the determining factors in corn pro-
duction is economic and financial effectiveness
[9]. The increase in corn grain yield compared
to the control variant (without treatments) was
evaluated as a result of testing insecticides
against cotton budworm larvae. It was noted that
the highest indicators of conditional net income
were achieved by the new generation insecti-

120
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=@ = Cotton budworm
mBl= (Corn borer

JlMHaMHKa YMCIEHHOCTH U BPEAOHOCHOCTH XJIOTIKOBOI COBKH U CTE€0JEBOTO KyKYPy3HOTO MOTBIJIbKA Ha
nocesax Kykypysbl B crennoit 30He KBP, 20002021 rr.

Dynamics of the number and harmfulness of cotton budworm and corn borer on corn crops in the steppe

zone of the KBR, 2000-2021.
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Ta6a. 2. buonornueckas u xo3stiicTBeHHas 3)(HEKTHBHOCTh HHCEKTUITHJIOB B 0Oph0E C I'yCEeHHUIIaMH

XJIONIKOBOM coBKkH (cTemHas 30Ha KBP, 2020, 2021 rr.)

Table 2. Biological and economic effectiveness of insecticides in the fight against cotton budworm

caterpillars (steppe zone of the KBR, 2020, 2021)

Average density of Average population EF, t/ha
Experiment option infestation before density 7 days after the | BE, %
treatment, caterpillars/m* | treatment, caterpillars/m? Total Yield increase
1. Control (without treatments) 3,5 6,8 - 4,6 —
2. Lepidocid, SC 2,7 1,5 77,9 5,1 0,5
3. Biosleep BT, P 4.0 1,8 73,5 4.8 0,2
4. Leptocid, L 4,6 2,5 63,2 4,7 0,1
5. Actarophyt-E 3.4 3,3 51,5 4,57 —0,03
6. Decis Expert, EC 2,4 1,7 75,0 4.9 0,3
7. Voliam Flexi, SC 3,0 0,2 97,1 5,7 1,1
8. Avant, EC 2,8 0,3 95,6 5,6 1,0
9. Sharpey, OE 3,7 1,8 73,5 5,0 0,4
LSD,, 0,42
cides: Voliam Flexi, SC (variant 6); Avant, EC CONCLUSIONS

(variant 7); and the bio-insecticide Lepidocide,
SC (variant 2). They amounted to 8520, 9620,
and 5560 rubles/ha respectively.

The obtained numerical data on the economic
efficiency of the tested preparations indicate the
justification for the application of promising in-
secticides. This contributes to the development
of new elements in the integrated protection sys-
tem against the cotton budworm.

From the economic point of view, among
biological insecticides, Lepidocide, SC turned
out to be promising. The other bio-insecticides
(Biosleep BT, P; Leptocide, L) weakly reduced
the number and harmfulness of the cotton bud-
worm, so the conditional net income was -550
and -2010 rubles/ha, respectively.

1. The expansion of corn cultivation areas
changed the phytosanitary situation, leading to
the formation of high-density and harmfulness
hotspots of the cotton budworm.

2. The following dominant species were iden-
tified in the corn agroecosystem: the cotton bud-
worm and the European corn borer.

3. The periodicity of the cotton budworm ‘s
harmfulness has been determined, which is 5 +
1 year.

4. Based on long-term monitoring (2000-
2021), it was established that the higher the
number and harmfulness of the cotton budworm,
the lower the number and harmfulness of the Eu-
ropean corn borer, i.e., an inverse relationship
was identified.

Taoa. 3. Dxonomuueckast 3pHeKTUBHOCTh HHCEKTHIIUIOB B OOPBOE € TyCEHUIIAMHU XJIOTIKOBOH COBKH
Ha noceBe rudpusa Kykypyssl Tepek (cremnnas 3o0a KBP, 2020, 2021 rr.)

Table 3. Economic efficiency of insecticides in the fight against cotton budworm caterpillars on the
sowing of the Terek corn hybrid (Steppe zone of the KBR, 2020, 2021)

Experiment opfion Crz?sul? ];/)ttli;n Yield increase, | Cost of preserved | Additional costs, Sotnitrilitiorgal
periment optio ei /hg ? t/ha crops, rubles/ha rubles/ha et Income,
a rubles/ha
1. Control (without treatments) - - - -
2. Lepidocid, SC (2 times) 2,0 0,5 6500 1940 5560
3 Biosleep BT, P (2 times) 2,5 0,2 2600 3150 =350
4. Leptocid, L (2 times) 3,0 0,1 1300 3310 -2010
5. Decis Expert, EC 0,2 0,3 3900 1622 2278
6. Voliam Flexi, SC 0,4 1,1 14300 5780 8520
7. Avant, EC 0,25 1,0 13000 3380 9620
8. Sharpey, OE 0,32 04 5200 1018 4185
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5. The most promising insecticides in the

fight against cotton budworm larvae have been
identified: Voliam Flexi, SC; Avant, EC; and
Lepidocide, SC.
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YYBCTBUTEJIbBHOCTH COPHBIX PACTEHUI K TEPBUIIUIY JIIOMAKC
N EI'O D9O@PEKTUBHOCTD B IIOCEBAX KYKYPY3bl HA 3EPHO

Koctiok A.B., )JIsmenko E.B.

JanbHesocmounblil HAYUHO-UCCIE008AMENbCKULL UHCIMUMYM 3AUWUMbL PACTNEHUT —

Gunuan @edepanvrozo nayunozo yeumpa azpoouomexnonozuil arvneeo Bocmoka um. A.K. Yaiixu
[Tpumopckwuii kpai, c. Kamens-Pri6onos, Poccust

()e-mail: elenalLyashenko@ mail.ru

W3yyena 4yBCTBUTENBHOCTh COPHBIX pacTeHHH K repOuuuay JIroMakc B BereTalMOHHBIX yCJO-
BUSIX MIPH JI0- ¥ TIOCJIEBCXO0BOM NpUMEHEHHH. J[aHa olleHKa OMOIOTHYeCKOr U XO3sIHCTBEHHOM d(-
¢dexTrBHOCTH repOunmaa JlromMake pu pa3HbIX CPOKax MCIONIL30BaHUs. VccnenoBanus MPpOBOIMIH
B 2020-2022 rr. B [IpuMopbe. [louBa OMBITHBIX yYacTKOB JyTOBO-Oypasi OTIOA30JICHHAS, COIEpKa-
11asi B IaXOTHOM ropu3onte 3—4% rymyca. ATpoTeXHHKa — Ha OCHOBE 0€30TBajIbHOM 00paboTKH 1o-
uBbl. [IpeamecTBeHHUK — cosl. B moJeBbIX onbITax MCHONb30Bau rHOpuAHyo nomymsnuto [1 8521.
W3yyena 4yBCTBUTENBHOCTH 16 BUIOB COPHSIKOB MPH JOBCXOAOBOM BHECEHUH repoununa u 18 — npu
WCIOJIH30BAHNH 10 BETETHPYIOIIMM PACTEHUSIM Ha PaHHUX CTAUAX WX pa3BUTHA. [IpoBeneHbI BU3y-
aJbHBIC HAOIONCHISI 32 PA3BUTHEM PACTEHHIA TTOCIIE TTPOBEIEHHBIX 00pab0TOK repOouImaoM JIromaxc.
ITpy moYBEHHOM BHECEHUH IIperapaT MpersiTCTBOBAJ IPOPACTAHUIO Mapy O€JIOoH, IIMPHILIbI 3aIIPOKU-
HYTOH, MUKYJIbHUKA JIAJJaHHOTO, [IPOCa KypUHOI'0, Yepeae TpeXpa3aebHOH, IETUHHUKAM CU30MY H
3€JICHOMY, OCOTY ToJieBoMy M 00Ky metuHuctomy. [losBuBIIMEecs Bcxoapl kaHaTHUKa Teodpacra,
ropua MmoyeyynHoro U akaaudbl I0’)KHOH Ha 7-€ CyTKU TMOJIHOCTBIO TOTHOMH. YMEPEHHYIO UYBCTBH-
TEJILHOCTh IMPOSIBHIM aMOpO3Usi MOJBIHHOMMCTHAS, IIEPCTHAK MOXHATBIH M KOMMEJIWHA OOBIKHO-
BeHHas. [ mOMCKyc TpoiuaThlii OKa3aiucs YyCTOWYMBBIM K JaHHOMY TepOurmay. [Ipu ncnons3oBannn
Jlromakca MO BEreTHPYIOIIUM PAacTeHUsIM 17 BUIOB OKa3aJINCh BBICOKOUYBCTBUTECIIbHBIMHU, OTHOCH-
TEJIBHYIO YyBCTBUTEIBHOCTD MIPOSIBUI JIMILB IIEPCTHIK MOXHATBIA. B MOJIEBBIX OnbITax B OCEBE Ky-
Kypy3bl Ha 3¢pHO 3aCOPEHHOCTb B CpeHEM cocTaBmia 531 pactenue/M? ¢ o0mel Haa3eMHON Maccon
3279 r/m?. TepOury NpUMEHSUTH B TPH CPOKa: J0 BCXOIOB, B a3bl 2—3-ro U 5—6-T0 JIHCTa KyKypY3bl.
[Tpu KaX10M CPOKE €ro UCIOJIL30BaHMUS ObUIH CBOM IPEUMYIIECTBA U HElOCTAaTKH. [Ipr JOBCX010BOM
BHECEHHUH OH 00Jiee aKTUBHO IMOJABIISLI OJHOJICTHUE 3JIaKH, TIPHU MOo3HeM ((asa 5—6-ro rcTa) — MHO-
rosieTHUE ABynoibHbIE. [IpuMenenne repOunya B Gpasy 2—3-ro ucTa KyKypys3bl I0Ka3aao IpUMEpHO
paBHOE JieiicTBUE HAa COPHYIO PAaCTUTENILHOCT. JItoMake 3p(heKTHBHO YHHUTOXKAT KOMMEJIMHY OOBIK-
HOBEHHYIO U OJHOJIETHHE JBYJOJIbHBIC COPHIKH. He3aBUCHMO OT CPOKOB BHECEHHUSI OH CIIOCOOCTBOBAI
coxpanenuto 29,8-36,7 11 3epHa KyKypy3bl/Ta.

KioueBble ciioBa: repOUIMA, COPHSKH, YyBCTBUTEIBHOCTD, JItoMakc, 3 (eKTHBHOCTD, YpOIKaliHOCTh

SENSITIVITY OF WEEDS TO HERBICIDE LUMAX
AND ITS EFFECTIVENESS IN GRAIN MAIZE CROPS

Kostyuk A.V., <) Lyashenko E.V.

The Far Eastern Research Institute of Plant Protection — Branch of Federal Scientific Center of
Agricultural Biotechnology of the Far East named after A.K.Chaiki

Kamen—Rybolov, Primorsky Territory, Russia

()e-mail: dalniizr@ mail.ru

Sensitivity of weeds to Lumax herbicide under growing conditions with pre- and post-emergent ap-
plication was studied. Evaluation of biological and economic efficiency of Lumax herbicide at differ-
ent terms of use was given. The studies were conducted in 2020-2022 in the Primorsky Territory. The
soil of the experimental plots is meadow-brown podzolized, containing 3—4% of humus in the arable
horizon. The agricultural technique is based on no-tillage technology. The forecrop was soybeans. The
hybrid population P 8521 was used in the field experiments. The sensitivity of 16 weed species was
studied when used in pre-emergence applications and 18 when used on vegetative plants in the early
stages of their development. Visual observations of plant development after treatments with Lumax
herbicide were made. At soil application, the preparation inhibited the germination of lamb’s-quarters,
pigweed, hemp nettle, barnyard grass, bur beggar-ticks, yellow-foxtail grass and green bristle grass,
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YyBCTBUTEIBHOCTh COPHBIX PaCcTeHUI K repounmay Jlromakce Koctiok A.B., JIsmenxo E.B.
1 ero 3¢ GeKTUBHOCTD B IIOCEBAX KYKYPy3bl HA 3ePHO

field milk thistle and yellow thistle. Sprouts of China jute, common persicaria and copper leaf were
completely dead by the 7th day. Moderate sensitivity was shown by ragweed, hairy cupgrass, and
dayflower. Trailing hollyhock proved to be resistant to this herbicide. When using Lumax on vege-
tating plants, 17 species were highly sensitive, with only hairy cupgrass being relatively sensitive. In
field experiments in the grain maize crop, weed infestation averaged 531 plants/m? with a total above
ground mass of 3279 g/m?. The herbicide was applied at three times: before sprouting, in the phases
of the 2-3rd and 5th-6th of corn leaves. There were advantages and disadvantages with each term of
its use. At preemergence, it more actively suppressed annual grasses, while at late (the 5th-6th leaf
phase) it suppressed perennial dicotyledons. Application of the herbicide in the 2nd-3rd corn leaf
phase showed approximately equal effect on the weeds. Lumax effectively eliminated dayflower and
annual dicotyledonous weeds. Regardless of the timing of application, it contributed to saving 29.8-
36.7 co of corn grain/ha.
Keywords: herbicide, weeds, sensitivity, Lumax, efficiency, yield
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INTRODUCTION rasti Medik), pigweed (Amarantus retroflexus
L.), lamb’s-quarters (Chenopodium album L.),
sigesbeckia (Sigesbeckia pubescens Makino),
copper leaf (Acalypha australis L.), common
dayflower (Commelina communis L.), field milk
thistle (Sonchus arvensis L.), yellow thistle (Cir-
sium setosum (Willd.) Bieb), and other.
Research conducted by the Far Eastern Re-
search Institute of Plant Protection — Branch of
Federal Scientific Center of Agricultural Bio-
technology of the Far East named after A.K.
Chaiki (FERIPP), found that maize grain yield
decreases on average by 29% with weed infes-
tation of barnyard grass at 12 plants/m?, on most
areas it grows at 50 plants/m? or more'. Common
ragweed can accumulate up to 4 kg of vegetative
mass per 1 m? in certain years. At a weed densi-
ty of 10 plants/m?, maize grain yield decreases
by 34-41%; in drought years, the presence of 5
plants/m* reduced it by 55%?. In the Far East-
ern federal district in 2021, during the survey of
51.75 thousand hectares, weed infestation was

In agrarian practice, the degree of weed infes-
tation in crops is one of the main factors influ-
encing maize productivity [1]. Unlike other field
crops, maize does not have specialized weeds.
Due to its slow growth rates in the initial stag-
es of development, it is the weakest competitor
against weed plants in agrobiocenoses. During
this period, its crops create favorable conditions
for the growth of all biotypes of weed plants typ-
ical for a particular cultivation zone. The most
harmful types of weeds are those whose biolog-
ical development cycle closely aligns with that
of maize [2].

In maize crops in the south of the Far East,
the following species have been noted: barn-
yard grass (Echinochloa crusgalli (L.) Beauv.),
yellow-foxtail grass (Setaria glauca (L.)
Beauv.) and green bristle grass (Setaria viridis
(L.) Beauv.), hairy cupgrass (Eriochloa vilosa
(Thump.) Kuth), common ragweed (Admbrosia
artemisiifolia L.), China jute (Abutilon theoph-

'Altukhova T.V., Kostyuk A.V. Control of chicken millet in corn crops // Zemledelie. 2005, no. 6, pp. 32-33.

2Altukhova T.V., Kostyuk A.V., Spiridonov Y.Ya., Shestakov V.G., Ginevsky N.K. How to protect corn from wormwood rag-
weed // Plant Protection and Quarantine. 2005, no. 7, pp. 38-39.
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detected on an area of 32.71 thousand hectares,
including areas with a weed count exceeding the
economic damage threshold — on 13.77 thou-
sand hectares®. The fight against weeds in maize
crops in the south of the Far East is very rele-
vant. Achieving high maize yields under modern
conditions is impossible without the use of her-
bicides. Chemically eradicating unwanted vege-
tation in crops is a crucial agronomic practice®.
One of the factors that can influence the effec-
tiveness of herbicide application is the develop-
mental phase of the weeds and their condition.
The varying phase sensitivity of different, albeit
closely related, weed species of the same genus
to herbicides, determined by both species and
morphological differences in plants at a specific
phase of their growth and development, should
be taken into account when organizing chemical
weeding [3, 4].

The modern assortment of herbicides for
maize weed protection in the Russian Federation
comprises over 200 products [5]. Literature pro-
vides sufficient information on the effectiveness
of soil herbicides such as Merlin, Adengo, and
Lumax, the application of which significantly
reduced the weed infestation of maize crops and
increased its productivity [6-9]. When develop-
ing new herbicides for post-emergence use, se-
lectivity to the crop is a key factor [10].

Herbicides Adengo and Lumax are also high-
ly effective when used in the early post-emer-
gence period during the 2-3 leaf stage of maize
[6-9, 11, 12]. Numerous articles have been pub-
lished about the high activity of herbicides like
Cordus Plus, Dublon Super, Master Power, as
well as the tank mix of Egyda and Dublon when
applied during the 5-6 leaf stage [13—16]. In dry
weather conditions, the new herbicide Kreutzer
provided a maximum reduction in the total mass
of weeds, amounting to 98.8%. The phytomass
of the dicotyledonous component of the weed
cenosis decreased by 98.4%, and the monocot-
yledonous by 99.8% [17].

There are reports on late treatments in the
8-leaf stage of maize with herbicides Master

Power and Kelvin Plus. During late treatments,
weeds are well-developed and more resistant to
the action of herbicides. Such treatments can
only be justified in exceptional cases (for exam-
ple, due to the inability to spray on time due to
weather conditions or large areas to be treated)
[18, 19].

The purpose of the study is to examine the
sensitivity of weeds to the Lumax herbicide
under vegetative conditions during pre- and
post-emergence applications; to evaluate the
biological and economic effectiveness of the
Lumax herbicide at different times of use.

The scientific novelty of the work lies in the
fact that, for the first time in the conditions of the
south of the Far East, the sensitivity of weeds to
the Lumax herbicide has been studied, as well as
its effectiveness when used late (5-6 leaf stage).

MATERIAL AND METHODS

The research was conducted in a greenhouse
in 2021 and 2022, as well as on the experimen-
tal fields of FERIPP in 2020-2022. The soil
type was meadow-brown sod-podzolic medium
loamy, containing 3-4% humus in the arable
horizon with a pH of 5.0-5.9. Maize cultivation
technology was based on non-till soil treatment.
The sowing rate for the hybrid population P
8521 was 70,000 seeds/ha. At sowing, mineral
fertilizers (nitroammonium phosphate) were ap-
plied at a rate of 100 kg physical mass/ha. The
forecrop was soybean.

The vegetation periods from 2020-2022 were
characterized by uneven precipitation. In 2020,
only 70 mm of'rain fell in July, while the standard
amount was 140 mm. In 2021, during the second
and third ten-day periods of June and through-
out July, precipitation amounted to 35 mm, com-
pared to the long-term average of 187 mm for
this period. The daily air temperature during the
second and third ten-day periods of July ranged
from 28.1-36.3°C, with the daily average ex-
ceeding the norm by 4.6-5.5°C. In August, 74
mm of rain was recorded, which was half the

SReview of phytosanitary condition of crops in the Russian Federation in 2021 and forecast of development of harmful objects

in 2022. Moscow, 2022, 477 p.

*Kuznetsova S.V,, Borsch T.I., Bagrintseva V.N. Resistance of self-pollinated lines of maize to herbicides // Plant Protection and

Quarantine. 2008, no. 1, pp. 44-45.
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norm. In 2022, dry spells alternated with rainy
periods. During the first and second ten-day pe-
riods of May, there was 12 mm of rain (standard
57 mm), the third ten-day period of May and the
first of June received 104 mm (standard 66 mm),
and during the third ten-day period of June and
all of July, there was 214 mm (compared to a
long-term average of 147 mm). In the first two
ten-day periods of August, precipitation was 18
mm (standard 84 mm). The daily air temperature
from the third decade of June until mid-August
ranged from 29.3-33.7°C, except for a few days.

The herbicide Lumax was applied at a dose of
4 1/ha at three stages: before emergence, during
the 2-3 leaf stage, and the 5-6 leaf stage of
maize. A manual rod sprayer from the All-Rus-
sian Research Institute of Phytopathology (AR-
RIP) was used for application, with a working
solution rate of 200 I/ha. The experimental plots
had an area of 22.5 m?, with a fourfold repetition
and a randomized arrangement. The cobs were
threshed after drying on a stationary thresher.

In the conditions of the greenhouse, experi-
ments were laid out in plastic cups with a ca-
pacity of 300 g, filled with meadow-brown soil.
Then, 10 seeds of one of the 16-18 species of
weeds were sown in each cup. In 2021, the her-
bicide solutions were applied to the vegetating
weed plants in their early stages of development,
and in 2022, they were sprayed onto the soil sur-
face using an OL-5 laboratory sprayer designed
by ARRIP at the rates of 0.5; 1.0; 2.0; 3.0, and
4.0 1/ha. Soil moisture was maintained at 60-70%
of field capacity through daily watering. The re-
search was conducted according to the approved
methodological guidance’. The numerical data
were mathematically processed according to
B.A. Dospekhov® and V.A. Koronevsky [20].

RESULTS AND DISCUSSION

The tested weeds responded differently to
the herbicide Lumax applied to the soil surface
and on growing plants. When applied to the
soil, the herbicide prevented the emergence of
lamb’s-quarters, pigweed, hemp nettle (Caleop-

sis ladanum L.), barnyard grass, yellow-foxtail
grass, and bur beggar-ticks (Bidens tripartite
L.). On the sprouts of green bristle grass, yel-
low thistle, field milk thistle, copper leaf, and
common persicaria, a developmental delay was
noted, as well as leaf chlorosis starting from a
herbicide dose of 1 1/ha. By the 6th day after
emergence, at the application rates of 2, 3, and
4 1/ha, they had completely died, and significant
suppression was observed in the others.

The emerged plants of China jute did not sig-
nificantly differ from the control (without her-
bicides). However, on the 4th day, necroses ap-
peared on the leaves at the maximum application
rate, and by the 7th day, plants were drying up,
starting from a herbicide dose of 1 1/ha. Using
Lumax on common ragweed at an application
rate of 3 and 4 1/ha, leaf chlorosis was observed
right from emergence, and by the 4th day, it was
present in all treatments. Starting from a dose
of 2 1/ha, the sprouts of dayflower and hairy
cupgrass significantly lagged in development,
and by the 7th day, growth retardation was ob-
served in other variants. Upon the emergence
of the trailing hollyhock (Hibiscus trionum L.)
at an application rate of 3 and 4 1/ha, leaf chlo-
rosis was noted on some plants, and by the 7th
day, necroses appeared on the leaves at a dose
of 4 /ha.

With post-emergence application of the
Lumax preparation at recommended application
rates of 3 and 4 l/ha, necroses appeared on the
leaf edges of plants like pigweed, common per-
sicaria, lamb’s-quarters, elsholtzia (Elsholtzia
cristata Wild), yellow thistle, field milk thistle,
China jute, bur beggar-ticks, trailing hollyhock,
siegesbeckia, hemp nettle, common ragweed,
and copper leaf the very next day, while leaf
chlorosis was observed on annual grassy weeds.

On the 7th day after treatment, severe necro-
ses on the leaves were noted in barnyard grass,
yellow-foxtail grass, green bristle grass, and
dayflower. Partial leaf necrosis at application
rates of 2, 3, and 4 1/ha was detected in hairy
cupgrass plants.

SSpiridonov Y.Ya., Larina G.E., Shestakov V.G. Methodological guide to the study of herbicides used in crop production. Mos-

cow: Printed City, 2009, 252 p.

®Dospekhov B.A. Methodology of field experience. Moscow: Kolos, 1979, 416 p.
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Data from Table 1 indicate that the Lumax
herbicide was most effective when used on the
weeds in the early stages of their development.
Of the 18 tested weeds, only hairy cupgrass
showed moderate sensitivity under ideal green-
house conditions. Its above-ground plant mass
from the recommended consumption rates of
3 and 4 liters per hectare was reduced by 93—
100%. All other weeds died from much smaller
doses of Lumax.

When herbicide was applied to the soil sur-
face at doses of 3 and 4 liters per hectare, moder-
ate sensitivity was shown by ragweed, common
dayflower, and hairy cupgrass, the above-ground
mass of which was less than in the control by
95-100%. Trailing hollyhock turned out to be a
resistant species to the action of Lumax herbi-
cide, its vegetative mass was reduced only by
59-83%. In row crops, trailing hollyhock is eas-
ily destroyed by mechanical soil cultivation; it
is sensitive to herbicides used in sowing in the
early growth phases [20].

The weediness of the experimental plots in
2020-2022 averaged 531 weeds per square me-
ter with a total above-ground mass of 3279 g/
m? (see Table 2). In the middle of the growing
season, perennial dicots increased the largest
above-ground mass - 34%, mainly represented
by field thistle. 28% and 26% respectively were
annual dicots (mainly ragweed) and cereals
(barnyard grass, bristlegrasses, and hairy cup-
grass), 8% was common dayflower, and 4% was
field horsetail.

Regardless of the application timing of the
Lumax herbicide, the number of weeds was re-
duced to 248-398 per square meter, or 25-53%,
and the above-ground mass growth — to 1498—
1761 g/m? or 46-54%. Each application time
had its own advantages and disadvantages. The
main advantage of pre-emergence application
was more active suppression of annual cereals
by 57%, while late (5-6 leaf phase) was perenni-
al dicots (field thistle) by 83%. With post-emer-
gence use (2-3 and 5-6 leaf phases), annual

Tao6a. 1. UyBCTBUTENIBHOCTH COPHBIX pacTeHHi K reponuuay Jlromaxce

Table 1. Susceptibility of weeds to herbicide Lumax

Dose per Decrease in green mass of plants, % to the control
In soil application (2022)
Control 4,13 3,12 3,59 7,00 1,85 1,44 3,32 1,1
0,5 73 94 18 18 55 59 68 11
1,0 100 100 13 52 78 97 94 20
2,0 100 100 91 79 96 100 100 46
3,0 100 100 95 98 98 100 100 59
4,0 100 100 100 100 100 100 100 83
LSD, 30 8 12 5 9 17 12 14
In post-germination application (2021)

Control 0,96 0,77 1,48 1,79 0,83 0,64 0,14 0,70
0,5 75 65 8 27 55 100 100 100
1,0 99 79 60 79 85 100 100 100
2,0 100 100 82 100 100 100 100 100
3,0 100 100 93 100 100 100 100 100
4,0 100 100 100 100 100 100 100 100
LSD,, 13 6 15 15 14

Note. Control - aboveground mass of plants, g.
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Ta6a. 2. DpdexTuBHOCTL TepOUIIaa JIromakce (4 j1/ra) B moceBe KyKypy3bl Ha 3epHO (CpeiHee 3a

2020-2022 rr)

Table 2. Efficiency of herbicide Lumax (4.0 k/ha) in grain maize crops (average 2020-2022)

Weediness
Experiment Total monocotyledonous | dicotyledons "ll;otal monoc:ltl}sfledon- dicotyledons | Grain Yield
g tion °t? - a oved - yield, increase,
P quantlt};, grain day- pe- | ground | grain day- pe- c/ha c/ha
pes. /m variet- a annual | renni- | weight, | vari- a annual | ren-
ies ower al g/m* | eties ower nial
Control
(without
herbicides) 531 279 25 151 33 3279 | 859 259 931 | 1118 11,3 —
Lumax:
before
sprouting 248 98 5 48 20 1584 | 368 60 223 | 816 45,7 34,4
2nd-3rd leaf
stage 259 123 4 38 16 1498 | 550 16 56 | 481 48,0 36,7
5th-6th leaf
stage 398 379 3 0 6 1761 | 1306 16 0 190 41,1 29,8
LSD,,
9,2

dicots were destroyed by 94-100%, including
ragweed by 96-100%, and common dayflower
by 94%. With soil application, the herbicide was
slightly less active — 76% and 77% respectively.
It should be noted that from the group of annual
dicot weeds, only southern copperleaf grew on
the treated plots. In the variant of using Lumax
in the 5-6 leaf phase, annual cereals, due to the
absence of competition, accumulated vegeta-
tive mass, exceeding such in the control (with-
out herbicides) by 52%. Its application in the
2-3 leaf phase of corn and at the early stages of
weed development showed approximately equal
action on weeds.

The herbicide Lumax, regardless of the ap-
plication timing, ensured a preservation of
29.8-36.7 tons of corn grain per hectare, with
a control yield of 11.3 c/ha. The highest amount
of grain (48.0 c/ha) was obtained when it was
applied during the 2-3 leaf stage of corn, which
was 2.3 and 5.9 c/ha more than in the pre-emer-
gence application and during the 56 leaf stage
respectively.

CONCLUSIONS

1. In trials under greenhouse conditions,
it was found that the weeds highly sensitive to
the Lumax herbicide applied to the soil surface

include barnyard grass, yellow-foxtail grass
and green bristle grass, lamb’s-quarters, China
jute, pigweed, copper leaf, common persicaria,
bur beggar-ticks, hemp nettle, yellow thistle,
and field milk thistle (both from seeds). Mod-
erate sensitivity was shown by ragweed, hairy
cupgrass, and common dayflower. Trailing
hollyhock can be considered resistant. When
Lumax was applied to vegetative plants at early
stages of their development, out of 18 species,
only hairy cupgrass showed relative sensitivity;
sigesbeckia, elscholtzia, and the aforementioned
weeds are highly sensitive.

2. In maize grain sowing, it was revealed
that with pre-emergence application, Lumax
herbicide is more active in suppressing the de-
velopment of annual grasses, and when used
during the 5-6 leaf stage of the crop, it suppress-
es perennial dicots. Application of the herbicide
during the 2-3 leaf stage of corn and at the ear-
ly stages of weed development showed rough-
ly equivalent action. At all application timings,
Lumax effectively eradicated the common day-
flower and annual dicotyledonous weeds, in-
cluding ragweed. Regardless of the application
timing, it ensured an additional yield amounting
to 29.8-36.7 c/ha of corn grain.

3amuTa pacTeHui
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B3AMMOCBS3b NOBEJEHUYECKOI'O TUTIA CAMIIOB AMEPUKAHCKOM
HOPKHU C AKTUBHOCTBIO IMINEBAPUTEJBHBIX PEPMEHTOB
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JlomecTukanms aMepruKaHCKoi HOPKH (Neovison vison) TPUBOAXUT K MPOSBICHUIO TAKOTO MPHU3HA-
Ka, Kak pyyHoe nosegeHne. OT0op KHUBOTHBIX 10 3TOMY IPU3HAKY BECbMa IIPUBJIEKATEINICH C MO3ULIUI
TOBapHOTO Mpou3BOACTBA. [l0ckoIbKY paboTa ¢ XUIIHUKAMH JOCTAaTOYHO CIOXKHA, TO CEJICKIHUs Ha
py4YHOE TIOBEJICHHE TPEACTaBIAETCS akTyaabHON. CyIIecTByeT MPeAIoNoKeHHEe, YTO TeHbI, KOHTPO-
JMPYIOIIKE MOBEACHHUE, B CUITY TUICHOTPONHOTO ASHCTBUS MOTYT OBITH BOBJIEUEHBI B IIPOLIECCHI CHH-
Te3a MHULICBAPUTEILHBIX (DEPMEHTOB, YTO MOXKET MPUBOANUTH K CHH)KEHHUIO XapaKTEPHCTHK MPOAYK-
TUBHOCTH. B CBA3M ¢ 3TM OBUTH TPOBENEHBI SKCIIEPUMEHTHI IO OTIPEACTICHIIO (PepMEHTATUBHOM aK-
TUBHOCTH NIPOTEa3, JIMIA3 U 0-aMKia3 y 0co0eil arpecCUBHOIO M pyYHOI'O NMOBEACHUS. YCTaHOBIICHO,
YTO Yy arpecCHUBHBIX JIMHUI CaMIIOB aMEPHUKAaHCKOW HOPKU aKTHBHOCTH MPOTEa3 M JIMIA3 BBILIE, YEM
y PYYHBIX, TOTJIa KaK aMHAJIOTUTHYECKAsi aKTUBHOCTD Y PYYHBIX 3BEpEil BBIIIE, YEM y arpeCCHBHBIX.

KuroueBble c10Ba: aMeprKaHCKas HOpKa, IpoTeasa, JINasa, aMuiIa3a, pydyHble HOPKHU, arpecCcHB-
HbIE HOPKH, JKETY/I0YHO-KUIIIEYHBIH TPaKT
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MALES AND THE ACTIVITY OF DIGESTIVE ENZYMES

Alekseeva Z.N., Nekrasova ML.A., x3)Stepanova M.A.
Novosibirsk State Agrarian University

Novosibirsk, Russia

(<)e-mail: stepanova_maria98@mail.ru

The domestication of the American mink (Neovison vison) leads to the manifestation of such a
trait as “tame” behavior. The selection of animals on this basis seems to be very attractive from the
standpoint of commodity production. Since work with predators is rather complicated, selection for
the “tame” behavior of animals seems relevant. Assuming that the genes that control behavior, due
to their pleiotropic action, can be involved in the synthesis of digestive enzymes, which can lead to
a decrease in productivity characteristics. In this respect, experiments were carried out to determine
the enzymatic activity of proteases, lipases, and a-amylases in aggressive and tame animals. It has
been established that the activity of proteases and lipases is higher in aggressive lines of American
mink males than in the tame ones, while the amylolytic activity in tame animals is higher than in the
aggressive ones.

Keywords: American mink, protease, lipase, amylase, tame minks, aggressive minks, gastrointes-
tinal tract
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Relationship between the behavioral type of American mink males
and the activity of digestive enzymes

Alekseeva Z.N., Nekrasova M.A., Stepanova M.A.

BINTRODUCTION

As wild animals become domesticated, many
of their inherent properties change. For example,
mistrust and hostility towards humans in some
parts of the population transform into tolerance
and friendliness. In any wild population, there
are highly aggressive, moderately aggressive,
and easily tamed individuals [1]. The reactions
that determine responses to external signals are
based on the activity of the hypothalamic-pitu-
itary-adrenal and sympathoadrenal systems' [2].

In cellular breeding of minks, selecting indi-
viduals of a calmer (tame) type is accompanied
by a restructuring of many systems and functions
in their organism: from nervous and hormonal
[1-3] to digestive? [4, 5]. It has been established
that selecting American minks for tame behav-
ior leads to changes in coloration, growth and
development of puppies, and the content of se-
rotonin and catecholamines in the animal’s brain
cortex [5].

It is known that switching predators from nat-
ural diets to easily digestible meat-fish mince of-
ten results in restructuring their gastrointestinal
tract, both morphologically® [6] and functionally
[6-8]. For example, some species have seen an
increase in intestine length to extend the diges-
tion time of food with lower protein content. In
canids, mutations have occurred in the genes
responsible for lipid and carbohydrate metabo-
lism. However, there is a significant lack of re-
search on the influence of animal behavior on
the physiology of the gastrointestinal tract.

We noticed that when raising mink offspring
on the same diet, growth indicators in aggres-
sive-type males were on average 16% high-
er compared to the tame-type representatives.
Moreover, aggressive males consumed about
3% more feed. At the same time, no differences
in feed consumption and average daily gain were
observed between tame and aggressive-type fe-
males.

Given that feed consumption is associated
with digestibility of nutrients, and digestibility

is determined by the activity of gastrointestinal
tract enzymes, an attempt was made to determine
the activity of proteases, lipases, and amylases in
the digestive tract of aggressive and tame males,
which was the objective of this study.

MATERIAL AND METHODS

The study was conducted at the experimen-
tal fur farm of the Institute of Cytology and
Genetics of the Siberian Branch of the Russian
Academy of Sciences. The subjects of the study
were male American minks (Neovison vison)
with aggressive and tame behavior of the Stan-
dard dark brown (+/+) cellular breeding gen-
otype. The selection based on the reaction to
humans was carried out using the “hand catch
test” method [9]. Animals scoring from +3 to +6
points were characterized by a peaceful attitude
towards humans, while those scoring from -1 to
-4 points showed aggression (see Fig. 1). It is
worth noting that through specialized selection
based on the defensive reaction to humans, a de
novo unique tame behavior emerged, where the
animals actively approached and investigated a
human hand on their own initiative. Such indi-
viduals are scored at (+6) points.

As aresult, four groups of 11-month-old male
minks were selected for the study (see Table 1).

Animals with an aggression level of (-2)
points attack the hand from hiding, (-3) attack
regardless of hiding, (+3) show curiosity, do not
hide, and reach out with their muzzles towards
the hands, and (+6) confidently approach the
hands, ready for contact with humans.

The evaluation of digestive enzyme activity
was conducted at the Karelian Research Center
of the Russian Academy of Sciences (located in
Petrozavodsk). They determined the total pro-
teolytic activity (TPA), lipase activity, and am-
ylase activity in the pancreas, duodenum, and
ileum using spectrophotometry.

TPA was determined based on the increase
in tyrosine during the hydrolysis of hemoglo-
bin, lipase activity based on the increase in

'Belyaev D.K. Destabilizing selection as a factor in domestication // Journal of Heredity, 1979, vol. 70, no. 5, pp. 301-308.
*Trapezov O.V. Behavioural polymorphism in defensive behaviour towards man in farm raised mink (Mustela vison Schreber,

1777) // Scientifur. 2000, vol. 24, no. 2, pp. 103—109.

3Kitchener A. The Scottish Wildcat — a cat with an identity crisis? // British Wildlife, 1998, no. 9, pp. 232-242.
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Fear response

Demonstration Demonstration of an
of threat | ! exploratory response
Attack from Calm reaction to contact
cover with a man's hand

Active attack Active contact with
out of cover a man's hand
Attack at the sight Allows touching
of the man any part of the body
o Allows picking
) itself up
"Ny Y,
¥

Puc. 1. Orienka 000pOHUTEIHHOM PEaKIIMU CaMIIOB HOPKH Ha YeJloBeKa B 0asuiax
Fig. 1. Evaluation of the defensive reaction of male minks to humans in points

Ta6a. 1. Cxema onpiTa
Table 1. Scheme of the experiment

Agaressive Number of
Group EEIESSIVE | peads per | Feed ration Determinable indicators
ness score
group
1st — aggressors -3 10 General
2nd - aggressors 2 10 ” 1) total proteolytic activity, umol/min;
2) lipolytic activity, pmol/min;
3rd — tame 43 10 N 3) amylolytic activity, mg min/g
4th — tame +6 10 »
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glycerin during the hydrolysis of tributyrin,
and o-amylase activity based on the decrease in
starch according to the Smith and Roy method,
as modified [10]. Enzyme activity is expressed
in terms of the rate of hydrolysis of the prod-
ucts that were acted upon by the enzyme. The
obtained data was processed using the Microsoft
Excel software.

RESULTS AND DISCUSSION

It was determined that the total proteolyt-
ic activity of the gastrointestinal tract of minks
with different behaviors significantly varies (see
Fig. 2 a).

Both in tame and aggressive individuals, the
highest protease activity is typical for the pan-
creas, decreasing in the duodenum and ileum. At
the same time, the values of the total proteolytic
activity in aggressive animals are significantly
higher than in tame ones: in the pancreas 95—
105 pmol/min compared to 85-87 pmol/min,
and in the duodenum 810 pmol/min compared
to 4-5 pumol/min. However, in the ileum, the
protease activity in tame animals was higher by
14.3—16.7% than in aggressive ones. This might
be due to the fact that aggressive individuals re-
tain their “wild” type due to their diet, where the
main nutrient is protein, and the high rate of food
passage through the intestine provides them en-
ergy only with maximum hydrolysis activity of
the nutrient in the upper part of the gastrointes-
tinal tract*>[11].

A similar pattern was observed when evalu-
ating lipase activity (see Fig. 2 6). The lipolytic
activity of the pancreas in aggressive males is
higher by 30.5% than in tame ones from the 3rd
group, and 69.2% higher than in the 4th group. In
the duodenum, lipase activity drops to 0.4-0.45
pmol/min in aggressive animals and 0.25-0.15
pmol/min in tame ones. It should be noted that
there were no differences in lipolytic activity in
animals with different degrees of aggression (-2
and -3), whereas the group (+3) is characterized

Protease activity, wmol/min
OOOOOO“OOD—‘D—*NNN
O=NWRUAIRONRO &0

Pancreas Duodenum  Empty intestine

Gastrointestinal tract segment

6

o]
y /

Protease activity, pmol/min
)

Pancreas Duodenum  Empty intestine

Gastrointestinal tract segment

—_
Nofed
S O<
/!

Protease activity, pumol/min

Pancreas Duodenum  Empty intestine

Gastrointestinal tract segment

— Aggressors (=3)
Aggressors (-2)

—— Tame (+3)
—— Tame(+6)

Puc. 2. O0mas npoTeosuTHYECKast aKTUBHOCTS (a),
AKTUBHOCTB JIHIAa3 (6) U 0-aMWIIA3HI (8) KEITyI04-
HO-KHUIIIEYHOTO TPAKTa y HOPOK PAa3HOTO MOBE/ICH-
YeCKOTO THIIa

Fig. 2. Total proteolytic activity (a), lipase (6) and
a-amylase (g) activity of the gastrointestinal tract in
minks of different behavioral types

4Skrede A., Berge G.M., Storebakken T., Herstad O., Aarstad K.G., Sundstol F. Digestibility of bacterial protein grown on natural
gas in mink, pigs, chicken and Atlantic salmon // Animal Feed Science and Technology. 1998, vol. 76, no. 1-2, pp. 103—116.

SBuddington R.K., Malo C., Sangild P.T., Elnif J. Intestinal transport of monosaccharides and amino acids during postnatal de-
velopment of mink // American Journal of Physiology-Regulatory, Integrative and Comparative Physiology. 2000, vol. 279, no 6,

pp. 2287-2296.
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by greater activity than the group (+6), especial-
ly in the pancreas.

The amylolytic activity of the enzymes is of
real interest for practical fur farming activities,
as it is the amylase that hydrolyzes plant-based
feeds by breaking down sugars and starches.
Therefore, increasing the proportion of grains in
the animal diet without compromising produc-
tive qualities appears to be a profitable idea.

The data on the amylolytic activity of male
minks of different behavioral types are presented
in Fig. 2 6.

a-Amylase Activity in Tame Males was
22.7% higher in the pancreas. No differences in
amylase activity were observed in the duodenum
and ileum between both the 1st and 2nd groups
(aggressors) and the 3rd and 4th groups (tame),
as well as between the “aggressor-tame” lines.
There was only a tendency towards increased
amylase activity in the ileum among members
of the 4th group.

It is known that carnivorous animals have
low amylolytic activity. However, with the con-
sistent inclusion of concentrated grain feeds in
their diet, the activity of amylolytic enzymes in-
creases®’[12, 13]. In the current experiment, this
is confirmed only for tame animals.

Thus, aggressive males have a higher activity
of proteases and lipases (especially in the pancre-
as), while tame ones have higher a-amylase ac-
tivity. This accounts for the more active growth
of aggressive offspring since the biological val-
ue of hydrolyzed protein is higher for carnivores
than the value of carbohydrates. High lipolytic
activity provides animals with the necessary en-
ergy. The dependence of male growth on their
behavioral type is reflected in Table 2.

From the data presented in Table 2, it can be
seen that aggressive males at birth had a larger
mass than males of domesticated, or tame, be-
havior.

When weaning the young at the age of 7
weeks, there was a difference in weight between
the extreme forms of aggressive and tame be-
havior (-3 and +6) - the difference averaged 95.8
g per head.

Tab6a. 2. Biusane moBeeHIECKOTO TUTIA HA POCT
CaMLIOB aMEPUKAHCKONH HOPKHU

Table 2. Effects of behavioral type on the growth
of male American minks

Live weight, g
Grou
P at birth at weaning at 11 r;ggths of

I 619,5+17,8 | 2030,0 +28,3
7,9+£0,18

2nd 559,2 + 8,1 2006,2 + 14,9

3rd 569,9 + 27,7 1892,7 + 68,5
6,9+0,19

4t 523,7+ 15,8 1987,7 + 36,2

A similar situation was observed at the age
of 24 weeks. Males with extreme aggressive be-
havior (-3) were heavier than tame males (+6)
by 42.3 g. Animals with moderate aggression
(-2) outweighed tame males (+3) by 114.2 g.

The obtained results confirm the dominance
in weight of aggressive males over males with
tame behavior from birth until reaching sexual
maturity.

CONCLUSIONS

1. The highest protease activity was observed
in the pancreas of both tame and aggressive
minks, with a reduction in the duodenum and il-
eum. Moreover, the overall proteolytic activity
in aggressive individuals significantly exceeded
that in tame animals.

2. The lipolytic activity of the pancreas in
aggressive males was higher than in tame ones.
Furthermore, no differences in lipolytic activity
were detected between animals of varying de-
grees of aggressiveness (-2 and -3). However,
the group of tame animals (+3) showed great-
er activity than the group (+6), especially in the
pancreas.

3. a-Amylase activity was higher in the pan-
creas of tame male minks. No differences in am-
ylase activity were detected in the duodenum
and ileum between both the 1st and 2nd groups
(aggressors) and the 3rd and 4th groups (tame).
Only a tendency toward increased amylase ac-
tivity in the ileum was observed in tame animals
(+6).

*Taranov M.T., Sabirov A.H. Biochemistry of forages. Moscow: Agropromizdat, 1987, 224 p.
"Burger A. About feeding of domestic animals. Moscow: Bioinformservice, 1997, 190 p.
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4. Assessing the average live weight dynam-
ics of the males revealed differences in weight
among extreme behavioral forms (-3 and +6
scores). At birth, aggressive males had a larger
mass than tame ones. Both during weaning and
at 11 months of age, tame animals also lagged
behind aggressive ones in terms of live weight.
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BJIMSTHUE MOT'OJHBbIX YCJIOBUHN HA PASBUTHUE U ITPOIYKTUBHOCTH
MUEJUHBIX CEMEN
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Kanyra, Poccus
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[lonmy4eHHble pe3ynbTaThl OKA3al1, YTO ONPEACISIONIee BIUIHUE HA HHTCHCUBHOCTh Pa3BUTHS
ITYEIMHBIX CEMEH M BBIXOJ TOBAPHOIO Mela OKa3bIBAIOT IOroAHble ycioBus. MccnenosaHue nposo-
UM Ha maceke, pacnojokeHHoi B Kamyxckolt obmacTi. DKOMOTHUECKUE yCIOBUS B 30HE MPOIYK-
TUBHOI'0 JIETa ITYeJl OLCHEHBI KaK OnaronpustHeie. Bee nuennHble ceMb, MMEBIIMECS Ha [1aCEKe, SIB-
JSUTUCH TIPEICTaBUTEISIMU KapIlaTCKOW MOPO/bl, PEKOMEHIOBAaHHOM /ISl pa3BelicHHUsI Ha TEPPUTOPUH
Kaiyxckoit obiactu. JlaHHbBIe, TTOTyYeHHBIC 3a ABa CMEXHBIX ce30Ha (2021 u 2022 rT.), CBUICTENH-
CTBYIOT O TOM, 4TO MeocOopHbIe ycinoBus 2022 T. 0 TeMIepaTypHOMY PEKUMY M KOIUYECTBY OCal-
KOB OBLTM HAMHOTO OmarompusTHee 1mo cpaBHeHHIO ¢ 2021 1. HecMoTpst Ha CyIIIECTBEHHYIO Pa3HUILY
B MUHMMAaJIbHOW M MakCHMaJIbHOH TeMIepaType B JHEBHOE BpeMs, B BeCeHHe-JIeTHUM nepuon 2022 1.
PE3KUX IepenaioB TeMIEPaTypbl HE HaOJII01a10Ch, OCalKU ObUIN YaCThIMU, HO KPAaTKOBPEMEHHBIMU.
B cpennem B mapre—aBrycte 2021 r. 3adukcupoBano Bcero 2 qHs ¢ ocagkamu. B mepuon menocOopa
YCTaHOBMJIACH JUINTEIIbHAS 3aCyLIUINBAs [IOr0/1a, YTO OKA3aJI0 OTPULIATEIbHOE BIMSIHUE HA BbIICJICHUE
HEKTapa pacTeHUsIMU, Pa3BUTHE MUEIMHBIX CEMEH M UX MPOLYKTUBHOCTE. BecHoit 2022 1. myenunble
CEMbHU PA3BUBAJIMCh HHTEHCUBHEE, YEPE3 MECSI] I10CJIe BECEHHEI'0 OCMOTpa CHJIa MYEJIUHbIX CEMEH B
cpeaneM coctaBuia 9,27 ynouek, uro Ha 0,57 ynouek 6omnbiue no cpaBHenuto ¢ 2021 . B konue ce3o-
Ha o0I11ee KOIMYEeCTBO MIETMHBIX CeMel maceku yBennumioch Ha 11,7%. Beixon ToBapHOTO Mena 3a
ce3oH 2022 r. noctur 990 xr, uro B 2,3 pa3a npesslmaet nokasarenu 2021 r. B pacuete Ha oqHy mue-
JINHYIO CEMBIO OBIIIO TTOTYYEHO B 2,2 pa3a 0oJbIie ToBapHOTO Meaa. CTOMMOCTD TOBAPHOM IPOXYKIITHH
raceku Belpociia B 2,35 pasa.

Ki1roueBble ci10Ba: IIOroHbIE YCIOBUS, PA3BUTHE TUCINHBIX CEMEH, KapraTckas 110poaa, ToBap-
HBIA MeJ

INFLUENCE OF WEATHER CONDITIONS ON THE DEVELOPMENT AND
PRODUCTIVITY OF THE BEE COLONIES

(<) Zelenina O.V.

Kaluga branch of the Russian State Agrarian University
Kaluga, Russia

(<)e-mail: o.zelenina2013@yandex.ru

The findings showed that weather conditions have a decisive influence on the intensity of bee co-
lonies development and the yield of marketable honey. The study was conducted in the apiary located
in the Kaluga region. Ecological conditions in the productive summer zone of bees are assessed as fa-
vorable. All bee colonies in the apiary were representatives of the Carpathian breed recommended for
breeding in the Kaluga region. The data obtained for two adjacent seasons (2021 and 2022) indicate
that the honey harvest conditions of 2022 were much more favorable compared to the previous year
in terms of temperature and precipitation. Despite a significant difference in minimum and maximum
temperatures during the day, there were no sharp temperature fluctuations during the spring-summer
period of 2022, precipitation was frequent, but short-lived. On average, there were only 2 days of pre-
cipitation between March and August 2021. During the honey harvest period, there was prolonged dry
weather, which had a negative impact on nectar production by plants, the development of bee families,
and their productivity. Bee colonies developed more intensively in the spring of 2022; one month after
the spring inspection, bee family strength averaged 9.27 beeways, an increase of 0.57 beeways over
the previous year. At the end of the season, the total number of the apiary’s bee colonies increased by
11.7%. The yield of marketable honey for the 2022 season reached 990 kg, which is 2.3 times higher
than in 2021. There was 2.2 times more marketable honey received per bee family. The value of mar-
ketable products of the apiary increased by 2.35 times.

Keywords: weather conditions, development of bee colonies, Carpathian breed, commercial honey
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INTRODUCTION

The honey bee (Apis mellifera) is a social-
ly-living insect used by humans to obtain valu-
able food products and biologically active sub-
stances (honey, bee pollen, royal jelly, propolis,
bee venom). However, the primary importance
of bees lies in pollinating naturally growing and
cultivated entomophilous plants. Bees maintain
plant species diversity, and as a result, facilitate
the production of plant-derived products.

At this stage, the climate is changing in all
regions of the globe, which results in altered
weather conditions both during the autumn-win-
ter dormancy of bees and during their active life
cycle. Climate change leads not only to global
warming but also to an increase in precipitation,
which is accompanied by a decrease in summer
temperatures [1]. According to studies, due to
global warming, the number of cloudy days in
the central part of Russia has increased (+ 14),
while the number of sunny days has decreased
by the same amount [2].

During the main honey gathering period, un-
favorable weather conditions shift the flowering
times, reduce the nectar secretion by honey-pro-
ducing plants, and require adjustments in the
planned technological operations at the apiary
[3-5]. The change in the flowering time of honey
plants needs to be considered for timely prepa-
ration of bee colonies for honey collection and
increased production of marketable honey [6, 7].

In adverse weather conditions during the
main honey gathering, the amount of brood in
the colonies is less than usual, and the egg-lay-
ing capacity of the bee queens decreases in the
current season. However, this allows preserving
the genetic potential of the queen’s egg-laying
capacity up to the third year of life [8].

There are two methods of maintaining bee

colonies during the autumn-winter dormancy —
indoor (in an apiary house) and “in the wild”.
Weather conditions during wintering directly af-
fect the preservation of bee colonies. The main
factors affecting wintering results include colo-
ny strength, food reserves, queen age, presence
or absence of diseases, proper nest arrangement,
hive quality, and their insulation [9].

For instance, the comfortable winter condi-
tions 0f 2019/20 contributed to only one bee col-
ony perishing at an apiary located in the Kaluga
region when wintered “in the wild”. In contrast,
during the previous year, there was a significant
loss of bee colonies during the winter, regardless
of their strength [10].

The air temperature suitable for wintering
bees “in the wild” ranges from —5 to 5 °C. In
this case, it’s especially important to insulate the
hive’s side walls thoroughly, which account for
up to 70% of heat loss [11].

The optimal number of bees in the winter
cluster depends on the climatic conditions. For
example, for the Mid-Russian breed, this num-
ber ranges from 24 to 30 thousand [12]. During
wintering, bee colonies consume feed 20 times
less than during the spring-summer period.
Minimal feed consumption is only possible at
an optimal external temperature [13]. Increas-
ing the number of bees in colonies when mov-
ing to colder climate zones convergently paral-
lels the enlargement of homeothermic animals,
achieving energy expenditure savings. Snow
covering also aids in preserving warmth in bee
nests [14].

Long periods of cold during winter and cold
rainy weather in spring weaken bee colonies
and reduce their resistance to diseases. To pre-
vent bee diseases, routine veterinary and sani-
tary measures and monitoring targeting the as-
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sessment of changes in the apiaries’ epizootic
state are required’.

Nosematosis is one of the most widespread
and dangerous bee diseases. Nozemat is consid-
ered a highly effective drug in the treatment and
prevention of this disease [15, 16]. Varroatosis is
no less dangerous and frequent among bee colo-
nies. The spread of this mite disease depends on
the region, climatic conditions, the strength of
bee colonies, and the veterinary treatment plan
[17, 18].

In organic beekeeping, there is a stricter regu-
lation regarding the use of drugs for treating bee
colony diseases, including for the treatment and
prevention of varroatosis. In this context, formic
acid may be the most suitable remedy [19].

Studying the impact of weather conditions
on the development and productivity of bee
colonies in relation to changing natural and cli-
matic conditions is a relevant research topic for
various regions of Russia. This factor has the
most significant effect on the vital activities of
bee colonies. In the mid-zone conditions, the
honey collection period lasts for an average of
4 months. With sharp temperature fluctuations,
a large amount of precipitation, or conversely,
drought-like conditions, plants’ nectar produc-
tivity decreases, resulting in a lower yield of
marketable honey.

The purpose of the research is to determine
the influence of natural and climatic conditions
on the development and productivity of bee col-
onies.

The objectives are:

1) assessment of weather conditions for the
study period;

2) analysis of the number and strength of bee
colonies at the beginning and end of the honey
gathering period;

3) registration of the marketable honey yield
and the value of the produced goods.

MATERIAL AND METHODS

The study was conducted from the autumn of
2020 to the autumn of 2022 at an apiary located
in the Kaluga region. The total number of bee
colonies during the study ranged from 43 to 67.

As part of the research work, the observation
method® was used by conducting regular inspec-
tions, equipping bee nests, and recording daily
air temperature. The results were logged in a bee
colonies’ status journal and a weather conditions
diary. Bee colonies at the apiary were individu-
ally numbered.

The apiary territory is situated to the south-
west of the regional center. The primary honey
plants in this area are meadow grasses, shrubby,
and woody plant species. An assessment of the
site’s honey plants showed that, under favor-
able weather conditions, bee colonies are fully
self-sufficient in feed resources (nectar and pol-
len). The area within the bees’ productive flight
radius is environmentally sound (no fields treat-
ed with pesticides nearby, no roads with heavy
traffic, etc.)’.

For beekeeping production at the apiary, the
Carpathian bee breed is used, which is recom-
mended for breeding and well adapted to the cli-
matic conditions of the Kaluga region. Carpath-
ian bees are adapted to weak honey flow, unsta-
ble weather during the winter-spring period, and
hot drought-like summer [20].

The bees were kept in single-chamber 12-
and 14-frame hives with super extensions. The
bee nests were insulated from the inside in the
autumn.

The bees wintered “in the wild”. For the win-
tering period, hives were insulated from the out-
side on three sides with foam sheets, and shields
were installed in front of the entrances.

In the summer, for varroatosis prevention,
scheduled treatments were carried out using
acaricidal strips, and before wintering, a single
treatment with bipin was done due to the negli-
gible number of mites dropping in control hives.
Preventive treatment for nosemosis was carried
out in the autumn (when replenishing the bees’

1Zelenina O.V. Beekeeping: textbook. Moscow: Knorus, 2021. 128 p.
*Methodology and methods of scientific research in animal breeding: textbook / comp. E.N. Martynova. Izhevsk, 2019, 108 p.

3Zelenina O.V. Natural-climatic conditions and viability of bee families of the Carpathian breed // Actual problems of nature
management and environmental management: a collection of articles. V Intern. scientific and practical conf., Penza, November
28-29, 2022 / edited by I.A. Bayrakov, I.A. Lushkin. Penza: Publishing house of Penza State Agrarian University, 2022, pp. 61-64.
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feed reserves before wintering with sugar syrup)
using the Nozemat drug.

To evaluate the research results, standard
zootechnical, analytical, statistical, economic
methods, and meteorological observation data
were applied.

RESULTS AND DISCUSSION

The analysis of natural and climatic condi-
tions was conducted using a method of compar-
ing temperature regimes and the number of days
with precipitation from March to August inclu-
sive (see Table 1).

Observations showed that in March and April
2021, the average air temperature was higher
compared to 2022, and there were significantly
fewer days with precipitation. A more comfort-
able air temperature was recorded in May 2021,
reaching 17.0°C compared to 12.9°C in 2022.
Regarding precipitation, 2021 was a dry year.
From late June to the first ten-day period of Au-
gust, there was drought that led to a sharp reduc-
tion in nectar produced by plants. In April and
May 2022, a significant number of rainy days
(22 days each) were noted, which substantially
reduced bee flight activity. From June to August,
there was less rainfall and no prolonged rainy
periods were observed.

According to the bee family count over two
honey-harvesting seasons, 55 families each were
kept for the winters of 2020/21 and 2021/22 (see
Table 2). Compared to 2022, the bee family loss

during the winter of 2021 was 39.6% higher. Ad-
ditionally, in the spring of 2021, twice as many
weak bee families were culled and combined.
By mid-April 2021, the strength of bee families
averaged 8.7 + 0.28 bee streets, which is 6.6%
less than the data for April 2022.

During the honey gathering period, bee fam-
ilies fully occupied either 12-frame or 14-frame
hives, and supers were added to the hives for
marketable honey collection. Frames with sealed
brood were taken from very strong bee families
in order to equalize the strength of bee families,
and these brood frames were used for market-
able honey collection.

In 2021, 60 bee families were kept for the
winter, and in 2022, 67, which is 11.7% more.
Bee families had a strength of 9.70 + 0.21 bee-
ways in the autumn of 2021 and 10.73 + 0.16
in the autumn of 2022, representing a growth in
strength of 10.6%.

The number of bee families during the honey
gathering season peaks during the main nectar
flow. The increase in the number of families in
the apiary is achieved by forming nucleuses on
fertile (purchased) or infertile (obtained in the
apiary) queens, as well as swarms that emerged
from the families not affected by swarm preven-
tion techniques.

Swarming is one of the primary instincts of
bee families. It’s known that bee families show
a propensity for swarming based on various fac-
tors. From a genetic perspective, swarming is
not only a way for bee families to reproduce, but

Taoa. 1. Iloroasusle ycnoBusl B EPUO AKTUBHOM KU3HENEATEIbHOCTH MUEIUHBIX CEMEN
Table 1. Weather conditions during the period of active life of bee colonies

Year Month Average for
March April May June | July | August the period
Average daily air temperature, °C (M £ m)

2021 1,0+4,3 10,8 £5,3 17,0£5,6 233+5,1 255+£3,7 234+34 16,8 +42
2022 0,0+0,6 7,0£0,8 129+2,6 20,9+0,8 229+0,7 26,0£0,8 15,0+4,3
Minimum-maximum temperature value, °C
2021 -11...9 4..21 5...30 15...32 21...32 15...32 -11...32
2022 -6,5...6 —-0,5...16 7...18,5 13,5...30 17...29,5 18...34 -6,5...34
Number of days with precipitation
2021 1 2 4 3 0 2 2,0
2022 8 22 22 15 19 8 15,7
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Tao6a. 2. XapakTepucTHKa MICTUHBIX CEMEU OCEHBIO U B Ha4alle aKTUBHOTO CE30Ha
Table 2. The number of bee colonies at the end and the beginning of the season

. Data correlation of
Indicator 2021 2022 2022 and 2021, %
Number of families:
remained in the autumn of the previous year, pcs. 55 55 100
dead during the wintering period, pcs. 7 5 39,6
of those that have gone into wintering, % 12,7 9,1 -3,6
culled and merged after spring revision, pcs. 10 5 50,0
available at the beginning of the season, pcs. 43 45 104,7
of those remained in the fall period, pcs. 60 67 111,7
The power of bee families, beeways:
in the middle of April 8,70 + 0,28 9,27 +0,27 106,6
in the autumn of the current year in preparation for
wintering 9,70+ 0,21 | 10,73 £0,16 110,6

also an adaptation to constantly changing envi-
ronmental conditions [21].

To refresh the genetic resources of the bee
families in the apiary and to form nucleuses, five
Carpathian breed queens of the 77th line were
purchased in May 2021. These queens were used
to form early nucleuses; the new bee families
with fertile queens provided an additional yield
of commercial honey.

The number of bee families in the apiary in-
creased by 17 units for the 2021 season and by
22 units for the 2022 season. Among them, two
families were sold (see Table 3).

In 2022, the output of marketable honey
amounted to 990 kg, which is 2.3 times higher
than the previous season. The marketable honey

yield per bee family in 2022 was 22 kg, com-
pared to 10 kg in 2021.

The value of beekeeping products (market-
able honey and bee families) for the 2022 season
reached 455.5 thousand rubles, which is 2.35
times more than the previous year.

CONCLUSION

The assessment of weather conditions during
the active life period of bee families showed that
the honey-harvesting season of 2022 was more
favorable in terms of precipitation and was char-
acterized by the absence of prolonged drought
periods. The daytime air temperature in the
summer of 2022 was more comfortable, without
sharp fluctuations.

Taoa. 3. 3MeHeHUE YHCIICHHOCTH ITYSIINHBIX ceMeﬁ, OCHOBHBIC XapaKTCPUCTHUKU IPOU3BOACTBA TOBAP-

HOIO M€eJia
Table 3. Changes in the number of bee colonies, the main characteristics of marketable honey
production
Indicator 2021 202 |Pata C;;(rleé%g‘in O"A]f 2022
Number, pcs.:
of bee families at the beginning of the season 43 45 104,7
of purchased prolific queens 5 - -
of bee families sold - 2 -
of bee families culled in the autumn 2 3 150,0
Increase in the number of bee families per season (including sales
and culling), pcs. 17 22 129.4
Total volume of marketable honey produced, kg 430 990 230,2
Marketable honey yield per bee family (from available at the be-
ginning of the season), kg 10,0 22,0 220,0
Production value, thousand rubles 193,5 455,5 235.4
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The conditions favorable for honey collection
contributed to a more intensive spring develop-
ment of bee families. By mid-April 2022, the
average strength of the bee families in the apiary
reached 9.27 beeways, which means an increase
of 6.6% compared to the previous season.

During the main honey-harvesting period,
bees were more active in searching and collect-
ing food. The production of marketable honey in
the apiary in 2022 increased 2.3 times. The out-
put of marketable honey per bee family was 22
kg, which is 2.2 times higher than the previous
year’s level. Moreover, enough backup brood
frames with honey were left in the spare hives on
the apiary grounds to replenish the food reserves
of bee families in the spring of 2023. Such an
opportunity was not available in the previous
season due to weak honey collection and unfa-
vorable weather conditions.

The increase in the number of bee families
in the apiary, thanks to optimal honey collec-
tion and weather conditions in 2022, was 11.7%
more than in 2021.

The overall output of commercial products
for the summer season of 2022 increased by 263
thousand rubles. The bee families gained signif-
icant strength by the beginning of the wintering
period of 2022/23, and the total number of fam-
ilies in the apiary grew.

Thus, the favorable honey-collecting condi-
tions of the current season should be used to the
fullest extent, not only for producing marketable
honey and increasing the number of bee families
in the apiary but also for collecting feed honey
for the spring development of bee families in the
next season.
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KOHIENITYAJIBHAS MOAEJIb IIPOHECCA BHECEHUSA
B IIOYBY )KUJKUX ®OPM MUHEPAJIbBHBIX YIOBPEHUI

()Ha3zapos H.H., HexkpacoBa U.B.

Cubupckuii ghedepanvhwiii HayuHbll YeHmp azpoouomexnonozuti Poccutickou akademuu Hayk
Hosocubupckast o6macts, p.im. KpacHooOck, Poccus

(<)e-mail: sibime-nazarov(@yandex.ru

[IpencraBnensl MaTepuaisl 10 GOPMUPOBAHUIO KOHLENTYaJIbHON MOJEIH IIpoliecca BHECCHUS B
MTOYBY XHUJIKUX (OPM MUHEPATBHBIX y0OpeHni. ba3oii qaHHO# MOenn SIBIsSETCs cXeMa B3anMoIei-
CTBHS IIPOLIECCOB B arPO3KOCHUCTEME IIICHHUIIBI HA YPOBHE KOHLIENTYaJIbHON MOJIEIIN PECYPCHOTO LIUK-
na. B Hee BBeIeHBI JOMIOIHUTEIBHBIM OJIOKOM MUHEPAJIbHOE MUTAHUE BETETUPYIOINX PACTEHUH U CO-
OTBETCTBYIOIIEE YIOPSJ0UCHUE BHYTPEHHHX CBSI3€H CHCTEMBI. YCTaHOBICHO, YTO C YYETOM CiennupH-
KM Hay4YHBIX UCCIIEIOBAHUH M TEXHUYECKUX BOZMOKHOCTEH JUISI JATTbHEHIIIEr0 pacCMOTPEHHS 11eTIeCo-
00pa3HO HCIIOIb30BAaHUE MOJIEIHU «UEPHBIN AMNK». B 0CHOBE NaHHOI MOzenu JIEKUT NpaKTHIEeCKast
JeSITeNIbHOCTD YEJIOBEKa, HAalpaBJeHHAs Ha NPeoO0pa30BaHUE UCIONb3YEMbIX OOBEKTOB C MOMOLIBIO
MaTepUabHbIX, SHEPTETUYECKUX MM HH(POPMALMOHHBIX BO3AecTBUI. OnpereneHbl OCHOBHBIE B3a-
HMMOJACHCTBYIOIIUE OIOKH CHUCTEMBI YIIPABICHUS MPOAYKIHOHHBIM MPOLECCOM MOCEBOB, CBS3aHHbIC
¢ obecrieyeHneM BEreTUPYIONINX PacTeHHH OCHOBHBIMH (DaKTOpaMH WX Pa3BUTHUS HA YPOBHSX Hal-
3eMHOI ¥ KOPHEOOMTAEMO YacTel arpo3KOCUCTEMBI, TPOCTPAHCTBEHHBIM PACIIPECICHUEM KUIKUX
MUHEpaJIbHBIX YI00pEHHH B 30HE UX BHECEHHS B COOTBETCTBUHU C arpOTEXHUYECKUMU TPEOOBaHUAMH,
B TOM 4HCJIE OJHOBPEMEHHO ¢ I0CceBOM 3epHOBBIX. [Ipencrasnen 610k azotHO-pochopHOro nura-
HUS JUI BET€THPYIOLUIMX PACTEHHUH, Peatn3yeMblid HOCPEACTBOM MPUMEHEHUS TEXHOJIOIMYECKOTO U
TEXHUUYECKOTO 0OeceueHHs ISl OCHOBHBIX CIIOCOOOB BHECEHUS KHUJIKUX MHHEPATbHBIX yI0OpEeHUI
C UCIOJIb30BAHNEM KOMIUIEKCA MPHUIIETTHBIX, HABECHBIX U MOHTHPYEMBIX TEXHOJIOTMYECKHUX MallluH
HAa OCHOBE CYIIECTBYIOIIUX MOYBOOOPA0ATHIBAIONINX M MIOCEBHBIX pabo4ynx opraHoB. PekoMeH10BaH
IMPUHIUI (POPMUPOBAHUS MALIMHHO-TPAKTOPHBIX arperaroB Ha €ro HauyaJbHOM 3Talle 10 MUHUMYMY
9HEPTeTHUUYECKHUX 3aTPaT Ha UX IPOMU3BOCTBO 1 IKCIUTyaTaLUI0. YCTAHOBIICHA IEPCIICKTHBA HCIIOIb30-
BaHMsI THEBMATHUECKUX CUCTEM JJIsl IOCTaBKH U PACHPEACICHUS )KUAKIUX MUHEPAJIbHBIX yI0OpEeHUI
B 30HE UX BHECEHMS.

KiroueBble ciioBa: HUJIKMe MUHEpaJbHbIC yIOOpPEHUS, HEPABHOMEPHOCTD, Je(ICKTOPHBIC pac-
MIpEICIUTEINH, IIar paCCTAHOBKHU, KPYITHOKAIEIbHBIN pactbul, (hakes paciblia, ITUPHUHA 3aXBaTa

CONCEPTUAL MODEL OF THE PROCESS OF APPLYING LIQUID FORMS OF
MINERAL FERTILIZERS TO THE SOIL

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

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

(<)e-mail: sibime-nazarov(@yandex.ru

Materials on the formation of a conceptual model of the process of applying liquid forms of min-
eral fertilizers into the soil are presented. The basis of this model is the scheme of interaction of the
processes in the agroecosystem of wheat at the level of the conceptual model of the resource cycle.
Mineral nutrition of vegetative plants and corresponding ordering of internal relations of the system
are introduced into it as an additional block. It has been found that given the specifics of scientific
research and technical capabilities, it is appropriate to use the “black box” model for further consid-
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KOHHCHTyaHLHaSI MOJICJTb ITPOIIECCA BHECCHUA B IIOYBY

Hazapos H.H., Hekpacosa I1.B.

KIJIKUX OPM MHHEpPaJIbHBIX YI00peHHi

eration. This model is based on practical human activity aimed at transforming used objects by means
of material, energy or informational influences. The main interacting blocks of the system of crop
production process management related to the provision of vegetative plants with the main factors of
their development at the levels of above-ground and root-inhabited parts of agroecosystem, spatial dis-
tribution of liquid mineral fertilizers in the zone of their application in accordance with agrotechnical
requirements, including simultaneously with grain sowing, have been determined. The block of nitro-
gen-phosphorus nutrition for vegetative plants is presented, which is realized through the application
of technological and technical support for the main methods of liquid mineral fertilizers application
using a set of trailed, mounted and mounted technological machines on the basis of existing tillage and
sowing working bodies. The principle of formation of machine-tractor aggregates at its initial stage
on the minimum of energy costs for their production and operation is recommended. The prospect of
using pneumatic systems for delivery and distribution of liquid mineral fertilizers in the zone of their

application has been established.

Keywords: liquid mineral fertilizers, distribution, unevenness, deflector distributors, spacing,

large - drop spray, spray cone, working width
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INTRODUCTION

One of the reserves for forming stable high
yields of cereal crops is the improvement of their
cultivation technology based on adaptive inten-
sification of the sowing production process. An
essential role in this task belongs to the appli-
cation of liquid forms of nitrogen-phosphorus
fertilizers in the form of liquid compound fer-
tilizers and solutions of urea-ammonia mixture.
Despite the thorough exploration of this direc-
tion, there remains a number of unresolved is-
sues related to the dosing of small volumes of
liquid forms of preparations, their transporta-
tion to the place of application, the clogging of
holes (nozzles) with soil, and the rapid wear of
the main lines supplying the working fluid. The
lack of competitive domestic offerings in terms
of machinery and equipment doesn’t allow for
the effective implementation of the advantag-
es of precision farming technology and forces
agricultural producers to purchase imported
systems and agricultural machinery. However,
even in this case, they mainly choose affordable

configurations with minimal resource-saving
and automation functions. Given the above, at
this stage of the operation of systems for in-
troducing mineral fertilizers into the soil, it is
advisable to develop a conceptual model of the
technical system of technological and technical
support using liquid forms of mineral nutrition
in the cultivation technologies of cereal crops.

The purpose of the research is to form an in-
formational and methodological framework to
justify prospective technological processes of
cultivating cereals using liquid forms of nitro-
gen-phosphorus nutrition in cereal cultivation
technologies.

The objective of the research is to develop a
conceptual model of the process of introducing
liquid forms of mineral fertilizers into the soil.

MATERIAL AND METHODS

The development of a conceptual model for
technological and technical support using liquid
forms of nitrogen-phosphorus nutrition in the
forest-steppe zone of Western Siberia while im-

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe
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Conceptual model of the process of applying liquid forms
of mineral fertilizers to the soil

Nazarov N.N., Nekrasova I.V.

proving cereal cultivation technologies is close-
ly linked to the development strategy of the
agricultural industry of the enterprise (see Fig.
1). These issues are most thoroughly addressed
in the publications on the program-targeted ap-
proach to solving complex problems [1, 2].

Currently, there is a stable perception of three
main types of conceptual models of technical
systems: the “black box” model, the “machine”
model, and the “organostructural” model. The
choice of a conceptual model of a technical
system is determined by the specifics of the re-
search direction and the technical capabilities of
its implementation.

In the “black box” model, its construction
involves considering the properties of the tech-
nical system manifested in its behavior when
interacting with the objects of the external en-
vironment [3, 4]. The “machine” conceptual
model assumes that the set of the “machines”
properties (and their models) includes a set of
properties of the technical systems [5—11]. The

organostructural model is most fully disclosed
in the theory of solving inventive problems [11,
12]. It assumes that the performance of consum-
er functions (operation) should be provided by
four functional parts interacting in a certain way
(“engine”, “transmission”, “working tool”, and
“control organ”).

Considering the aforementioned models, it
was concluded that, given the specifics of sci-
entific research and technical capabilities, it is
appropriate to use the “black box™ model. This
model is based on human practical activity
aimed at transforming used objects with mate-
rial, energetic, or informational impacts. More-
over, these impacts, during any transformation,
are carried out by humans and/or technical sys-
tems.

Thus, we are talking about the development
of'a conceptual model of the subject area. In this
case, it is appropriate to speak about the model
of the resource cycle within the framework of
agricultural management, providing growing

2 66
b

Development strategy for the farming sector
of an agricultural enterprise

[
Analysis Forecast
(diagnosis) of industry Industry Industry Set of measures
development development to implement the
of the state of components oals conce strate
the industry development g P gy
I I I
Conceptual model of crop cultivation technology improvement
[ i |
Fodder Grains Technical
I
Conceptual model for improving agronomic practices
and technical means in technological modules
Seed Application of
Soil tillage ced Seeding | Crop tending chemicalization
preparation means

Puc. 1. CtpykTypa KOHIIETITyaJbHONH MOIEIH COBEPIICHCTBOBAHUS TEXHOIOTUN BO3/ICIBIBAHMUS 3€PHOBBIX
KYJIBTYp ¥ €€ MECTO B CTPaTeTHH PA3BUTHUS OTPACIH 3EMIICACIUS CENbXO3MPEIIPUITHS

Fig. 1. The structure of the conceptual model of improvement of grain cropping technologies and its place
in the strategy of development of the farming sector of an agricultural enterprise
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plants with the required nutrition elements us-
ing the minimum and maximum laws of J. Li-
ebig and E.A. Mitscherlich!-.

In our understanding, the resource cycle is
the sum of spatial movements of a specific sub-
stance at all stages of its use in agricultural crop
cultivation technologies. This includes prepara-
tion for use, spatial distribution of the substance
in the soil horizon (in the seed placement zone)
in terms of the width of the sown strip and the
depth of seed placement, and creation of favor-
able conditions for the maximum realization of
the substance’s potential (mineral fertilizers). It
also includes the use of the non-grain part of the
harvest as an organic component of soil fertility.

Almost at all stages of the technical system’s
functioning (in this case, machine technolo-
gy for cultivating grain crops), there is a loss
of both resource potential and the yield of the
cultivated crop. This encompasses yield losses
from pests, diseases, development and spread of
assimilants, disruptions in water and nutritional
regimes, losses during transportation of nutri-
ents, seeds, irreplaceable removal of nutrients
from the soil, and more. Knowing such “pain”
points of the technologies allows predicting a
corresponding set of measures to eliminate the
noted negative phenomena and the consequenc-
es associated with them.

In this regard, one of the main functions of
the conceptual model of the technical system
of subject activity is to identify and detail the
cause-and-effect relationships characterizing
these processes. The goal is to obtain, system-
atize, and structure the knowledge about the
subject area and manage its condition using a
technical support complex. The purpose of con-
structing this model is to consider the properties
of the technical system as they manifest in its
behavior when interacting with objects of the
external environment*. That is, it allows evalu-
ating the system’s position in the external envi-
ronment, identifying the necessary resource po-

tential for its operation, assessing the influence
of external environment factors, and what we
expect at the output.

RESULTS AND DISCUSSION

Considering the above, to construct a con-
ceptual model of the process of introducing lig-
uid forms of mineral fertilizers into the soil, the
interaction scheme of the processes in the wheat
agroecosystem by G.Yu. Riznichenko (concep-
tual model of the resource cycle) [13] was ad-
opted. An additional mineral nutrition block for
vegetative plants has been introduced into the
proposed scheme, and the internal connections
of the system have been ordered accordingly
(see Fig. 2).

The conceptual model of the process of in-
troducing liquid forms of mineral fertilizers into
the soil is presented in the form of four inter-
related blocks. Blocks “A” and “B” are central
and closely related to vegetative plants. Specif-
ically, these two blocks provide plants with wa-
ter, heat, the presence of oxygen in the soil, and
soil air. Meanwhile, block “A” not only deter-
mines the microclimate, radiation regime, pho-
tosynthesis, and plant respiration, water-heat
regime, and transport of nutrients, growth, de-
velopment, distribution of assimilants but also
has an ecological impact on the plants (pests,
diseases, weeds).

Block “B” - the root-inhabited part of the
agroecosystem - is determined by the soil’s ther-
mal and water regime and, through the block
of nutrient movement and transformation tak-
en from the nutrition block, provides favorable
conditions for vegetation for the root system of
plants.

The filling of the nutrition block of the root-in-
habited part of the agroecosystem, among many
components, is represented by the introduction
of mineral fertilizers into the soil, implemented
through appropriate technical equipment. Giv-
en the direction of scientific research, we only

'Mitscherlich E.A. Das Gesertz des Minimums und Gesertz des abnemehnden Bodenertrags / Landw. Jahrb. 1909, vol. 38,

pp- 595.

*Mitscherlich E.A. Determination of soil need in fertilizer. Moscow; Leningrad: State Publishing House of Agricultural and

Collective-Coop Literature, 1931, 104 p.

3Libig J. Chemistry in its application to agriculture and physiology. London: Taylor and Walton, 1840.
*Riznichenko G.Y. Mathematical models in biophysics and ecology. MOSCOW: IKI, 2003, 184 p.
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Fig. 2. Conceptual model of the resource cycle

consider the technical support for introducing
liquid mineral fertilizers into the soil.

As practice shows, in recent years, farmers’
interest, including in the Novosibirsk region,
in liquid fertilizers has increased. The main
ones are anhydrous liquid ammonia (82.0% N),
aqueous ammonia (20.5% N), and urea-ammo-
nium mixture (UAM), which, depending on the
brand, contains 28-32% N. Liquid complex fer-
tilizers (LCF) are also used, containing two or
more nutrients in their composition. Such fertil-
izers can be obtained directly on farms by add-
ing, for instance, salts of some microelements to
solutions (provided no sediment is formed). The
liquid complex nitrogen-phosphorus fertilizer
produced by the “PhosAgro” company contains
11% N and 37% P,O,, and currently, the cost of
liquid mineral fertilizers is at least 30% cheaper
than solid fertilizers.

For the introduction of liquid forms of min-
eral fertilizers into the soil, various technologi-
cal machines are used: Nitromaster unit for in-

troducing anhydrous ammonia, KBA-8 “Strela”
complex for introducing anhydrous ammonia,
AVA-8 unit for introducing ammoniac water,
OZP unit for introducing liquid mineral fertil-
izers and plant protection agents, AVG-8 herbi-
cide application unit, OKZh-5.6 sprayer, APZh-
12 machine for introducing liquid mineral fer-
tilizers, “Real” complex for introducing liquid
mineral fertilizers and plant protection agents,
Duport’s Liquiliser and GFI unit of Gustrower
of various capacities, “Tuman 2 multi-injector,
“Case Ih” nitrate application unit, “Lenta-B”
herbicide tape application equipment, “RSM
AF-3800” plant-feeder applicator, “RSM AP”
plant-feeder applicator, “KU-3(6.2) A” culti-
vator with equipment for fertilizer application,
“Agridjet 2x2” machine for introducing liquid
fertilizers, “John Deere 2510H (C)” nutrient ap-
plication machine, “Agridjet-03” towed feeder,
liquid fertilizer feeders series “PZhU”, liquid
fertilizer feeder “Ammoniac”, mounted feeder
“PMT-480”, feeder for introducing liquid min-
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eral fertilizers (UAS, LCF) and ammoniac wa-
ter “AVU-45007, LINUS liquid fertilizer appli-
cation system, liquid fertilizer application sys-
tems (SVZhU), complex for introducing liquid
and granulated fertilizers simultaneously with
sowing based on PK JOHN DEER, complex for
introducing liquid and granulated fertilizers si-
multaneously with sowing based on PK BOUR-
GAULT, UA-ZhU ground application unit for
UAS on PK with an intermediate capacity, UA-
ZhU ground application unit for two types of
liquid fertilizers on PK SALFORD with a towed
capacity of 2x5000 1, STUURMAN RONDO
mobile unit for introducing liquid fertilizers.

The above and many other types of techno-
logical machines are available in trailed, mount-
ed, and installable versions. Practice shows
that the choice of technical equipment is quite
large, and agricultural producers face the task of
choosing an effective variant of machine-tractor
aggregate (MTA) for the production of the tech-
nological process of introducing liquid forms of
mineral fertilizers into the soil.

Issues of machine-tractor aggregate compo-
sition in the cultivation of agricultural crops are
currently of particular importance. This is due
to the technical re-equipment of the agricultural
sector, the improvement of the equipment itself,
and the resulting increase in its cost. In addi-
tion, the range of both mobile power means and
technological machines, implemented in the
corresponding technologies, has significantly
expanded. All of this poses a challenge to ag-
ricultural producers in choosing effective tech-
nical support for cultivation technologies of the
required crops with minimal operating costs.

In general, nowadays agricultural producers
independently decide on the configuration of
Machine-Tractor Aggregates (MTA) in terms
of timing, method of aggregation, productivity,
and the use of comprehensive (multi-operation)
MTA, depending on the soil and climatic zone
in which the farm is located, and financial sta-
bility. However, another aspect of the problem
draws attention. The main document regulating
the production process of any agricultural crop
is the technological map. It reflects the main
technological processes and their components,

raw materials, equipment, machines, and tech-
nological modes, the time required for product
manufacturing, and worker qualifications. When
calculating direct operating costs, the productiv-
ity of the aggregate and the price of the equip-
ment play a determining role, as these indica-
tors are used to determine labor payment costs
for service personnel and costs for repair and
maintenance of the purchased equipment. To de-
termine the minimum level of direct operating
costs in the cultivation technology of agricultur-
al crops, repeated calculations are required when
changing both mobile power sources and tech-
nological machines that make up the aggregate.
Therefore, at the initial stage of forming a ma-
chine-tractor aggregate, it is advisable to make
a choice based on the minimum energy costs
for their production and operation. The basis
for such calculations is laid out in the relevant
sources of scientific and technical information
[13—19]. However, considering the aspects of
energy conservation when using technological
aggregates, it is necessary to consider that all
work in the corresponding technological module
must be carried out within certain time frames,
which determines the configuration of high-per-
formance aggregates, ensuring the performance
of the required amount of work within the spec-
ified time. The arising dual task requires further
logical solution based on an assessment of the
significance of factors influencing the choice of
machine technologies in crop production.

The material outlined above is presented in
a canonical form (see Fig. 3). The conceptual-
ly presented model of the process of introduc-
ing liquid forms of mineral fertilizers into the
soil should be referred to as complex models,
in which blocks “A” and “B” contain the main
links of interacting yield factors: microclimate,
radiation regime, environmental impact (pests,
diseases) acting as external influences on the
agroecosystem and at the same time ensuring
growth, development, spread of assimilants,
photosynthesis and respiration of plants, wa-
ter-thermal regime, and transport of nutrients
(above-ground part) and a complex of interac-
tions in the root-inhabited part of the agroeco-
system.
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The interaction of the designated blocks is
quite fully described in the sources of scien-
tific and technical information, so we will not
provide it. In accordance with the direction of
scientific research, we will indicate the main
connections between the components.

Internal direct connections

1. A (the aboveground part of the agroeco-
system) — B (the root-inhabited part of the
agroecosystem) — Bp (the feeding unit of the
root-inhabited part of the agroecosystem) —
Cr (technical support of liquid fertilizer appli-
cation: C, — machines for mineral fertilizer
application: C_, C ) — C_, (technological
machines: C,,, C C C,) — D (MTA

T™3?
equipment: D, D, D, D,,, D,s, D, D);

K1? K2° K3’ K4°

2. Ca (agrotechnical measures: Ca,, Ca,,
Ca,,) — Can (the methods of application of
the LMF: Ca , Ca,, Ca,, Ca , Ca,, Ca, Ca)
— Cr (technical support of liquid fertilizer ap-
plication: C_ — machines for mineral fertilizer
application: C_, C ) — C_, (technological
machines: C,, C ., C_ ., C_ ) — D (MTA
equipment: D, D, D, D, ., D, D, D.);

3. Bp (B,,, B,,) (power supply unit;) — C_,
(technological machines: C

T™1® CTMZ’ CTMS’ CTM4)

— D, (MTA equipment: D, D,, D, D, Do,
Do DK7)'

Reverse connections: block “A” and block
“B”; Bp and block Cr, Cr,, and block Ctm.

Further development of the conceptual mod-
el of the process of application of liquid forms
of mineral fertilizers into the soil will be car-
ried out in the direction of development and im-
provement of labor means for implementation
of the main ways of their application into the
soil.

T2?
™2

K1°> "TK2° K4’

CONCLUSIONS

1. To justify prospective technological pro-
cesses of using liquid forms of nitrogen-phos-
phorus nutrition in cereal cultivation technol-
ogies, it is advisable to use information and
methodological support, which consists in con-
sidering the cause-and-effect relationships of
the technical system interacting with the exter-
nal environment, their influence on the forma-
tion of planned output indicators, taking into ac-

count the resource potential for its functioning.

2. When developing a conceptual model of
the technological process of introducing lig-
uid forms of mineral fertilizers into the soil, it
is advisable to use the conceptual model of the
resource cycle of cereal cultivation with an ad-
ditionally introduced block of mineral nutrition
of vegetating plants with ordered internal con-
nections of the system.

3. The developed conceptual model oper-
ates in the main blocks: block “A” - the abo-
veground part of the agroecosystem; block “B”
- the root-inhabited part of the agroecosystem;
block “Ca” - agrotechnical measures, ensuring
through the blocks “Ct” (technical provision
for introducing LCF), “C_” (technological
machines), and “D,” (MTA equipment) - a set
of necessary agrotechnical measures for plants
with the aim of obtaining a given volume of ag-
ricultural products of the required quality.
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Puc. 3. KonuenryaibHasi MOJEIb IPOLIECcca BHECEHHUS B MTOUBY KUAKUX (OpM MUHEPATIBHBIX YI0OPEHUIL:

A — HaJ;3eMHas 4acTh arpO3KOCHCTEMBI; B — KopHeoOnuTaeMast 4acTh arpodKoCcucTeMbl; Br — G110k muTaHus KOpHEOOH-
TaeMOH 9acTn arposKocucTembl, Ca — arporexundeckue Meponpustust; Can — crocod Brecenus JKMYVY; Ca, — 0cHOBHOE
BHecenne; Ca, — mpunoceBHoe BHecenue; Ca, — moakopmka; Ca,, — BHyTpHIIOUBeHHOe BHecenue; Ca,, — BHECEHHE
ONHOBpeMEHHO ¢ ceMeHamy; Ca , — BHeceHHe B Mexaypsibe; Ca,, — noBepxHoCTHOE BHeceHue; C. — TEXHHYECKOE
obecnieuenne BHecenns JKMY; C.| — MallMHbI JUIs BHECEHHMSI MUHEPAIBHBIX ynoOpernit; C ., — MaIIMHbI ISl BHECEHHS
opraHu4eckux ynoopenuit; C. . — MallWHbI I BHECEHHS TBEPIbIX ynoOpeHuit; C . — MAIIMHBI JJIsl BHECCHUS JKUIKHX

T11 T12
yaoOpeHui; Cm — MAIINHBI [T BHECEHUS MBUICBHIHBIX YIOOPEHUI; CTM — TEXHOJIOTHYECKHE MAIIMHBI, CTM] — TEXHO-
JIOTHYECKHME MAIIMHBI HaBecHbIe; C | — TEXHOJOTMYECKHE MAIIMHBI NPpULENHbIe; C . — TEXHOJIOTHYECKUE MALIMHBI

MoHTHpyeMmbie; C. . — TEXHOJIOTHYECKUE MAIIMHBI CAMOXOIHBIE; b — 610K muTanus; b, — 6ok azotHoro nutanus; b,
— 6ok pocpoproro nuranus; D, — kommiekroBanue MTA; D, | — kommekroanne MTA 1o cpoxam Brecenns XXMY;
D,, — xommexroBanne MTA no crioco6y arperaruposanus; D, — kommiexrosanne MTA 1o MpOM3BOAMTENEHOCTH;
D, — xommuiekroBanre MTA 110 ynensHOMY CONPOTHBIIEHMIO MatkH; D, . — koMmiekroBanue MTA 110 HCTIONB30BaHMIO
KOMIUTEKCHBIX (MHOTOONEpamonnbix) MTA; D, . — kommekroBanne MTA nmepenexrusnbivu PO (D, — pacnipenenn-
TeNb ManbIX 00beMOB JKMY TIpH BHYTPHIIOYBEHHOM BHECEHNH; D, ) — BPaIIAIOIIUICS THEBMATHIECKHH PACTIBLITUTENh
JKMY 1ipu NoBEpXHOCTHOM BHECEHHH; D, . — NHEBMOKaIeNnbHbIH pacibuiresb JKMY 1Ipi BHY TPUTIOYBEHHOM BHECE-

Hun); D, , — KomIuiekToBanune sHeprocoeperaronmx MTA

Fig. 3. Conceptual model of the process of applying liquid forms of mineral fertilizers to the soil
A — the above-ground part of the agro-ecosystem; B — the root-inhabited part of the agro-ecosystem; Bp — the feeding
block of the root-inhabited part of the agro-ecosystem; Ca — agrotechnical measures; Can — the method of application of
LMF; Ca, — main application; Ca, — application at seeding; Ca, — top dressing; Ca,, — in-soil application; Ca,, — applica-
tion simultaneously with seeds; Ca,, — inter-row application; Ca,, — surface application; C, — technical support of liquid
fertilizer application; C,, — machines for mineral fertilizer application; C,, — machines for organic fertilizer application;
C,,, — machines for solid fertilizer application; C.,, — machines for liquid fertilizer application; CT,, — machines for dust
fertilizer application; C,, — technological machines; C_,,, — lift-type technological machines; C,, , - trailed technological
machines; C,, . — mounted technological machines; C_,,, — self-propelled technological machines; B, — power supply
unit; B, — nitrogen power supply unit; B,, — phosphorus power supply unit; D, — MTA equipment; D, — MTA equip-
ment by timing of liquid fertilizer application; D, — MTA equipment by method of aggregation; D, — MTA equipment
by productivity; D, , — MTA equipment by specific resistance of machines; D, — MTA equipment by use of complex
(multi-operational) MTAs; D, . — MTA equipment with perspective ROs (D, — a distributor of small volumes of LMF
for in-soil application; D, ., — a rotating pneumatic atomizer of LMF for surface application; D, ., — a pneumatic drip
atomizer of LMF at in-soil application); D, , — completion of energy-saving MTAs
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BJIUSTHUE COPTA 1 HOPMbI BBICEBA HA ITIAPAMETPHI TPOIYKTUBHOCTH
COHU B MOCKOBCKOM OBJIACTH

Byxapos A.®.!, Kapkosa C.B.%, CX) Epemuna H.A.!

! Becepoccutickuil HayyHO-ucc1e008amenbCKutl UHCIMUNyn 080Uje800Cmed —
Qunuan PedepanvbHoeo HAYUHO20 YEeHMPA 080U e600CMEA

MockoBckast oonacts, 1. Bepes, Poccus

’Anmatickuii 20cy0apcmeeHHblLil a2PpapHblil YHUSEPCUNIEem

bapnayn, Poccus

(<)e-mail: galanova.nadejda@yandex.ru

W3yueno BnusHUE COPTOBOH crelU(UKN U HOPMBI BhICEBa HAa (pOPMHUPOBAHHUE JTUCTOBOI HOBEPX-
HOCTH PacCTEHUI1, 3JIEMEHTHI CTPYKTYPbI YPOsKasi, YUCIIO TeHEPATUBHBIX MPU3HAKOB, YPOXKAHHOCTH COP-
TOB cou. MccnenoBanus BoimonHeHbl B MockoBckoit oonactu B 2021 u 2022 rr. B sxciepumenTe ObL10
3as1okeHo 12 BapuaHTOB: YeThipe HOpMbI BbiceBa (400, 500, 600 u 700 Thic. mIT./Ta) Ui TPEX COPTOB
(bapa — crannapt, Hidaka, CuGupsiuka). B 2021 r. nHTEHCHBHEE IO Pa3BUTHE JIUCTOBOTO arapara
Ha pacteHusx copra Hidaka, rmomans mucTeeB yBennuBagach ¢ yMEHBIIEHHEM HOPMBI BhiceBa. B
cpemaeM 3a 2021 u 2022 rT. MakCUMaTbHAS TDIOMIAAb JTUCTHEB ¥ copTa bapa copmupoBanack B Ba-
puanTte ¢ HopMoii BeiceBa 600 Thic. mT./ra — 33,09—40,81 Thic. M?/Ta. MakCHMaIbHOE YHCIIO [[BETKOB
3a(huKCUpOBaHO y BCceX BapuaHTOB ¢ HOpMoii BeiceBa 400 Thic. wT./ra. Y copra bapa userku ¢op-
MHUPOBAJINCh PABHOMEPHO 10 BapuaHTaM OTHOCHUTENIBHO rojia ucciiefoBaHus. Pasnuuus Ha 2-3 mT.
Ha OJ[HO PacTEHHE OTMEUEHBI B BapraHTax ¢ HopMoii BeiceBa 500 u 700 Thic. mit./ra. B 2022 1. konu-
gecTBO 0000B y pactenmii copta bapa mpessimano mokasarens 2021 1. Ha 6,9% mpu HOpMe BhICEBa
600 TeIC. mT./Ta, HA 28,8% mpu HOpMe BhiceBa 400 TrhIc. mT./ra. [IpeBpiienne Maccer 1 THIC. ceMsSH
y copra Hidaka otHocuTensHO cTtanmapra coctaBuio 43,2—-48,4%. MakcumanbeHast Macca 1 ThIC. ce-
MSH Ioy4eHa B 00a roja MccieqoBaHus B Bapuante ¢ HopMoi BeiceBa 400 Thic. mrt./ra — 220,5 u
218,9 r coorBeTcTBeHHO. MakcumalnpHast ypokaiHOCTh oTMedeHa y copta Hidaka npu HopMe BbiceBa
400 teic. mT./Ta — 4,18 1/ra. [IpunbaBka Mo cpaBHEHUIO ¢ KOHTpoJieM coctaBuia 18,75%. B pe3ynbsrare
WCCIIEZIOBAaHUI yCTaHOBIIEHO, YTO OONBIIUI MOJOKUTENHHBIN 3(h(heKT Ha moKa3aTe’ I MpOoILyKTHBHO-
CTH COM OKa3ayia HopMa BbiceBa 400 ThIC. mIT./Ta.

Ku1roueBble cjioBa: cosi, COPT, CEMEHA, YPOXKalHOCTb, HOpMa BbICEBa

VARIETY AND SEEDING RATE INFLUENCE ON THE PARAMETERS OF
SOYBEAN PRODUCTIVITY IN THE MOSCOW REGION

Bukharov A.F.!, Zharkova S.V.2, <) Eremina N.A.!
'All-Russian Research Institute of Vegetable Production —
Branch of the Federal Scientific Vegetable Center

Vereya village, Moscow region, Russia

’Altai State Agrarian University

Barnaul, Russia

(<)e-mail: galanova.nadejda@yandex.ru

The influence of varietal specificity and the seeding rate on the formation of leaf surface of plants,
elements of the yield structure, number of generative traits, and the yield of soybean varieties were
studied. The research was carried in the Moscow region in 2021, 2022. 12 variants were planted in the
experiment: four seeding rates (400, 500, 600 and 700 thousand pieces/ha) for three varieties (Bara —
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Variety and seeding rate influence on the parameters of soybean

Bukharov A F., Zharkova S.V., Eremina N.A.

productivity in the Moscow region

standard, Hidaka, Sibiryachka). In 2021, leaf apparatus development was more intensive on Hidaka
plants, and the leaf area increased with a decrease in the seeding rate. On average for 2021 and 2022,
the maximum leaf area of the Bara variety was formed in the variant with a seeding rate of 600 thou-
sand pieces/ha — 33.09—40.81 thousand m?*/ha. The maximum number of flowers was recorded in all
the variants with a seeding rate of 400 thousand seeds/ha. In the Bara variety, the flowers were formed
uniformly across the variants relative to the year of the study. Differences by 2—3 pieces per plant
were noted in the variants with seeding rates of 500 and 700 thousand pieces/ha. In 2022, the number
of beans in the plants of the Bara variety exceeded the index of 2021 by 6.9% at a seeding rate of
600 thousand pieces/ha, by 28.8% at a seeding rate of 400 thousand pieces/ha. Excess weight of
1 thousand seeds in the Hidaka variety relative to the standard amounted to 43.2—48.4%. Maximum
weight of 1 thousand seeds was obtained in both years of the study in the variant with a seeding rate
of 400 thousand seeds/ha — 220.5 and 218.9 g, respectively. The maximum yield was observed in the
variety Hidaka at a seeding rate of 400 thousand pieces/ha — 4.18 tons/ha. The gain compared to the
control amounted to 18.75%. As a result of the research it was found that the seeding rate of 400 thou-

sand pieces/ha had a greater positive effect on soybean productivity indicators.
Keywords: soy, variety, seeds, yield, seeding rate
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INTRODUCTION

Over the past 10-15 years, there has been in-
tensive growth in soybean production both in
Russia and in other countries. In 2020 and 2021,
approximately 353.9 million tons of soybeans
were harvested worldwide. Brazil is considered
one of the leaders in this field, producing up to
136.0 million tons annually'. In the Russian Fed-
eration, gross soybean production is relatively
small compared to the global volume, averag-
ing around 6 million tons per year’. Soybeans
are classified as globally-strategic crops because
they are currently a crucial source of vegetable
oil and protein. Soybean grains contain 30-45%
high-quality protein with essential amino acids
and 15-22% oil with a favorable ratio of linoleic
to linolenic acid (6:7)°. Additionally, it is a high-

thttps://www.fao.org/faostat/ru/#home.
*https://www.rosstat.gov.ru.

yield crop in demand in various industries*. For
example, soybeans are widely used in the food
industry for producing bread, sausages, marga-
rine, baby food, and more. Furthermore, they are
actively used in animal feed production (silage,
meal, cake, various concentrates, etc.)’.

The number of seeds per unit area is the pri-
mary factor determining crop yield [1]. Research
conducted in the United States (Oklahoma state)
on the Pioneer variety and late-maturing breed-
ing samples demonstrated that the maximum po-
tential soybean yield ranges from 7250 to 11,000
kg/ha. Grain yield of soybeans is determined as
the average seed mass obtained per unit area,
assuming optimal plant density and the preser-
vation of all reproductive plant organs. Harvest-
ing such a volume is only possible when optimal
sowing rates are observed, and there is no stress

3Singh G. The Soybean: Botany, Production and Uses. Wallingford, 2010, 494 p.

‘Krasovskaya A.V., Veremey T.M. Leguminous crops in the subtaiga of Western Siberia // Leguminous crops - an emerging trend
in Russia: collection of proceedings of the conference Omsk, 2016, pp. 76-78.

SPetibskaya B.C., Baranov V.F, Kochegura A.V., Zelentsov S.V. Soybean: quality, utilization, production. Moscow: Agrarian

Science, 2001, 64 p.

100 Siberian Herald of Agricultural Science ¢ 2023 « 53 « 7

Problems. Solutions



BrumstHre copta M HOPMBI BHICEBA HA TTAPAMETPhI TIPOIYKTHBHOCTH
cou B MOCKOBCKOM 00J1acTi

Byxapos A.®., XKapkosa C.B., Epemuna H.A.

throughout the entire growing season [2].

In essence, crop yield depends on the num-
ber of flowers that form on the plant during the
flowering period. Soybeans typically bloom for
an average of 20 to 40 days, sometimes up to
90 days, but the majority of flowers are formed
within a narrower range®. The quantity of flow-
ers formed during the vegetative growth, first
flowering, and full flowering stages determines
the yield, and conversely, the number of un-
derdeveloped flowers directly limits the yield’.
The vegetative growth stage deserves special
attention as it marks the transition from vege-
tative growth to reproductive growth. During
this time, flowers developing on previously es-
tablished nodes mature into reproductive organs,
ultimately determining the final number of seeds
and, in turn, the yield [1].

Recently, farmers have been offered many
new soybean varieties that may not always real-
ize their biological potential under existing cul-
tivation conditions® [3, 4]. Research continues to
identify the optimal sowing rate and plant densi-
ty for soybean crops, especially in new growing
regions [5-7].

Studies on the impact of plant density on seed
yield have not yielded consistent results: in some
cases, there was no response’ '°, while in others,
the response was quite clear'' [8, 9]. Plant densi-
ty in the conducted studies ranged from 70,000
to 600,000 plants per hectare'? [8, 10].

According to many authors, the response of
different varieties to changes in the sowing rate
can vary significantly depending on their genetic
biological characteristics. Analyzing the contri-
bution of variety and sowing rate factors in the
formation of productivity parameters is of prac-

tical interest.

Therefore, the purpose of our study was to de-
termine the variability of soybean seed produc-
tivity in the Moscow region, taking into account
the variety-specificity and sowing rate. The ob-
jectives also included studying the parameters of
seed productivity (number of flowers, pods, and
seeds, weight of 1,000 seeds), yield, and pho-
tosynthetic activity of crops depending on the
sowing rate.

MATERIAL AND METHODS

The research was conducted on an experi-
mental plot of the All-Russian Research Institute
of Vegetable Growing, located in the Ramensky
District of the Moscow Region, in the Moscow
River floodplain. The plot belongs to the south-
ern forest zone of the European province in the
central part of the Russian Plain and falls within
the humid zone.

The soils of the plot are alluvial meadow
soils with medium loamy moisture. The depth of
the plow layer is approximately 27 cm, and the
groundwater level is more than 2 meters deep.
The soil is well-cultivated and has a high lev-
el of natural fertility. The soil pH ranges from
5.8 to 6.1 (potentiometrically), humus content
in the plow layer is between 3.15% to 3.22%
(according to Tyurin), total nitrogen content is
0.23% to 0.28% (according to Kjeldahl), nitrate
nitrogen is 1.4 to 4.1 mg/100 g (according to
Grandval — Leaju), available phosphorus is 25.0
to 27.0 mg/100 g (according to Chirikov), and
potassium is 10.0 to 15.0 mg/100 g (according
to Maslova).

The sum of active temperatures in the Mos-
cow Region (above 10°C) is 2055°C. The dura-

¢Zheng S.-H., Nakamoto H., Yoshikawa K., Furuya T., Fukuyama M. Influences of High Night Temperature on Flowering and Pod
Setting in Soybean // Plant Production Science. 2002, no. 5 (3), pp. 215-218.

"Peterson C.M., Mosjidis C.O'H., Dute R.R., Westgate M. A Flower and Pod Staging System for Soybean // Annals of Botany.
1992, no. 69 (1), pp. 59-67.

8Barsukov S.S. Soybean productivity depending on variety and plant density in crops // Agrarian Science. 2000, no. 6, pp. 25-27.

°Board J.E., Kang M.S., Harville B.G. Path analyses of the yield formation process for late-planted soybean // Agronomy Journal.
1999, vol. 91 (1), pp. 128-135.

WCox W.J., Cherney J.H., Shields E. Soybeans compensate at low seeding rates but not at high thinning rates // Agronomy Jour-
nal. 2010, vol. 102 (4), pp. 1238-1243.

"Walker E.R., Mengistu A., Bellaloui N., Koger C.H., Roberts R., Larson J. Plant population and row-spacing effects on maturity
group III soybean // Agronomy Journal. 2010, vol. 102 (3). pp. 821-826.

2Holshouser D.L., Whittaker J.P. Plant population and row-spacing effects on early soybean production systems in the Mid-At-
lantic USA // Agronomy Journal. 2002, vol. 94 (3), pp. 603-611.
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tion of the period with temperatures above 10°C
is 135 days. The total hours of sunshine per year
are 1574. Weather conditions in 2021 were gen-
erally favorable for the growth and development
of soybeans. In the third ten-day period of April
and May, precipitation was 42% higher than
the multi-year average, and the average daily
air temperature did not exceed 14.5°C, which
slightly delayed seed germination. From June to
August, the average daily air temperature was
higher than the multi-year average, staying at
around 20°C, which contributed to good plant
growth and development. August and the first
half of September were warm, with precipita-
tion in this period being 15-20% higher than the
multi-year averages, but this did not hinder the
timely and full harvest. Weather conditions in
2022 were characterized by elevated tempera-
tures and a clear lack of moisture. The average
daily temperature during the growing season ex-
ceeded multi-year averages by 3.3-6.5°C. Pre-
cipitation during the three summer months was
only 54% of the multi-year norm.

12 variants were established in the exper-
iment: four sowing rates (400, 500, 600, and
700 thousand seeds per hectare) for three vari-
eties (Bara, Krasnodar region; Hidaka, Japan;
Sibiryachka, Omsk Agrarian Scientific Center).
The standard was the Bara variety, which is
widely cultivated in the Central region.

For the variety “Bara,” the following biolog-
ical characteristics are typical. The plant exhib-
its a semi-determinate to indeterminate growth
type, with medium height, ranging from upright
to semi-upright, and has gray pubescence.

The leaves are rounded-ovate in shape. The
flowers are violet in color. The seeds are of me-
dium size, roundly-flattened, yellow, with a gray
hilum.

The “Sibiryachka” variety is an early-matur-
ing variety with a growth type that varies from
semi-determinate to indeterminate. The pubes-
cence of the main stem is reddish-brown. The

leaves are pointed-ovate. Flowers are violet in
color. The seeds are of medium size, elongated,
yellow, with a dark brown hilum.

The “Hidaka” variety is also early-maturing
and has determinant growth type plants. The
bush’s shape is broad. The pubescence of the
main stem is reddish-brown. Leaves are point-
ed-ovate, and flowers are violet. Pods are even-
ly distributed on the plant. Seeds are elongated,
yellow, with a dark brown hilum®.

The experimental plot had an area of 2.5 m?,
and the experiment was repeated four times.
Manual seeding was performed when favorable
meteorological conditions were present, on May
18, 2021, and May 21, 2022. Row length was 5
meters, and the spacing between the rows was
50 cm. At sowing rates of 400, 500, 600, and 700
thousand seeds per hectare, the distance between
seeds in the row was 5.0, 4.0, 3.3, and 2.8 cm,
respectively.

Harvesting was done manually in warm and
dry weather conditions when the soybeans were
fully ripe. The “Hidaka” variety showed early
maturity, with a vegetation period of 106 days
in 2021 and 100 days in 2022. Harvesting was
done 7-8 days earlier than other samples (on
September 2, 2021, and August 29, 2022). The
“Bara” and “Sibiryachka” varieties, with vege-
tation periods of 114 and 106 days in 2021 and
2022, respectively, were harvested on Septem-
ber 10 and 5, respectively.

Phenological observations during the plant’s
growing season were conducted in accordance
with the methodology of the State Commis-
sion for Variety Testing of Agricultural Crops
(1985)". The dynamics of plant development
and above-ground biomass accumulation by
growth stages, as well as changes in leaf surface
area, were tracked using the methodology of
A.A. Nichiporovich®. Study of the yield struc-
ture elements was carried out according to the
methodology of A.F. Bukharov et al.'® The sta-
tistical analysis of the experimental data and the

3Shafigullin D.R. Agrobiological and physiological-biochemical aspects of introduction of vegetable soybean (Glycine max L.)
in the conditions of the Central region of the Non-Chernozem zone: PhD in agricultural sciences thesis. Moscow, 2019, 195 p.

“Methodology of state variety testing of agricultural crops. Moscow: Selkhozizdat, 1989, vol. 2, 194 p.

BSNichiporovich A.A., Strogonova L.E., Chmora S.N., Vliasova M.P. Photosynthetic activity of plants in crops: methods and tasks
of accounting in connection with the formation of yield. Moscow: USSR Academy of Sciences Publishing House, 1961, 135 p.

Bukharov A.F.,, Baleev D.N., Bukharova A.R. Morphometry in the system of seed quality testing: educational method. manual.

Moscow, 2020, 80 p.
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assessment of the relationships between param-
eters were based on the Pearson correlation coef-
ficient. The significance of differences between
variants and the contribution of factors to trait
variability were determined according to B.A.
Dospekhov (1985)".

RESULTS AND DISCUSSION

It is known that the productivity of a variety
largely depends on the intensity of assimilation
apparatus formation. The primary indicator char-
acterizing the photosynthetic activity of soybean
crops is leaf area [11]. Leaf area is influenced
by the biological characteristics of varieties and
applied agronomic practices [12].

In 2021, the development of the leaf apparatus
on the Hidaka variety plants was more intensive.
While differences with the Bara variety during
the budding and flowering stages were insig-
nificant, during seed filling, the leaf area of the
Hidaka variety was already 1.5-1.8 times higher

than the standard. The most developed leaf area
for both Bara and Hidaka varieties was observed
in the variant with a sowing rate of 400 thousand
seeds per hectare. In the conditions of 2022, the
intensity of leaf area formation in Hidaka variety
plants decreased compared to 2021 (due to hot
weather and insufficient moisture). On average
across the experiment, it was found that as the
number of plants per hectare increased, the leaf
area per plant decreased. Therefore, the seeding
rate influences the formation of the photosyn-
thetic leaf area of soybean plants (see Table 1).

On average for 2021 and 2022, the maximum
leaf area for the Bara variety plants in the vari-
ant with a sowing rate of 600 thousand seeds per
hectare ranged from 33.09 to 40.81 thousand m?/
ha. For the Hidaka variety, the leaf area increased
after reducing the seeding rate. In the case of the
Sibiryachka variety, there was a reverse reaction,
with the highest leaf area recorded at a seeding
rate of 700 thousand seeds per hectare.

Ta6a. 1. Brusare HOpMBI BbICEBa U COPTOBOH crienn(UKHU Ha TOKa3aTeinn (POTOCHHTETHUECKON aKTHB-

HOCTH ITOCECBOB

Table 1. Influence of the seeding rate and varietal specificity on the indicators of photosynthetic activity

of crops
Seeding | Leaf area, thousand Ph"‘osy“ttgiﬁc poten- |\ photosynthetic pro- | Economic effectiveness
Variety rate, thou- m/ha thousand m? - day/ha ductivity, g/m coefficient, %
sand pcs/ha
2021 2022 2021 2022 2021 2022 2021 2022
Bara 400 32,89 32,54 | 17432 | 1610,7 4,97 5,07 26,6 36,2
500 32,44 39,55 | 17193 | 1957,7 4,98 5,67 29,2 30,7
600 33,09 40,81 1753,8 | 2020,1 5,10 4,95 32,9 32,3
700 27,49 43,70 | 1457,0 | 21632 5,57 4,96 34,0 26,3
Hidaka 400 51,15 54,54 2503 2508.8 421 3,99 29,1 35,6
500 50,87 51,29 2493 2359,3 3,91 3,84 33,7 35,3
600 47,93 51,01 2349 | 2346,5 3,72 3,89 34,6 34,5
700 47,92 51,27 2348 | 23584 3,86 3,53 31,1 34,3
Sibiryachka | 400 - 40,01 - 1980,5 - 4,90 - 32,6
500 - 44,27 - 2191,4 - 3,98 - 39,1
600 - 49,59 - 2454,7 - 3,59 - 38,2
700 - 44,28 - 2191,9 - 3,86 - 38,1

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

Alliance, 2011, 350 p.
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The net productivity of photosynthesis varied
in all the experimental variants depending on the
variety, seeding rate, and the year’s conditions.
Intensive photosynthetic activity of the leaves
was observed in both years of the study for the
Bara variety in all experimental variants.

On average across all the variants, a greater
number of flowers were formed in 2022 (see
Fig. 1, a). The number of plants per unit area and
their degree of illumination influence branching
and the formation of generative organs (see foot-
note 15). The maximum number of flowers in
our study was recorded in all the variants with a
seeding rate of 400 thousand seeds per hectare.
For the Bara variety, flowers were evenly formed
across the variants in both years of the study. A
difference of 2-3 flowers per plant was observed
in the variants with seeding rates of 500 and 700
thousand seeds per hectare.

For the Hidaka variety, in 2022, the forma-
tion of generative organs, including flowers,
increased compared to 2021, indicating the va-
riety’s responsiveness to more favorable grow-
ing conditions. The maximum number of flow-
ers was observed for the Sibiryachka variety in
2022. The number of flowers on plants varied
depending on the seeding rate. The highest num-
ber of flowers was formed in the variant with a
seeding rate of 400 thousand seeds per hectare,
with 79.0 flowers per plant, exceeding the stan-
dard by 40.0%.

Thus, it is evident that the seeding rate has
the greatest influence on flower formation. Ac-
cording to our data, the most productive seeding
rate is 400 thousand seeds per hectare. At this
seeding rate, all experimental variants produced
high results: in 2021 and 2022, the Bara vari-
ety produced 48.8 and 48.2 flowers per plant,
respectively; the Hidaka variety produced 41.1
and 42.4 flowers; the Sibiryachka variety pro-
duced 43.4 flowers.

The number of pods per plant was influenced
by all three studied factors: seeding rate, year’s
conditions, and the responsiveness of the va-
rieties. A reduction in the seeding rate to 400
thousand seeds per hectare contributed to the
formation of a greater number of pods in all ex-
perimental variants (see Fig. 1, 6). In 2022, the
number of pods on the Bara variety plants ex-

ceeded the 2021 figures, ranging from 6.9 (with
a seeding rate of 600 thousand seeds per hectare)
to 28.8% (400 thousand seeds per hectare). An
exception for this variety was the variant with a
seeding rate of 700 thousand seeds per hectare:
the number of pods in this variant remained con-
sistent in both years (23.3 pods per plant in 2021
and 22.9 pods in 2022), due to the dense plant
spacing per unit area and insufficient moisture.

In terms of the considered characteristic, the
Hidaka variety behaved as an extensive one.
Over the course of two years of research, this
variety displayed consistent responsiveness to
growing conditions and formed a slightly vary-
ing number of pods across the different variants.
The maximum number of pods was recorded in
2022 in the variant with a seeding rate of 400
thousand seeds per hectare, amounting to 21.5
pods per plant. For the Sibiryachka variety, the
number of pods across all seeding rates was low-
er than the standard by 0.8 to 3.7 pods.

Clearly, the positive influence of the growing
conditions and the good responsiveness of the
varieties contributed to an increase in the num-
ber of seeds per plant (see Figure 1, b, 8).

By analyzing the diagrams in Figure 1, 6, s, it
can be noted that there is a positive relationship
between the number of pods and seeds per plant.
The Sibiryachka variety obtained the highest
number of seeds, surpassing the standard level
and achieving the maximum result in the exper-
iment with a seeding rate of 400 thousand seeds
per hectare, amounting to 79.0 seeds per plant.

The weight of 1,000 seeds for all varieties
was more dependent on the seeding rate (see Fig.
1, 2). As the seeding rate decreased, the weight
of 1,000 seeds increased. On average across the
experiment, the Hidaka variety produced large,
well-formed seeds in all the variants. The weight
of 1,000 seeds for this variety exceeded the stan-
dard by 43.2% to 48.4%. The maximum weight
of 1,000 seeds was observed in the variant with
a seeding rate of 400 thousand seeds per hectare,
reaching 220.5 grams in 2021 and 218.9 grams
in 2022.

The yield of different soybean varieties is de-
termined by the year’s conditions and the seed-
ing rate. In 2021, the Hidaka variety had a no-
ticeable advantage over the standard depending
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Fig. 1. Influence of the seeding rate, conditions of the year and the variety on the number of flowers (a),
beans (0), seeds (g) and a thousand-seed weight (2)
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on the seeding rate (see Table 2). The yield of
this variety significantly exceeded the standard
in the variants with seeding rates of 400 and 500
thousand seeds per hectare. With a seeding rate
of 400 thousand seeds per hectare, the yield of
the Hidaka variety was higher than the standard
by 0.88 tons per hectare, and with a seeding rate
of 500 thousand seeds per hectare, it exceeded
the standard by 0.85 tons per hectare.

In 2022, the studied varieties realized their
biological potential most fully, with yields vary-
ing between 3.28 (the Bara variety, seeding rate
of 700 thousand seeds per hectare) and 4.18

Tabua. 2. M3MeHenue ypoxalHOCTH COM IO/ BIIU-
SIHUEM HOPMBI BBICEBA 1 COPTOBOH crielU(HKH, T/Ta

Table 2. Change in the soybean yield under the
nfluence of the seeding rate and varietal specificity, t/ha

. Seeding rate, thousand pcs/ha
Variety
40 | 500 | 600 | 700
2021
Bara 2,68 2,97 3,42 3,21
Hidaka 3,56 3,82 3,51 3,27
LSD,; 0,22
2022
Bara 3,52 3,96 3,76 3,28
Hidaka 4,18 3,72 3,66 3,32
Sibiryachka 3,68 3,97 3,91 3,75
LSD, 0,14

tons per hectare (Hidaka variety, seeding rate
of 400 thousand seeds per hectare). The yield
of the Sibiryachka variety significantly exceed-
ed the standard in all experimental variants. The
highest yield was recorded for the Hidaka va-
riety with a seeding rate of 400 thousand seeds
per hectare, amounting to 4.18 tons per hectare
(compared to the standard of 3.52 tons per hect-
are), resulting in an increase of 18.75% com-
pared to the control.

Research conducted in a three-factor experi-
ment system (4 x 4 x 2) revealed that the variety
factor (A), seeding rate factor (B), and year factor,
as well as their first-order interactions, had a sig-
nificant impact on seed yield at the 0.01% signif-
icance level, while the second-order interactions
had a 0.05% significance level (see Table 3).

The contribution of the variety factor to the
variability of the yield was 29.4%, the agronom-
ic factor (seeding rate) contributed 29.9% (see
Fig. 2).

The ecological factor (year conditions) ac-
counted for 26.1% of the variability in seed yield.
Pairwise interactions of the variety and seeding
rate factors contributed 3.5% of variability, vari-
ety and year conditions contributed 6.8%, seed-
ing rate and year conditions contributed 3.3%.
The effect of the interaction of all three factors
did not exceed 0.7%. Random factors accounted
for 0.3% of variability.

Tao6a. 3. [lucnepcnoHHBIN aHANN3 MOKa3aTelsl ypOXKaiHOCTH (T/Ta) B CHCTEME MHOTO(AKTOPHOTO OMbITa

(2021, 2022 rr)

Table 3. Variance analysis of the yield index (t/ha) in the system of multifactorial experience (2021, 2022)

Dispersion Sum of squares | Degree of freedom Mean square F_, Foson
Variety (A) 5,4712 2 2,7356 107,6 3,09 (4,82)
Seeding rate (B) 8,3528 3 2,7843 109.,4 2,70 (3,98)
Year conditions (C) 2,4327 1 2,4327 95,7 3,94 (6,90)
Interaction:

A:B 1,9613 6 3,269 12,9 2,19 (2,99)
A:C 1,2567 2 0,6282 24,7 3,09 (4,82)
B:C 1,9474 6 0,3079 12,1 2,19 (2,99)
A:B:C 0,4357 6 0,07262 2,86 2,19 (2,99)
Remaining balance 1,6783 66 0,02428 - -
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TopHoro omnbITa (2021, 2022 1)

Fig. 2. Contribution of factors to the development of the seed yield trait in the system of multifactorial

experience (2021, 2022)

CONCLUSION

The specificity of the variety, year conditions,
and seeding rate influenced the growth and de-
velopment of plants, productivity elements, and
the yield of the studied soybean varieties under
the conditions of the Moscow region. It was
found that as the number of plants per hectare
increased, the leaf surface area per plant de-
creased. The most developed leaf surface was
observed in the Bara and Hidaka varieties in the
variant with a seeding rate of 400 thousand seeds
per hectare in 2021. Intensive photosynthetic ac-
tivity of the leaves was observed in both years of
the study for the Bara variety in all experimental
variants.

It was established that the seeding rate has the
greatest impact on flower formation. According
to the obtained data, the most productive seed-
ing rate is 400 thousand seeds per hectare. With
this seeding rate, a higher number of pods per
plant was obtained. For the Bara variety, this
indicator was 26.3 pods in 2021 and 33.9 pods
in 2022. For the Hidaka variety, it was 18.3 and
21.5 pods, respectively, and for the Sibiryach-
ka variety, it was 30.9 pods. A reduction in the
seeding rate led to an increase in the weight of

1,000 seeds. Variants with the minimum seed-
ing rate were characterized by high yields. The
maximum positive effect on soybean productiv-
ity indicators was achieved with the minimum
seeding rate of 400 thousand seeds per hectare.

The Bara variety achieved the highest yield
at seeding rates of 500-600 thousand seeds per
hectare, and the Sibiryachka variety showed a
similar trend (based on one-year data). The Hi-
daka variety, which tends to branch more with
lower planting density, had higher yields in vari-
ants with seeding rates of 400-500 thousand
seeds per hectare.
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Agricultural Science”:

Code and name of the scientific specialty in accordance with the Nomenclature of

Section name Scientific Specialties, for which academic degrees are awarded

. o 4.1.1. General agriculture and crop production
Agriculture and chemicalization . o . .
4.1.3. Agrochemistry, soil science, plant protection and quarantine

Plant . d breedi 4.1.1. General agriculture and crop production
ant growing and breedin
& & & 4.1.2. Plant breeding, seed production and biotechnology

Plant protection 4.1.3. Agrochemistry, soil science, plant protection and quarantine

4.1.1. General agriculture and crop production

Fodder production 4.1.2. Plant breeding, seed production and biotechnology

4.1.3. Agrochemistry, soil science, plant protection and quarantine
4.2.3. Infectious diseases and animal immunology

Zoot.eghnics and veterinary 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
medicine products

4.2.5. Breeding, selection, genetics, and animal biotechnology

Mechanization, automation,

modelling and dataware 4.3.1. Technologies, machinery and equipment for the agro-industrial complex

Agriproducts processing 4.3.3. Food systems

4.1.1. General agriculture and crop production

4.1.2. Plant breeding, seed production and biotechnology
Problems. Opinions
4.1.3. Agrochemistry, soil science, plant protection and quarantine
Scientific relations
4.2.3. Infectious diseases and animal immunology
From the history of agricultural
science 4.2.4. Private zootechnics, feeding, technology of feed preparation and production of livestock
products
Brief reports

From dissertations 4.2.5. Breeding, selection, genetics, and animal biotechnology

4.3.1. Technologies, machinery and equipment for the agro-industrial complex
4.3.3. Food systems

RECOMMENDATIONS TO THE AUTHOR BEFORE SUBMITTING AN ARTICLE

Submission of an article to the journal “Siberian Herald of Agricultural Science” implies that:

. an article has not been published before in any other journal;

. an article is not subject to review in any other journal;

. all co-authors agree with the publication of the current version of the article.

Before submitting an article, it is necessary to make sure that the file (files) contains all the information required
in Russian and English, tables and figures provide the source of the information presented, all references are written
correctly.
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PROCEDURE FOR SENDING MANUSCRIPTS OF ARTICLES

1 Submission of the article is carried out through the electronic editorial board on the journal’s website https://
sibvest.elpub.ru/jour/index. After preliminary registration of the author, choose the option “Send a manuscript” in the
upper right corner of the page. Then download the manuscript (in *.doc or *.docx format) and the accompanying docu-
ments. When you have finished uploading, be sure to select the option “Send a Letter”, in which case the editorial board
will be automatically notified of the receipt of the new manuscript.

Accompanying documents to the manuscript of an article:

. a scanned copy of a letter from the organization confirming authorship and permission to publish (sample
cover letter);

. a scanned copy of the author’s note in the form provided (sample author’s note), in which consent must be ex-
pressed for the open publication of the article in the printed version of the journal and its electronic copy in the Internet;

. a scanned copy of the manuscript with the authors’ signatures. The author, by signing the manuscript and send-
ing it to the editorial office, thereby transfers the copyright for the publication of this article to SFSCA RAS;

. author questionnaires in Russian and English (sample author questionnaire);

. a scanned copy of your post-graduate school transcript (for full-time postgraduate students).

2. All manuscripts received by the editorial board are registered via the electronic editorial system. The author’s
personal account shows the current status of the manuscript.

3. Non-reviewed materials (scientific chronicles, reviews, book reviews, materials on the history of agricultural
science and activities of institutions and scientists) are sent to the e-mail: sibvestnik@sfsca.ru and are registered by the
executive secretary.

ARTICLE DESIGN PROCEDURE

The text of the manuscript is printed in Times New Roman font, type size 14 with 1.5 spacing, all margins 2.0 cm,
page numbering at the bottom. The size of a manuscript should not exceed 15 pages (including tables, illustrations and
bibliography); the articles placed in the sections “From dissertations” and *“ Brief reports” should not exceed 7 pages.

Article design structure:

1. UDC

2. Title of an article in Russian and English (no more than 70 characters).

3. Surnames and initials of the authors, full official name of the scientific institution where the research was con-
ducted in Russian and English.

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

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

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

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

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

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

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

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

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

RESULTS AND DISCUSSION

CONCLUSION

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

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

EXAMPLE OF REFERENCES in Russian and English and FOOTNOTES

REFERENCES (in Russian):

Monograph

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

Part of a book

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

Periodical publication

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

REFERENCES (in English):

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

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

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

Transliteration of the authors. English title of the article.

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

Transliteration of the source = English name of the source

Monograph

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

Part of a book

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

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

Periodical publication

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

FOOTNOTES:

Quated text,.

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

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

Example:

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

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

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

FIGURES, TABLES, SCREENSHOTS AND PHOTOGRAPHS

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

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

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

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

INTERACTION BETWEEN THE JOURNAL AND THE AUTHOR

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

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

* accept the article for review;

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

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

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

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

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

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

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

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

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

REVERSAL OF EDITOR/ REVIEWER’S DECISION

In case the author does not agree with the conclusions of the reviewer and/or editor, they can dispute the decision
made. In order to do this, the author should:

» amend the manuscript in compliance with the comments substantiated by reviewers and editors;

* clearly outline their stance on the issue under question.

The editors facilitate the second submission of manuscripts that could potentially be accepted but were rejected due
to the need of significant amendments or collection of the additional data, and are ready to clearly explain what must be
rectified in the manuscript for it to be accepted for publication.

ACTIONS OF THE EDITORIAL BOARD IN CASE OF PLAGIARISM AND DATA
FALSIFICATION DETECTION

The Editorial Board of the “Siberian Herald of Agricultural Science” follows the conventional ethical principles for
scientific periodicals and guidelines of the “Publication Ethics Code” developed and approved of by the Committee on
Publication Ethics (COPE) and demands that all those involved in the publishing process should obey these principles.

ERRORS RECTIFICATION AND ARTICLE WITHDRAWAL

In case of error detection that affect understanding of an article but do not distort the results of research, they can
be rectified by replacing the pdf-file of an article. In case of error detection that distort the results of research or in case
of plagiarism or misconduct of the author (authors) connected with data falsification, the article can be withdrawn. The
withdrawal can be initiated by the editors, the author, organization or private individual. Such article is marked with the
note “Article withdrawn”, the page of the article gives the reason for withdrawal. Information about the article with-
drawal is sent to data bases where the journal is indexed.
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DEAR SUBSCRIBERS!

Subscription to the journal “Siberian Herald of Agricultural Science”
(both for the annual set and for individual issues) can be made in one of the following ways:

On the website of JSC In the subscription agency In the editorial office
"Russian Post" subscription = LLC "Ural-Press" subscription of the magazine
index PM401 index 014973
Go to "Online Services", then The link to the publication Phone: +7 (383) 348-37-62
"Subscribe to a newspaper or a is https://www.ural-press.ru/ e-mail: sibvestnik@sfsca.ru
magazine" search/?q=014973. In the contact

section, go to http://ural-press.ru/
contact/, where you can select a
branch in your neighborhood.

Full-text version of the journal
“Siberian Herald of Agricultural Science”
is available on the website of the Scientific Electronic Library:
http://www.elibrary.ru.
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