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3EMJIEJ[EJINE U XUMH3AI[UA
AGRICULTURE AND CHEMICALIZATION

https://doi.org/10.26898/0370-8799-2023-10-1 Tun crarbu: OpUrHHAIBHAS
VIK: 633.11:632.9 Type of article: original

IPOEKTUBHOCTDb IPUMEHEHUSA BUOIIPEITAPATOB
U ®YHTUILUI0B ITPU BBIPAIIIMBAHUU SIPOBOM IMIIIEHUIIBI
B JIECOCTEIIN ITPUOBbA

Baacenxo H.I'., &XX)Kyaarun O.B., Kynamkun I1.HA., UBanosa U.A.

Cubupckuii ghedepanvHulil HAYuHbll Yenmp azpodouomexronocuti Poccutickoili akademuu Hayk
HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust

(<)e-mail: olegb1@yandex.ru

[IpencraBnensl JaHHbIE IO 3PPEKTUBHOCTH MCIONB30BaHUS XUMHUUECKHUX, TPHOHBIX U OaKTepHaib-
HBIX (DYHTHIUIOB JUIsi 0OpabOTKK CeMsiH M ITOCEBOB SIPOBOM MSTKOW MIIEHHUIIBI C LIEJIBI0 OrpaHuYe-
HUS BPEIOHOCHOCTH OCHOBHBIX OonesHeill. VccrienoBanus mposeneHs B 2020-2022 1T Ha YepHO3e-
Me BbIILesI0odeHHOM JiecocTenu [Iproobs HoBocubupcekoii obnactu. B 60opb0e ¢ KOpHEBBIMH THUISMHA
HanOoee YQ(HEKTUBHBIM OKa3alcs XUMHUECKHH MpoTpaBuTesib CKapiieT u ero cMech ¢ Burarianom.
ITokazaHo, 4ro OuoIpenaparsl X0TA U yCTyHaroT 110 3Gp(EeKTUBHOCTH XMMUYECKNUM, HO OHH ICHCTBYIOT
OoJiee UIMTEIBHO U JOJBILE 3AIUIIAI0T PacTeHUe oT Oone3Hu. [IpoTpaBnuBanre ceMsH XUMUYECKUM
npernapaTroM CHU3UIIO Pa3BUTHE JIMCTOBBIX Oolne3Hel Ha 53—58%, Ouonpenaparamu — Ha 34-—41%. U3
00paboTok 1o Beretauuu Haubomuee 3¢ dexTuBHbBIM okazancs Tutyn 390 — 60-98%. DddexTnBHOCTL
OouonpenaparoB coctaBmuia 42—64% B ToAbl YMEPEHHOTO pa3BUTHsI Oone3Hel. B ronel cunbHoOro pas-
BUTHSI CETITOPHO3a WIIM MYYHHCTOW pOchl 3(h(heKTUBHOCTH OnonpenaparoB He mpeBbimana 22—30%.
Buomnpenaparsl oka3plBany pOCTOCTUMYJIMpPYIOIIEe ACHCTBHE HA PACTCHMS: YBEIMYMBAJIHM IUIOLIA]b
¢narosoro nucra Ha 22-39%. [1pu 0O6paboTKe ceMsH HaOMoaany TeHISHIIUIO pOCTa YUCIa KOJTOCKOB,
3epeH B KOJOCE M Macchl 3epHa ¢ Koioca. [IpuMeHeHne mpemnaparoB M0 BEreTalyy IOBBIIIAIO J0-
CTOBEPHO AJNHY Kojoca Ha 16—28%, uncno konockoB — Ha 15-20, 3epeH — Ha 24-31, Maccy 3epHa ¢
konoca — Ha 33-51%. [1pu nporpaBnuBanuy ceMssH HaUOOMbIIYIO TpHOaBKy ypokaitnoctu (0,15 T/ra)
obecrieunBan CkapIieT, P UCTIOJIb30BAHIH CMECH OMOJIOTHYECKOTO U XUMHYECKOTO TIperapaToB oHa
cocraBmia 0,11 1/ra. [Ipu 06paboTKe TIO BeTeTalui XUMHUIECKHA (YHTHIIH]T TOBBIIIAN YPOKAHHOCTD
Ha 0,33 T1/ra, ouonpenaparsl — Ha 0,11-0,14 T/ra. KoMIuiekcHOE HCIOIB30BaHUE XUMUYECKHX TTperia-
paroB (Ckaprer + Turyn 390) obecrieurio MakCUMalIbHYIO0 puOaBKy ypoxaitnoctu — 0,62 T/ra, ot
COBMECTHOT'O UCIIOJIb30BAaHNSI XUMUIECKOTO U OMOJIOTMYECKOT0 IIpenapara ypoKaiHOCTb TIOBBIIIATACh
Ha 0,15-0,33 1/ra. Brnonornueckue npenaparbl yBeIUYMBaIM 3TOT nokaszarens Ha 0,13-0,23 1/ra. Cue-
JIaH BBIBOJ O BO3MOKHOCTH 0ZI00pa COUYETaHNH XUMHUYECKHUX M OMOJIOTHYECKHX MPEnaparoB, Croco0-
HBIX KOHTPOJIMPOBATh (PUTOCAHUTAPHYIO CUTYaLUIO U 00ECIICUNBATH IPUEMIIEMYIO YPOKaHHOCTb.

KnioueBsbie cioBa: spoasi miieHuia, 0oje3HH, QyHTHIUIBI, OHomnpenaparsl, 3pPEeKTUBHOCTS,
YPOKalHOCTh

EFFECTIVENESS OF THE USE OF BIOPREPARATIONS AND FUNGICIDES
IN THE CULTIVATION OF SPRING WHEAT IN THE FOREST-STEPPE
OF THE PRIOBYE

Vlasenko N.G., X)Kulagin O.V., Kudashkin P.I., Ivanova L. A.

Siberian Federal Scientific Centre of Agro-Biotechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk Region, Russia

(<)e-mail: olegb1@yandex.ru

The data on the effectiveness of using chemical, fungal and bacterial fungicides to treat seeds and
crops of spring soft wheat in order to limit harmfulness of major diseases are presented. The research
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Effectiveness of the use of biopreparations and fungicides in the

Vlasenko N.G., Kulagin O.V., Kudashkin P.I., Ivanova L.A.

cultivation of spring wheat in the forest-steppe of the Priobye

was conducted in 2020-2022 on chernozem leached forest-steppe of the Novosibirsk region Priobye.
Chemical seed protectant Scarlet and its mixture with Vitaplan were the most effective dressers in the
fight against root rots. It has been demonstrated that although biopreparations are inferior in efficiency
to chemical ones, they act for a longer period of time and protect the plant from the disease for a lon-
ger period of time. Seed dressing with chemical preparation reduced the development of leaf diseases
by 53-58%, and with biopreparations — by 34—41%. Titul 390 was the most effective of the vegetation
treatments — 60—98%. The efficiency of the biopreparations was 42—-64% in the years of moderate disease
development. In the years of strong development of septoriosis or powdery mildew, the efficiency of
biopreparations did not exceed 22—30%. The biological preparations had a growth-stimulating effect on
the plants: they increased the flag leaf area by 22—39%. The seed treatment showed an increasing trend
in the number of spikelets, grains per ear and grain weight per ear. Application of the preparations during
the vegetation period increased reliably the ear length by 16-28%, the number of spikelets — by 15-20,
grains — by 24-31, grain weight per ear — by 33—51%. At seed dressing the greatest increase in the yield
(0.15 t/ha) was provided by Scarlet, when using a mixture of biological and chemical preparations it
amounted to 0.11 t/ha. When treated during the growing season, chemical fungicide increased the yield by
0.33 t/ha, while biopreparations increased the yield by 0.11-0.14 t/ha. Complex use of chemical prepara-
tions (Scarlet + Titul 390) provided the maximum yield increase — 0.62 t/ha, from the joint use of chemical
and biological preparation the yield increased by 0.15-0.33 t/ha. The biological preparations increased this
indicator by 0.13-0.23 t/ha. It has been concluded that it is possible to select combinations of chemical
and biological preparations that can control phytosanitary situation and provide acceptable yield.

Keywords: spring wheat, diseases, fungicides, biopreparations, efficacy, yield
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INTRODUCTION

The development of ecologically oriented
technologies of agricultural production requires
a wide range of effective biopreparations. Un-
like chemical ones, biopreparations allow to sta-
bilize phytosanitary condition, reduce environ-
mental pollution by pesticide residues, increase
environmental sustainability of agrocenosis and
soil fertility. The demand for biofungicides is
indicated by a 3-fold increase in the number of
registered formulations in Russia from 2005 to
2020 [1, 2].

Bacillus and Pseudomonas bacteria and
Trichoderma fungi are commonly used as ac-

tive agents in biofungicides. Protection of plants
against diseases using bacterial-based bioprepa-
rations is a promising strategy that can become
an alternative to some methods based on com-
monly used synthetic fungicides, therefore, it is
the subject of intensive research [3, 4]. Bacterial
antagonism to pathogens is based on three main
types of interactions or their combinations: anti-
bioticosis, competition for nutrients and space,
and parasitism' ?[5, 6]. Some bacteria can also
enhance natural resistance and stimulate plant
defense responses, including the production of
reactive oxygen species, phytoalexins, phenolic
compounds, pathogenesis-related proteins (PR

'Raaijmakers J.M., Viami M., De Souza J.T. Antibiotic production by bacterial biocontrol agents // Antonie van leeuwenhoek.

2002, vol. 81 (1), pp. 537-547. DOI: 10.1023/A:1020501420831.

2Compant S., Duffy B., Nowak J., Clément C., Barka E.A. Use of plant growth-promoting bacteria for biocontrol of plant diseases:
principles, mechanisms of action, and future prospects / Applied and Environmental Microbiology, 2005, vol. 71 (9), pp. 4951—

4959. DOI: 10.1128/AEM.71.9.4951-4959.2005.
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proteins), or the formation of physical barriers,
e.g. in the epidermis®.

Fungi of the genus Trichoderma are an im-
portant alternative in biocontrol of phytopatho-
gens because they have similar mechanisms of
action as bacteria: competition (water, air, light
and nutrients); host-parasite association, which
can be physical or metabolic with digestion by
hydrolytic enzymes including chitinases, prote-
ases, glucanases and lipases; antibioticosis*>.

Trichoderma synthesizes rich hydrolase com-
plexes and has high hyperparasitic and antago-
nistic activity against soil-borne phytopathogen-
ic micro-mycetes and produces antibiotics glio-
toxin, viridin, trichodermin, satsukcalin and oth-
er, which limit the viability of phytopathogens
by disrupting protein and chitin biosynthesis. In
the rhizosphere, trichoderma produces enzymes
invertase, catalase, amylase, urease and other
enzymes that activate photosynthesis and nutri-
ent uptake by the plant. It also improves nitrogen
utilization by stimulating bacteria of the genus
Azotobacter and nodule bacteria. In addition,
trichoderma is an active stubble degrader due to
its powerful enzyme complex. Straw-degrading
ability of trichoderma is very relevant, because
the problem of utilization of the non-grain part
of the crop has become more acute in recent
years due to the introduction of minimum tillage
and direct seeding technology. Accumulation of
undecomposed straw increases the activity of
phytopathogenic micromycetes, and the appli-
cation of trichoderma makes it possible to solve
this problem [3, 7].

The disadvantages of biopreparations in-
clude the dependence of efficiency on the level
of disease development. Long-term studies have
shown that while chemical fungicides always
demonstrate high (82— 98%) efficacy against leaf
infections, the efficacy of Bacillus subtilis-based
preparations decreases from 88 to 38% when the
level of disease development increases from 8
to 49%. At the same time, the yield increase in

epiphytotic years from the use of chemical fun-
gicides is 24%, biological fungicides — only 8%
[8].

Analyzing the current state of application of
biopreparations for optimization of phytosani-
tary situation and formation of environmentally
safe plant protection systems, it should be noted
that there is a certain reserve of positive results,
but it is necessary to determine the conditions
for their successful use. This emphasizes the rel-
evance of testing biopreparations in specific soil
and climatic conditions on the crops grown in
the region.

The purpose of the research is to evaluate
the possibility of using different methods of bi-
opreparations application in wheat cultivation in
the forest-steppe of Western Siberia.

The objectives of the research were to study
the influence of seed treatment and application
of Sternifag, as well as treatments during vege-
tation with chemical and biological preparations
on phytosanitary condition and productivity of
spring wheat crop.

MATERIAL AND METHODS

The research was conducted in 2020-2022
in a multifactorial field experiment on the fields
of the SFSCA RAS station, located in the for-
est-steppe of the Priobie region, on leached
chernozem of medium loamy composition.
Novosibirskaya 31 wheat was sown in the ex-
periment, which was placed as the second crop
after fallow on grain forecrop. The main autumn
no-tillage cultivation was carried out to a depth
of 20 —22 cm. 90 kg a.i. nitrogen/ha and 30 kg
a.i. phosphorus/ha were applied under pre-sow-
ing cultivation. Further, pre-sowing cultivation
was carried out with a cultivator "Stepnyak" to
the depth of seed embedment. Sowing was car-
ried out in the beginning of the III ten-day pe-
riod of May by the seeder SZS 2.1 with anchor
coulters with a seeding rate of 6 million germi-
nating grains/ha.

3Wiesel L., Newton A.C., Elliott L., Booty D., Gilroy E.M., Birch PR.J., Hein I. Molecular effects of resistance elicitors from bio-
logical origin and their potential for crop protection // Frontiers in Plant Science, 2014, vol. 5, p. 655. DOI: 10.3389/fpls.2014.00655.

*Machado D.F.M., Parzianello FR., Silva A.C.F., Antoniolli Z.I. Trichoderma in Brazil: the fungus and the bioagent // Journal of

Agricultural Sciences, 2012, vol. 35 (1), pp. 274-288.

SWoo S.L., Ruocco M., Vinale F., Nigro M., Marra R., Lombardi N., Pascale A., Lanzuise S., Manganiello G., Lorito M. Trich-
oderma-based products and their widespread use in agriculture // The Open Mycology Journal, 2014, vol. 8, pp. 71-126. DOI:

10.2174/1874437001408010071.
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The following factors were studied in the ex-
periment:

1. Factor A - seed treatment:

— control (without treatment);

—Trichocin, WP (20 g/t) + Vitaplan, WP (20 g/t);

— Scarlet, ME (0.2 I/t) + Vitaplan, WP (20 g/t);

— Scarlet, ME (0,4 1/t).

2. Factor B - fungicide treatment during veg-
etation and regulation of crop residue decay.
Variants of these factors were superimposed
over variants A to obtain a combination of all the
studied factors:

— control (without treatment);

— Titul 390, CSC (0,26 1/ha) in the phase flag
leaf — beginning of earing;

— Alirin B, L at tillering (2.0 1/ha) + Vitaplan,
WP — flag leaf — beginning of earing (40 g/ha);

—Alirin B, L at tillering (2.0 I/ha) + Trichocin,
WP —flag leaf — beginning of earing (40 g/ha);

— Sternifag, WP pre-sowing stubble spraying
(80 g/ha) + Alirin B, L at tillering (2.0 1/ha) +
Vitaplan, WP — flag leaf — beginning of earing
(40 g/ha);

— Sternifag, WP pre-sowing stubble spraying
(80 g/ha) + Alirin B, L at tillering (2.0 I/ha) +
Trichocin, WP — flag leaf — beginning of earing
(40 g/ha).

Treatment was carried out with moistening of
the seeds, consumption of the working solution -
10 1/t. The area of the experimental plot was 24
m?, the area of the plot with each dressing agent
was 432 m®. Treatment of the plots with Sterni-
fag, WP (80 g/ha) was carried out by hand spray-
er, working solution consumption was 200 1/ha,
treatment area - 576 m”. The area of the fungi-
cide treatment variant was 288 m?. In tillering
phase spring wheat was treated against weeds
with tank mixture of herbicides Axial, EC (1.0 I/
ha) + Primadonna, SE (0.4 1/ha) + Hextar, WDG
(10 g/ha) by tractor sprayer with a working solu-
tion consumption of 270 1/ha.

The efficacy of the following preparations
was studied: Scarlet, ME (imazalil (100 g/l) +
tebuconazole (60 g/)), Titul 390, CSC (propi-
conazole (390 g/l)), Alirin B, L (B. subtilis) strain
B - 10 VIZR, titer not less than 1 x 10° CFU/ml,
Vitaplan, WP (B. subtilis), strain VKM - B -
2604D titer 1 x 10'° CFU/g + (B. subtilis), strain
VKM - B - 2605D titer 1 x 10'° CFU/ml, Vita-
plan, WP (B. subtilis), strain VKM - B - 2604D
titer 1 x 10'° CFU/g + (B. subtilis), strain VKM -
B - 2605D titer 1 x 10'° CFU/g, Trichocin,
WP (T. harzianum), strain G-30, titer 1 x 10"
CFU/g, Sternifag, WP (T. harzianum), strain
VK -4099D, titer 1 x 10'° CFU/g.

Records and observations in the experiments
were carried out according to generally accept-
ed methods. The effect of preparations on the
flag leaf area [9], ear structure, grain size® was
studied. The development of common root rot
on plants was recorded in the phases of wheat
tillering and milk-wax ripeness of grain differen-
tiated by organs’, the assessment of crop damage
by leaf-stalk infections (brown rust, septoriosis,
powdery mildew) - in the phase of grain filling®.
Wheat yield was counted by direct harvesting,
seed yield was brought to 100% purity and 14%
moisture content. Mathematical processing of
data was carried out using the Snedecor applica-
tion program package’.

Weather conditions during the study period
differed significantly. In 2020, according to me-
teorological indicators, the growing season was
characterized by increased heat supply and suffi-
cient moisture content. The sum of precipitation
for the growing season amounted to 245 mm. At
the beginning of the vegetation period the dis-
tribution of precipitation was uneven. In May
precipitation was 1.5 times more, in June it was
34 mm less than the norm. Later precipitation
was evenly distributed and was similar to mean
annual values. Mean daily air temperatures

SEshchenko V.E., Trifonova M.F., Kopytko P.G. Fundamentals of experimental work in crop production. Moscow: KolosS, 2009,

268 p.

"Chulkina V.A., Toropova E.Y, Stetsov G.Y, Marmuleva E.Y., Kirichenko A.A., Grishin V.M. Phytosanitary diagnostics of

agroecosystems: textbook. Novosibirsk, 2010, 127 p.

8Sanin S.S., Sokolova E.A., Cherkashin V.I. Diseases of grain crops (recommendations for phytosanitary monitoring). Moscow:

Rosinformagroteh, 2010, 137 p.

Sorokin O.D. Applied statistics on the computer; 2nd ed., Novosibirsk, 2012, 282 p.
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were 15.5; 16.6; 19.6 and 18.6 °C, respectively.
In 2021, the air temperature was close to mean
annual values, in May, June, July and August it
was 14.3; 16.2; 19.6 and 18.1 °C, respectively.

Precipitation during the vegetation period
was 1.2 times less, and its distribution was ex-
tremely uneven. In May and July precipitation
was 1.5 and 3.3 times less than the norm, in June
and August it was close to the average annual
values.

Meteodata of the growing season 2022 were
characterized by lack of precipitation and in-
creased temperature in May by 5.1 °C, further
the temperature regime was satisfactory. How-
ever, in general, weather conditions were unfa-
vorable for plant growth and development due to
the deficit of precipitation: 2.5 mm fell in May,
59 mm in June, 29 mm in July, and 23 mm in
August. During the vegetation period the atmo-
spheric moisture inflow was 2 times lower than
the norm.

RESULTS AND DISCUSSION

In all 3 years of research the level of root
rot development was low, in the tillering phase
it was only 4.0 —5.2%. The highest efficiency
in all 3 years was possessed by chemical pro-
tectant Scarlet (58 —64%) and its mixture with
Vitaplan (26 —57%). The mixture of biological
preparations reduced the development of the
disease more weakly (4-61%), the application
of Sternifag only in 2021 reduced the disease
by 52%, in the other 2 years had no effect on it.

By the phase of milk-wax ripeness, the disease
development index increased to 13-17%. In this
phase, the most effective was the mixture Scarlet
+ Vitaplan (38 —71%), higher than Scarlet alone
(31 —67%). The application of Sterniphag and
the use of biopreparations alone reduced the lev-
el of the disease development by less than half
(see Table 1). Thus, in the early phases of plant
development, biopreparations are inferior in ef-
ficiency to the chemical ones, but they act longer
and protect the plant from this disease for a lon-
ger period of time.

Phytosanitary situation with regard to leaf
diseases was different. All major diseases — sep-
toriosis, powdery mildew, rust — were detected
in the crops, but their development differed by
years. In 2020 and 2022, when septoriosis de-
velopment was moderate (15.4 —17.8%), seed
dressing reduced disease development: Scarlet
by 53-58%, biopreparations by 34 — 41%. In
2021, when septoriosis developed more strong-
ly (33.1%), the effectiveness of the preparations
was significantly lower. A similar pattern was
observed for powdery mildew: in 2022 (the year
of the greatest development of the disease —
16.7%) the efficiency of preparations amounted
to only 23-34%, in other years — 52 — 73% (see
Table 2). Similar results of the decrease in the
efficiency of biopreparations with the growth of
infection load in seed dressing were also noted
by other researchers [10]. This dependence of ef-
ficiency on the level of disease development nar-
rows the possibilities of using biopreparations

Tao6a. 1. Bmusaue BHecenus Crepuudara, CII B mouBy 1 IpoTpaBIMBaHUS CEMSH Ha pa3BUTHE KOpPHE-
BO# THWIIN B TIoceBe sipoBoil mmenwunsl (2020-2022 rr), %

Table 1. Effect of application of Sternifag, WP in soil and seed dressing on root rot development in

spring wheat crop (2020-2022), %

Disease progression index
Option Wheat tillering Milk-wax ripeness of grain

2020 2021 2022 2020 2021 2022
Control 5,1 5,2 4,02 15,8 13,4 17,0
Sternifag 5,3 2,5% 4,3 8,2% 9,2% 8,7*
Trichocin + Vitaplan 4,9 2,0% 3,3 7,1% 9,2% 9,5%
Scarlet + Vitaplan 2,4% 2,2% 3,0 7,6* 8,3*% 4,9%
Scarlet 1,8% 1,9% 1,7* 7,9% 9,2% 5,5%

Note. Here and in Tables 2, 3: * - variants are significantly different from the control at the p, level by the U - Mann-Whitney test.
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(unlike chemical ones) and requires a differenti-
ated approach to application taking into account
the level of disease development.

The most effective chemical preparation Titul
390 was expected to be 60-84% against septo-
riosis, 80-93% against powdery mildew, 85-98%
against rust. The efficiency of the application of
biopreparations during vegetation and applica-
tion of Sternifag against septoriosis was low
in all the years of research and did not exceed
30% regardless of the level of the disease devel-
opment. In the years of moderate development
(2020-2021), Alirin B, L + Trichocin was most
effective against powdery mildew — 42-54%.
In the year of the greatest development of pow-
dery mildew (2022), the efficiency of all prepa-
rations did not exceed 22%. Brown rust devel-
oped poorly in all 3 years of research. Alirin B,
L + Trichocin (48—64%) was also most effective
against it. Their application against Sternifag did
not increase the efficiency of the biopreparations

against rust (see Table 3).

In general, the growth-stimulating effect of
the studied preparations on wheat plants can be
noted (see Table 4).

Significant increase in flag leaf area was ob-
served in 2020 and 2022, in 2021 it appeared
as a trend. On average for 3 years, a large leaf
area was formed when using a mixture of bio-
preparations Trichocin + Vitaplan, when applied
during the growing season — Titul 390 and Alirin
B, L + Trichocin on the background of Sterni-
fag. It should be noted that on the background of
Sternifag both treatments with biopreparations
gave slightly better results. Only Scarlet + Vita-
plan seed treatment significantly increased plant
height, while Scarlet treatment only increased
plant biomass, although the tendency to increase
these indicators was observed in all the variants
of the experiment.

The applied treatments also influenced the
structural indicators of ear productivity. Seed

Tao6a. 2. Bausaue o6paboTku ceMsiH OuonpenapaTaMyu U XUMAYECKUM POTPABUTENIEM HA Pa3BUTHE

Oosesneit Ha ¢uar-mucre (2020-2022 rr.), %

Table 2. Effect of seed treatment with biopreparations and chemical seed dressing on disease

development on flag leaf (2020-2022), %

) Septoriose Powdery mildew Brown rust
Option 2020 2021 2022 2020 2021 2022 2020 2021 2022
Control 17,8 33,1 15,4 6,9 4,6 16,7 6,1 33 0,9
Trichocin + Vitaplan 11,3* 30,9 7,7* 2,6% 2,2% 12,8* 1,6* 1,7 1,3
Scarlet + Vitaplan 11,7* 33,1 9,0%* 2,1% 1,7* 10,9* 33 0,7* 0,5
Scarlet 8,2% 27,8 6,5% 2,8 1,2% 20,7 2,9% 1,9 1,7*

Taoa. 3. Bausaue o6paborok Ouonpenaparamu 1o Bereraiuu 1 BHeceHus Crepuudara, CII na passu-

tue 6onesnent (2020-2022 rr.), %

Table 3. Effect of treatments with biopreparations during vegetation and application of Sternifag, WP on

disease development (2020-2022), %

Option Septoriose Powdery mildew Brown rust

2020 2021 2022 2020 2021 2022 2020 2021 2022
Control 17,8 | 33,1 154 6,9 4,6 16,7 6,1 33 0,9
Titul 390 7,0% | 52% | 42% 1L,3* | 03* | 32% | 0,9*% | 0,2* 0,1
Alirin B, L + Vitaplan 12,9 32,1 15,8 9,4 2,6* 13,2 2,8% 2,0 0,5
Alirin B, L + Trichocin 18,4 26,2 12,1 4,0%* 2,1% 13,0 2,2% 1,7 0,5
Sternifag + Alirin B, L + Vitaplan 19,6 | 29,9 | 10,9% | 4,4* | 2,7* 15,8 5,0 2,7 2,2
Sternifag + Alirin B, L + Trichocin 12,6 | 23,9*% | 124 6,0 2,7* 241 39 2,6 0,7
10 Siberian Herald of Agricultural Science » 2023 « 53 « 10 Agriculture and chemicalization
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Taoxa. 4. Bnusaue npotpaBiuBaHust 1 00pabOTOK 10 BEreTauyu Ha OMOMETPUYECKHE TIOKA3aTeIH B 1Ie-

puox nuBetreHus nueHuns! (cpennee 3a 2020-2022 rr.)

Table 4. Effect of dressing and vegetation treatments on biometric parameters during wheat flowering

(average for 2020-2022)

Option Flag leaf area, cm? Plant height, cm | Air-dry weight of 25 plants, g
Control 12,0 79,8 33,7
Trichocin + Vitaplan 16,7 83,7 38,2
Scarlet + Vitaplan 15,2 85,0 41,7
Scarlet 15,9 83,3 44,1
Titul 390 15,1 81,8 42,7
Alirin B, L + Vitaplan 14,6 82,8 41,2
Alirin B, L + Trichocin 14,7 82,5 37,8
Sternifag + Alirin B, L + Vitaplan 14,8 82,0 36,0
Sternifag + Alirin B, L + Trichocin 15,4 82,3 39,8
LSD,, 1,8 7,9 9,3

dressing significantly increased ear length in
the variants Scarlet + Vitaplan and Scarlet by
11.4%. When using a mixture of the biological
dressing agent Vitaplan + Trichocin, an increase
in this indicator by 7.8% was observed. In case
of seed treatment, the number of grains in an ear
increased on average for 3 years by 16.3-18.9%,
the number of spikelets — by 8.9-10.1%, grain
weight per ear — by 22.2-28.9%, but these differ-
ences are not reliable. Application of the prepa-
rations during the vegetation period increased
almost all indicators reliably, spikelet length —
by 16-28%, number of spikelets — by 15 —20%,
grains — by 24-31%, grain weight per spikelet —
by 33 —51% (see Table 5).

For 3 years, pre-sowing seed treatment sig-
nificantly increased the yield of spring wheat
on average by 0.08-0.23 t/ha (see Table 6). The
greatest increase in the yield was noted at ap-
plication of chemical mordant Scarlet (0.15 t/
ha), at joint use of chemical preparation Scarlet
with biological Vitaplan the increase was slight-
ly lower (0.11 t/ha), at biological preparations it
amounted to 0.1 t/ha. Chemical fungicide Titul
390 was the most effective among the treatments
during vegetation (average factor): the yield in-
creased by 0.33 t/ha. When applying biological
preparations, this indicator was at the level of
0.11 —0.14 t/ha, on the background of Sternifag

a slight decrease in the yield gain was observed.
Complex use of chemical preparations (Scarlet
+ Titul) provided the maximum yield gain of
0.62 t/ha, from the combined use of chemical
and biological preparations the yield increased
by 0.17 —0.34 t/ha. Biological preparations in-
creased this indicator by 0.13 —0.23 t/ha.

CONCLUSION

The study of the efficiency of biopreparations
application revealed some peculiarities of their
action. At the end of vegetation all seed treat-
ment methods approximately equally reduced
the development of root rot. At strong (33%)
development of septoriosis neither chemical nor
biological dressing agents reduced the develop-
ment of this disease. Treatments during vegeta-
tion (except for fungicide Titul 390, CSC) also
weakly reduced the disease incidence in plants.
At the same time, it was confirmed that the high-
er the development of the disease, the lower the
effectiveness of the biopreparations. Joint appli-
cation of two chemical preparations provided
yield growth by 0.62 t/ha, the best combinations
of biopreparations - by 0.33 t/ha. Bioprepara-
tions demonstrate lower biological efficiency
compared to the chemical ones, but such com-
binations of synthetic and microbiological fun-
gicides can be selected, which will ensure phy-
tosanitary condition of crops and yield at the
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Tao6a. 5. Bausaue oOpaboTOK Ha CTPYKTYpHBIE IOKA3aTeIH MPOAYKTUBHOCTH KOJIOCa

Table 5. Effect of treatments on structural indicators of ear productivity

Option Spike length, cm | Number of spikelets | Number of grains Grairslp\zvke;’ggt per
Average for 2020-2022
Control 8,5 14,6 30,1 0,90
Trichocin + Vitaplan 9,2 15,9 35,0 1,10
Scarlet + Vitaplan 9,5 16,0 35,2 1,11
Scarlet 9,5 16,1 35,8 1,16
LSD,, 0,94 1,88 7,5 0,29
Average for 2021-2022
Control 8,1 13,6 29,6 0,90
Titul 390 9,7 16,4 38,7 1,31
Alirin B, L + Vitaplan 9,5 15,9 37,5 1,21
Alirin B, L + Trichocin 9,5 15,7 38,6 1,26
Sternifag + Alirin B, L + Vitaplan 10,4 16,3 39,7 1,36
Sternifag + Alirin B, L + Trichocin 9.4 15,9 36,8 1,21
LSD, 1,44 1,98 7,0 0,27

Ta6xa. 6. BriusHue npoTpaBivBaHus CEMSH U 00pabOTOK MO BEreTaluy Ha ypoKalHOCTh MIITCHUIIBI
(cpennee 3a 2020-2022 rr.), T/Ta

Table 6. Effect of seed dressing and vegetation treatments on wheat yield (average for 2020-2022), t/ha

Vegetation treatment, factor B
Seed treatment . .. .. Sternifag + Sternifag +
factor A Control | Titul | Alirin B, L+ 1 Alirin B, L+ 0 g5 1 Airinp, L+ | Average
390 Vitaplan Trichocin Vi . . for factor A
itaplan Trichocin

Control 2,26 2,51 2,37 2,35 2,39 2,44 2,38
Trichocin + Vitaplan 2,36 2,70 2,39 2,45 2,40 2,49 2,46
Scarlet + Vitaplan 2,37 2,63 2,59 2,54 2,48 2,41 2,50
Scarlet 2,41 2,88 2,61 2,62 2,57 2,59 2,61
Average for factor B 2,35 2,68 2,49 2,49 2,46 2,48

LSD,; For factor A = 0,05, B = 0,06, partial averages = 0,14

required level. Application of biopreparations
should have a certain role in the system of im-
provement of phytosanitary condition of soft
spring wheat crops.
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BJIMSHUE KYJIBTYPAJIBHBIX ®UJIBTPATOB I'PUBOB POJAA FUSARIUM
HA KAJIJITYCHBIE KVYJIBTYPbI OBCA

Jlyrosuosa C.10., <X)Ctynko B.1O., HemymaeBa H.A.

Kpacnospckuii HayuHo-uccie008amenbCKull UHCMUmyn celibCKo20 X03:cmea — 060cobieHnoe
noopaszoenenue PedepanbHozo ucciedosamenvckozo yenmpa «Kpacnoapcxuil nayunviii yenmp
Cubupckozo omoenenus Poccutickou akademuu Hayk»

Kpacnosipck, Poccust

(<) e-mail: stupko@list.ru

[IpoBenena onenka BnusHUS Tpex KoHIeHTparwii (30, 40 u 50%) KyasTypanpHOTO (hHIBTpaTa
(K®) rpuboB pona Fusarium (F. sporotrichioides, F. poae, F. equiseti, F. oxysporum) Ha apaMeTpbl
pocTa M pa3BUTHE KaJIyCHOW KynbTyphl oBca. Mcnonb3oBanu KO Ha stane nponudepanun kamty-
COB ISl OTOOpa COMaKJIOHAJBHBIX KJICTOUHBIX JHHUH C TIPU3HAKAMU TOJICPAHTHOCTH K MHKOTOKCH-
HaMm. HIYKIHMIO KaJUTyCOreHe3a mepe 3TUM poBowin Ha cpene Mypacure — Ckyra (MC) ¢ 3 mr/n
2,4-1 u 2 mr/n YK B KynbType He3peibIX 3apojbliieii copToB TroMEeHCKU rono3epHbiid, TyOuH-
ckuii, 30710TOH movyaTrok u TamucMan. Marepuani s KCIIEpUMEHTa OTOOpaH U3 KOJIOChEB PACTCHUA,
BBIPAILLECHHBIX B JeTHUM nepuon 2016—2018 rr. Ha onbITHBIX OysIX B KpacHosipckoil necocrenu. [pu
niepecanike Ha cpensl nponudeparmu (MC + 1,5 mr/n 2,4-]1), koHTpoNbHOM U copepxkamieit KO, puk-
cupoBaju pazMmep Kamrycos. [1o ncreuenun 30 aHel KynbTHBUPOBAHHS OTMEYAIH PUPOCT KaJUTyCOB,
NpU3HAKU HEKPO3a U opraHorenesa. [1o0 OKOHYaHUM SKCIEPUMEHTA MOJACYUTHIBAIH YHCIO cPOpMU-
poBaBimxcsi perenepanToB. [Ipucyrcreue KO B cpene mponmudepanuu yxe B KoHueHTparmu 40%
o0ecrneunBaio CHIKEeHNE MTpor(epaTnBHON aKTUBHOCTH M YBEIIMUMBAJIO YaCTOTY HEKpPO3a He MEHee,
yeM Ha 50%. AHanoruuHele pe3yasrarsl noy4deHsl npu yposae KO 50%. Ha cpenax ¢ KO F poae
CHIDKEHHUE JKU3HECITOCOOHOCTH KaurycoB gocturaino 60—70%. Kammycel, coxpaHUBIIHE dKU3HECTIO-
COOHOCTB B 3THX YCJIOBUSIX, UMEJIH YaCTOTY ()OPMUPOBAHNS PETCHEPAHTOB U OpraHoreHe3a B 2—3 pasa
BBIIIIE, YeM 00pa3Iibl, HE TIOIBEPTIINECS BIMSIHUIO CENIEKTHBHOTO (akTopa. OCOOCHHO 3TO BBIPAKEHO
npu nodasnennu KO F. sporotrichioides. Jlanubiii a¢dext He Habmomancs mpu BHeceHun KO F. oxy-
sporum. DT0 MOXKET OBITh CBSI3aHO C OTIIMYHSIMH B COCTaBE KOMIUIEKCa MUKOTOKCHHOB JTAHHOTO BUAA
rprOOB OT OCTAIBHBIX, HCIIOIL30BAHHBIX B HiccieioBaHuU. [l nanpHeimeit paboThl HaJ TEXHOIOTH-
el co3nanus GopM 0Bca C yCTOWIMBOCTHIO K MUKOTOKCHHAM I'pHOOB poja Fusarium npeamnonaraeTcs
HCTIOJIB30BATh YPOBEHb CENIEKTHBHOTO AaBieHus He Huxke 40%.

KuroueBble cj10Ba: oBeC, KJICTOUHAs CEIICKLUs, Fusarium, KyabTypaibHbIi Guasrpar

EFFECT OF CULTURE FILTRATES OF FUSARIUM FUNGI
ON OAT CALLUS CULTURES

Lugovtsova S.Yu., ©<)Stupko V.Yu., Neshumaeva N.A.

Krasnoyarsk Research Institute of Agriculture - Division of Federal Research Center «Krasnoyarsk
Scientific Center of the Siberian Branch of the RAS»

Krasnoyarsk, Russia

(<) e-mail: stupko@list.ru

The effect of three concentrations (30, 40 and 50%) of the culture filtrate (CF) of the genus Fu-
sarium fungi (F. sporotrichioides, F. poae, F. equiseti, F. oxysporum) on the growth and development
parameters of oat callus culture was evaluated. CF at the callus proliferation stage was used to select
somaclonal cell lines with mycotoxin tolerance traits. Prior to this, callusogenesis induction was car-
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Effect of culture filtrates of Fusarium fungi

Lugovtsova S.Yu., Stupko V.Yu., Neshumaeva N.A.

on oat callus cultures

ried out on the Murashige-Skoog (MS) medium with 3 mg/l 2,4-D and 2 mg/l UIC in the culture of
immature embryos of the Tyumensky Golozerny, Tubinsky, Zolotoy Pochatok and Talisman varieties.
The material for the experiment was selected from the ears of the plants grown in the summer period
of 2016-2018 on the experimental fields in the Krasnoyarsk forest-steppe. Callus size was recorded
when transplanted onto the proliferation media (MS + 1.5 mg/l 2,4-D), control and CF-containing
media. After 30 days of cultivation, callus growth, signs of necrosis and organogenesis were noted.
At the end of the experiment, the number of the regenerants formed was counted. The presence of CF
in the proliferation medium already at a concentration of 40% provided a decrease in the proliferative
activity and increased the frequency of necrosis by at least 50%. Similar results were obtained at the
CF level of 50%. On the media with F. poae CF, the reduction of callus viability reached 60—70%.
The calluses that remained viable under these conditions had a frequency of regenerant formation
and organogenesis 2—3 times higher than the samples that were not influenced by the selective factor.
This is particularly pronounced when F. sporotrichioides CF is added. However, this effect was not
observed when F. oxysporum CF was applied. This may be due to the differences in the composition of
the mycotoxin complex of this mushroom species from the others used in the study. For further work
on the technology of creating oat forms with resistance to mycotoxins of the Fusarium genus fungi, it

is assumed to use a level of selective pressure not lower than 40%.
Keywords: oat, cell selection, Fusarium, culture filtrate
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INTRODUCTION

Mycotoxins synthesized by fungi of the genus
Fusarium play an important role in the patho-
genesis of fusariosis in cereal crops, in partic-
ular, they determine the virulence of the patho-
gen. This is confirmed by the low virulence of
mutant strains with toxicity gene deficiency (7ox
minus) [1]. Similarly, a correlation was shown
between DON synthesis and virulence of F
graminearum [2] and F. culmorum [3]. Oats, due
to the peculiarities of their anatomy, are quite re-
sistant to colonization by phytopathogens (there
is no spread of fungal hyphae through vascular
tissues). As a consequence, the main source of
infection is external inoculation, the main types
of resistance are tolerance and ability to accu-

mulate and/or degrade mycotoxins (types I'V and
V)!. It is believed that these types of resistance
are based on cellular mechanisms [4].

In this regard, cell selection is a potentially
successful method of selecting lines tolerant to
mycotoxins. However, most research on fusari-
osis of cereal crops is conducted on wheat and
barley. There is experience in increasing crop
resistance to various phytopathogens through in
vitro selection: wheat to F. graminearum and F.
culmorum (culture filtrate (CF) and double-layer
cultivation method); pineapple to F. subglutinans
(CF); asparagus and chickpea to F. oxysporum,
F proliferatum (CF); barley to Helminthospori-
um sativum (medium with toxins); soybean to F.
solani (CF)?. In combination with dihaploid cul-

"Wang Y.Z., Miller J.D. Effects of Fusarium graminearum metabolites on wheat tissue in relation to FHB resistance // Journal of

Phytopathology, 1988, vol. 122, pp. 118-125.

2Svibovi L., Lebeda A. In Vitro Selection for Improved Plant Resistance to Toxin-Producing Pathogens // Journal of Phytopa-
thology, 2005, vol. 153, pp. 52—-64. DOI: 10.1111/j.1439-0434.2004.00928.x.
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Brnsaue KynbTypanbHBIX (GUIBTPATOB IPHOOB poxa Fusarium
Ha KaJTyCHBIE KYJIbTYpbI OBCA

Jlyrosiosa C.1O., Crynko B.1O., Hemrymaesa H.A.

ture, in vitro selection allowed to obtain several
wheat and barley varieties tolerant to trichoth-
ecene producers in the early 2000s [5].

There are almost no similar works on oat
breeding. This is due to the greater importance
of wheat and barley in the food structure, as
well as to the asymptomatic nature of fusariosis
in oats, which resulted in its widespread culti-
vation without taking into account the sensitiv-
ity of varieties to fusariosis [6]. In the 2000s, a
large number of data on high grain infestation
forced researchers to pay attention to the need to
improve the resistance of this crop to micromy-
cetes of the genus Fusarium [7].

At present, interest in the creation of new
forms of cereals through the mechanisms of
somaclonal variability in tissue culture under
selective exposure to CF or trichothecene com-
pounds is again increasing. Wheat regenerants
obtained in this way are undergoing field trials
in the framework of governmental productivity
improvement programs in Canada’.

The first step in the development of technology
for obtaining such forms of cereals is the selection
of concentrations of selective agent (CF), provid-
ing a sufficient level of pressure to select cell lines
tolerant to the toxins of the micromycete.

The purpose of the study was to determine
the response of callus cultures of spring oat to
different levels of CF regional isolates of fungi
of the genus Fusarium.

MATERIAL AND METHODS

Spring oat varieties Tyumensky Holozerny,
Tubinsky, Zolotoy Pochatok and Talisman were
used as donor genotypes in this work.

Immature embryos for initiation of callus cul-
ture were selected at the Z-75 phase (milk-wax
ripeness)* from the ears of plants grown in the
summer of 2016-2018 in the experimental fields
located in the central part of the Krasnoyarsk
forest-steppe region.

Oat embryos were placed on agarized Mu-
rashige-Skoog medium (MS) containing 3 mg/l
2,4-D and 2 mg/l IAA (indole acetic acid). Cal-
luses formed under these conditions were pas-
saged on the proliferation media of the same
composition, but with 2-fold reduced concentra-
tion of 2,4-D. In addition to the control medium,
the media containing CFs of Fusarium fungi (F.
sporotrichioides, F. poae, F. equiseti, F. oxyspo-
rum) at concentrations of 30, 40 and 50% (vol-
ume/volume) were used. 30-60 calluses were
placed on each medium variant depending on the
frequency of callus formation and culture con-
tamination at the stage of callusogenesis induc-
tion. The experiments were performed in three
biological repetitions (N = 90-180). After 30
days, calluses without signs of morphogenesis
were passivated to regeneration medium (MS +
0.5 mg/l IAA + 1 mg/l kinetin). Specimens that
formed stems were transferred to rooting medi-
um (MS + 6 mg/l ITAA + 0.1 mg/l kinetin) and ac-
climatized according to the method’. Callus cul-
tures were cultured under artificial light (white
light, 3500 1x), light regime of 14 h/10 h day/
night and temperature of 22-25 °C. Fully formed
regenerants were planted in the conditions of the
light culture hall to obtain seed progeny.

During passivation of calluses to a new me-
dium, their linear size was determined. At the
end of the proliferation stage, callus sizes were
recorded, the number of specimens without
signs of necrosis (darkening of tissues, orange
coloration of the medium around the callus) and
the number of calluses with stem genesis were
counted. The number of regenerants formed was
recorded at each stage of cultivation and the to-
tal result was counted.

Statistical data processing was performed us-
ing the statistical package R 4.0.4 in the RStudio
1.4.1103 development environment (2009-2021
RStudio, PBC). Conformity of the data distribu-
tion on callus growth to normal was evaluated

3Ryabova D., Randhawa H.S., Kathiria P, Jiang F., Spaner D., Hucl P, Graf R., Eudes F., Foroud N.A. Development of new
wheat varieties resistant to FHB through microspore in vitro selection technology // National Fusarium Head Blight Forum: proceed-
ings. (St. Louis MO, United States, December 4-6 2016). St. Louis MO, 2016, p. 92.

*Zadoks J.C., Chang T.T., Konzak C.F. A decimal code for the growth stages of cereals / Weed Research, 1974, vol. 14, pp. 415—

421.DOI: 10.1111/j.1365-3180.1974.tb01084.x.

SPatent No. 2754733, A0O1H 4/00 "Method of rooting and adaptation of shoots of bare-grained and filmy oats and wheat, obtained
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Effect of culture filtrates of Fusarium fungi
on oat callus cultures

Lugovtsova S.Yu., Stupko V.Yu., Neshumaeva N.A.

by the Shapiro-Wilk test. Reliability of the ef-
fect of the level of CF in the medium on callus
growth was determined using the Kraskell-Wal-
lis test. Data on the graphs represent median val-
ues (Me), bars represent the interquartile range
of values [25%/75%]. Mann-Whitney test with
Holm-Bonferroni correction was used as a pos-
teriori analysis. To determine the statistical sig-
nificance of the differences in the frequency of
morphogenesis traits, as well as the proportion
of viable callus between the media with differ-
ent levels and types of CF, the Fisher's exact test
for bipolar tables with the Holm-Bonferroni cor-
rection for multiple pairwise comparisons was
calculated.

RESULTS AND DISCUSSION

At the proliferation stage, the presence of CF
in the medium at any of the concentrations used
in the experiment statistically significantly re-
duced the proportion of viable calluses relative
to the results obtained on the control medium
(see Fig. 1). At the same time, no differences in
the frequency of callus necrosis were detected
between the media with 40 and 50% CF regard-
less of the micromycete species used.

According to the data of callus volume
growth on the media with different levels of CF,
starting from 40%, proliferative activity was al-
most absent, and by the end of this stage, the
overwhelming part of callus had the sizes not
differing from those recorded at its beginning
(see Fig. 2).

Against the background of decreased pro-
liferative activity on the media with CF, an in-
crease in the frequency of stem genesis in the
callus mass was observed when it was cultured
on all selective media, except for the variant
with F. oxysporum (see Fig. 3, a).

When comparing the data obtained at the
same concentration of CF, but using different
species of micromycetes, the maximum decrease
in callus viability was observed on the media
with 30 and 40% CF of F. poae (see the Table).
F. poae is the dominant species in the complex
of pathogens causing oat fusariosis [7]. F. sporo-
trichioides infestation is also quite common. On
the media with F. sporotrichioides CF, the max-
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Fig. 1. The fraction of the calluses that remained
viable at different levels of CF of four species of
Fusarium fungi in the proliferation medium

(% relative to the control)

Here and further on fig. 2, 3: the same letters indicate
values that do not differ within one type of the micromy-
cete used at p < 0.05; *statistically significant difference
from control conditions at p < 0.05
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Fig. 2. The volume gain of the calluses on the pro-
liferation media containing CF of Fusarium fungi at
various concentrations (% relative to the initial size)
(median + [25/75])
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Fig. 3. The frequency of stem (a) and regenerant (6) formation in oat callus culture on the media with CF
of Fusarium fungi (% relative to the values obtained on the control medium)

imum values of stem genesis frequency were
observed at all the investigated stressor levels
(see the Table). The least toxic for callus cells
was the level of 30% CF F. equiseti. The iso-
late of this micromycete was isolated from the
oat grain grown in the experimental fields of the
Krasnoyarsk Research Institute of Agriculture.
However, according to the data of O.P. Gavrilo-
va et al [7], this species is quite rare when ana-
lyzing the infestation of grain of this crop in the
Siberian Federal District.

Regeneration activity did not decrease below
the values of the control medium in any of the
medium variants with CF (see Fig. 3, a). There
are several probable reasons for such a frequency
of organogenesis, for example, the presence in
CF synthesized by fungi of the genus Fusarium
auxins and cytokinins that regulate tissue differ-
entiation and growth of plant organs [8]. When
using CF in work, these compounds, according
to the researchers®, may have a stimulating effect
on regeneration in wheat callus culture. A simi-
lar effect is shown for fusaric acid, which played
the role of a regeneration inducer in the work on

in vitro selection of Cucurbita pepo ssp. pepo
var. styriaca for resistance to fusariosis [9]. The
authors attribute this effect to the influence of fu-
saric acid on ethylene synthesis, which can cause
an increase in the DNA content and inhibition
of cytokinins. As a result, a decrease in ethylene
concentration leads to explosive cell division.
The above works refer to "low concentrations"
of selective agents. However, judging by the re-
duction of proliferative activity to almost zero
(see Fig. 2) and the frequency of callus necrosis
close to 50% (see Fig. 1), the level of 30% CF in
the medium can be considered insufficient (low)
in the current study.

The increase in the frequency of regenera-
tion in the culture of isolated oat tissues in vitro
under the action of stress factors is known and
used to increase the yield of regenerants [10].
However, there is a possibility that calluses with
low regeneration activity were more sensitive to
the action of the stressor and underwent necro-
sis. In favor of the latter is evidenced by the fact
that the samples that underwent such selection
further demonstrated a high ability to form full-

*Shayakhmetova LF., Asfandiyarova P.P. Phytotoxicity of the culture filtrate of Fusarium oxysporum Shlecht. to callus tissue of
wheat // Mycology and Phytopathology, 1991, N 4 (25), pp. 343-347.
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Bnusiaue BUJla MUKPOMUIICTOB poJa Fusarium Ha )K13HECIOCOOHOCTh U PEreHCPALIMOHHYIO aKTUBHOCTD

KaJUTyCOB OBCa

Influence of the Fusarium genus micromycete species on viability and regeneration activity of oat calluses

CF concentration, % E sporotrichioides F. poae F equiseti F. oxysporum
Percentage of calluses that remained viable
30 0,47% 0,422 0,65® 0,57%
40 0,392 0,285 0,412 0,37
50 0,32% - 0,442 0,31°
Incidence of stem genesis
30 0,532 0,29° 0,28° 0,34°
40 0,42° 0,322 0,272 0,38
50 0,942 - 0,308 0,31°

Note. Identical letters indicate values that do not differ within the same CF concentration at p < 0,05.

grown regenerant plants (see Fig. 3, 6). The in-
dicators of these samples were higher than those
that were not exposed to the stressor. Some cal-
lus disintegrated when passaged on the regen-
eration medium into large globules that were
planted separately from each other. Often each
of these globules formed a regenerant.

The proportion of the specimens that formed
regenerants was calculated based on the data on
the calluses that did not undergo necrosis. On me-
dia with F oxysporum CF, neither a high propor-
tion of calluses with stem genesis (see Fig. 3, a),
nor a higher frequency of regenerant formation
compared to control conditions (see Fig. 3, 0)
was observed. This may be due to the low repre-
sentation of this species among oat pathogens in
the conditions of the Krasnoyarsk forest-steppe,
where the isolate used in this work was isolated.
According to researchers' data, when analyzing
the grain infestation, this species of micromy-
cete is extremely rare in Eastern Siberia’. Prob-
ably, the tissue reaction to CF of the species not
included in the dominant Fusariums is weaker.
The difference in the reaction may also be due to
the different complex of toxins secreted by the
cultures of the species studied in this work. F

sporotrichioides, F. poae and F. equiseti produce
diacetoxyscyrpenol, F. sporotrichioides and F.
equiseti produce zearalenone, F. sporotrichioi-
des and F. poae produce T-2 toxin. At the same
time, F. oxysporum mainly synthesizes monili-
formin. To clarify the validity of this hypothe-
sis, experiments with pure preparations of toxins
will be carried out in the future.

CONCLUSION

Culture filtrate introduced into the nutrient
medium at the stage of callus proliferation pro-
vided a decrease in the proliferative activity and
an increase in the frequency of tissue necrosis
by more than 50% at a concentration of 40%.
At the same time, the maximum decrease in cal-
lus viability was observed on the media with F.
poae CF. The increase in the level of selective
pressure did not lead to changes in the culture
parameters compared to the medium with 40%
CF. In this regard, this concentration can be con-
sidered as the minimum necessary for selection
of oat somaclonal lines tolerant to toxins synthe-
sized by fungi F. sporotrichioides, F. poae and
F. equiseti. The addition of CF to the medium is
probably a selective factor to select the samples
with enhanced regeneration activity. The sam-

"Piryazeva E.A., Malinovskaya L.S. Prevalence of fungi of the genus Fusarium Link, affecting the grain of bread cereals in
different regions of Eastern Siberia // Russian journal Problems of veterinary sanitation, hygiene and ecology, 2009, N 2 (2), pp.

14-19.
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ples that were selected showed a frequency of
regenerant formation 2-3 times higher than those
cultured under non-stress conditions. This effect
is especially pronounced on the media with F
sporotrichioides CF. The absence of such an ef-
fect of selective conditions on the medium with
F. oxysporum CF requires additional studies.
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OCOBEHHOCTH PASMHOKEHUSI THBPHUJIOB KJIOKBBI KPYITHOILIOJHOM
(OXYCOCCUS MACROCARPUS) B KVJIBTYPE IN VITRO

)3pct A.A., T'opoynos A.B., Turos E.B.

Lenmpanvnwiti cubupcxuti bomanuueckuti cad Cubupcroeo omoenenusi Poccuiickoii akademuu Hayx
Hosocubupck, Poccus

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

Hacrosmee nccnenoBanue HalpaBiIeHO Ha pa3pabOTKy CUCTEMbl MUKPOPA3MHOXKEHUS IISITH MEXK-
COPTOBBIX THOPUAOB Oxycoccus macrocarpus, IEPCIEKTUBHBIX Ul BBIPAIIUBAHUS Ha TEPPHUTOPHH
3anaguoi Cubupu. Bee nccnenoBanus 1mo co3qaHUIO METOIUKN PA3MHOKEHUS in Vitro TIPOBEJCHBI
Ha mpuMepe MexkcopToBoro Tubpuna O. macrocarpus Bergman x Pilgrim. I'mOpuner Ben Lear X
Bergman, Ben Lear x Pilgrim, Pilgrim x Bergman u Pilgrim x Ben Lear pazmHoxxens! in vitro 1o
paspaboranHoii Juis Bergman X Pilgrim texHonoruu. BexoskecTsh ceMsiH THOPHIOB B KYJIBTYpE i Vitro
cocrasmia ot 35,29 no 80,00%. Ha stame MmaccoBoro pa3MHOKEHHUS! YCTAHOBJICHO, YTO KOHIIEHTPAIUS
2-nzonentunaneHnna 0—10 MkM He BiauseT Ha KO3GGUIHMEHT pasMHOKEHHsL. TecTupyeMble 3HAYCHUS
pH (4,5-7,5) He Bb3BIBaNIM THOENHL TMOpHIa Bergman X Pilgrim, uto yka3piBaeT Ha €ro ycToW4H-
BOCTb B JJaHHOM auana3oHe pH. OTMedeHo akTuBHOE KOpHEOOpa30BaHUE HA CPeNax ¢ LUTOKUHUHOM
(100,0%), B cBA3M C ueM OTHENBHOW CTaJANU YKOPEHEHUs] MUKporoOeroB He TpedoBaiock. Ha stame
aJIanTaluy K YCIOBHSIM eX Vitro yCTaHOBJICHO, YTO UCTIONIb30BaHUE B KaYeCTBE CyOcTpaTa c(harHoBOro
Mxa sBisgercs 3¢ (hekTHBHBIM npueMoM. JKi3HecnocoOHOCTh pacTeHuii cocrasmia 86,0-93,0%. Ilo-
Ka3aHbl JIOCTOBEPHBIEC PA3IUUMSs MTOCIIE dTamna aJanTalyuy: 10 KOJIMYECTBY NOOETOB — MEXly THOpua-
mu Bergman x Pilgrim (1,21 mr./moGer) u Ben Lear x Bergman (7,00 wt./mo6er), no ammHe KopHeH —
Mexay Bergman x Pilgrim (19,7 mm), Ben Lear x Bergman (39,4 mm) u Pilgrim x Bergman (53,4 mm).
[IpuMeHeHne METOOB in Vitro Uil pa3MHOKEHHS U OTOOpa FeHOTHUIIOB SIBIISIETCS 3PPEKTUBHBIM MO
XOJIOM M MOXKET MPUMEHSTHCS B POrpaMMax MOJTy4YeHUs] MEXKCOPTOBBIX THOpUI0B O. macrocarpus.

KuioueBble cj10Ba: KIIOKBa, THOPHUIIBI, pa3MHOKEHUE in Vitro, pH nuTareapHON cpenbl

FEATURES OF LARGE CRANBERRY (OXYCOCCUS MACROCARPUS) HYBRIDS
PROPAGATION IN IN VITRO CULTURE

(XD Erst A.A., Gorbunov A.B., Titov E.V.

Central Siberian Botanical Garden of the Siberian Branch of the Russian Academy of Sciences
Novosibirsk, Russia

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

The present study is aimed at developing a micropropagation system for five intervarietal hybrids
of Oxycoccus macrocarpus promising for cultivation in Western Siberia. All studies on the develop-
ment of in vitro propagation techniques were carried out on the example of the intervarietal hybrid
O. macrocarpus Bergman x Pilgrim. Ben Lear X Bergman, Ben Lear x Pilgrim, Pilgrim x Bergman,
and Pilgrim x Ben Lear hybrids were propagated in vitro using the technology developed for Berg-
man x Pilgrim. Seed germination of the hybrids in in vitro culture ranged from 35.29 to 80.00%. At
the mass reproduction stage, it was found that concentrations of 2-isopentyl adenine 0—10 pM did not
affect the reproduction rate. The tested pH values (4.5-7.5) did not cause the death of Bergman x Pil-
grim hybrid, indicating its stability in this pH range. Active root formation on the media with cytokinin
(100.0%) was observed, and therefore a separate stage of rooting of microshoots was not required.
During the ex vitro adaptation phase, it was found that the use of sphagnum moss as a substrate served
as an effective technique. The plant viability was 86.0-93.0%. Significant differences after the adapta-
tion stage were shown: in shoot number between Bergman x Pilgrim (1.21 pcs./shoot) and Ben Lear x
Bergman (7.00 pcs./shoot) hybrids, in root length between Bergman x Pilgrim (19.7 mm), Ben Lear x
Bergman (39.4 mm) and Pilgrim x Bergman (53.4 mm). The use of in vitro methods for propagation
and selection of genotypes is an effective approach and can be applied in programs to obtain interva-
rietal hybrids of O. macrocarpus.

Keywords: cranberry, hybrids, in vitro propagation, nutrient medium pH
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INTRODUCTION

For almost 200 years of cultivation of
large-fruited cranberry — Oxycoccus macrocar-
pus (Aiton) Pursh — more than 100 varieties have
been developed as a result of selection in nature
and intervarietal hybridization'. The territory of
Western Siberia is characterized by a short grow-
ing season, insufficient heat in summer and harsh
winters, so the creation of a regionalized assort-
ment of cranberries on the basis of testing for-
eign varieties, as well as interspecific, inter- and
intra-genus hybridization involving large-fruited
cranberries is considered an urgent task.

As a result of research, it has been estab-
lished that the most early-ripening, large-fruited
and yielding introduced varieties of large-fruit-
ed cranberry in the south of Western Siberia are
Bergman, Ben Lear and Pilgrim [1]. Creation of
new intervarietal hybrids for Siberia on their ba-
sis is a promising direction in cranberry breed-
ing. Such hybrids were created in the Central Si-
berian Botanical Garden of the Siberian Branch
of the Russian Academy of Sciences (CSBG SB
RAS).

Cloning of new selected cranberry specimens
in in vitro culture has an advantage over tradi-
tional propagation methods, allowing rapid and
mass multiplication of valuable breeding mate-
rial. Although there are a number of works on in
vitro propagation of various species of the gen-
era Vaccinium L. and Oxycoccus Hill [2-6], only
a few of them are devoted to the cultivation of
O. macrocarpus. For propagation of the repre-
sentatives of Vaccinium and Oxycoccus genera
in in vitro culture, nutrient media according to
Anderson (A)?, Murashige and Skoog (MS)* and
McCown (WPM)* supplemented with zeatin,
thidiazuron or 2 isopentyladenine (IPA) are
more often used. In addition to the composition
of the basic nutrient medium and growth regula-
tors, another factor affecting micropropagation
of plants is the concentration of hydrogen ions in
the medium (pH). Generally, a pH in the range
of 5.5-5.8 is recommended for in vitro cultiva-
tion of most plant species. However, the most
effective Ph value is specific to individual plant
species and even cultivars and must be deter-
mined experimentally. For acidophilic plants,

Introduction of non-traditional fruit, berry and vegetable plants in Western Siberia / ed. by I.Yu. Koropachinsky, A.B. Gorbunov.

Novosibirsk: Geo, 2013, 290 p.

2Anderson W.C. Propagation of rhododendrons by tissue culture. Part 1: Development of a culture medium for multiplication of
shoots // Combined Proceedings — International Plant Propagators’ Society, 1975, vol. 25, pp. 129-135.

3Murashige T., Skoog F. A revised medium for rapid growth and bioassays with tobacco tissue cultures / Physiologia Plantarum,

1962, vol. 15, N 43, pp. 473-497.

‘Lioyd G., McCown B. Commercially-feasible micropropagation of mountain laurel, Kalmia latifolia, by use of shoot tip cul-
ture // Combined Proceedings — International Plant Propagators’ Society, 1980, vol. 30, pp. 421-427.
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such as cranberries, the optimal soil pH value
is less than 5.5 [7], which should be taken into
account during in vitro cultivation. For exam-
ple, it has been shown that shoot proliferation
of Vaccinium vitis-idaea L. varieties Koralle and
Red Pearl using single-node segments obtained
in vitro was markedly affected by both varietal
characteristics and medium pH®. Thus, screen-
ing of cranberries, including in vitro culture,
for tolerance to different pH values is necessary
in the development of new varieties adapted to
high pH soils.

The purpose of the research was to study the
peculiarities of in vitro reproduction and adapta-
tion to ex vitro conditions of intervarietal hybrids
of O. macrocarpus promising for cultivation in
Western Siberia.

MATERIAL AND METHODS

The material for in vitro inoculation was hy-
brid seeds of O. macrocarpus obtained in com-
binations of intervarietal hybrids Bergman x Pil-
grim (2018) and Ben Lear x Bergman, Ben Lear
x Pilgrim, Pilgrim X Bergman, Pilgrim X Ben
Lear (2020) at the experimental site of the Food
Plant Introduction Laboratory of the CSBG SB
RAS.

All studies on clonal micropropagation were
conducted on the intervarietal hybrid O. macro-
carpus Bergman X Pilgrim. The other hybrids
were propagated and adapted according to a
similar scheme (data are given only for seed ger-
mination and the stage of adaptation to ex vitro
conditions).

Seeds from freshly harvested fruits were
used. The seeds were sterilized with 20% m Do-
mestos solution (Unilever, UK) for 20 min fol-
lowed by three times rinsing with sterile distilled
water. The seeds were germinated on 0.6% m
water agar under the following conditions: tem-
perature 24 + 1°C, photoperiod - 16/8 h light/
dark, illumination 2-3 klk. After one month of
cultivation, seedlings were transferred to the nu-
trient medium A supplemented with 5 uM IPA,
3% y sucrose, and 0.6% m agar. To evaluate the

effect of IPA on shoot formation, concentrations
of 5, 10 and 15 uM were used. The control was
hormone-free medium A. To evaluate the effect
of pH on shoot and root growth and develop-
ment, nutrient medium A supplemented with 5
uM IPA was used with different pH values (4.5;
5.5;5.5; 6.5 and 7.5) and the addition of differ-
ent amounts of agar (0.8; 0.6 and 0.4 g/l).

Adaptation of regenerant plants took place
in plastic containers filled with sphagnum moss
and installed on a rack in the adaptation room.
Conditions: temperature 24 = 1 °C, photoperi-
od - 16/8 h light/darkness, illumination 2-3 klk.
Before planting into the substrate, the roots of
hybrids were pinched for easy planting. During
the first 14 days of adaptation, containers were
covered with transparent lids to create high hu-
midity. After 21 days of adaptation, weekly root
feeding with Bona Forte preparation for azaleas
(Beauty series, Rusinhim, Russia) in the con-
centration recommended by the manufacturer
was carried out. After 1.5 months, the adapted
plants were planted in a soil substrate consisting
of neutral and acidic peat in the ratio of 2 : 1, and
grown under greenhouse conditions.

Measurements were carried out in two rep-
etitions of 30 microshoots per experiment after
60 days of cultivation. Statistical processing of
the results and analysis of the obtained data were
performed using Microsoft Excel 7.0 and Statis-
tica 6.0 (Duncan's test, ANOVA factor analysis
of variance, p < 0.05).

RESULTS AND DISCUSSION

The germination of hybrid seeds of O. mac-
rocarpus in in vitro culture ranged from 35.29 to
80.00% (see Table 1). The lowest germination
was characterized by the seeds with Ben Lear
variety as the mother plant (35.29-36.84%).

Seed germination in in vitro culture first of all
allowed to overcome the negative influence of
various factors on seed germination and viability
of seedlings at the initial stages of development,
to preserve unique genetic material. In his study
V.V. Chernik et al.® used modified nutrient me-

SOstroluckda M.G., GajdoSovad A., Ondruskova E., Lateékova M., Libiakova G. Effect of medium pH on axillary shoot prolifera-
tion of selected Vaccinium vitis-idaea L. cultivars // Acta Biologica Cracoviensia. Series Botanica, 2010, vol. 52 (2), pp. 92-96.

°Chernik V.V., Chernik V.F., Morozov O.V. Culture of hybrid seeds of Oxycoccus macrocarpus Pursch. x Vaccinium vitis-idaea L.
in vitro // Bulletin of the Belarusian State University. Ser. 2: Chemistry. Biology. Geography, 1993, N 1, pp. 29-31.
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Tao6a. 1. Yucrno 3aBsi3aBIIUXCs UI010B, CyMMap-
HOE KOJIMYECTBO CEMSIH U MPOLEHT UX IpopacTa-
HUSI Y MEXKCOPTOBBIX THOpUA0B O. macrocarpus B
KYJIBTYDE in Vitro

Table 1. Number of the set fruit, total number
of seeds and germination percentage in the
intervarietal hybrids of O. macrocarpus in in vitro
culture

Num- Total Number of
ber of | number umber of ger-
Sample berri minated
erries, | of seeds,
seeds, pcs./%

pes. pes.
Bergman x Pilgrim 2 43 28/65,12
Ben Lear x Bergman 3 17 6/35,29
Ben Lear x Pilgrim 4 38 14/36,84
Pilgrim x Bergman 1 21 16/76,19
Pilgrim x Ben Lear 2 15 12/80,00

dia A and MS and proved their effectiveness in
germination of hybrid seeds of O. macrocarpus
x V. vitis-idaea in in vitro culture. The efficiency
of using 0.6% agar for germination of the seeds
of three-species hybrids of Vaccinium genus has
been noted [8].

At the in vitro propagation stage, we studied
the effect of IPA on the growth and development
parameters of O. macrocarpus (see Table 2). It
was found that cytokinin concentration did not
significantly affect any of the studied parame-

ters. Active root formation was observed on all
the tested media, including the medium with the
maximum value of IPA (10 uM), active root for-
mation was observed after 2 months of cultiva-
tion.

Earlier it was shown for O. macrocarpus cul-
tivar Howes that the highest multiplication fac-
tor was obtained on the medium A with zeatin
concentration of 1 mg/l, and further increase of
concentration up to 2 mg/l had no noticeable
effect on the number of shoots”. We noted ac-
tive root formation in the studied hybrids on the
media with cytokinin, in connection with which
a separate stage of rooting of microshoots was
not required. Similar data were obtained by
S.C. Debnath®, who proposed a one-stage meth-
od of cranberry propagation.

We evaluated the viability, growth and devel-
opment of hybrid O. macrocarpus Bergman x
Pilgrim at different pH values (see Table 3, fig-
ure). It was revealed that pH and agar content
in the nutrient medium significantly affected
the studied parameters. Thus, no root formation
on microshoots was observed when pH was in-
creased to 7.5, while in all other tested regimes
this index amounted to 100.0%. The highest rates
of development of the aboveground and under-
ground parts were observed on the nutrient me-
dium at pH 6.5 with the addition of 6 g/l agar. In

Tao6a. 2. Bousaue xoutentparuu MITA Ha mokazarenu pocra u pa3Butus rudpuna O. macrocarpus

Bergman x Pilgrim B xynmeType in vitro

Table 2. Effect of 2-iP concentration on the growth and development performance of O. macrocarpus

Bergman x Pilgrim hybrid in in vitro culture

Parameter IPA concentration, pM
0 1 5 10

Number of shoots, pcs/expl. 1,24+0,12a 1,30+0,45a 1,45+0,30 a 1,35+0,10a
Shoots height, mm 329+53a 30,0+6,5a 299+47a 31,6+32a
Number of leaves, pcs/shoot 11,33+ 1,23 a 11,45+201 a 10,63 +2,12 a 10,85+1,90 a
Rooting ability, % 100 a 100 a 100 a 100 a
Number of roots, pcs/shoot 536+1,24a 4,12+1,15a 5,13+2,05a 467+130a
Average root length, mm 31,4+2,8a 28,1+33a 332+32a 27,5+32a

Note. Here and in Tables 3, 4: values followed by the same letter(s) are not significantly different at p < 0.05 according to

Duncan's test.

Sedlak J., Paprstein F. Micropropagation of cranberry (Vaccinium macrocarpon) through shoot tip cultures: Short communica-

tion // Horticultural Science, 2011, vol. 38, N 4, pp. 159-162.

8Debnath S.C. Zeatin-induced one-step in vitro cloning affects the vegetative growth of cranberry (Vaccinium macrocarpon Ait.)
micropropagules over stem cuttings // Plant Cell, Tissue and Organ Culture, 2008, vol. 93, pp. 231-240.
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general, the hybrid O. macrocarpus Bergman x
Pilgrim showed good growth and development
in the range of pH 4.5-6.5. Further increase in
pH value resulted in a decrease in shoot height,
number of leaves and viability (up to 69.2%).

Previously, for three species of the Vaccini-
um genus it was shown that the increase in the
length of shoots and the number of nodes on
the shoot occurs when the pH value increases
to 6.0 [9], for V. corymbosum variety Liberty it
was found that pH does not reliably affect the
height of shoots [10]. According to the data of
G. Staniene and R. Stanyte’, substrate pH affects
the length of cranberry microshoots both ex vitro
and in vitro. According to the results of the pre-
vious studies, the growth parameters of V. ashei
cultivar Climax and V. corymbosum cultivar Ch-
aoyue 1 under ex vitro conditions were signifi-
cantly reduced at pH 6.0 [11].

The nutrient medium A supplemented with
minimum concentration of IPA (1 pM) was cho-
sen by us as optimal and used for cultivation of
the intervarietal hybrids O. macrocarpus Ben
Lear x Bergman, Ben Lear x Pilgrim, Pilgrim x
Bergman u Pilgrim x Ben Lear.

At the stage of adaptation to ex vitro condi-
tions, the use of sphagnum moss as a substrate
was found to be an effective technique (see Ta-
ble 4). Plant viability in this case amounted to
86.0-93.0%. Significant differences in the num-
ber of the developed shoots were shown only
between the hybrids Bergman x Pilgrim (1.21
pcs./shoot) and Ben Lear x Bergman (7.00 pcs./
shoot), in the length of roots - between Berg-
man x Pilgrim (19.7 mm), Ben Lear x Bergman
(39.4 mm) and Pilgrim x Bergman (53.4 mm).
In general, it should be noted that at the stage
of adaptation in sphagnum moss there is an in-
crease in the number of roots, but not their aver-
age length (data not shown). Further plants were
planted in cassettes with peat substrate and suc-
cessfully grown in greenhouse conditions.

CONCLUSION

As a result of the study, a method of in vitro
propagation and adaptation to ex vitro conditions
was developed for five intervarietal hybrids of
O. macrocarpus, promising for cultivation in
Western Siberia. It is shown that the use of in vi-
tro multiplication and genotype selection meth-
ods is an effective approach and can be used in

Taoua. 3. Biusuue pH nurarensHOM cpelibl 1 KOHIEHTPALUMH arapa Ha IM0Ka3aTelld pocTa U Pa3BUTHS
rubdpuna O. macrocarpus Bergman x Pilgrim B kynerype in vitro (A + 5 mxM UIIA)

Table 3. Effect of pH and agar concentration on the growth and development of O. macrocarpus
Bergman x Pilgrim hybrid in in vitro culture (A + 5 pM 2-iP)

pH
P t 4,5 | 5,5 | 6,5 | 7,5
arameter Agar, g/l

6 8 6 6 4 6 4
Viability, % 95,7 100 100 94,1 80,0 91,7 69,2
Number of shoots,
pes/expl. 1,18+0,08a|1,15+0,08a|1,17+0,08a|1,25+0,11a|1,25+0,13a|1,00+£0,00a(1,22+0,15a
Shoots height, mm |19,3+3,1bc| 22,9+ 1,8b [22,3+2,8bc| 359+5,6a |144+2,4bc| 10,4+3,9¢ [16,9+5,1 bc
Number of leaves,
pcs/shoot 7.36+0,73b 6,85+ 0,37 be| 7,50+ 0,84 b {10,00 + 0,89 a| 5,00 0,39 ¢ | 4,82 +0,81 ¢ |6,11 = 0,89 bc
Rooting ability, % 100 100 100 100 100 0 0
Number of roots,
pcs/shoot 2,41 +0,29b(2,95+0,26 b{2,83 £0,34 b|4,00+0,32a(|2,42+0,26 b Oc Oc
Average root
length, mm 31,6£1,8b(283+1,7b|27,8£25b(39,0+25a|184+21¢ 0d 0d

9Staniene G., Stanyte R. Adaptation of American cranberry to substrate pH in vitro and ex vitro // Zemes ukio mokslai, 2007, vol.

14, pp. 40—44.
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Oranbl pa3MHOKCHUS i1 Vitro W alalTalluy K yCIOBUsM ex vitro tubpuna O. macrocarpus Bergman x
Pilgrim:

a — ceMeHa; 6 — MuKporoberu Ha cpeze A, pornonHeHHoit S MkM UITA; ¢ — pacTeHus-pereHepanThl B KOHIIE dTara
ajlanTanyy B c(harHoBOM MXe; ¢ — paCTE€HHs Ha dTare BhIpallliBaHus B TOpdsiHOM cyOcTpare

Stages of in vitro propagation and adaptation to ex vitro conditions of O. macrocarpus Bergman x Pilgrim:

a — seeds; 6 — microshoots on the medium A supplemented with 5 uM 2-iP; ¢ — regenerated plants at the end of the
stage of adaptation in sphagnum moss; ¢ — plants at the stage of cultivation in a peat substrate

Tao6xa. 4. [lapaMeTpsl pocTa U pa3BUTHSI MEKCOPTOBBIX THOPUIOB O. macrocarpus TIOCIe aJanTaIiul K
YCIIOBUSIM ex Vitro B c(parHOBOM Mxe

Table 4. Growth and development parameters of the intervarietal hybrids of O. macrocarpus after
adaptation to ex vitro conditions in sphagnum moss

. R Number of shoots, . Number of leaves, Maximum root
Hybrid Viability, % pos/expl. Shoots height, mm pos/shoot length, mm
Bergman x Pilgrim 93 1,21+0,31b 125,5+6,1 a 23,13+ 1,31 a 19.7+54¢
Ben Lear x Bergman 87 7,00+ 1,33 a 124,7+79a 21,14+ 1,77 a 394+4,1b
Ben Lear x Pilgrim 86 6,20 = 0,66 ab 118,6 8,4 a 19,60 +£2,01 a 42,0 £4,5 ab
Pilgrim x Bergman 90 5,40 = 0,60 ab 132,3+8,6a 2320+ 1,16a 53,4+92a
Pilgrim x Ben Lear 92 6,60 £ 0,75 ab 1382+72a 22,60+ 1,50 a 444+ 1,4 ab
the programs for obtaining intervarietal hybrids rences. 2021. Vol. 38. P. 38. DOI: 10.1051/bio-
of O. macrocarpus. conf/20213800038.
2. Guo Y.X, Zhao Y.Y, Zhang M., Zhang L.-Y. De-
CIINCOK JIUTEPATYPBI velopment of a novel in vitro rooting culture

system for the micropropagation of highbush
blueberry (Vaccinium corymbosum) seedlings //
Plant Cell, Tissue and Organ Culture. 2019.
Vol. 139. P. 615-620. DOI: 10.1007/s11240-

1. Gorbunov A., Tyak G., Makeev V., Kur-
lovich T. The introduction and breeding of
Vaccinioideae in Russia // BIO Web of Confe-
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AHAJIN3 YPOKAMHOCTH COPTOB SIPOBOI'O STMMEHSI
B YCJIOBUSIX UBSMEHYUBOCTHU ITPUPOJHOM CPEJIbI

) bparun P.H., ®ununnos E.I'., lonnosa A.A., Jonuos JI.II.
Aepapuwiii Hayunsiii yenmp «/[oHcKot»

PoctoBckas obmnacte, 3epHorpan, Poccus

(<)e-mail: braginroman@ya.ru

B ycnoBusx Bo3pacTaHusi KOHTHHEHTAIBHOCTH KIIMMAaTa MOCIEIHNX IECATUICTUN CENEeKIHs SIPO-
BOT'0 S'YMEHS JIOJDKHA OBbITh HAlpaBJICHA HA CO3JIAHUE 3aCyX0YCTOMYMBBIX, CKOPOCIIEIIBIX, BEICOKOYPO-
YKAIHBIX COPTOB C JIOCTATOYHO BRICOKUMH TEXHOJIOTHYECKUMH KadecTBaMHu 3epHa. Ha crabunmzanmio
YPOKaHHOCTH KPOME 3aJI0KECHHBIX CEJICKIIMOHEPAMHU X035 CTBEHHO-0MOJIOTMUECKUX CBOMCTB COpTa B
3HAYMMOM CTETICHN OKa3bIBAIOT BIIMSHUE U BHEIITHUE YCIIOBHSI B PETHOHE BO3/IeIbIBaHMs. JlaHa olleHKa
M3MEHYMBOCTH MPOJAYKTUBHOCTU COPTOB STYMEHS SIPOBOTO 10 TAKUM IMPU3HAKAM, KaK CTA0MILHOCTD,
9KOJIOTHYECKasl IJIACTHYHOCTh M aJIAlITHBHOCTh B PA3JIMYHBIX JKOJIOTO-TEOrpahUIeCKUX YCIOBHUSX.
UccnenoBanus nposeaensl B 2020-2022 rr. Ha 17 copTax SpoOBOTO SUMEHS B 9KOJIOTHUYECKOM HCIIbI-
tannu B Camapckoit 1 PocToBckoit o0macTsax. OMBIT 3aJI05KeH B YETBIPEXKPATHOHW ITOBTOPHOCTH, TIIO-
maap aensaku 10 M2, B rojel npoBejieHus uccieoBanuil (haktop «peruoH BeipaiuBaHusy (98,7%)
OKa3bIBaJ HamOojbIee BiausHUE. OlleHKa MHACKCA YCIOBUU cpedsl (/f) BBIABHIIA, YTO HAMITYYIIHC
YCIIOBUS JUIsS BEreTallMM PAaCTCHHI SPOBOTO SIUMEHS CIOKUINCH Ha omnbITe B PocToBCKOW oOnactu
(3epuorpaackuii paiion) (Ij = +0,99). YpokaifHOCTb COPTOB 3aBHCEJIa HE TOJBKO OT PaCITOIOKEHUS
COPTOUCIIBITATEIILHOTO Y4acTKa, HO U OT Tojia BeipainuBanus. KoadduimeHT mHeiiHON perpeccun
BapsupoBai ot 0,67 mo 1,36, pasmenuB copTa Ha OT3BIBYMBEIC, CJIA00 OT3LIBUMBEHIC M aJalITHBHBIC K
HM3MEHEHUSIM YCIIOoBHUH BozzaenbiBanus. Copra 3epHorpanckuid 1717 u 3epuorpanckuii 1724 chop-
MHPOBaJIM HANOOJIBIIYIO YPOKAMHOCTh Ha OMBITHBIX YYacTKaX M ObUIH KIIACCH(HUIIMPOBAHKI KaK CTa-
OWIbHBIC NP BHIPAIIIMBAHUU B PA3JIHMYHBIX [TOYBEHHO-KIMMATHUECKUX YCIOBHSIX, C BRICOKOM CElleK-
LIMOHHOM IEHHOCTHIO, CTPECCOYCTONYMBOCTHIO U YPOBHEM CTAOMIBHOCTH COPTA.

KuaroueBble ¢j10Ba: aJalTUBHOCTh, CTAOMILHOCTD, SKOJIOTMUECKasl IJIACTUYHOCTh, SYMEHb SIPO-
BOH, ypOKaHHOCTb, COPT

YIELD ANALYSIS OF SPRING BARLEY VARIETIES UNDER CONDITIONS
OF ENVIRONMENTAL VARIABILITY

(<) Bragin R.N., Filippov E.G., Dontsova A.A., Dontsov D.P.
Agricultural Research Center “Donskoy”

Zernograd, Rostov region, Russia

(<) e-mail: braginroman@ya.ru

In conditions of increasing continentality of climate in recent decades, spring barley breeding
should be aimed at creating drought-resistant, early-ripening, high-yielding varieties with sufficiently
high technological qualities of grain. In addition to the economic and biological properties of the vari-
ety established by the breeders, external conditions in the region of cultivation also have a significant
impact on the stabilization of the yields. The variability of productivity of spring barley varieties was
assessed in terms of such traits as stability, ecological plasticity and adaptability in different ecologi-
cal and geographical conditions. The research was conducted in 2020-2022 on 17 varieties of spring
barley in ecological trial in Samara and Rostov regions. The experiment was laid in fourfold repetition
with a plot area of 10 m?. In the years of research, the "growing region" factor (98.7%) had the greatest
influence. Evaluation of the index of environmental conditions (/j) revealed that the best conditions
for the vegetation of spring barley plants were formed in the experiment in the Rostov region (Zer-
nogradsky district) (/j = +0.99). The yield of the varieties depended not only on the location of the
seed-trial ground but also on the year of cultivation. The linear regression coefficient ranged from
0.67 to 1.36, dividing the varieties into responsive, weakly responsive and adaptive to changes in the
cultivation conditions. The varieties Zernogradsky 1717 and Zernogradsky 1724 formed the highest
yield in the experimental plots and were classified as stable under cultivation under different soil and
climatic conditions, with high breeding value, stress tolerance and level of variety stability.

Keywords: adaptability, stability, ecological plasticity, spring barley, yield, variety
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INTRODUCTION

Barley is one of the central grain crops not
only in domestic but also in world agriculture. It
occupies the leading place in terms of the diver-
sity of its use and gross yields as a grain-forage
crop. Protein in barley grain has a good balance
in the composition of especially important ami-
no acids, so about 65% of the grain is used for
fodder purposes, including the production of
mixed fodder! [1, 2].

Biochemical studies confirm the balanced
content of nutrients in barley grain: 4,6-6,1% fi-
ber, 11-13 - crude protein, 2,1-2,3 - fat, 61- 65
- nitrogen-free extractive substances, 2,8-3,6%
ash and other elements. Because of the nutrition-
al value cereals from processed barley (about
312 kcal/100 g) are successfully used in human
diets both in case of obesity and diets [3—5].

During the growing season of spring barley
plants, the formation of grain yield is significant-
ly affected by various environmental conditions.
Increased temperature with a prolonged lack of
moisture has an extremely unfavorable effect on
both the formation of yield and grain quality.
Zonal technologies of cultivation of agricultural
crops have been developed for many years, as
each zone of cultivation has its own peculiarities
of the natural environment. However, optimal
zonal cultivation technologies are only a part of
successful production of high and stable yields.

New varieties are needed, not only combin-
ing high yield and quality, but also having adap-
tive properties to changing natural conditions. In
this regard, the development and introduction of

the varieties that show tolerance to cultivation in
different soil and climatic zones into agricultural
production is very important. A modern variety
should be not only plastic, but also highly resis-
tant to the manifestation of environmental stress
factors, while not losing quality [6-9].

The purpose of the study was to evaluate the
variability of productivity of spring barley va-
rieties in terms of such traits as stability, envi-
ronmental plasticity and adaptability in different
ecological and geographical conditions.

MATERIAL AND METHODS

Under zonal remoteness conditions, studies
were conducted at three crop testing sites (CTS)
with different climatic components between
them:

— Bezenchuk CTS, Samara region, Sama-
ra district, Bezenchuk settlement (Samara Re-
search Institute of Agriculture);

— Orlovsky CTS, Rostov region, Orlovsky
district (OOO Seed Grower "Niva");

— Zernograd CTS, Rostov region, Zernograd
district, Zernograd (ASC "Donskoy").

During the years of research (2020-2022), 17
varieties of spring barley, the originator of which
1s ASC "Donskoy", were analyzed (see Table 1).

The area of the registration plot was 10 m?,
seeding rate was 500 germinated grains/m?. The
varieties were sown in fourfold repetition on the
sunflower forecrop. Comparison of the studied
samples was carried out with the localized variety
of spring barley Ratnik. Characteristics of soils of
the experimental plots are presented in Table 2.

Filippov E.G., Bragin R.N., Dontsova A.A. Estimation of ecological adaptability and stability of the promising winter barley
varieties in a competitive variety testing // State and Prospects for the Development of Agribusiness — INTERAGROMASH 2020:
E3S Web Conf. XIII International Scientific and Practical Conference, 2020, N 175, p. 6. DOI: 10.1051/e3sconf/202017501007.
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Taoa. 1. XapakTepucTuka U3y4aeMbIX COPTOB M JIMHUN
Table 1. Characteristics of the studied varieties and lines
Ii\tlgﬁqu Variety / line name Origin Type Ripeness group
1 Ratnik (st.) Zernogradsky 632 x Divny Nutans g:l/l ediym-ma-
ring
2 Azimut Zernogradsky 1500 xVadim » Early-maturing
3 Zermogradsky 1763 | Gris x Zernogradsky 1523 Submedicum tll\ﬁ?géum'ma-
4 Zernogradsky 1768 Zernogradsky 1518 x Zernogradsky 1525 » »
5 Zernogradsky 1719 Gris x Priazovsky 9 Nutans Middle-early
6 Zernogradsky 1717 | Schedry x CDC Dawn » tltl/l ediym-ma-
ring
7 Zernogradsky 1716 Leon x Zernogradsky 1547 Medicum »
8 Zernogradsky 1701 Zernogradsky 1521 x (Thuringia x Sokol) Nutans Early-maturing
9 Zernogradsky 1756 Leon x Zernogradsky 1549 Submedicum | Middle-early
10 Zernogradsky 1755 | Leon x Zernogradsky 1549 » tll\l/[ edium-ma-
ring
11 Zernogradsky 1754 Leon x Novik Nutans »
12 Zernogradsky 1752 Zernogradsky 141 x Zernogradsky 1539 » Early-maturing
13 Zernogradsky 1685 | Zernogradsky 1500 x Preria » nl\ﬁ?r(lléum'ma'
14 Zernogradsky 1628 Leon x Gris » Middle-early
15 Zernogradsky 1726 Zernogradsky 1500 x Mamlyuk » »
16 Zernogradsky 1724 | Vakula x Timofei Ricotense tll\l/l edium-ma-
ring
17 Zernogradsky 1721 Yula x Zernogradsky 1507 Nutans Middle-early
Taoda. 2. XapakrepucTuKa NOYB HKOJIOTHUECKUX COPTOUCIIBITATENbHBIX YUaCTKOB
Table 2. Characteristics of the soil types of the ecological seed-trial grounds
Crop testing site . Soil acidity, | Humus content, | Content of basic nutrition elements, mg/kg
locati Soil type 0 Y
ocation p (1 N P K
Bezenchuksky
(Samara region) Ordinary chernozem 6,4-6,7 3,84,0 128-142 156-162 199-208
Orlovsky
(Rostov region) Dark-chestnut 6,9-7.3 2,5-3,0 60-110 17,6 439
Zernogradsky
(Rostov region) Ordinary chernozem 7,0-7,1 3,0-3,5 70-110 15-20 300-500
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The obtained data were evaluated according
to the methodology of B.A. Dospekhov?.

To analyze the yield of spring barley variet-
ies by adaptability parameters, the methods that
comprehensively evaluate the obtained data
were used:

— indicator of environmental plasticity and
stability — according to the calculations of
S.A. Eberhart, W.A. Rassel edited by V.A. Zy-
kin;

— breeding value (Sc) and homeostaticity
(Hom) — by the method of V.V. Khangildin and
N.A. Litvinenko*;

— stress tolerance (Ymin — Ymax) and genetic
flexibility ((Ymax + Ymin)/2) — according to the
equations of A.A. Rosielle, J. Hamblin as pre-
sented by A.A. Goncharenko?;

— responsiveness coefficient (Kp) according
to the method of V.A. Zykin (see footnote 3);

— Variety Stability Index (VSI) — according
to the equation of E.D. Nettevich®.

Significant influence on the formation of the
yield on crop testing sites was obtained due to
variation of meteorological conditions.

In 2020, an increased amount of precipita-
tion during the sowing period of spring barley
(March-April) at the crop testing site of the
Samara Research Institute of Agriculture (65.0
and 32.0 mm, respectively) and the absence of
precipitation at the site of the ASC "Donskoy"
was noted. At the time of booting (May), the
amount of precipitation in the ASC "Donskoy"
and the OOO SG "Niva" amounted to 81.2 and
75.2 mm, respectively, which is 4 times higher
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£ 800 77075, 2—74 0—70 749
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20,0 |— 14 0}
5, 0
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ASC«Donskoy» 000 SG «Niva»  Samara Research Institute of Agriculture
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Puc. 1. CpegaeMecsiyHOE KOJIMYECTBO OCAIKOB 3a MapT — utoib 2020-2022 rr., MM
Fig. 1. Average monthly amount of precipitation during March — July, 2020-2022, mm

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

Alliance, 2014, 352 p.

3Zykin V.A., Belan LA., Yusov V.S. Methodology of calculation and evaluation of the parameters of ecological plasticity of

agricultural plants. Ufa: BashSAU, 2005, 100 p.

‘Khangildin V.V., Litvinenko N.A. Homeostaticity and adaptability of winter wheat varieties // Scientific and Technical Bulletin
of the All-Union Breeding and Genetics Institute, 1981, N 1, pp. 8-14.

SGoncharenko A.A. About adaptability and ecological stability of grain crop varieties / Vestnik of the Russian Agricultural

Science, 2005, N 6, pp. 49-53.

SNettevich E.D. Yield potential of spring wheat and barley varieties recommended for cultivation in the central region of the
Russian Federation and its realization under production conditions // Reports of the Russian Academy of Agricultural Sciences, 2001,

N 3, pp. 3-6.
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than in the Samara Research Institute of Agri-
culture. In the periods of earing, ripening and
grain filling (June and July), the highest amount
of precipitation was observed at the OOO SG
"Niva" (74.9 and 119.1 mm, respectively).

In 2021, relatively high precipitation was re-
corded at the ecological crop testing site of the
ASC "Donskoy" during the periods of sprout-
ing, tillering and earing (March, April and June)
- 82.7; 95.9 and 103.5 mm, respectively, which
significantly exceeded this indicator at other
crop testing sites.

In 2022 a tendency of uneven distribution
of precipitation by crop testing sites during the
growing season was observed. In the spring pe-
riod of sprouting, tillering (March — April) the
crop testing site ASC "Donskoy" was leading
on the sum of precipitation — 133.3 mm. This
indicator amounted to 105.0 and 100.0 mm in
the OOO SG "Niva" and the Samara Research
Institute of Agriculture, respectively. During the
period of booting and earing (May-June), the
highest amount of precipitation was observed
at the crop testing site of the ASC "Donskoy" -
70.2 and 48.9 mm, respectively, which showed

an excess of this indicator by 2 times and more
compared to other sites (see Fig. 1).

In the period of sprouting (March) in 2020-
2022, the highest temperature regime was ob-
served at the experimental plot of the ASC
"Donskoy", low values of average daily air tem-
peratures were observed at the site of the Samara
Research Institute of Agriculture (2.7; -4.2 and
-4.2 °C, respectively). During tillering, booting,
ripening (April, May and July) in the years of
research, the average daily air temperature at
the experimental plots of the Samara Research
Institute of Agriculture and the ASC "Donskoy"
was higher than in the OOO SG "Niva". During
earing time (June), 2020 lower values of aver-
age daily air temperature were observed in the
Samara Research Institute of Agriculture (17.9
°C) (see Fig. 2).

Such distribution of weather conditions made
it possible to analyze the adaptability indicators
and identify the best spring barley varieties.

RESULTS AND DISCUSSION

Over the years of research, a fairly high level
of variation in yields across crop testing sites
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Fig. 2. Average monthly air temperature during March — July, 2020-2022
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was noted. According to two-factor dispersion
analysis, the formation of yields was mainly
influenced by the factor "cultivation zone" —
98.7%, which is due to climatic data of the crop
testing sites during the research period. The
highest yields of spring barley varieties were
obtained on the fields of the ASC "Donskoy"
(4.80-5.53 t/ha). This experimental plot also
revealed a high index of environmental condi-
tions (/j = +0.99). On average for the years of
research in the fields of the ASC "Donskoy" re-
liable increase in yield in relation to the standard
variety Ratnik (4.83 t/ha) was obtained in the
varieties Zernogradsky 1755 — 5.53 t/ha (+0.70
t/ha), Zernogradsky 1726 — 5.47 (+0.64), Azi-
mut — 5.43 (+0.60), Zernogradsky 1763 — 5.37
t/ha (+0.54 t/ha) (see Fig. 3).

On the fields of the Samara Research Insti-
tute of Agriculture and the OOO SG "Niva" the
growing conditions were less favorable. The
index of environmental conditions (/j) at these
crop testing sites was -0.58 and -0.41, respec-
tively.

In the years of research, the yield on the ex-
perimental plot of the Samara Research Insti-
tute of Agriculture varied in the range of 3.13-

4.18 t/ha. According to this trait the varieties
Zernogradsky 1721 —4.18 t/ha (+0.94 t/ha),
Zernogradsky 1724 and Zernogradsky 1717 —
4.05 t/ha (+0.81 t/ha) significantly exceeded the
standard.

The yield on the experimental plot of the
00O SG "Niva" was noted from 3.25 t / ha in
the standard variety Ratnik to 4.31 t / ha in the
variety Zernogradsky 1685. On average over
the years of research reliable yield increase
in relation to the standard variety Ratnik was
observed in the varieties Zernogradsky 1685 —
431 t/ ha (+1.06 t / ha), Zernogradsky 1717
— 4, 24 (+0.99), Azimut — 4.17 (+0.92), Zer-
nogradsky 1701 — 4.01 (+0.76), Zernogradsky
1726 — 3.89 (+0.64), Zernogradsky 1752 — 3.85
(+0.60), Zernogradsky 1754 — 3.83 (+0.58),
Zernogradsky 1628 — 3.82 t/ha (+0.57 t/ha).

At different sites of ecological variety test-
ing, six varieties significantly exceeded the
standard Ratnik, forming the highest yield:
Zernogradsky 1754 — 4.25 t/ha, Zernogradsky
1755 — 4.25, Zernogradsky 1724 — 4.26, Zer-
nogradsky 1685 — 4.27, Azimut — 4.38, Zer-
nogradsky 1717 — 4.47 t/ha, the excess was
from 0.47 to 0.69 t/ha, respectively.
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Fig. 4. Adaptability parameters of the spring barley varieties: linear regression coefficient and standard

deviation (2020-2022)

The linear regression coefficient (bi) as one
of the important indicators of ecological plas-
ticity calculation varied from 0.67 to 1.36 in
the years of research. According to the meth-
odology, the studied varieties were divided into
three categories: weakly responsive (bi < 1),
linearly responsive to changes in the growing
conditions (bi = 1), responsive to improvement
of environmental conditions (bi > 1). The lines
Zernogradsky 1763 (bi = 1.36), Zernogradsky
1755 (bi =1.30), Zernogradsky 1726 (bi = 1.26)
and Zernogradsky 1756 (bi = 1.18) have high
values of linear regression coefficient. Weak
response to changes in the growing conditions,
but stable yields even under the influence of
stress factors were observed in the varieties Zer-
nogradsky 1717 (bi = 0.67), Zernogradsky 1724
(bi = 0.69), Zernogradsky 1721 (bi = 0.73) and
Zernogradsky 1719 (bi = 0.76). At the value of
the linear regression coefficient close to one, a
gradual relationship between the change in the
yield and the change in the growing conditions
was observed: Zernogradsky 1752 (bi = 0.99),
Zernogradsky 1716 (bi = 0.96), Ratnik (bi =
1.06) (see Fig. 4).

The standard deviation (6?d), which indicates
the stability of the results obtained, ranged from
0.67 to 2.73.

The values of coefficient of variation (CV) in
the studied varieties ranged from 18.3 to 41.5%.
Since all varieties, except one, had the coeffi-
cient above 20%, this index indicates a strong
variability. The least variability was observed in
the variety Zernogradsky 1717 (CV = 18.3%)
(see Fig. 5).

In terms of homeostaticity, a relatively high
value was observed in the variety Zernogradsky
1717 (Hom = 22.7). High values of this trait
reflect the varieties possessing tolerance to the
impact of negative stress factors of the environ-
ment and the ability to form high stable yields.

The parameters expressing the adaptability
of the variety include the breeding value of the
genotype (Sc), high values of which confirm
the data of homeostaticity (Hom) in determin-
ing the most resistant samples in relation to the
influence of unfavorable environmental condi-
tions. Varieties Zernogradsky 1717 (Sc = 3.53),
Zernogradsky 1724 (Sc = 3.23), Zernogradsky
1754 (Sc = 3.18) and Zernogradsky 1719 (Sc =
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Fig. 5. Adaptability parameters of the spring barley varieties: coefficient of variation, homeostaticity,

breeding value (2020-2022)

3.04) had the highest values of this indicator.
Stress tolerance as one of the signs of eco-
logical plasticity and adaptability (the differ-
ence between minimum and maximum yields)
serves as a clear indicator of a variety's resis-
tance to unfavorable factors, determining the
range of possible use and introduction of the va-
riety. Compensatory ability, or stress tolerance,
determines the genetic flexibility of a variety, its
response to the growing conditions. According
to the methodology, higher indicators reflect the
degree of resistance of the varieties to environ-
mental stress factors. Varieties Zernogradsky
1717 (Ymin - Ymax = —1.08), Zernogradsky
1719 (Ymin - Ymax = —1.20) and Zernogradsky
1724 (Ymin - Ymax = —1.20) are classified as
stress-resistant. High indices of compensato-
ry ability were observed in the varieties Zer-
nogradsky 1717 ((Ymax + Ymin)/2 = 4.59), Zer-
nogradsky 1755 ((Ymax + Ymin)/2 = 4.53), Az-

imut ((Ymax + Ymin)/2 = 4.48), Zernogradsky
1754 ((Ymax + Ymin)/2 = 4.46), Zernogradsky
1726 ((Ymax + Ymin)/2 = 4.41) (see. Fig. 6).

The coefficient of responsiveness to the
growing conditions (Kp) as one of the indica-
tors determining the adaptability of the studied
varieties, expresses the difference between the
data obtained in a favorable and unfavorable
environment. According to this characteristic,
the varieties Zernogradsky 1685 (Kp = 1.63),
Zernogradsky 1726 (Kp = 1.63), Zernogradsky
1763 (Kp = 1.62) were identified (see Fig. 7).

The Variety Stability Index (VSI) allows
identifying the varieties with stable yields,
which are capable of not significantly reducing
yields under deteriorating cultivation conditions
(see Figure 8).

According to the results of the analysis,
the values of yield stability of the varieties
ranged from 92.9 to 263.3%. The varieties Zer-
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Fig. 8. Indicator of spring barley varieties stability level (VSLI) (2020-2022)

nogradsky 1717 and Zernogradsky 1724 had the
highest VSI values (263.3 and 209.2%, respec-
tively).

CONCLUSION

According to the analysis of research results
from 2020 to 2022 on the experimental plots
the varieties possessing a complex of parame-
ters of ecological plasticity in combination with
high stable yield were selected. Varieties Zer-
nogradsky 1717 and Zernogradsky 1724 formed
high productivity and stability in different
growing conditions (bi = 0.67 and 0.69), with
high selection value (Sc = 3.53 and 3.23), stress
tolerance (Ymin — Ymax = -1.08 and —1.20) and
VSI (263.3 and 209.2), which allows them to
be used to obtain high yields in conditions with
increased risk of adverse environmental fac-
tors. Varieties Azimut and Zernogradsky 1685
showed high yield and adaptability to the grow-
ing conditions (bi = 1.10 and 1.07). The Azimut
variety has a high index of genetic flexibility
((Ymax + Ymin)/2 = 4.48), while Zernogradsky

1685 was distinguished by a high level of re-
sponsiveness (Kp = 1.63), which characterizes
them as the varieties capable of forming high
yields under favorable environmental condi-
tions.
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BJUSTHUE MUHEPAJIBHBIX YIOBPEHUM HA YPOKAMHOCTD
COPI'OBBIX KYJBTYP B I0)KHOM JIECOCTEIM 3AITAJTHOM CUBUPH

<) Tumoxun A.1O., boiiko B.C., Hu:keanckuii T.H.
Omckutl azpapublil HAYYHbLL YeHmp

Owmck, Poccus
(<) e-mail: timokhin@anc55.ru

[IpencrasieHs! pe3yabTaThl H3y4eHHs IPOAYKTUBHOCTU COPTOBBIX KYJBTYD B PA3IMYHBIX YCIOBHAX
MUHEpAILHOTO THTaHHS Ha JIyTOBO-4EPHO3EMHOH TOYBE IOXKHOMW JiecocTenu 3ananHoi Cubupwm. Mc-
cienoBanre npoBon B 2019-2022 rr. B OMCKo# 00macTi B paMKaxX JUTUTEIBHOTO CTallMOHAPHOTO
os1eBoro onbITa. [IouBa oNMBITHOTO yyacTKa TyroBO-4epHO3EMHAsl CPEAHEMOIIHAS TSHKETIOCY NIMHUCTASI.
[TaxoTHBIN TOPU3OHT XapaKTepu3yeTcsl HEUTpaIbHOM peakiuel nmouyBeHHoro pacteopa (pH 7,0-7,2).
Cxema oribITa 1By X(haKTOpHAsI, BKIFOYACT MpUMeHeHne a30THbIX (N, () 1 pocdopHeix (P () Mume-
palbHBIX YIOOPEHUil 10 oceBa COProBhIX KyJAbTyp. IMHAMMKa COAEp)KaHMsI BIard B METPOBOM IIPO-
(uite MOYBBI TECHO CBs3aHA C FMIPOTEPMUYECKUMH YCIOBHUSMH BEreTallMOHHBIX NepUoaoB. B Hau-
Oosiee OnaronpuATHBIA Mo yBiaakHeHHIo 2019 r. mouBeHHBIH Mpoduiie UMen Oonee cTabuiIbHOE H
paBHOMEpHOE yBIaKHEHHE, 0COOCHHO BO BTOpoM nomymerpe. [locnenyronye roapl AeGuuuT arMo-
c(epHOro YBIAKHEHHS SIPKO MTPOSIBUIICS B COICP’KAaHUU OOIIEH BIard Kak 1Mo Mpo(UITI0 OYBEI, TaK H
BO BpeMeHu. lccymenne MeTpoBoro npoduis gake B Ha4YaJ bHBIN NEPUOJ BEreTallui HabIIoqaIoch
B 2022 1., YTO MOYKHO CUUTATh PE3YJIBTATOM HU3KOTO OCTATOYHOIO KOJMYECTBA Baru B MPE/IIECTBY-
IOLIHH, TOXKE 3aCyLUINBBIN, Ce30H. B KOHTpOsIe MUHEpaibHOE TUTAaHHE ObIJIO OIPAHNYEHO HEBBICOKUM
coziep’kaHueM MoABMKHOro Gocdopa. McenenoBanus noxkasaiy, YTO B YCIOBHAX HEJOCTATOYHOTO H
HEYCTOMYMBOTO YBJIQKHEHUSI, XapaKTepHOro AJs rora 3anagHoid Cubupw, B TOJIEBOM KOPMOIIPOU3-
BOJICTBE 11€JIeCO00pa3HO BO3/IEIBIBAHUE COPTOBBIX KYIBTYp, 00JaAai0UX BBICOKO OT3BIBUNBOCTHIO
Ha IpUMEHEHNe MUHEPaIbHBIX yrnoOpeHnid. B cpeqHem 3a 1Ba rojia MakcUMajbHast ypO)KaiHOCTH 3e-
JICHOM MacChl COPTO caxapHOTO Ha MHTEHCHBHOM ¢oHe cocTaBmia 21,07 T/ra, copro-CymnaHKoBOTO TH-
Opuna — 16,62 1/ra, yto BbIe KOHTpOJS Ha 47,2 u 62,7% coorBercTBeHHO. Hanbonee a3 dexTuBHBIM
0Ka3aJI0Ch KOMIUIEKCHOE MPUMEHEHUE MUHEPATIbHBIX yI0OpeHuil, KOTOpoe 00eCeYrnsio yBeITuueHHe
COJIepKaHMS CyXOro BEIIECTBa y cOpro caxapHoro oT 3,97 no 6,08 t/ra (53,0%), copro-cymaaHKOBOTO
rudpuna — ot 2,81 10 4,73 1/ra (68,3%).

KuioueBble cj10Ba: TyroBo-ue€pHO3EMHAs MOYBa, COPro, COPro-CyAaHKOBBIA THOpH, Onomacca,
IIPOIYKTUBHOCTh

EFFECT OF MINERAL FERTILIZERS ON SORGHUM CROP YIELDS
IN THE SOUTHERN FOREST-STEPPE OF WESTERN SIBERIA

() Timokhin A.Yu., Boiko V.S., Nizhelsky T.N.
Omsk Agrarian Scientific Center

Omsk, Russia

(<)e-mail: timokhin@anc55.ru

The results of studying the productivity of sorghum crops under different conditions of mineral
nutrition on meadow-chernozem soil of the southern forest-steppe of Western Siberia are presented.
The study was conducted in 2019-2022 in the Omsk region as part of a long-term stationary field ex-
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forest-steppe of Western Siberia

periment. The soil of the experimental plot is meadow-chernozem moderately deep heavy loamy soil.
The arable horizon is characterized by neutral reaction of the soil solution (pH 7.0-7.2). The scheme
of the experiment is two-factor, includes application of nitrogen (N, .., .,) and phosphorus (P, )
mineral fertilizers before sowing sorghum crops. The dynamics of moisture content in the meter soil
profile is closely related to the hydrothermal conditions of vegetation periods. In the most wetted year
of 2019, the soil profile had a more stable and uniform moisture content, especially in the second half
meter. In subsequent years, the atmospheric moisture deficit was clearly manifested in the content of
total moisture both along the soil profile and in time. Drying out of the meter profile even in the initial
growing season was observed in 2022, which can be considered as a result of low residual moisture
in the preceding, also dry, season. In the control, mineral nutrition was limited by the low content of
mobile phosphorus. The studies have shown that in conditions of insufficient and unstable moisture,
typical for the south of Western Siberia, it is advisable to cultivate sorghum crops with high respon-
siveness to the use of mineral fertilizers in field fodder production. In the average of two years, the
maximum yield of green mass of sugar sorghum on intensive background was 21.07 t/ha, sorghum-su-
dangrass hybrid — 16.62 t/ha, which is higher than the control by 47.2 and 62.7%, respectively. The
most effective was the complex application of mineral fertilizers, which provided an increase in dry
matter content of sugar sorghum from 3.97 to 6.08 t/ha (53.0%), sorghum-sudangrasas hybrid — from

2.81 to 4.73 t/ha (68.3%).

Keywords: meadow-chernozem soil, sorghum, sorghum-sudangrass hybrid, biomass, productivity
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INTRODUCTION

Productivity of livestock and realization of
its genetic potential depend on the state of the
fodder base [1, 2]. Bulky forages (silage, hay-
lage) are the main element of the fodder base,
they are 70.0% responsible for the efficiency
of rumen digestion, thus affecting the level of
animal productivity [3]. One of the important
tasks of animal breeding is to provide livestock
with high-grade and balanced fodder in terms
of sugar-protein ratio in summer and winter
stall periods [4, 5]. The use of sorghum silage
in a mixture with leguminous crops allows to
increase feed digestibility and to increase the
average daily live weight gain of animals [6].

The main limiting factor of field fodder pro-
duction is considered to be climate, changes
in which can reduce the yields of even highly
productive fodder crops [7, 8]. In the conditions
of the southern forest-steppe zone of Western

Siberia, the climate is sharply continental with
high air temperature and uneven precipitation in
summer [9]. Such features of the climate, taking
into account the tendency to its further change
towards the increase of extreme weather events,
make it necessary to select agricultural crops
that can adapt to different environmental condi-
tions and provide high yields.

The use of drought-resistant crops, such as
sugar and grass sorghum, sorghum-sudan hy-
brids in the system of field fodder production,
provides high productivity of phytomass, in-
cluding in dry years [10, 11]. Sorghum differs
from other forage crops by its plasticity and
unpretentiousness to growing conditions, re-
sponds positively to the optimization of mineral
nutrition and moisture availability [12, 13].

Adaptive varieties and hybrids allow more
efficient use of biological and genetic potential
of the crop, providing high productivity of the
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aboveground biomass, which is determined by
foliage and leaf surface parameters, regrowth
intensity and resistance to abiotic and biotic
factors [14].

The purpose of the research is to study the
yield of green mass and dry matter of sorghum
crops under modeling of different conditions of
mineral nutrition of meadow-chernozem soil.

MATERIAL AND METHODS

The study was conducted in 2019-2022 in
the southern forest-steppe of Western Siberia
(Omsk region) in the framework of long-term
stationary field experiments on the basis of the
laboratory of field fodder production of the
Omsk Agrarian Scientific Center.

The object of research is sugar sorghum
and sorghum-sudan hybrid growing on mead-
ow-chernozem soil.

The soil of the experimental plot is mead-
ow-chernozem medium heavy loamy. The
thickness of the humus horizon is 45 cm. Ara-
ble horizon is characterized by neutral reaction
of soil solution (pH 7.0-7.2). the ground wa-
ter depth level determined by two observation
wells was 3.5 m.

The experiment scheme was two-factor, in-
cluding application of nitrogen and phosphorus
mineral fertilizers before sowing sorghum crops
(see Table 1). Ammophos (P, ) and ammonium
nitrate (N, ) were applied locally by seeder SPP
3.6. Sowing was carried out in the III ten-day
period of May. Seeding rate — 1 million ger-
minating grains/ha. The plot size was 360 m?,
threefold repetition, systematic placement of
plots.

The following crops were used as study crops
in the experiment: in 2019 and 2020 - sugar sor-
ghum (Sorghum bicolor (L.) Moench), variety
Galia, in 2021 and 2022 - sorghum-sudan hy-
brid (Sorghum xdrummondii (Steud.) Millsp. &
Chase), variety Navigator of the North Cauca-
sus Federal Scientific Agrarian Center selection.

The climate of the Omsk region is charac-
terized by sharp continentality, lack of precip-
itation, air dryness, cold and long winter, and
hot summer. Growing periods in the years of
research were characterized by different heat

and moisture availability (see Table 2). Thus, in
2019 the largest amount of precipitation fell, the
sum of which for the vegetation period amount-
ed to 239 mm. At the same time in the initial
period of vegetation (May and June) there was
a uniform inflow of heat and moisture (104.0
— 165.0% of the norm). In 2020, the total pre-
cipitation amounted to 173 mm. In May, we ob-
served a shortage of precipitation (56.0%) and
increased air temperature (4.9 °C). June was rel-
atively favorable in terms of heat and moisture.
July was characterized by hot and dry weather.
August and September were balanced in terms
of heat and moisture availability.

May 2021 was dry. June was colder than a
multiyear average and was characterized by a
deficit of precipitation (86.0%). July and Au-
gust were warmer than usual by 1.3 and 2.1 °C.
Precipitation availability in these months was
51.0 and 76.0%, respectively. September was
cool with precipitation close to the mean annual
precipitation. The sum of precipitation for the
vegetation period reached 168 mm.

In 2022, the total moisture inflow for May
— September was the highest (256 mm) com-
pared to the preceding period. The main amount
of precipitation (more than 90 mm) fell on July
28 and 29. Harsh growing conditions were
observed during the initial period of sorghum
crops vegetation. May and practically the whole
June were dry and hot. Similar conditions were
observed in I and II ten-day periods of July. In
August and September, the air temperature was
close to the mean annual value, amounting to
65.0 and 133.0% of the norm, respectively.

Ta6a. 1. Cxema rmoneBoro oneITa
Table 1. Scheme of the field experiment

Fertilizer Option
Phosphorus No fertilizers (P ), control
(factor A) . . i

With the introduction of P
Nitrogen No fertilizers (N,), control
(factor B) ) ) )

With the introduction of N,

With the introduction of N
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Taoa. 2. CpCI[HCMCCH"IHaH TeMIICpaTypa BO3Ayxa U MECiIIHast CyMMa OCaIKOB B PA3HBIC BETCTALlUOHHLBIC

NepuoOabI
Table 2. Average monthly air temperature and monthly sum of precipitation in different vegetation
periods
2019 2020 2021 2022
Month | Temperature, | Precipitation | Temperature, | Precipitation | Temperature, | Precipitation | Temperature, | Precipitation
°C amount, mm °C amount, mm °C amount, mm °C amount, mm

May 12,2 37 13,0 13 17,3 13 15,3 11
June 15,5 85 18,0 45 16,9 45 17,3 53
July 20,5 29 19,4 33 20,6 33 19,9 116
August 17,9 40 17,0 42 19,1 42 16,8 37
Septem-
ber 10,8 48 11,5 40 9,5 35 11,2 39
Total - 239 - 173 - 168 - 256

Note. Compiled on the basis of the data from the Ob-Irtysh Department of Hydrometeorology and Environmental Monitoring.

RESULTS AND DISCUSSION

Drought conditions pose a serious threat to
agricultural production, negatively affecting
all stages of plant growth (especially the early
phases of development) [15]. The water ratio in
plants is largely determined by the content of
available moisture in the soil, which directly af-
fects the conductance of stomata, leaf area, CO,
assimilation, light absorption and photosynthe-
sis [16].

The content of total moisture in the soil is
determined by the amount of heat and moisture
during the growing season. The dynamics of
total moisture content in the soil for the years
of the study is presented in the figure. Thus,
in 2019, the most favorable in terms of mois-
ture content, the soil profile had a more stable
and uniform moisture content, especially in
the second half-meter. In subsequent years, the
deficit of atmospheric moistening was vividly
manifested in the content of total moisture both
across the soil profile and over time. Depletion
of the meter profile even in the initial period of
vegetation was noted in 2022 as a consequence
of low residual moisture in the preceding also
dry season.

The initial nitrate nitrogen content in the
arable layer (0.0-0.2 m) before sowing sugar
sorghum after soybean was low (13.7 mg/kg),
mobile phosphorus — medium (77.5 mg/kg), ex-
changeable potassium — very high (195.1 mg/
kg). After harvesting, residual nitrate nitrogen

was high regardless of the preceding cultural
practices, which is a consequence of unstable
moistening during the growing season and in-
complete utilization of macronutrients by the
crop (see Table 3). For phosphorus, the previ-
ously established differentiation with high con-
tent of mobile element at systematic application
of phosphorus-containing fertilizers to crops of
crop rotation is obvious.

Before sowing sorghum-sudan hybrid after
fodder beans, nitrate nitrogen availability was
estimated as high — 29.6 mg/kg. The content of
mobile phosphorus and exchangeable potassi-
um was medium and very high, respectively.

After harvesting sorghum-sudan hybrid the
amount of nitrate nitrogen decreased, indicating
a higher removal of it by the crop. Concentra-
tion of mobile phosphorus in the control was
average, in the fertilized variant it was higher,
which is also the result of a positive balance of
phosphorus in the fertilized variants of the crop
rotation. The content of mobile potassium was
predominantly high, which is typical for this
soil.

Under such conditions, sugar sorghum re-
sponded positively to the optimization of miner-
al nutrition conditions. Pre-sowing application
of phosphorus fertilizers provided an increase
in the yield by 1.25 t/ha (27.7%) on average for
factor A. Pre-sowing application of nitrogen
fertilizers increased dry matter content by 0.63-
0.99 t/ha (13.7 — 21.6%) compared to the con-
trol (see Table 4).
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during the growing season

The most effective was the complex appli-
cation of mineral fertilizers in sorghum crops,
which provided an increase in the yield by 3.97-
6.08 t/ha (53.0%). Sorghum-sudan hybrid also
responded positively to the improvement of
mineral nutrition conditions. Thus, application
of P increased the yield by 0.72 t/ha (21.3%)
on average for factor A (see Table 5). The posi-
tive effect of nitrogen fertilizers was noted due
to the increase in dry matter content from 3.08

to 3.97— 4.23 t/ha (28.7—- 37.3%). The combi-
nation of the studied factors increased the yield
from 2.81 to 4.73 t dry matter/ha (68.3%).

Strengthening of fodder base is associated
with the growth of fodder crop yields. In our
field experiments, the maximum yield of sugar
sorghum green mass on intensive background
was 21.07 t/ha, sorghum-sudan hybrid — 16.62 t/
ha, which is higher than the control by 47.2 and
62.7%, respectively.

Taodua. 3. ConepxaHue 371€MEHTOB MUHEPAJILHOTO ITUTAHUS B IAXOTHOM CJIO€ TIOYBBI, MI/KI

Table 3. Content of mineral nutrition elements in the arable soil layer, mg/kg

] Before sowing After harvesting
Option
N-NO, PO, K,0 N-NO, PO, K,0
Sugar sorghum (2019 and 2020 average)
No fertilizers . s 1051 22,0 95,0 193.4
NP 17,6 162,5 125,1
Sorghum-sudan hybrid (average for 2021 and 2022)
No fertilizers 10,2 68,4 163,5
NP, 29,6 95,6 204.8 15,3 147,4 172,1
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Tao6a. 4. YpoxkallHOCTb COPTo B 3aBUCHMOCTH OT M3y4aeMbIX (aKTOpOB, T CyX. B-Ba/ra

Table 4. Sorghum yield depending on the studied factors, t/ha of dry matter

Fertilizers Year Addition to the control
pggz%’;ogs nitrogen (factor B) 2019 2020 Average t/ha %
P, N, (control) 2,34 5,61 3,97 - -
N, 2,70 7,66 5,18 1,21 30,4
N, 2,64 6,09 4,36 0,39 9,8
Average 2,56 6,45 4,51 - -
P, N, 3,88 6,54 5,21 1,23 31,1
N,, 3,92 8,04 5,98 2,01 50,6
N, 3,70 8,46 6,08 2,11 53,0
Average 3,83 7,68 5,76 1,25 27,7
Background av- N, 3,11 6,07 4,59 - -
crase N, 331 7.85 5,58 0,99 21,6
N, 3,17 7,28 5,22 0,63 13,7
Average 3,20 7,07 5,13 — —
LSD; for factor A 0,52 0,79 0,66 - -
LSD,, for factor B 0,64 0,97 0,81 - -
LSD,, for individual differences 0,90 1,38 1,14 - -

Taba. 5. YpoxaliHOCTh COPro-CyAaHKOBOIO THOpH/Ia B 3aBUCHUMOCTH OT H3y4aeMbIX (haKTOpOB, T CyX. B-Ba/Ta

Table 5. Yield of sorghum-sudangrass hybrid depending on the studied factors, t/ha of dry matter

Fertilizers Year Addition to the control
phosphorus ' Average
nitrogen (factor B) 2021 2022 t/ha %
(factor A)

P, N, (control) 2,78 2,84 2,81 - -
N,, 3,12 4,17 3,65 0,84 30,0
N, 4,28 3,19 3,73 0,93 33,1

Average 3,39 3,40 3,40 - —
P, N, 3,60 3,11 3,36 0,55 19,6
N,, 5,48 3,08 4,28 1,47 52,5
N,, 5,59 3,86 4,73 1,92 68,4
Average 4,89 3,35 4,12 0,72 21,3

Background | N, 3,19 2,97 3,08 - —
avemeeIng, 430 | 363 | 397 0,88 28,7
N,, 4,93 3,53 4,23 1,15 37,3

Average 4,14 3,38 3,76 - —

LSD,; for factor A 1,57 0,68 1,13 - —

LSD,, for factor B 1,92 0,84 1,38 - —

LSDOS5 for individual differences 2,72 1,19 1,96 - -
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CONCLUSION

As a result of the study, it was found that sor-

ghum crops are well adapted to different grow-
ing conditions, therefore, they are suitable for
use in field forage production under insufficient
and unstable moisture, typical for the south of
Western Siberia. High responsiveness of sor-
ghum crops to the use of mineral fertilizers was
revealed. The low cost of agrotechnology of this
crop is due to a small seeding rate (20 kg/ha)
and good resistance to diseases.
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BJIMSAHUE PA3JIMMHBIX CUCTEM 3AIUTHI HA PUTOCAHUTAPHYIO
CUTYALMIO B ITOCAAKAX IBETHBIX COPTOB KAPTO®EJIA

CX)Maumora A.A., Yynaukosa H.C.

Cubupckuii ghedepanvhulil HAyuHblll Yyenmp azpodouomexnonocuti Poccutickoii akademuu Hayk
HoBocubupckas obmacts, p.i. KpacnooOck, Poccust

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

[IpencraBieHsl pe3yiasTaTsl UCCIEAOBAHUI TIO BIUSHUIO PA3IMYHBIX CHCTEM 3aIllUTHl Ha (UTOCA-
HUTAPHYIO CUTYAIMIO B [TOCAIKaX IBETHBIX COPTOB KapTodes B ycioBusx HoBocnbupckoii obmactu.
YcranoBneHo, 4To XuMudeckuid npotpasutens Cenect Tom Gomee 3¢ ¢eKTHBHO CHIDKAET pa3BUTHE
PH30KTOHMO3a B CpaBHEHHH ¢ OuonpenapatoM baktodopt. B cpeanem naHHbIN mokaszaTenb MpU HC-
MTOJTE30BAaHNH XUMHYECKOH CHCTeMBI ObLT B 4,8 pa3a ToCTOBEpHO HIDKE B a3y BcxoaoB U B 2,0 pa3a — B
nepuos OyTOHM3AIMK — Hadasla BETCHHUS KYJIBTYPbl. YCTAaHOBICHO 3HAYMMOE BIMSHUE ONTHMH3ALUH
MUHEpaILHOTO MUTAHUS I Onojormueckoro mpernapara bakrodop, B 3ToM cirydae Ha GoHE C MH-
HepaJbHBIMU YIOOPEHUSIMH pa3BUTHE PU30KTOHMO32 B 1,2 pasza Humxke. B ¢asze Oyronuszanum — Hada-
JIa TIBETEHHSI pa3BUTHE 0O0JIEe3HM Ha ynOOpeHHOM (DOHE MPH WCTIOIB30BAaHUN XUMHUYECKOH CHCTEMBI 3a-
HIMTHl OTMEYEHO I0CTOBEPHO BBIILE B 1,4 pa3a B cpaBHEHHH ¢ (JOHOM €CTECTBEHHOTO IIJIONOPOAHS, TIPH
OMOJIOTU3NPOBAHHON CHCTEME B ATOT NIEPUOJT TAHHBIN ITOKA3aTe)Ib HE UMEET pa3nudnidi. UNCIeHHOCTD
KOJIOPAJICKOTO JKyKa IPH MCIIOIb30BaHUM XUMHUYECKOW CUCTEMBI Oblila CYIIECTBEHHO HIKE (B 3,6 pasa)
B CPaBHEHHUH C OMOIOTH3NPOBAHHOW. ONTUMHU3AINS MUHEPAJIHHOTO MMTAHUA TTPH NCTIONBb30BAaHUN XH-
MHYECKOH CHCTEMBI 3aIUTHI JOCTOBEPHO MOBBIIIANIA YHCIEHHOCTD BpeuTens B 5,0 pa3a B CpaBHEHHH €
(hOHOM €CTECTBEHHOTO TIJIOIOPOIHSL, TIPY ONOJIOTH3UPOBAHHON CHCTEME JaHHBINA TIOKa3aTeh He MMEET
CYIIECTBEHHBIX pa3nuuuii. [I[pogyKTUBHOCTH KyJIbTypbl TJOCTOBEPHO BBIIIE TP UCHOIB30BAHUN XH-
MHYECKOM CHCTEMBI 3aIllUTHl B CPaBHEHUHU ¢ OMojoru3upoBaHHoi B 1,5 pasza. Ha ynoOpentnom ¢one
MPY MCHOJIB30BaHIH XUMHYECKON CHCTEMBI 3aIIUThI MPOAYKTUBHOCTh KapTO(elisi CyILeCTBEHHO BBIIIE
(B8 1,2 paza) B cpaBHEeHHH C (H)OHOM €CTECTBEHHOTO TUIOIOPOANS, TIPH OMOIOTH3NPOBAHHOW CHCTEME
JITAaHHBIM TOKa3aTelb HE MMEET 3HAUMMBIX paznnuuil. OTMeueHa MHAUBUyalIbHAs peakys COPTOB Ha
M3y4YeHHbIE 3aIMTHBIE TpreMbl. Cpen 4eThIpex n3yueHHbIX copToB BhiieneH All Red, y kotoporo pasz-
BUTHE PU30KTOHMO32a Ha CTEOSIX OBUTO HAMMEHBLIMM CPEIM BCEX COPTOOOPA3LOB HA 00CUX CHCTEMAaX
3aIATHI TPH 000X YPOBHSAX MUHEPATBHOTO MUTAHUS. MeHee BCero MopaXeHbI KOIOPAICKUM KYKOM
copra All Red u ®uonetossiii — B cpeanem 0,50-0,55 sk3./pactenne. Hanbonbimmii ypoxaii momyueH
TIpH BeIpanuBaHuu copra Rosemaria (B cpegaem no daxrtopy 22,3 1/ra). st 60psObI ¢ pU30KTOHHO-
30M U KOJIOPAJICKHM KyKOM Ha KapTodere MO>KHO UCIOJIb30BaTh OMOIOrM3UPOBAaHHBIC CUCTEMBI 3aLUTHI,
HO C y4eTOM OMOJIOTHYECKHUX 0COOCHHOCTEH COPTOB.

KiroueBble ciioBa: BETHBIE cOpTa KapTO(hess, pu30KTOHNO03, KOJIOPAJACKHH kYK, CHCTEMa 3allu-
ThI pacTeHUH, PUTOCAHUTAPHAS CUTYyaIlUs

INFLUENCE OF DIFFERENT PROTECTION SYSTEMS ON PHYTOSANITARY
SITUATION IN PLANTINGS OF COLORED POTATO VARIETIES

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

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

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

The results of the studies on the influence of various protection systems on the phytosanitary situ-
ation in planting colored potato varieties in the conditions of the Novosibirsk region are presented. It
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BnusiHue pa3inuHbIX CHCTEM 3aIIUThI Ha (PUTOCAHUTAPHYIO Mautora A.A., Yynukosa H.C.
CHUTYaIHIO B II0CAJIKaX LBETHBIX COPTOB KapTo(hes

has been established that the chemical protectant Celest Top more effectively reduces the development
of rhizoctoniosis (black scab) in comparison with the biological preparation Bactofort. On average,
this indicator when using the chemical system was significantly lower by 4.8 times in the germination
phase, and 2.0 times lower in the period of budding-beginning of flowering of the culture. A significant
influence of the optimization of mineral nutrition for the biological preparation Bactofort was estab-
lished, in this case, against the background of mineral fertilizers, the development of rhizoctoniosis
is 1.2 times lower. In the phase of budding — the beginning of flowering the disease development on
the fertilized background with the use of chemical system of protection is marked significantly higher
by 1.4 times in comparison with the background of natural fertility, with the biological system in this
period this indicator has no differences. The number of the Colorado potato beetle when using the
chemical system was significantly lower by 3.6 times in comparison with the biologized one. Opti-
mization of mineral nutrition with the use of a chemical protection system significantly increased the
number of the pest by 5.0 times in comparison with the background of natural fertility, while with a
biological system this indicator does not have significant differences. The productivity of the culture
is significantly higher when using a chemical protection system in comparison with a biologized one
by 1.5 times. On a fertilized background, when using a chemical protection system, the productivity
of potatoes is significantly higher by 1.2 times in comparison with the background of natural fertil-
ity. At the same time, with a biologized system, this indicator does not have significant differences.
Individual reaction of the varieties to the studied protective techniques has been noted. Among the
four varieties studied, All Red should be singled out, in which the development of rhizoctoniosis on
the stems on both protection systems at both levels of mineral nutrition was generally the smallest
among all variety samples. The varieties All Red and Violet were the least populated by the Colorado
potato beetle — an average of 0.50—0.55 ind./plant. The highest yield was obtained when growing the
Rosemaria variety (average factor 22.3 t/ha). To control rhizoctoniosis and Colorado potato beetle
on potatoes, it is possible to use biological protection systems, but taking into account the biological
characteristics of the varieties.

Keywords: colored potato varieties, black scab, Colorado potato beetle, system of plant protection,
phytosanitary situation
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INTRODUCTION studying the peculiarities of natural self-regula-
tion of the number of harmful and useful spe-
cies, at quantitative assessment of the parame-
ters of biocenotic processes under the influence
of various anthropogenic impacts in agrobiogeo-
cenoses. The basis of any system of optimization
of phytosanitary situation should be ecologically
safe and economically effective methods of reg-
ulation of harmful species' [1-3].

Development of various methods of plant
protection aimed at providing the population of
the Russian Federation with ecologically safe
food products, in particular potatoes, is one of
the important directions in the branch of agri-
culture.

The most promising link in the development
of modern plant protection is research aimed at

'Aliev Sh.A., Shakirov V.Z. Biologization of farming - the requirement of time // Agrochemical Herald, 2000, N 4, pp. 21-23.
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Influence of different protection systems on phytosanitary situation
in plantings of colored potato varieties

Malyuga A.A., Chulikova N.S.

Potato is one of the most important agricul-
tural crops, but the annual shortage of its yield
from pests is about 25— 30%, in some years —
50% and more. Currently existing systems of
measures to control potato diseases and pests
are mainly based on intensive use of chemical
preparations. Their use increases every year,
which leads to negative impact on agrocenoses
and human health. The use of biological prepa-
rations alone does not give the same high protec-
tive effect against pathogens as the use of chemi-
cal pesticides. Not a single known potato variety
has absolute resistance to pests, especially infec-
tions caused by fungal pathogens. In this regard,
the integrated use of modern pest control agents
(biological preparations and chemical pesticides
- less toxic and with low rates of consumption),
new tolerant varieties, as well as various resis-
tance inducers is becoming increasingly import-
ant in optimizing the phytosanitary situation in
potato plantings.

One of the most environmentally safe and
economically beneficial ways to stabilize the
phytosanitary condition of potato plantings is a
properly selected variety, which due to its bio-
logical characteristics and anthropogenic influ-
ences fully realizes its potential in the soil and
climatic conditions of the region of cultivation.

For example, varieties Charodey and Skazka
in the conditions of the northern forest-steppe
of the Tyumen region were the most resistant to
diseases. They yielded 28.3— 28.5 t/ha (higher
than the standard Lina by 3.9— 4.1 t/ha and high-
er than foreign varieties Colomba and Red Scar-
let by 7.6— 7.9 t/ha), which makes it possible to
effectively cultivate them both with the use of
chemical plant protection products and biologi-
cal preparations [4].

Biological features of the variety can also be
used to optimize the phyto-sanitary condition of
potato plantings from pests, such as Colorado
potato beetle. For this purpose, it is possible to
use low-attractive for phytophage, hardy to the
pest and yielding zoned and widespread variet-
ies. Thus, in the conditions of the Novosibirsk

region, such varieties include Adretta, Zhu-
kovsky ranniy, Svitanok Kievsky, and Yugana®.

Plant protection is one of the important re-
serves in increasing potato yields and quality of
products. However, the reaction of varieties to
the means of chemicalization can be different,
as they react differently to the damage caused to
them by phytophages and phytopathogens [4, 5].
Varieties, having unequal resistance to the im-
pact of harmful organisms, specificity of ecolog-
ical relations with the environment, require an
individual approach when choosing each agro-
technical method of cultivation, including the
system of protective measures [6, 7].

Potato cultivation and obtaining high yields
are nowadays mainly associated with the use of
chemical plant protection products. However,
the effects of pesticides are not unambiguous:
these substances can be toxic, carcinogenic and
mutagenic. At the same time, biopreparations
have a pronounced selectivity of action, quickly
decompose in soil, water, under the influence of
sunlight, do not cause, unlike chemical prepara-
tions, the effect of resistance. Therefore, one of
the directions of improvement of potato produc-
tion and its quality is stabilization of phytosani-
tary condition of potato plantings at the expense
of resistant, tolerant and low-attractive varieties,
as well as expansion of biological preparations
and improvement of methods of their use [8—12].

Bio-ecological features of the main organ-
isms harmful to potatoes in Western Siberia are
such that the use of separate protective mea-
sures is ineffective. In this case, an integrated
approach to their control is necessary, including
the use of varieties, agrotechnical measures, as
well as chemical and biological methods of plant
protection. The use of these basic elements will
optimize the phytosanitary situation in potato
production, including colored varieties, which
are new for Western Siberia, as well as to obtain
environmentally safe products of proper quality.

The purpose of the study was to investigate
the effect of different plant protection systems
on the phytosanitary situation in plantings of

*Potato variety as a way to optimize the phytosanitary condition of crop plantings in relation to Colorado potato beetle /
A.A. Malyuga, N.S. Chulikova, N.A. Omelchenko. Novosibirsk: Rosselkhozakademia. SibNIIZIKh, 2012, 16 p.
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colored potato varieties with respect to rhizocto-
niose and Colorado potato beetle.

MATERIAL AND METHODS

The studies were conducted in 2020, 2021 in
soil and climatic conditions typical for the for-
est-steppe zone of Western Siberia.

Meteodata of the growing seasons 2020 and
2021 differed from mean annual values both in
temperature regime and precipitation amount
(see Table 1). May in both seasons was partic-
ularly distinguished by temperature and mois-
ture regime. The air temperature in this month
exceeded the mean multiyear values by 5.9 and
4.0 °C for the second and third ten-day periods
in 2020 and 2021, respectively; the atmospheric
moisture inflow was on average 1.3 times high-
er than the multiyear average (in 2020) and 1.2
times lower (in 2021) than the mean multiyear
values. In both years in June and July, the av-
erage monthly temperature indices were close
to the norm. The amount of precipitation on
average in June 2020 was 2.4 times below the

multiyear average, in 2021 — 1.3 times above
the multiyear average. In July 2020 the amount
of precipitation was 1.2 times higher than the
long-term average, in 2021 — 3.2 times lower.
August was quite warm in both years — the aver-
age monthly air temperature exceeded the mean
annual values by 2.2-3.0 °C. Atmospheric mois-
ture inflow for the month in 2020 was 1.2 times
higher than the multiyear average, while in 2021
precipitation was at the level of mean annual
values.

Soil cover of the research site is represent-
ed by typical for the region chernozem leached
medium loamy with agrochemical characteris-
tics of arable layer of soil (0-30 cm): humus (ac-
cording to Tyurin) — about 5.0%; content of total
nitrogen — 0.34% (according to Kjeldahl), phos-
phorus and potassium (according to Chirikov) —
29.0 and 13.0 mg per 100 g of soil respectively;
pH =6,7-6,8.

The main elements of potato cultivation tech-
nology correspond to those generally accepted
for this region’.

Ta6a. 1. Mereonannsie BereranmoHHoro nepuoaa 2020, 2021 rr. (I'MC «OrypuioBo» HoBocubupckoro

paitona HoBocuOupckoii obnactu)

Table 1. Meteorological data for the growing season 2020, 2021 (HMS Ogurtsovo, Novosibirsk district,

Novosibirsk region)

Air temperature, °C Precipitation, mm
Month 10-day period 2020 2021 Long-time average 2020 2021 Long-time average
annual annual
May II 19,7 14,8 10,0 1,4 13,3 12,0
1T 15,2 16,4 13,2 32,0 8,5 13,0
Average/total 17,5/ 15,6/ 11,6/ /33,4 /21,8 /25,0
June I 13,9 16,6 15,4 16,0 21,9 13,0
II 16,2 17,3 16,7 7,8 2,3 20,0
11 19,7 14,6 18,1 0,0 48,9 25,0
Average/total 16,6/ 16,2/ 16,7/ /23,8 /73,1 /58,0
July | 21,2 20,4 19,1 32,0 18,0 19,0
II 21,2 18,8 18,9 8,9 4,1 26,0
11 17,0 20,0 18,9 44,0 0,3 27,0
Average/total 19,8/ 19,7/ 19,0/ /84,9 /22,4 /72,0
August I 21,5 19,7 17,9 14,0 25,1 24,0
II 18,9 16,8 16,0 43,0 36,8 20,0
III 16,0 17,6 13,5 25,0 5,4 22,0
Average/total 18,8/ 18,0/ 15,8/ /82,0 /67,3 /66,0

*Vegetable crops and potatoes in Siberia / compilers: G.K. Mashyanova, E.G. Grinberg, T.V. Steinert. Novosibirsk: RAAS.

SibNIIRS, SSI SRO, 2010, pp. 496-507.
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Influence of different protection systems on phytosanitary situation
in plantings of colored potato varieties

Malyuga A.A., Chulikova N.S.

The experiment was three-factor: factor
A — mineral nutrition level (no fertilizer and
N,,P,K,,); B —color potato variety (Purple, Pur-
ple Majesty, All Red and Rosemaria); C — plant
protection (biological and chemical). Repetition
of the experiment was 2-fold. Planting density
35.7 thousand plants/ha.

In the biological system of potato protection,
the seed material was treated before planting
with the biopreparation Bactofort, L (content of
live cells of bacteria Bacillus subtilis, B. amilo-
liguefaciens not less than 5.0 x 10° CFU/ml of
viable cells by the end of storage, consumption
rate 2.0-2.5 I/t); during the growing season Bac-
tofort, L (consumption rate 2.0-3.0 1/ha) was
also applied 3 times with an interval of 7-10
days).

Under the chemical system of protection,
spring dressing of planting tubers with insecti-
cide Celest Top, SC (262.5 g/l + 25 g/l + 25 g/l,
application rate 0.4 1/t) was carried out; during
the growing season, plantings were treated with
fungicide Revus Top, SC (250.0 g/1 + 250.0 g/l,
application rate 0.6 1/ha).

In both protection systems, weed control was
carried out using herbicides Metrifar 70, WSG
(700 g/kg, application rate 0.7— 1.4 1/ha) and
Boxer, EC (800 g/l, application rate 3— 5 I/ha).
During vegetation after flowering, the crop was
treated 3 times (10-15 days apart) with a com-
plex water-soluble microfertilizer Polygro Uni-
versal (N ,P K+ 1 Mg+ 0.02 B, 0.011 Cu,
0.130 Fe, 0.05 Mn, 0.007 Mo, 0.015 Zn, appli-
cation rate 5 — 6 kg/ha).

Observations on the dynamics of pests were
conducted on a natural background (sclerotial
index of seed tubers in Purple Majesty variety
was 1.2, Purple — 1.6, All Red — 2.6 and Rose-
maria — 2.2). Rhizoctoniose development was
determined according to Frank's method*, Col-
orado potato beetle abundance was determined
according to generally accepted methods> °.

The results of the experiments were pro-
cessed using the application program package
Snedecor’.

RESULTS AND DISCUSSION

The development of rhizoctoniose on flow-
ering varieties grown with the use of chemical
plant protection products is significantly lower
than with the use of biopreparations (see Table
2).

On average, this indicator when using the
chemical system was significantly lower in 4.8
times in the sprouting phase, and in 2.0 times
— in the period of budding — the beginning of
flowering of the crop.

Infection of stolons by potato rhizoctoniose
pathogen was also lower when using chemical
dressing Celest Top in comparison with biolog-
ical preparation Bactofort, but this difference
was insignificant and amounted to an average of
4.0% during the growing season.

On average, the mineral nutrition background
factor can be noted that it does not affect the ef-
fectiveness of chemical dressing agent against
rhizoctoniose at the first stages of ontogenesis.

At the same time, a significant influence of
mineral nutrition optimization for biological
preparation Bactofort was established, in this
case on the background with mineral fertilizers
the development of rhizoctoniose was 1.2 times
lower. In the future (budding phase - beginning
of flowering) the development of the disease on
the fertilized background with the use of chemi-
cal protection system was significantly higher in
1.4 times compared to the background of natural
fertility, while in this period with the biological
system this indicator has no differences.

Individual response of the varieties to the
studied protection methods should also be noted.
Thus, among the four varieties studied, All Red
should be singled out, in which the development

‘Frank J., Leach S.S., Webb R.E. Evaluation of potato clone reaction to Rhizoctonia solani // Plant dis. Reporter, 1976, vol. 60,

N 11, pp. 910-912.

SMethodology of research on potato culture. Moscow: SRIPF, 1967, 264 p.
*Methodological recommendations on indication and monitoring of adaptation processes of Colorado potato beetle to genetically

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

'Sorokin O.D. Applied statistics on the computer. Novosibirsk, 2012, 282 p.
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Ta6a. 2. Biusaaue COpTa U KOMIUICKCA arpOTCXHOJIOTMUCCKUX IMTPUEMOB HA PA3BUTUC PU30KTOHHUO3a (cpe;[—

nue 3a 2020, 2021 rr.), %

Table 2. Influence of the variety and the complex of agrotechnological techniques on the development of

black scab (average for 2020, 2021), %

Mineral nutrition background
Option No fertilizers Fertilizer N, P, K |
Variety
PM AR P RM PM AR | P | RM
Full sprouting phase
CPS 0,0 3,9 11,1 8,9 0,0 0,0 18,4 12,3
BPS 46,3 10,4 61,6 25,5 42,6 29,2 28,0 20,0
LSD,, By factors: mineral nutrition — 1.2, variety — 1.7, protection — 1.2, partial averages — 3.4
Budding phase - beginning of flowering

CPS 13,5 13,1 23,6 27,1 19,5 16,4 30,2 42,5
BPS 48,2 40,8 52,1 45,5 45,6 41,6 55,8 39,7
LSD,, By factors: mineral nutrition — 4.0, variety — 5.7, protection — 4.0, partial averages — 11.4

Hereafter, PM is the potato variety Purple Majesty, AR is All Red, P is Purple, and RM is Rosemaria,
CPS - chemical protection system, BPS - biological protection system.

of rhizoctoniose on the stems on both systems
of protection at both levels of mineral nutrition
was generally the lowest among all the varieties.

On average, the number of Colorado potato
beetle when using the chemical system was sig-
nificantly lower (3.6 times) compared to the bio-
logical system. On average for mineral nutrition
background, it can be noted that on fertilized
background when using chemical system of pro-
tection, the number of the pest is significantly
higher in 5.0 times compared to the background
of natural fertility, while with biological system
this indicator does not have significant differenc-
es. The least infested by Colorado potato bee-
tle was the variety All Red (average factor 0.5
specimens / plant), Purple differed little from the
above variety — this indicator was 0.55 specimens
/ plant, on Rosemaria and Purple Majesty it was
significantly higher (1.3—1.5 and 1.7-1.9 times,
respectively) in comparison with the first two
varieties. The chemical dressing Celest Top was
more effective against the phytophagus, signifi-
cantly reducing the pest abundance by 3.4 times
(average factor 0.3 specimens / plant) compared
to the bioinsecticide Fitoverm (1.1 specimens /
plant). The combined effect of variety character-

istics and protection variant on Colorado potato
beetle abundance is additive on average. In most
cases, the number of the pest was higher on the
varieties grown with the use of biological pro-
tection system. Thus, the number of phytopha-
gus was significantly higher when plants were
treated with bioinsecticide (Purple Majesty — 1.5
times, Purple — 6.3 times, Rosemaria — 8.7 times
and All Red — 9.0 times) compared to chemical
insecticide. The exception was Purple Majesty
variety, where the number of insects was the
same on both protection systems when using Fi-
toverm insecticide (see Table 3).

On average for the factor of protection sys-
tem, the crop yield was also significantly high-
er with the use of chemical protectant 1.5 times
(chemical protectant Celest Top - 19.5 t/ha, bio-
insecticide Fitoverm - 12.8 t/ha).

On average for the background of mineral
nutrition it can be noted that on fertilized back-
ground when using chemical protection system
potato productivity is significantly higher (1.2
times) compared to the background of natural
fertility. At the same time at the biologized sys-
tem this indicator has no significant differences.
The highest yield was obtained when growing
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the variety Rosemaria (average factor 22.3 t/ha).
In the varieties All Red and Purple this indicator
was significantly less than the above-mentioned
variety in 1.5 and 1.3 times, respectively, in Pur-
ple Majesty — in 1.8 times. The joint influence
of variety features, mineral nutrition and protec-
tion variant on average has an additive charac-
ter. In most cases, crop productivity was higher
on the varieties grown with the use of chemical
protection system. Thus, this indicator was sig-
nificantly lower when potatoes were treated with
bioinsecticide (Purple Majesty — 1.6 times, Pur-
ple — 2.7 times, Rosemaria — 1.2 times and All
Red — 1.5 times) in comparison with chemical
insecticide. Rosemaria variety should be empha-
sized, which turned out to be the most tolerant,
yield losses in this case amounted to 16.1%. In
the varieties Purple, Purple Majesty and All Red
this indicator amounted to 63.1; 38.8 and 34.9%
(see Table 4).

CONCLUSION

Chemical plant protection agents used to op-
timize the phytosanitary situation in plantings
of colored potato varieties reduced the devel-
opment of rhizoctoniosis in 2.0—4.8 times com-
pared to biological ones. Biological preparations
(at the first stages of ontogenesis) at optimiza-
tion of mineral nutrition of plants allow to re-
duce the development of this disease in 1.2 times
in comparison with the background of natural
fertility. In the variety All Red the development
of rhizoctoniose on the stems on both systems of
protection at both levels of mineral nutrition was
the lowest among all the studied variety samples.

The number of Colorado potato beetle when
using the chemical system was significantly low-
er in 3.6 times compared to the biological sys-
tem. On the fertilized background when using
the chemical system of protection, the number
of the pest was significantly higher in 5.0 times

Ta6ua. 3. BimsHue copra 1 KOMIUIEKCa arpOTEXHOJIOTHYECKUX MPUEMOB Ha CPETHIOO 32 BETeTalUIO YHC-
JIEHHOCTH KOJIOPAJICKOTO JKyKa (MMaro u JTMInHKH) (cpearne 3a 2020, 2021 rT.), 3K3./pacTeHue

Table 3. Influence of the variety and the complex of agrotechnological techniques on the average
number of Colorado potato beetles (imago and larvae) during the growing season (average for 2020, 2021),

specimen/plant
Mineral nutrition background
Option No fertilizers Fertilizer N, P, K/
Variety
PMm | AR [ P | rRM | P [ AR | P | RM
Full sprouting phase

CPS 0,1 0,1 0,1 0,1 1,4 0,1 0,2 0,2
BPS 0,9 1,0 0,8 1,4 1,4 0,8 1,1 1,2
LSD,, By factors: mineral nutrition — 0.2, variety — 0.2, protection — 0.2, partial averages — 0.5

Ta6a. 4. BousHre copTa 1 KOMIUIEKCA arpOTEXHOJIIOTUIECKUX MTPUEMOB Ha YPOXKAaHHOCTh KapTodens

(cpemume 3a 2020, 2021 rr.), T/Ta

Table 4. Influence of the variety and the complex of agrotechnological techniques on potato yield (average for

2020, 2021), tha

Mineral nutrition background
Option No fertilizers Fertilizer N, P, K |
Variety
PM | AR | P | RM | pPMm | AR | P | RM
Full sprouting phase

CPS 14,5 16,5 18,2 22,5 16,9 19,8 21,6 26,0
BPS 11,4 11,9 8,4 18,1 7,7 11,8 10,7 22,6
LSD,, By factors: mineral nutrition — 0.8, variety — 1.1, protection — 0.8, partial averages — 2.3
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compared to the background of natural fertility,
while with the biological system this indicator
does not have significant differences. The num-
ber of Colorado potato beetle on the varieties All
Red and Purple was significantly lower (1.3-1.9
times) compared to the varieties Rosemaria and
Purple Majesty. Chemical protection system sig-
nificantly increased crop yield by 1.5 times.
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YCTOWUYHUBBIE OBPA3IBI KYKYPY3bl K BOCTOUHOMY KYKYPY3HOMY
MOTBUIBKY B IPUMOPCKOM KPAE

<) Jlacrymkuna E.H.!, Coipmoaior O.B.!, Tearnuko O.H.!, KpackoBckas H.A.2

! [lanbHeeoCcmouHblll HAYYHO-UCCI008AMENbCKULL UHCIUNYIM 3AWUMbl PACMEHUL — QUIUAL
Dedepanvrozo Hayuno2o yeumpa azpoouomextonoauil Janvneeo Bocmoxa um. A.K. Yatiku
[Tpumopckuii kpaii, c. Kamenn-Pribonos, Poccust

2@eodepanvuviil nayunvlil yenmp azpobuomexnonozutl Janvneco Bocmoka um. A.K. Yaiiku
[Ipumopckuii kpaii, Yecypuiick, Poccust

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

Uzyueno 65 o0pa3oB HKOJOTHYECKOTO MUTOMHHUKA KyKYypy3bl C LEJIBIO ONPEACICHUS X yCTOMU-
YUBOCTH K BOCTOYHOMY KYyKYypy3HOMY MOTBUIBKY (Ostrinia furnacalis Guenee) Ha eCTECTBEHHOM
(oHe 3aceneHus BpeauTeiIeM Ul CENeKIMH Ha SHTOUMMYHHUTET ¥ MIPOM3BOACTBEHHBIX Lesel. DKc-
nepuMeHT npoBeseH B 2019-2021 rr. B ycnoBusx IIpumopckoro kpasi. M3yueHs! Tpu coctapisio-
[IMe yCTOMYMBOCTH 00pa3loB KYKypy3bl K BpeauTento. B pe3ynbrare mcciaeoBaHUN BBIIECTHINCH
30 rubpuIOB KyKypy3bl Kak MEHEE ITOBPEKICHHBIC (OTMEUCHHBIE CTEONIEBOI YCTOMUMBOCTRIO). J{ana
XapaKkTepUCTHKa Hanbojee ycTOWYMBBIX M3 HUX (1o Oayuty obuied nospekaeHHoctH). Ilo npusie-
KaTeJIbHOCTH PaCTCHUH KyKypy3bl AJIS SIMIEKIaTylIIMX CaMOK MOTBUIbKA BBIJEITHIMCH 2 THOpHIA C
HauMeHbIel 3acenenHocThio (10%). Kak MeHee mpuBiekaTenbHble OTMeYeHbI THOpUAbI HploToH 1
P 9300. BEIHOCTHBOCTBIO K OBPEKACHUSIM BPEIUTENS (C HE3HAYUTEILHBIM CIIOMOM CTEONIST M HOXKKH
royarka) XapakTepu30Bajnch 12 06pa3ioB KyKypy3sl. M3 HuX HanOosee TOJIepaHTHBIMHU OKa3aHCh
ruopunsl LK-0,5 u P 9300. B pe3ynbrare BicciieoBaHUA BBIIEICHBI TIEPCTICKTUBHBIC COPTa M THO-
punsl oredectBeHHO# cenekuuu HYP, Jlanoxckuit 301 AMB, Jlagoxckuit 410 MB, Hetoron, baii-
KajJ. OTH THOpPUABI SKOJIOTHYECKOTO MUTOMHHMKA KYKYPY3bl OTIMYAIOTCSI HE TOJIBKO YCTOMYHBOCTBIO
K TIOBPEXACHHUSIM BPEAUTENS, HO U K APYTHMM OMOTHUECKUM M a0MOTHYECKHM CTPEeccaM B YCIIOBHAX
[Tpumopckoro kpast. YpoxKaliHOCTb BBIJICTICHHBIX THOPHIOB BapbupoBaia oT 4,2 1o 7,4 1/ra, paiiloHu-
poBanHOTO copra CnaBsiHKa — B cpenHeM 5,5 1/ra. CTaHmapTHBIN copT KyKypy3bl ClaBsiHKa OTMeUeH
Kak ToJiepaHTHBIN. [10 cTeneHn moBpex1eHHOCTH OH OTHOCHUTCS K IPYIIIE CPEIHEYCTOMYMBBIX 00pa3-
LOB. YCTOHYMBBIE THOPHIBI KyKyPy3bl COCTaBHIIN IPYIITY PAHHECIIEIbIX U CPEIHEPAHHUX 00pa3LOB.

KuiroueBble cji0Ba: KyKypy3a, BOCTOUHBIA KYKYpPY3HbIH MOTBUIEK, YCTOHUHUBOCTD, SKOJIOTHYECKUI
MMUTOMHUK, COPTa, THOPU/IBI, CENEKIHSI

CORN SPECIMENS RESISTANT TO ASIAN CORN BORER IN THE PRIMORSKY
TERRITORY

(<) Lastushkina E.N.!, Syrmolot O.V., Telichko O.N.!, Kraskovskaya N.A.?

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

Kamen-Rybolov, Primorsky Territory, Russia

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

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

Sixty-five samples of ecological corn nursery were studied to determine their resistance to the
Asian corn borer (Ostrinia furnacalis Guenee) on the natural background of pest infestation for se-
lection for entoimmunity and production purposes. The experiment was conducted in 2019-2021 in
the conditions of the Primorsky Territory. Three components of pest resistance of corn samples were
studied. As a result of the research, 30 corn hybrids were singled out as less damaged (marked by stalk
resistance). Characterization of the most resistant of them (by total damage score) is given. According
to the attractiveness of the corn plants for egg-laying female moths, there were 2 hybrids with the
lowest pest colonization (10%). Hybrids Newton and P 9300 were noted as less attractive. Twelve
corn accessions were characterized by tolerance to pest damage (with insignificant stem and cob stem
breakage). Of these, hybrids LK-0.5 and P 9300 were the most tolerant. As a result of research, prom-
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ising varieties and hybrids of domestic selection NUR, Ladozhsky 301 AMV, Ladozhsky 410 MV,
Newton, Baikal were identified. These hybrids of ecological corn nursery are characterized not only
by resistance to pest damage, but also to other biotic and abiotic stresses in the conditions of Primorsky
Territory. Yields of the selected hybrids varied from 4.2 to 7.4 t/ha, the released variety Slavyanka — on
average 5.5 t/ha. The standard corn variety Slavyanka was noted as tolerant. According to the degree
of damage, it belongs to the group of medium resistant samples. Resistant corn hybrids made up the
group of early-ripening and middle-early specimens.
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INTRODUCTION

At present, the area under corn for grain is
increasing, which indicates an increased interest
in the cultivation of this crop in the different dis-
tricts of the Primorsky Territory. For this reason,
the selection of hybrids and varieties of this crop
is actively carried out. The objectives of corn
breeding are to increase the stability of the vari-
eties in a variety of environmental conditions of
cultivation and to increase their ability to main-
tain maximum yield in different growing condi-
tions. According to scientists, breeding only for
high productivity does not provide an opportu-
nity to obtain stable crop yields under unfavor-
able weather conditions. In this regard, no less
important direction of breeding is to achieve a
combination of high yield with resistance to nat-
ural (biotic and abiotic) stresses [1, 2].

Pests have a significant impact on the yield
and quality of corn. One of the most dangerous
and widespread pests of corn in the world is the
European corn borer (Ostrinia nubilalis Hbn.).
The caterpillars gnaw out passages and cavities
in stalks, damage cobs, as a result of which grain
yield losses can reach 30-40% [3—10]. Asian
corn borer (Ostrinia furnacalis Guenee) is also
a potentially dangerous pest that causes great
harm to corn in the Far East. Expansion of corn
crops in the Primorsky Territory contributes to
the dispersal of this pest. High air humidity and

optimum temperatures lead to an increase in the
number of Ostrinia furnacalis Guenee in differ-
ent districts [11].

Various effective pest control measures are
being developed to reduce pest damage and
abundance. One of such methods is the devel-
opment of varieties with high productivity, eco-
logical plasticity and resistance to phytophage
damage. This allows to obtain grain in large vol-
umes and high quality, to reduce the number of
chemical sprays in crops and to solve the envi-
ronmental issue. Resistant varieties contribute to
improving the phytosanitary condition of fields
and obtaining a quality guaranteed harvest [2,
12].

The purpose of the study is to evaluate corn
samples of ecological nursery, and to select re-
sistant forms to pest damage from it for breeding
and production purposes.

MATERIAL AND METHODS

The samples of ecological corn nursery of
the Laboratory of Corn Breeding and Primary
Seed Production of the Federal Scientific Cen-
ter of Agricultural Biotechnology of the Far East
named after A.K. Chaiki were evaluated for their
resistance to the pest on the natural background
of plant infestation by the phytophage according
to the methods of the Federal Research Center
"N.I. Vavilov All-Russian Institute of Plant Ge-
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netic Resources" (VIR) and the All-Russian In-
stitute of Plant Protection (VIZR)'.

10 plants of each sample were evaluated in
the nursery. Damage was noted on the regis-
tered plants: number of passages in the stem,
broom and stem breakage, cob and cob pedicel
damage. After that, the following parameters
were determined: pest infestation of the plants,
%; average number of passages per plant, pcs;
number of plants with broken panicle, %; num-
ber of plants with broken stem, %; number of
plants with damaged cob, %; number of plants
with damaged cob stem, %. The degree of attrac-
tiveness was estimated according to the scale of
pest infestation of the plants (by the number of
damaged plants): up to 25% — weak damage; 25-
50% — medium damage; 50-75% — strong dam-
age; over 75% — very strong damage. To assess
the degree of Zea mays resistance to corn moth,
the scale of total plant damage (in points) was
used. According to this scale, the samples are
classified as actually resistant (1-2 points); me-
dium resistant (2.1-3.5 points); insufficiently re-
sistant (3.6-5.0 points); unstable (over 5 points).

Before harvesting evaluation of corn stalk re-
sistance to the Asian corn borer was carried out
using the scale according to the method of I.D.
Shapiro (see footnotes 2, 3): 1 point — number of
moves less than 5; 2 — number of moves 5 and
more (panickle breakage, cob lesion); 3 — cob
stem lesion; 4 — stem breakage. Then the scores
were summarized for each sample, the average
was found and the resistance of the hybrid or
variety was evaluated according to the scale of
total damage.

RESULTS AND DISCUSSION

In 2019-2021 the evaluation of the varieties
and hybrids of ecological corn nursery to the
Asian corn borer on the background of natural
infestation by the phytophage was carried out.

Pest resistance is represented by three com-
ponents: attractiveness (infestation) of plants to

egg-laying females of the pest, antibiosis (pro-
tective response of the plants to damage) of for-
age plants, and varietal hardiness (tolerance) of
the crop (see footnote 3).

The attractiveness was evaluated by the pres-
ence of corn damage by the local pest popula-
tion under free choice of feed. The total damage
background for the whole period of the studies
in the ecological nursery averaged 42.7%. Ac-
cording to the attractiveness scale, this is the
average damage (see footnote 1). The lowest
attractiveness across the nursery over the study
years was 10% in the Newton and R 9300 (2021)
specimens. Stem resistance (stem and cob anti-
biosis) was assessed by the score of total plant
damage by the pest (see Fig. 1).

In 2019, of 30 hybrids under study, 8 samples
were classified as weakly damaged (see Fig. 1).
The table reflects the detailed characterization
of damage and stem resistance of the ecologi-
cal nursery samples that are weakly damaged
by corn moth. According to the results of 2019,
the most resistant (0—1.0 points) was hybrid LK-
0.5 (0.6 points). Ladoga 410 MV hybrid can be
noted, which was also characterized by the least
damage (1.3 points).

Under 2020 conditions, 11 out of 19 hybrid
samples under study showed maximum resis-
tance to the pest. Of these, the lowest score (0.9)
was observed in the hybrids PRO1 and Ladoga
410 MV. The samples Mashuk 172 MV, R 0074,
Ladoga 181 MV, Ladoga 301 AMV were also
characterized by low damage (1.0 —1.5 points).

Specimens of the ecological nursery 2021
Newton, Baikal, R 8521, R 9300, and R 9160
showed the greatest resistance. Their damage
score varied from O to 1.0. The first group of
resistance (0-2.0 points) was also composed of
5 hybrids and the standard variety-population
Slavyanka.

It is known that resistance of corn stalk and
cob stem to breakage contributes to the endur-
ance of the crop plants to this pest (see Fig. 2).

'0smolovsky G.E. Detection of agricultural pests and signaling of control dates. M.: Rosselkhoz publishing house, 1964, pp.

102-105.

*Shapiro L.D., Pereverzev D.S., Chumakov M.A. Harmfulness of stem moth on corn crops in the Krasnodar Territory // Plant

Protection News, 1979, N 46, pp. 45-49.

3Shapiro I.D., Vilkova N.A., Slepyan E.I. Plant immunity to pests and diseases. Leningrad: Agropromizdat, Leningrad department,

1986, 192 p.
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Puc. 1. Pe3ynbTarhbl OIEHKH YCTOWIHMBOCTH THOPH-
JIOB U COPTOB KyKYpPY3bl MTUTOMHHKA KOJIOTUYECKO-
TO COPTOUCIIBITAHUS K BOCTOUHOMY KYKYPYy3HOMY
MOTBUTBKY (2019-2021 rrn)

Fig. 1. Results of resistance evaluation of the
ecological variety testing nursery corn hybrids and
varieties to the Asian corn borer (2019-2021)

The mechanical strength of stalk and cob stem
was characterized by all the hybrids and variet-
ies of the nursery presented in the table. Damage
to the stems of these corn samples amounted to
0-13.3%, cob stalks to 0-13.3% — 0-7,0%.

Hybrids LK-0.5 and R 9300 can be noted,
which had no stem and cob stalk breakage (0%).
The sample R 9300 was characterized by only a
minor panicle breakage (3%).

A dense wrapper, high degree of cob covering
by leaves, as well as structural features of starch
endosperm of the cob protect the cob from corn
damage by corn borer and diseases (see Fig. 3).
Such cob properties were possessed by most
of the corn samples studied. Their cob damage
varied from 0% (Ladoga 301 AMYV, Ladoga 410
MYV, Baikal) to 20% (R 8500).

CONCLUSION

A number of samples proposed as the breed-
ing material for resistance to the Asian corn
borer have been identified during the period of
study of the varieties and hybrids of the nursery
of ecological varietal testing of corn on the back-
ground of natural infestation by the phytophage
in 2019-2021. The selected varieties and hybrids
of domestic breeding - NUR, Ladoga 301 AMYV,
Ladoga 410 MV, Newton, Baikal - can also be
recommended for production purposes as the

[lepcnekTuBHBIE ¥ Han0OJIEE YCTOHUMBBIC K BPEAUTEINIO 00pa3Lbl KYKypy3bl 3KOJIOIHYECKOTO TUTOMHHKA

3a nepuon 20192021 rr.

Prospective and most pest-resistant corn samples from an ecological nursery for the period 2019-2021

I\(I)(t)". Sample Average lesion aﬁgggg Ziecr)lf;s ickl e
items ot pcs. , l];);ler:lgagz breS:;el;de cobs cob stalks
2019
1 |LK-0,5 0,6 17 17 0 7 0
2 |Ladoga 410 MV 1,3 33 30 10 0 0
2020
PRO1 0,9 23 7 10 7 0
4 |Ladoga 301 AMV 1,2 33 17 13 0 3
5 |Ladoga 410 MV 0,9 20 3 13 0 0
2021
6 |Newton 0,6 10 3 7 0
7 | Baikal 0,9 20 7 13 0
g |NUR 1,2 33 13 10 10 0
9 |P8500 1,1 23 3 10 20 0
10 |P 8521 0,7 20 3 3 7 7
11 [P9300 0,2 10 3 0 3 0
12 |P 9160 0,8 20 7 7 3 3
13 |P9874 1,1 27 7 7 13 7
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most productive and ecologically resistant to
changes (stresses) of natural conditions of the
Primorsky Territory.
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6axrepuansHoi ipuponsl. C 2014 o 2023 1. mnecnenoBanu 666 mpod dnomarepuana (ciau3ucras 00o-
JIOUKa TpaxeH, JIETKUE, CPEAOCTEHHBII 1 OpbLKECUHBIN TMM(ATHUECKUE Y3IIbl, COACPKUMOE ChIUyTra U
KHIIIEYHHUKA), OTOOPAHHBIX OT MABIIUX M BBIHYKICHHO YOUTHIX TEJIST B BO3pacTe /10 6 MecC ¢ MpH3HaKa-
MU SHTEPUTOB U pecrnupaTopHbIX Oomnesneit. OdcnenoBanu 94 xo3siicTBa mecTr 001acTel, AByX Kpacs
Cubupckoro perrona u Pecryonnku Kazaxcran. Pesynbsrars! nccienoBaHnii MOATBEPKIAI0T IIHPOKOE
pacmpocTpaHeHre KpUNTOCIIOpUANI cpean TeisT. Yaie Bcero BRIABISIMCH oouuctsl Cryptosporid-
ium parvum, KoTopbie pucyTcTBOBaIA B 34 (5,1%) mpobax OMOIOTHYECKOTO Marepuajia OT TeJsT
B 22 (23,4%) oOcnenoBaHHBIX XO3SHUCTBaX. YCTAHOBJIEHO, YTO OOLUMCTHI B MOHOBapUAHTE Y YKUBOT-
HBIX TPUCYTCTBOBAIH penko (22,7%), wame (77,3%) oOHapyKMBAIUCHh B ACCOLMAIIUAX C BUPYCAMH H
OakTepusIMH BO BpeMs BCIBILIECK BUPYCHO-OakTepuanbHblX nHGeknid. K nnpunuposanuio Handomnee
BOCIIPUUMYHUB MOJIOTHSIK /10 30-1HEBHOTO Bo3pacTa. HoBopokeHHBIE TemsiTa HanOoJee TyBCTBUTEb-
HBI K 3apaKCHUIO OOLIMCTaMH, a IePeOOIICBILINE )KUBOTHBIE CTAHOBATCS MOKU3HECHHBIMU UCTOYHUKAMHU
BO30Y/NUTEIIS ISl BOCTIPUUMYHBBIX KUBOTHBIX. KPHUIITOCTIOPHINO3 SBIISETCS CaMOCTOSITEBHBIM 3200-
JIeBaHHEM U MPOTEKACT HE3aBUCHMO OT HAJIMYMS BUPYCOB U OaKTepuil B OpraHu3Me 1 He UMEeT C HUMHU
CHHEPTUTHUYECKOTO B3aUMOICHCTBHSI, OJJHAKO HATMYHME U Pa3MHOKEHHE B OPTaHU3MeE )KUBOTHBIX 3TOTO
BO30YIHUTEIIsI CIIOCOOCTBYET YCHJICHHUIO TSDKECTH TCUCHHSI SHTEPUTOB Y TEJISAT U MPUBOIUT K TPYIHO-
CTSAM B INPOBEJCHUU JICYeOHO-TIPOMUIIAKTHYECKIX MeponpusTHi. [IprcyTcTBrE KPUNITOCTIOPUIHN B
OpraHu3Me >KUBOTHBIX HEOOXOIUMO YUHUTHIBATh MPH MIPOBEJCHUN KOMIUIEKCHBIX MPOTHBOIMTU300THYE-
CKHMX MEPONPUATHH.

KnroueBble cjioBa: KpyIHBIM porarblii CKOT, TEJSTa, KPUIITOCIIOPHINH, SHTEPUTHI, aCCOLUALIUH
BO30yauTEINICH, BUPYCHI, OaKTepUu
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The results of the study of specific features of distribution and clinical manifestation of bovine
cryptosporidiosis in association with pathogens of viral and bacterial nature are presented. From 2014
to 2023, 666 samples of biomaterial (tracheal mucosa, lungs, mediastinal and mesenteric lymph nodes,
contents of rennet and intestine) collected from fallen and forcefully killed calves under 6 months of
age with signs of enteritis and respiratory diseases were examined. 94 farms of six regions, two ter-
ritories of the Siberian region and the Republic of Kazakhstan were surveyed. The findings confirm
the widespread prevalence of Cryptosporidium in calves. Cryptosporidium parvum oocysts were most
frequently detected and were present in 34 (5.1%) samples of biological material from calves in 22
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(23.4%) of the surveyed farms. It was found that oocysts were rarely (22.7%) present in monovariant
in animals, more often (77.3%) they were found in associations with viruses and bacteria during out-
breaks of viral-bacterial infections. Young animals under 30 days of age are most susceptible to infec-
tion. Newborn calves are most susceptible to infection with oocysts, and those animals that have had
the disease become lifelong sources of the pathogen for susceptible animals. Cryptosporidiosis is an
independent disease and runs independently of the presence of the viruses and bacteria in the body and
has no synergistic interaction with them, but the presence and multiplication in the body of animals of
this pathogen contributes to the severity of the course of enteritis in calves and leads to difficulties in the
treatment and preventive measures. The presence of Cryptosporidium in animals should be taken into
account when carrying out complex anti-epizootic measures.
Keywords: cattle, calves, cryptosporidium, enteritis, pathogen associations, viruses, bacteria
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INTRODUCTION leads to clinical symptoms such as diarrhea, col-
ic, vomiting and weight loss® [1-3].

Cryptosporidiosis in cattle is currently recog-
nized to be caused by four main pathogen spe-
cies: C. parvum, C. andersoni, C. ryanae and C.
bovis. However, other species, including C. suis,
C. hominis, C. serpentis, C. xiaoi, C. ubiquitum,
C. meleagridis, C. muris and C. felis, are also
found in cattle *8[4].

Infection of calves with Cryptosporidium oc-
curs at or immediately after birth by ingestion
or inhalation of oocysts, which multiply on the

The most common clinical syndrome in calves
on livestock complexes is diarrhea of infectious
nature, the list of causative agents of which may
include viruses, bacteria and parasites 2.

Representatives of the genus Cryptosporid-
ium (Apicomplexa, Protozoa) are capable of
causing parasitic diarrhea. Diseases caused by
Cryptosporidium are widespread throughout the
world, including the Russian Federation. They
can infect a variety of hosts, including humans,
domestic and wild animals. Infection of cattle

'De-Graaf D.C., Vanopdenbosch E., Ortega-Mora L.M., Abbassi H., Peeters J.E. A review of the importance of cryptosporidiosis
in farm animals // International Journal for Parasitology, 1999, vol. 29 (8), pp. 1269-1287. DOI: 10.1016/s0020-7519(99)00076-4.

Ychikawa-Seki M., Aita J., Masatani T., Suzuki M., Nitta Y., Tamayose G., Iso T., Suganuma K., Fujiwara T, Matsuyama K., Nii-
kura T., Yokoyama N., Suzuki H., Yamakawa K., Inokuma H., Itagaki T., Zakimi S., Nishikawa Y. Molecular characterization of Cryp-
tosporidium parvum from two different Japanese prefectures, Okinawa and Hokkaido // Parasitol Int., 2015, vol. 64 (2), p. 161-166.
DOI: 10.1016/j.parint.2014.11.007.

SLiu H., Shen Y, Yin J., Yuan Z., Jiang Y., Xu Y., Pan W., Hu Y., Cao J. Prevalence and genetic characterization of Cryptospo-
ridium, Enterocytozoon, Giardia and Cyclospora in diarrheal outpatients in China / BMC Infect Dis., 2014, vol. 14, pp. 25. DOI:
10.1186/1471-2334-14-25.

*Azami M., Moghaddam D.D., Salehi R., Salehi M. The identification of Cryptosporidium species (Protozoa) in Ifsahan, Iran by
PCR-RFLP analysis of the 18S rRNA gene // Molecular Biology, 2007, vol. 41 (5), pp. 851-856.

SFeltus D.C., Giddings C.W., Khaitsa M.L., McEvoy J.M. High prevalence of Cryptosporidium bovis and the deer-like genotype
in calves compared to mature cows in beef cow-calf operations // Veterinary Parasitology, 2008, vol. 151 (2-4), pp. 191-195. DOI:
10.1016/j.vetpar.2007.10.012.

*Geurden T., Goma F.Y., Siwila J., Phiri I.G., Mwanza A.M., Gabriel S., Claerebout E., Vercruysse J. Prevalence and genotyping
of Cryptosporidium in three cattle husbandry systems in Zambia // Vet. Parasitol., 2006, vol. 138 (3-4), pp. 217-222. DOI: 10.1016/j.
vetpar.2006.02.009.

"Santin M., Trout J.M., Fayer R. A longitudinal study of cryptosporidiosis in dairy cattle from birth to 2 years of age // Veterinary
Parasitology, 2008, vol. 155 (1-2), pp. 15-23. DOI: 10.1016/j.vetpar.2008.04.018.

8Xiao L. Molecular epidemiology of cryptosporidiosis: an update // Experimental Parasitology, 2010, vol. 124 (1), pp. 80—89.
DOI: 10.1016/j.exppara.2009.03.018.
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mucous membranes of the rennet, intestine and
respiratory organs (most commonly the trachea).
According to Hamidinejat H. et al., cryptospo-
ridia were present in 0.5% of fecal samples, as
well as in 0.5% of trachea of newborn calves.
The same authors reported detection of the
pathogen simultaneously in feces and trachea in
0.3% of cases’.

It was found that C. andersoni in cattle main-
ly causes damage to the gastric mucosa, whereas
infection with C. parvum, C. ryanae and C. bo-
vis leads to atrophy of villi, shortening of micro-
villi and destruction of the intestinal mucosa'.

Clinical signs of the disease are more often
manifested in calves of different ages in the form
of depression of general condition, severe diar-
rhea, anorexia and dehydration, which leads to
significant economic losses associated mainly
with reduced weight gain and the use of palli-
ative and prophylactic treatment. Some animals
recover in 4-6 weeks!'!. Lethality in calves up to
30 days old can reach 35.5%. After recovery,

animals become parasite carriers and serve as a
source of pathogen for newborn calves'?.

The prevalence of Cryptosporidium spp. in
cattle herds varies from 50.5 to 96%'". For
example, the prevalence of cryptosporidiosis in
cattle was 1.5% in Japan, 35.7 in Vietnam, 20.6
in Turkey, 40.6 in Canada and 40.6% in the USA
(see footnote 9).

The risk of infection with Cryptosporidium is
higher in newborn calves (see footnotes 16, 17)
[5], in calves before weaning the infection rate
can reach 19.5%, in young animals after wean-
ing - 9.0%. Cryptosporidiosis has also been de-
tected in 4.94% of adult cattle [6].

It has been established that C. parvum can be
transmitted to humans by fecal-oral route after
direct or indirect contact with infected animals**
21, Cattle are recognized as the main reservoir of
the parasite and a source of zoonotic infection
in humans in industrialized countries, especially
among immunocompromised individuals, chil-
dren and the elderly*.

’Hamidinejat H., Jalali M.H., Jafari R.A., Nourmohammadi K. Molecular determination and genotyping of Cryptosporidium
spp. in fecal and respiratory samples of industrial poultry in Iran / Asian Pac J. Trop Med., 2014, vol. 7 (7), pp. 517-520. DOI:

10.1016/S1995-7645(14)60086-9.

Y0lson M.E., Guselle N.J., O'Handley R.M., Swift M.L., McAllister T.A., Jelinski M.D., Morck D.W. Giardia and Cryptosporidium
in dairy calves in British Columbia // Canadian Veterinary Journal, 1997, vol. 38 (11), pp. 703-706.

U0Ison M.E., O’Handley R.M., Ralston B.J., McAllister TA., Thompson R.C.A. Update on Cryptosporidium and Giardia
infections in cattle // Trends in Parasitology, 2004, vol. 20, pp. 185-191. DOI: 10.1016/j. pt.2004.01.015.

12Singh B.B., Sharma R., Kumar H., Banga H.S., Aulakh R.S., Gill J.P, Sharma J.K. Prevalence of Cryptosporidium parvum
infection in Punjab (India) and its association with diarrhea in neonatal dairy calves // Veterinary Parasitology, 2006, vol. 140 (1-2),

pp. 162-165. DOI: 10.1016/j.vetpar.2006.03.029.

BHamnes LS., Gjerde B., Robertson L. Prevalence of Giardia and Cryptosporidium in dairy calves in three areas of Norway //
Veterinary Parasitology, 2006, vol. 140, pp. 204-216. DOI: 10.1016/j.vetpar.2006. 03.024.

Y“Brook E., Hart C.A., French N., Christley R. Prevalence and risk factors for Cryptosporidium spp. infection in young calves.
Veterinary Parasitology, 2008, vol. 152, pp. 46-52. DOI: 10.1016/j.vetpar.2007.12.003.

BTrotz-Williams L.A., Martin S.W., Leslie K.E., Duffield T., Nydam D.V., Peregrine A.S. Association between management prac-
tices and within-herd prevalence of Cryptosporidium parvum shedding on dairy farms in southern Ontario // Preventive Veterinary
Medicine, 2008, vol. 83, pp. 11-23. DOI: 10.1016/j.prevetmed.2007.03.001.

YTiranti K., Larriestra A., Vissio C., Picco N., Alustiza F., Degioanni A., Vivas A. Prevalence of Cryptosporidium spp. and Giar-
dia spp., spatial clustering and patterns of shedding in dairy calves from Cérdoba, Argentina // Rev Bras Parasitol Vet., 2011, vol. 20,

pp. 65-72. DOI: 10.1590/51984-29612011000200009.

Smith R.P, Clifton-Hadley F.A., Cheney T., Giles M. Prevalence and molecular typing of Cryptosporidium in dairy cattle in
England and Wales and examination of potential on-farm transmission routes. Veterinary Parasitology, 2014, vol. 204, pp. 111-119.

DOI: 10.1016/j.vetpar.2014.05.022.

BDelafosse A., Chartier C., Dupuya M.C., Dumoulin M., Pors L., Paraud C. Cryptosporidium parvum infection and associated
risk factors in dairy calves in western France // Preventive Veterinary Medicine, 2015, vol. 118, pp. 406—412. DOI: 10.1016/j.pre-

vetmed.2015.01.005.

YAl Mawly J., Grinberg A., Prattley D., Moffat J., Marshall J., French N. Risk factors for neonatal calf diarrhoea and entero-
pathogen shedding in New Zealand dairy farms // Veterinary Journal, 2015, vol. 203, pp. 155-160. DOI: 10.1016/j.tvj1.2015.01.010.

®Ryan U., Fayer R., Xiao L. Cryptosporidium species in humans and animals: current understanding and research needs // Para-
sitology, 2014, vol. 141, pp. 1667-1685. DOI: 10.1017/S0031182014001085.

2 Kinross P, Beser J., Troell K., Axén C., Bjorkman C., Lebbad M., Winiecka-Krusnell J., Lindh J., Lofdahl M. Cryptosporidium
parvum infections in a cohort of veterinary students in Sweden // Epidemiol Infect, 2015, vol. 143 (13), pp. 2748-2756. DOI:

10.1017/ S0950268814003318.

2Xiao L., Fayer R. Molecular characterization of species and genotypes of Cryptosporidium and Giardia and assessment of zoo-
notic transmission // International Journal for Parasitology, 2008, vol. 38, pp. 1239-1255. DOI: 10.1016/ j.ijpara.2008.03.00.
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Currently, the mortality rate of newborn
calves on dairy farms due to diarrhea remains
high?-?°, In addition to C. parvum, enteritis is
known to be caused by bovine viral diarrhea vi-
rus (BVDV), bovine rotavirus A (BRV-A), bo-
vine coronavirus (BCoV), Salmonella spp. and
pathogenic Escherichia coli [7-9]. Regarding
BVDYV, it is known to rarely cause diarrhea in
colostrally immune newborn calves, but may be
associated with perinatal and neonatal mortality
due to intrauterine infections®® [10].

We found no data in the available literature
on the spread of bovine cryptosporidiosis among
the calves at dairy complexes in Siberia, espe-
cially in association with other pathogens.

The purpose of the work is to study the pe-
culiarities of distribution and clinical manifesta-
tion of cryptosporidiosis in calves on dairy com-
plexes in Siberia in association with viruses and
bacteria.

MATERIAL AND METHODS

From 2014 to 2023, 666 samples of bioma-
terial (tracheal mucosa, lungs, mediastinal and
mesenteric lymph nodes, contents of rennet and
intestine) taken from fallen and slaughtered
calves under 6 months of age with the signs of
enteritis and respiratory diseases were exam-
ined. 94 farms of six areas, two territories of the
Siberian region and the Republic of Kazakhstan
were surveyed. Sampling of biological materi-
al was carried out not later than 2 hours after
the animals were killed, immediately frozen and
transported to the laboratory for no more than 12
hours, where they were stored at minus 80 °C
until examination.

The obtained tests were simultaneously ana-
lyzed for the presence of viruses of infectious
rhinotracheitis (IRT), viral diarrhea — mucous
membrane disease (VD-MMD), respiratory
syncytial infection (RSI), coronavirus infec-

tion (CVI), parainfluenza-3 (PI-3), rotavirus
infection (RVI) in cattle by polymerase chain
reaction using test systems developed by us.
Bacteriological studies were also carried out
using the following nutrient media: FMH-agar,
Endo agar, bismuth-sulfite agar, MacConkey
agar, Schaedler's agar. Culture, morphological
and biochemical properties of microorganisms
were studied using generally accepted methods,
pathogenicity and toxigenicity - on mongrel
white mice using intramuscular and subcutane-
ous administration of bacterial suspension.

Morphological method was used to diagnose
cryptosporidiosis. For this purpose, scrapings
from the mucous membranes of the trachea and
intestine, intestinal contents were taken, which
were mixed 1 : 1 with isotonic sodium chloride
solution, thin smears were prepared on slides,
which were fixed with methyl alcohol, dried and
first stained with carbolic fuchsin according to
Ziehl-Neelsen, then with 5% solution of mala-
chite green. In addition, lung smears were made,
which were fixed and stained in the same way.
Prepared preparations were viewed under a mi-
croscope at a magnification of 1000.

RESULTS AND DISCUSSION

Cryptosporidium parvum oocysts were de-
tected in 34 (5.1%) samples of biological ma-
terial from calves in 22 (23.4%) farms of No-
vosibirsk, Tyumen, Kemerovo, Omsk regions,
Altai Territory and the Republic of Kazakhstan.
At microscopy Cryptosporidium oocysts repre-
sented rounded formations 4-5 microns in diam-
eter, bright red in color of different shades, had a
well-defined paries (see the figure). The associ-
ated microflora and the surrounding background
were stained green.

Respiratory, mixed (respiratory + gastroin-
testinal) and gastrointestinal syndromes were
registered in the calves from which biological

BCho Y.I, Yoon K.J. An overview of calf diarrhea — infectious etiology, diagnosis, and intervention // Journal of Veterinary Sci-

ence, 2014, vol. 15 (1), pp. 1-17. DOI: 10. 4142/jvs.2014.15.1.1.

2*Mee J.F. Newborn dairy calf management // Veterinary Clinics of North America: Food Animal Practice, 2008, vol. 24 (1),

pp. 1-17. DOI: 10.1016/j.cvfa.2007.10.002.

BUetake K. Newborn calf welfare: a review focusing on mortality rates// Journal of Animal Science, 2013, vol. 84 (2), pp. 101—

105. DOI: 10.1111/asj.12019.

XTaylor L.F., Janzen E.D., Van Donkersgoed J. Losses over a 2-year period associated with fetal infection with the bovine vi-
ral diarrhea virus in a beef cow-calf herd in Saskatchewan // Canadian Veterinary Journal, 1997, vol. 38, pp. 23-28. DOI: 10.4141/

cjas58-003.
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material was sampled (see Table 1). The highest
number of positive samples of biomaterial was
detected in the group of animals with gastroin-
testinal form of the disease (12.2%), the lowest
number was found in the calves with mixed clin-
ical form of the disease (2.5%). Differences in
the number of positive biomaterial samples de-
tected in the calves of different age groups were
found. The highest number of positive samples
(23.9%) was detected in the calves from 10 days
to 1 month, the lowest (2.9%) — in the calves
up to 10 days old, although some researchers
believe that Cryptosporidium is detected most
often in the calves of this age [6]. In the calves
with respiratory form of the disease, the number
of positive samples detected averaged 3.4% by
age groups of animals. Cryptosporidium oocysts
were found in scrapings from tracheal mucosa
and in the lungs. The data obtained by us co-
incide with the results of other researchers (see
footnote 9).

s TETRR i R
Oonuctsl Cryptosporidium parvum. < 1000
Cryptosporidium parvum oocysts. x 1000

Oocysts in monovariant were rarely present
in the animals (22.7%). The frequency of their
detection in associations with viruses and bacte-
ria during outbreaks of virus-bacterial infections
was 77.3%.

Viruses and bacteria in various combinations
were detected in the samples of biological ma-
terial from animals simultaneously with C. par-
vum oocysts (see Table 2).

Table 2 shows that in calves with respiratory
form of the disease, viruses of infectious rhino-
tracheitis and respiratory syncytial infection of
cattle were detected simultaneously with cryp-
tosporidium. In the group of animals with mixed
clinical form of the disease three associations of
pathogens were detected: two viruses (RSI and
BVD); IRT virus and S. dublin bacterium; IRT,
cattle BVD and S. dublin viruses The greatest di-
versity of microorganism associations was found
in the animals with the gastrointestinal form of
the disease. Most often cryptosporidium was de-
tected simultaneously with S. dublin bacterium,
as well as in association with BVD virus and S.
dublin. In addition, in some samples of the bio-
material there were BCoV and BRV viruses of
cattle, as well as the bacterium C. perfringens.

CONCLUSION

The results of the studies confirm the wide-
spread distribution of Cryptosporidium among
calves at dairy farms in Siberia. The high-
est prevalence was C. parvum oocysts, which
were present in 5.1% of the biological material
samples from calves in 23.4% of the surveyed
farms. Oocysts of this Cryptosporidium species
were rarely present in animals in mono-variant

Tao6a. 1. Knuanyeckue popmbl 3a00€BaHus Y TENAT, IPH KOTOPBIX BBISBICHBI 00IMUCTH Cryptosporidi-

um parvum

Tabl 1. Clinical forms of the disease in calves in which oocysts of Cryptosporidium parvum are detected

Clinical form of the disease
respiratory respiratory + gastrointestinal gastrointestinal
Age of calves
Tests exam- Number of Tests exam- Number of Tests exam- Number of
ined positive / % ined positive / % ined positive /%

Up to 10 days 60 1/1,7 100 1/1,0 68 2/29
Older than 10 days — 1) 4, 1/17 100 5/5.0 46 11/23,9
month
Older than 1-6 months 57 4/7,0 125 2/2,0 50 7/14,0
Total 177 6/3,4 325 8/2,5 164 20/12.2
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Taoda. 2. Acconuanuy MUKpOOPTraHU3MOB, BBISIBICHHBIX B ITPo0ax OMomaTtepuana oT OOJIBHBIX TEIST, Y

KOTOPBIX 0OHapy>keHbl oouuctsl C. parvum

Tabl 2. Associations of microorganisms identified in the biomaterial samples from sick calves with

oocysts of C. parvum

Clinical form of the disease

Cryptosporidium parvum + virus/bacterium

Number of positive tests

Respiratory

Respiratory + gastrointestinal

Gastrointestinal

Total

form and were more often found in associations
with viruses and bacteria during outbreaks of
viral-bacterial infections. Young animals up to
30 days of age are most susceptible to Crypto-
sporidium infection. Newborn calves are most
sensitive to infection with oocysts, and infected
animals become lifelong sources of the pathogen
for susceptible animals. Cryptosporidiosis is an
independent disease and runs independently of
the presence of viruses and bacteria in the body
and has no synergistic interaction with them, but
the presence and multiplication in the body of
animals of this pathogen contributes to the se-
verity of enteritis, especially in calves up to 30
days of age, and leads to difficulties in the treat-
ment and preventive measures. The presence of
Cryptosporidium in the body of animals should
be taken into account when carrying out com-
plex anti-epizootic measures.
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KYJIbTUBUPOBAHUE JIUUNHOK YEPHOM JIbBUHKHU B CYBCTPATAX,
COAEPKAIIUX AHTUBUOTHUKHA

(X)MeuTaeBa E.B., 'pomo3nosa K., /I3100enko B.B., Kynumosa K.E.,

Copoxoymos I1.H., Paoyxun J.C., ’Kypasiaena A.3., Cutnos B.1O.

Bcepoccuiickuii nayyno-ucciedosamenbekutl uHCMumym nuujedblx 000asok — ¢unuan PedepanvbHoco
HayuHo20 yenmpa nuujesvix cucmem um. B.M. I'opbamosa Poccuiickou akademuu Hayk
Cankr-IletepOypr, Poccust

(X)e-mail: mechtaeva.lisa@gmail.com

Hcnonb30BaHne aHTHOMOTUKOB B CEBCKOM XO3SICTBE JIIs JICUCHUST U MPODUIAKTHKH UHQEKIIU-
OHHBIX 3a00JI€BaHMM, a TAKXKe AJISl CTUMYJISILMN POCTA IPUBOAUT K TOMY, YTO aHTUOMOTHUKU HAKaIIU-
BAIOTCS B TKaHAX M OTXOAAX KMBOTHBIX. /lanpHelilee HCMONb30BaHUE TAKUX OTXOI0B )KHBOTHOBOI-
CTBa BBI3BIBAET POCT KOJIMYECTBA OAaKTEpUH, 00NaJarolMX aHTHOHMOTUKOPE3UCTEHTHOCThI0. OMHUM
U3 MEPCIIEKTHBHBIX CIOCO00B NepepaboTKK HaBO3a, MPUBOJISIIETO K CHUYKEHUIO KOHIICHTPAI[UH aHTH-
OMOTHKOB M MOJTYYCHHUIO MOJIE3HON OMOMACCHI U3 OPTaHUUECKUX OTXOJIOB, MOXKET CTaTh OMOKOHBEPCHSI
C TIOMOIIIbI0 HACEKOMBIX, B YaCTHOCTH YepHOU NbBUHKH (Hermetia illucens) (IBYKpbIIbIS: THBUHKH).
BaxHo 3HaTh, KaKk HaJM4Yle aHTHOMOTHKOB B KOPMOBOM CyOCTpaTe BIMSCT HA HACEKOMBIX M UX Xa-
PaKTEepPUCTHKH, HEOOXOIUMBIE JUIS MX JaJlbHEHIIEro HCHonb30Banus. M3ydueno BnusiHue 100aBiIeHus
aHTHOMOTHKOB 1epTprakcoHa, KoungIoKca, JeBOPIOKCAIIMHA U UX CMecel B KOPMOBBIE CyOCTpaThI
Ha POCT JMYMHOK YepHOM IbBUHKH. [Ipu coneprkannu e rpuakcona, konudiokca u 1eBoIoKcaIu-
Ha B KoHIIeHTpanmuu 1—100 MI/KT KopMa OTMEUEHO YBEIUICHHE CPEAHECH MacChl IMUNHOK IT0 CpaBHE-
HUIO ¢ KOHTPOJILHOW TPYMIION Mocie 5 qHel KyJsTUBUpOBaHus. [Ipu KOHIIEHTpAUU aHTHOMOTHKOB
500-1000 mr/kr ganHbIi 3 HEKT KOMICHCUPYETCsl, TPEANOI0KUTEILHO, HETaTUBHBIM BO3JCHCTBHEM
AHTHOMOTHKA Ha MHUKPOOMOTY MHUILEBAPUTEIBHON CUCTEMbl HACEKOMBIX. [IpH KOHIIEHTpaluuu aHTH-
ouotukoB 2000 Mr/kr kopma pocT JUUUHOK Hermetia illucens 3ameisercs. BiausiHus aHTHOMOTH-
KOB Ha JKUPHOKHCIIOTHBIA COCTaB, BJIAXKHOCTh U 30JbHOCTh HACEKOMBIX HE OOHapykeHO. Pe3yibra-
ThI TIOKA3bIBAIOT, YTO HCIIOJIH30BAHKME YEPHOW JIbBUHKH ISl IEPEepabOTKH OTXOJOB KUBOTHOBOJICTBA
BO3MOXKHO, OJTHAKO CIICYeT YYUTHIBATH BEPOSTHOE HETaTWBHOE BIHSHUAE HA POCT HACEKOMBIX MPH
OOJIBIIMX KOHLIEHTPALUUIX aHTHOMOTHKA.

KaioueBble cioBa: yepHas JIbBUHKA, aHTHOMOTHK, Tepepab0oTKa OTXOIOB >KWBOTHOBOJCTBA,
e (TpUaKCOH, KOTU(IIOKC, JTEBO(IOKCAIIMH

CULTIVATION OF BLACK SOLDIER FLY LARVAE IN SUBSTRATES
CONTAINING ANTIBIOTICS

(<X)Mechtaeva E.V., Gromozdova K., Dzyubenko V.V., Kulishova K.E.,

Sorokoumov P.N., Ryabukhin D.S., Zhuravleva A.Z., Sitnov V.Yu.

All-Russian Research Institute for Food Additives — Branch of V.M. Gorbatov Federal Research
Center for Food Systems of the Russian Academy of Sciences

Saint Petersburg, Russia

(X)e-mail: mechtaeva.lisa@gmail.com

The use of antibiotics in agriculture to treat and prevent infectious diseases and to stimulate growth
results in antibiotics accumulating in animal tissues and wastes. Further utilization of such animal
waste causes an increase in antibiotic-resistant bacteria. One of the promising ways of manure pro-
cessing leading to reduction of antibiotic concentrations and obtaining useful biomass from organic
waste may be bioconversion with the help of insects, particularly black soldier flies (Hermetia illu-
cens) ( Diptera: Stratiomyldae). It is important to know how the presence of antibiotics in the feeding
substrate affects the insects and their characteristics for further utilization. The effect of adding the
antibiotics ceftriaxone, coliflox, levofloxacin and their mixtures to feed substrates on the growth of
black soldier fly larvae was studied. When ceftriaxone, coliflox and levofloxacin were given at a
concentration of 1-100 mg/kg feed, an increase in mean larval weight was observed compared to the
control group after 5 days of culturing. At antibiotic concentrations of 500—-1000 mg/kg, this effect was
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KynpruBnpoBanue THINHOK YePHOU IHBUHKH B CyOCTpaTax,
COZIEpKALIUX AaHTUOMOTUKHI

Meuraesa E.B., I'pomosnosa K., /[3106enko B.B., Kynumosa K.E.,
Copoxoymos I1.H., Psoyxun /1.C., XXypasnesa A.3., Curaos B.1O.

compensated, presumably by the negative effect of the antibiotic on the microbiota of the insect diges-
tive system. At antibiotic concentrations of 2000 mg/kg feed, growth of Hermetia illucens larvae was
retarded. No effect of antibiotics on fatty acid composition, moisture and ash content of insects was
found. The results indicate that the use of black soldier fly for the treatment of animal waste is feasible,
but the likely negative effect on insect growth at high antibiotic concentrations should be considered.
Keywords: black soldier fly, antibiotic, manure composting, ceftriaxone, coliflox, levofloxacin
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INTRODUCTION

Antibiotics are used in agriculture to treat
animals, prevent infectious diseases and stimu-
late growth [1]. Up to 90% of some of them are
excreted from animal organisms without being
metabolized, and as a result they accumulate in
waste [2]. The concentrations of residual anti-
biotics in farm animal manure can vary over a
wide range (0-115.5 mg/kg) [3]. The use of such
animal wastes as fertilizer leads to soil contami-
nation and spread of antibiotic resistance in soil
bacteria [4]. From soil, antibiotics can enter sur-
face and ground water and can be absorbed by
plants [2]. Thus, their use in agriculture leads to
an increase in the number of bacteria with anti-
biotic resistance [5].

To reduce the impact of veterinary antibiot-
ics on the environment, animal waste should be
processed before use or disposal. A promising
way to process waste is bioconversion using in-
sects, in particular, larvae of the black soldier fly
(Hermetia illucens) (dipterans: soldier flies) [6].
Hermetia illucens larvae are able to process pig,
chicken and cow manure: in 18-26 days they

reduced the amount of dry mass of pig manure
by 28.8-53.4%, chicken manure — by 31.8 —61.7,
cow manure — by 34.6-57.8%'. The authors [6]
showed that rearing black soildier fly larvae on
such substrates as chicken manure, spent grain
and kitchen waste affects the composition of in-
sects, but the high content of protein (41% when
reared on chicken manure), calcium (3.2 g per
1 kg dry weight of larvae) and vitamins is re-
tained. In [7] it was shown that the black soildier
fly is able to process the antibiotic oxytetracy-
cline. Moreover, the efficiency of its processing
in the substrate with larvae is significantly high-
er than without them.

When considering the bioconversion of waste
containing antibiotics by insects, it is necessary
to study the effect of these drugs on the insects
themselves in order to show the possibility of
processing residual antibiotics by the black
soldier fly while maintaining its viability and
growth rate. The three antibiotics chosen for this
study are ceftriaxone, coliflox and levofloxacin.
Coliflox and levofloxacin are veterinary drugs
and can be found in the manure of cattle, pigs

'Zhou F., Tomberlin J. K., Zheng L., Yu Z., Zhang J. Developmental and Waste Reduction Plasticity of Three Black Soldier
Fly Strains (Diptera: Stratiomyidae) Raised on Different Livestock Manures // Journal of Medical Entomology, 2013, vol. 50 (6),

pp. 1224-1230. DOI: 10.1603/ME13021.
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Cultivation of black soldier fly larvae
in substrates containing antibiotics

Mechtaeva E.V., Gromozdova K., Dzyubenko V.V., Kulishova K.E.,
Sorokoumov P.N., Ryabukhin D.S., Zhuravleva A.Z., Sitnov V. Yu.

and poultry. Ceftriaxone is mainly used for hu-
man treatment, with large amounts being excret-
ed unmetabolized from the body [8].

The purpose of this work is to study the effect
of antibiotics on black soldier fly larvae.

The objectives of this work were to investi-
gate the effect of antibiotics ceftriaxone, coliflox
and levofloxacin on growth, fatty acid composi-
tion, moisture and ash content of Hermetia illu-
cens larvae.

MATERIAL AND METHODS

The larvae for the study were taken from the
mother colony of the black soldier fly insect
contained in the insectarium of the All-Russian
Research Institute of Food Additives (St. Peters-
burg). Before the experiment, larvae were reared
at 25 £ 2 °C and 50 £ 10% relative humidity
on chicken mixed fodder PK 1-3- 58292/503
(GOST 51851 — 2001, feed mill, Kirov).

25 g of dry chicken feed and 50 ml of an
aqueous solution of ceftriaxone were placed in
200 ml light-tight containers (achieving such a
concentration that the antibiotic content in the
substrate was 0.1; 1; 10; 500; 1000 mg/kg feed);
coliflox (with concentrations of 100, 1000, 2000
mg/kg feed); levofloxacin (with concentrations
of 100, 1000, 2000 mg/kg feed); ceftriaxone
and coliflox, mg/kg: 100 + 100; 100 + 1000;
1000 + 1000; 1000 + 100, respectively; ceftriax-
one and levofloxacin, mg/kg: 100 + 100; 100 +
1000; 1000 + 100; 1000 + 100; 1000 + 1000, re-
spectively, or 50 ml of deionized water (control
group).

50-100 larvae aged 12—14 days were placed
in each container. Then all containers were cov-
ered with gauze cloth and placed in the thermo-
stat TS-80M and kept at 29 °C for 5 days. Ev-
ery 1- 2 days, the average larval weight gain in
each substrate tested was monitored by weigh-
ing 10— 20 individuals on a GR-200 analytical
scale (AND, Japan). Then larvae were returned
to the feeding substrate. On the last day of the
study, all larvae were counted, weighed, washed
with distilled water, air-dried, and frozen at —
80 °C in a ULT Premium U410 freezer (Ep-
pendorf, Germany). Three parallel experiments

were performed for each concentration of anti-
biotic or antibiotic mixture.

The fatty acid composition of dried samples
(dried in a vacuum drying oven (Vacuum Oven
OV-12, JEIO TECH, Korea) at 40 °C) was deter-
mined by gas chromatography on a Varian 450-
GC chromatograph with a Varian 240-MS mass
spectrometric detector (Varian, USA) using a
Varian WCOT fused silica 50M X 0. 25MM ID
Coating CP-WAX 58 (FFAP)-CB DF =0.2 (Vari-
an, USA) and fatty acid methyl ester standards
(CRM18918 F.A.M.E. Mix, C8-C24, USA).

To determine moisture content, insect sam-
ples were placed on pre-weighed glass Pe-
tri dishes and dried in a convection desiccator
(UF110plus Memmert, Germany) at 105 °C to
constant weight. Moisture was calculated as fol-
lows: moisture=m__ . —m

sample before drying
m sample before drying X 100% X

The ash content of larvae was estimated by
weighing samples of dried larvae before and af-
ter burning in a muffle furnace (SNOL 8.2/1100,
Lithuania) in a crucible previously calcined to
constant mass. The following mode of calci-
nation of insect samples was chosen: 60 min
at 250 °C + 6 h at 550 °C. The calculation was
performed according to the following equation:
aSh content = msample after combustion
x100%.

Moisture and ash content studies were per-
formed for insect samples from two parallel ex-
periments, then the mean and confidence interval
were calculated for each antibiotic concentration
using Microsoft Office Excel 2016 software.

sample after drying

sample before combustion

RESULTS AND DISCUSSION

The results of the study of the effect of ceftri-
axone on the growth of black soldier fly larvae
showed that the antibiotic at the lowest concen-
tration (0.1 mg/kg) had no effect on the average
mass of one larva (see Fig. 1). At concentrations
of 1 and 10 mg/kg, a slight increase in larval
mass was observed. The acceleration of mass
gain by the insects with the addition of antibiot-
ic may be due to the suppression of unfavorable
microflora [9]. At a relatively high content of
ceftriaxone (500 and 1000 mg/kg), an increase
in the average weight of insects compared to the
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control groups was observed in the first 2 days
of the experiment, but further growth slowed
down. At the end of the experiment, larvae had
a mass approximately equal to the mass of the
insects in the control group. The slowdown in
biomass growth common to all groups of larvae,
starting from the third day of the experiment, is
associated with the transition of insects to the
pre-pupal stage [10]. In an additional experi-
ment, it was shown that the addition of ceftri-
axone at a concentration of up to 100 mg/kg to
the feeding substrate of black soldier flies had
no effect on the survival rate of the insects (data
were not presented).

The effect of adding antibiotics to the feed
on the composition of insects is currently poorly
studied. Our work shows that the fatty acid com-
position of black soldier fly larvae did not de-
pend on the ceftriaxone content in the substrate
when cultured for 5 days (see Table 1). The fatty
acid content in Table 1 is given as a percentage
of the total fat extracted from the larvae in the
assay. Future studies should be conducted in
which the larvae are exposed to the antibiotic for
longer periods of time.

3501
2300
ED 250
2 Ceftriaxone
i 2004 concentration,
S mg/kg
£ 1501 -
£ 1001 b
g v-10
£ 50 - 500
-4-1000
0-
0 1 2 3 4 5

Duration of the experiment, days

Puc. 1. VI3ameHeHue cpeHel Macchl OTHOM Ju-
YUHKH, KyJTBTUBHPYEMOW B KOPME, COAEPIKAIIEM
pa3IrYHBIe KOHIIEHTPAIIMH e TpHaKCOHA

Fig. 1. Change in the average weight of one larva
cultured in feed containing different concentrations
of ceftriaxone

The results of the study of the change in lar-
vae weight during culturing in substrates con-
taining coliflox (see Fig. 2, a) and levofloxacin
(see Fig. 2, 0) are presented. Similarly, to the re-
sults of the experiment with ceftriaxone, a slight
increase in the average weight of one larva was
observed at an antibiotic concentration of 100
mg/kg; at a concentration of 1000 mg/kg the
values were similar to the control experiment in
which the feed did not contain antibiotics; at a
concentration of 2000 mg/kg of feed a decrease
in the average weight of the insect was observed.
A similar dependence was observed for another
antibiotic: gentamicin at concentrations of 4, 40,
400 pg/ml had no effect on the mass of Phae-
nicia sericata larvae, but at the antibiotic con-
centration of 4000 pg/ml the mass of the larvae
decreased significantly?.

Insect growth retardation at high concentra-
tions of antibiotic in the substrate is probably
due to the suppression of the microflora of the
gastrointestinal tract of insects, as well as the
microflora of the substrate [7]. In support of this,
a number of studies have shown that pre-steril-
ization of the feeding substrate leads to a slow-
down in the growth of insects. For example, [12]
a decrease in the growth rate of black soldier fly
larvae when the substrate was sterilized with an
electron beam was noted in the work. In addi-
tion, the authors [13] showed that sterilization of
feed led to a decrease in the weight and size of
silkworm larvae Bombyx mori.

Animal wastes may contain mixtures of an-
tibiotics with different mechanisms of action,
so the effect of this mixture on the growth of
Hermetia illucens larvae was considered. In the
course of the experiments, patterns similar to
those described above were obtained (see Fig.
3, a). However, it should be noted that levo-
floxacin and ceftriaxone alone (see Fig. 1 and
2, 0) and their mixture with a concentration of
1000 mg/kg each had no effect on the average
weight of one larva after 5 days of feeding (see
Fig. 3, 6). In the study [14] another dependence
was shown: a mixture of ceftriaxone and levo-
floxacin slowed down the growth of Callipho-

“Sherman R.A., Wyle F.A., Thrupp L. Effects of Seven Antibiotics on the Growth and Development of Phaenicia sericata (Dip-
tera: Calliphoridae) Larvae // Journal of Medical Entomology, 1995, vol. 32 (5), pp. 646-649. DOI: 10.1093/jmedent/32.5.646.
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Ta6ua. 1. )KupHOKHCIOTHBIN COCTaB IMUYMHOK YEPHOH JIbBUHKHU TOCIIE KOPMIIEHHUS B TeUEHHE 5 THEH

cyOcTpaToMm, cojiepxaiieM e TpuakcoH

Table 1. Content of fatty acids in the black soldier fly larvae cultivated for 5 days in substrates

containing ceftriaxone

Sample Control Ceftriaxone content, mg/kg
0,1 1 10 500 1000
C5:0 1,3+£0,2 1,2+0,2 1,5+0,2 1,5+0,2 0,4+0,1 1,1 £0,2
C6:2 3,7+£0,6 43+0,6 3,8+ 0,6 3,0£0,5 1,5+0,2 2,5+04
C8:0 6,6 1,0 6,0+0,9 2,2+0,3 1,1 £0,2 3,5+£0,5 4,0+0,6
C9:0 1,5+0,2 1,6 £0,2 1,7+0,2 0,8+0,1 0,5+0,1 0,5+0,1
C10:0 2,3+0,3 2,3+0,3 1,8+0,3 2,2+0,3 2,6 0,4 3,0+£0,4
Cl1:0 0,3+0,0 0,3+0,0 0,4+0,1 0,3+0,0 0,3+0,0 0,2+0,0
Cl1:1 0,5+0,1 0,2+0,0 0,2+0,0 0,1 +£0,0 0,1 £0,0 0,3+0,0
Cl4:1 2,9+0,4 34+0,5 1,6 £0,2 4,9+0,7 39+0,6 4,7+0,7
Cl15:0 4,7+0,7 3,4+0,5 4,7+0,7 3,8+0,6 4,7+0,7 3,3+0,5
Cl6:1 74+1,1 7,6 1,1 54+0,8 13,0+1,9 3,8+ 0,6 59+0,9
Cl6:2 3,0£0,5 5,7+0,9 4,9+0,7 6,4+1,0 74+1,1 4,8+0,7
Cl17:0 8,6+1,3 6,9+ 1,0 12,2 +1,8 6,0+0,9 8,4+1,3 6,6+ 1,0
Cl17:1 4,7+0,7 5,8+0,9 10,2 £ 1,5 4,1+0,6 42 +0,6 3,1+0,5
Cl18:1 2,2+0,3 73+1,1 0,6 £0,1 6,6 1,0 4,6+0,7 9,7+1,5
C18:2 7,0+ 1,1 6,6+ 1,0 5,1+0,8 72+1,1 3,4+05 8.9+13
C18:3 12,3+1,8 18,9+2.8 123+1,8 19,7 +3.0 19,5+2,9 21,1+£3.2
C20:0 6,6 £1,0 6,0+£0,9 8,1+1,2 4,6+0,7 6,7+1,0 51+£0,8
C20:1 79+1,2 1,9+0,3 9,1+1,4 4,8+0,7 73+1,1 4,8+0,7
C20:2 52+0,8 1,9+0,3 2,1+0,3 3,0+£04 4,1+0,6 1,4+0,2
C21:0 0,4+0,1 0,5+0,1 0,8+0,1 0,3+0,0 0,6 £0,1 0,5+0,2
C22:0 43+0,6 3,1£0,5 4,6+0,7 2,9+0,4 4,0+0,6 33+0,5
C23:0 54+0,8 2,9+04 43+0,7 2,8+0,4 6,8+ 1,0 2,8+04
C24:0 1,2+0,2 1,9+0,3 2,5+0,4 1,0+0,1 1,8+0,3 2,5+04
¥ SFA, % 43,1+6,5 36,2+ 5,4 449+ 6,7 272+4,1 40,2+ 6,0 32,8+49
> MUFA, % 25,6 +3,8 26,3+3.9 27,0+4,0 33,5+5,0 23,9+3,6 28,5+473
¥ PUFA, % 31,2+4,7 37,5+5,6 28,2+42 39,2+59 359+54 38,8+5,8

Note. Total amount: £ SFA — saturated fatty acids; ¥ MUFA — monounsaturated fatty acids; £ PUFA — polyunsaturated fatty

acids.

ra vomitoria larvae, while the antibiotics in the
same concentrations had no effect separately. In
addition, levofloxacin with a concentration of
2000 mg/kg feed contributed to the reduction in
the mean larval weight, whereas the mixture of
levofloxacin + ceftriaxone with concentrations
of 1000 mg/kg each had no effect on the larval
weight of Hermetia illucens. This supports the
conclusion that the effect of antibiotics on in-
sects depends on both the insect species and the
type of antibiotic [11, 15].

Moisture and ash content were determined
for larval samples obtained from the experi-

ments with coliflox, levofloxacin and their mix-
tures with ceftriaxone (see Table 2). The table
shows that the addition of antibiotics to the feed
substrate had no effect on these parameters.

CONCLUSION

The effect of antibiotics ceftriaxone, coli-
flox and levofloxacin and their mixtures on the
growth of black soldier fly larvae was studied.
Feeding of larvae aged 12-14 days was carried
out for 5 days. It was shown that ceftriaxone
with a concentration of 0.1 mg/kg of feed had
no effect on insect growth. At the content of cef-
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Fig. 2. Changes of the average weight of one larva cultivated in substrates containing various concentra-

tions of coliflox (a) and levofloxacin ()
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Fig. 3. Changes of the average weight of one larva cultivated in substrates containing mixtures of antibiotics:
a — coliflox and ceftriaxone; 6 — levofloxacin and ceftriaxone

triaxone, coliflox and levofloxacin 1-100 mg/kg,
an increase in the average weight of larvae was
observed compared to the control experiment.
At antibiotic concentrations of 500-1000 mg/kg,
the growth rate of the insects was comparable
to that of the insects with no antibiotics in the
diet. Higher content of coliflox and levofloxa-
cin (2000 mg/kg) led to slow growth of larvae.

In the presence of a mixture of two antibiotics
in the feed substrate, a similar concentration de-
pendence was observed. The possibility of pro-
cessing livestock waste containing antibiotics
ceftriaxone, coliflox and levofloxacin with con-
centrations less than 2000 mg/kg of feed with
the help of black soldier fly larvae with preser-
vation of important characteristics of the insects
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Taoa. 2. BraxxHoCTh ¥ 30IbHOCTD JUYUHOK qepHoﬁ JIbBUHKH ITOCJIC KOPMJICHUS B TCUCHHUC 5 ,Z[Hefl Cy6—
CTpaToM, COACPIKAIIUM I_Ie(prI/IaKCOH, KOJ'II/I(l)J'IOKC n J'ICBO(l)J'IOKcaLII/IH

Table 2. Moisture and ash content of the black soldier fly larvae cultivated for 5 days in substrates
containing ceftriaxone, coliflox and levofloxacin

Antibiotic Control Coliflox Levofloxacin
Concentration, mg/kg 0 100 1000 2000 100 1000 2000
Moisture content, % 69,6 £5,0 | 67,1 £0,8 | 67,7+7,5 | 73.2+2,7 | 664+69 |66,6+13,4|68,7+21,6
Ash content, % 140+2,9 | 13,1+0,6 | 13,9+73 |156+14,1 | 11,5+11,7| 150+£2,3 | 15,5+2,6
Antibiotic Ceftriaxone + coliflox Ceftriaxone + levofloxacin
Ceftriaxone concentra-
tion, mg/kg 100 100 1000 100 100 1000 1000
Coliflox or levoflox-
acin concentration,
mg/kg 100 1000 100 100 1000 100 1000
Moisture content, % 67,0+2,67| 685+95 | 66,5+6,7 | 67.8+1,7 | 66,8+3,8 | 66,8+2,5 |68,0+13,1
Ash content, % 143+8,1 | 14,0£83 | 15,1+0,1 | 142+52 | 154+13 | 16,6+9,4 | 13,9+9.2

themselves: weight, moisture, ash content and
fatty acid composition was shown.
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BJIMSIHUE PA3JIMYHBIX /103 KOBAJIBTA
HA PYBIHOBOE ITMIIEBAPEHUE KPYIIHOI'O POTATOI'O CKOTA

C<)KamupoBa A.M.!, CuzoBa E.A."2, Illomuu /I.LE." 2, UBanumena A.IL.!
'Dedepanvruiii HayuHbIL YeHmMpP OUOTOSUYECKUX CUCTEM U A2POMEXHONOSULL
Poccuiickoii akaoemuu Hayk

Opendypr, Poccus

2Openbypeckuil 20Cy0apCcmeeHtblll YHUSEPCUmem

Openo6ypr, Poccus

(<) e-mail: ayna.makaeva@mail.ru

Ontrmu3zanys MUHEPAILHOTO TTUTaHUs SIBISICTCS HEOOXOMUMON MepoH, HalpaBIeHHON Ha MoJl-
JiepKaHue BBICOKOW MPOMYKTHBHOCTH MSICHOTO CKOTA, B KOpMaX KOTOPOTO YacTO HE XBaTaeT MUHE-
pasioB. IHHOBaIMOHHOM 0a30i B JaHHOM CJIy4ae MOTYT BBICTYNATh YIABTPAAUCICPCHBIC YACTUIIBI AC-
CCHIIMAIBHBIX DJIEMEHTOB, XapaKTePHU3yeMble BEICOKOI OMOIOTHUYECKOM JOCTYITHOCTHIO B MAJIOH J103€.
WUzyueno neiicteue ynprpaaucnepcHbix gactun Co,0, Ha NEpEeBapUMOCTh CYXOTO BEIIECTBA KOPMA B
cucTeMe in vitro (ICKyCCTBEHHBIH pyOel), KOMUYECTBO JIETYUnX KUPHBIX KHCIOT, POpMBbI a3oTa (00-
M, HEOCIKOBBINM, aMMHAYHbBIN, MOUCBUHHbBIN, OCIIKOBBIN) M HA AMUHOKHCJIOTHBIA COCTaB (aprUHUH,
JM3UH, METHOHHH, aJIJaHWH, INIMLUH) pyOLIOBON JKUAKOCTH >KUBOTHBIX. McciienoBaHus IpOBEIEHBI B
2023 1. B xauecTBe 00BEKTA HCCIIECAOBAHMS HCIIONB30BaJIM KPYITHBII POTaThI CKOT Ka3axckoii Oenoro-
JI0BO¥1 moposbl B Bo3pacTe 11-12 mec cpemneii maccoit 265—275 K. YCTaHOBJIEHO, YTO B XO/I€ HCCIIe-
JOBaHWM in Vvitro IEpeBapUMOCTb CYXOTO BellecTBa kopMa Oblia Bbime Ha 9,0% npu KOHLEHTpauuu
yabrpamucnepcHbix yactun Co,0, 0,36 r/Mi1. AHanM3 KOHIEHTPAIUK JIETYYHX KUPHBIX KMCIIOT I10-
Kazajl, 4To JaHHas JO3UPOBKA YBEINYHBAET KOJIMYECTBO YKCYCHOMW, IPOITMOHOBON, MACIIsTHOM, Bae-
PBAHOBOM, KAIPOHOBOM KUCIIOT. BHecenue yabrpaaucnepcHbix yactui Co, O, MOBBICHIIO COEPKAHHE
0EeJIKOBOT0 a30Ta M OOIIEro a30Ta y OINBITHBIX KUBOTHBIX, YTO CBUAETENBCTBYET 00 MHTEHCH(PUKALIIH
MUKpoOHonerno3a pybua. [Ipu Beenennu yasrpanucnepcubix yactui; Co,0, 0TMEYEHbI CIBUIH B T10-
Ka3aTeJsiX aMHHOKHCIIOTHOTO COCTaBa PyOLIOBOTO COAEPKUMOTO, YTO MOXKET ObITh BHI3BAHO U3MEHE-
HUSIMHU B XapakTepe MpeBpalleHns a30THCTHIX BEIECTB B MUILEBAPUTENBHOM TpakTe. ClienaH BBIBOJ,
4TO UCIIOJIE30BAHUE YIBTpAUCTIEPCHBIX YacTHll Co,0, 0Ka3bIBAET MO3UTUBHOE BIMAHUE HA IPOLIECCHI
MTAIIEBAPCHIS B pyOIIe.

Ku1roueBble c10Ba: ylnpTpaaucepcHbIe YaCTHLIBL, PyOLIOBas )KUIKOCTh, OKHCh KOOAJIBTa, KPYITHBII
porarblii CKOT, JIETy4ue KUPHBIE KUCIOTHI, KOJTMYECTBO a30Ta, aMUHOKHCIIOTHI

EFFECT OF DIFFERENT DOSES OF COBALT
ON RUMEN DIGESTION IN CATTLE

C<)Kamirova A.M.!, Sizova E.A."2, Shoshin D.E."2, Ivanischeva A.P.!
'Federal Research Centre of Biological Systems and Agrotechnologies

of the Russian Academy of Sciences

Orenburg, Russia

2Orenburg State University

Orenburg, Russia

(><)e-mail: ayna.makaeva@mail.ru

Optimization of mineral nutrition is a necessary measure to maintain high productivity of beef cat-
tle which often lack minerals in their feed. The innovative base in this case can be ultrafine particles of
essential elements characterized by high bioavailability in a small dose. The effect of ultrafine Co,O,
particles on the digestibility of dry matter of feed in the in vitro system (artificial rumen), the amount
of volatile fatty acids, nitrogen forms (total, non-protein, ammonia, urea, protein) and on the amino
acid composition (arginine, lysine, methionine, alanine, glycine) of animal rumen fluid was studied.
The research was conducted in 2023. Cattle of the Kazakh white-headed breed aged 11-12 months
with an average weight of 265-275 kg were used as an object of research. It was found that in in vitro
studies, dry matter digestibility of feed was 9.0% higher at a concentration of 0.36 g/mL of Co,0, ul-
trafine particles. Analysis of volatile fatty acid concentration showed that this dosage increases acetic
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acid, propionic acid, butyric acid, valerianic acid, and caproic acid. The introduction of ultrafine Co,0,
particles increased the content of protein nitrogen and total nitrogen in the experimental animals, indi-
cating the intensification of rumen microbiocenosis. At introduction of ultrafine Co,O, particles, shifts
in the amino acid composition of the rumen contents were observed, which may be caused by the
changes in the nature of nitrogenous substances transformation in the digestive tract. It is concluded
that the use of ultrafine Co,O, particles has a positive effect on the digestive processes in the rumen.
Keywords: ultrafine particles, rumen fluid, cobalt oxide, cattle, volatile fatty acids, nitrogen

amount, amino acids
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INTRODUCTION

With the rapidly increasing demand for an-
imal products worldwide, improving livestock
utilization efficiency has become a defining pa-
rameter for the success of agricultural producers
[1]. Feed additives provide a safe and physio-
logically sound way to improve animal perfor-
mance and health. Among the catalysts of meta-
bolic processes, trace elements occupy a special
place. They are able to stimulate the rumen mi-
crobiome, influence digestion and utilization of
structural carbohydrates [2]. At the same time,
protozoa and bacteria, on the one hand, are used
in animal husbandry as an indicator of adapta-
tion mechanisms in response to changes in the
diet, and on the other hand, management of their
activity is a promising tool to improve the pro-
ductivity and quality of livestock products [3].

In the rumen microorganisms perform trophic
functions of cleavage and chemical transforma-
tion of many food substrates, affecting the over-

all metabolism. By influencing the functional
activity of microbiota, trace elements indirectly
modulate the biochemical cascade of reactions,
including the formation of volatile fatty acids,
pH and other parameters, fermentation and di-
gestion processes [4].

Cobalt as one of the essential elements in ru-
minant diets improves digestibility of feed fiber
in the rumen' 2 [5], improves immunity and in-
creases the concentration of vitamin B, in tis-
sues® [6]. The norm of cobalt in the diet of fat-
tening cattle is 30-60 pg per 1 kg of live weight,
but there is no ranking of the need with regard to
the level of productivity.

The purpose of the study was to investigate
the effect of different dosages of ultrafine cobalt
oxide particles (UFP Co,0,) on rumen digestion.

MATERIAL AND METHODS

The research was conducted at the Center for
Collective Use of the Federal Research Centre

'Poudel P. An evaluation of rumen modifiers for lactational performance and nutrient digestibility by cows. USA: South Dakota

State University, 2016.

2Pretz J.P. Improving feed efficiency through forage strategies for increasing dairy profitability and sustainability. USA: South

Dakota State University, 2016.

3Kincaid R.L., Lefebvre L.E., Cronrath J.D., Socha M.T., Johnson A.B. Effect of dietary cobalt supplementation on cobalt me-
tabolism and performance of dairy cattle // Journal of Dairy Science, 2003, vol. 86, pp. 1405-1414. DOI: 10.3168/jds.S0022-

0302(03 73724-2.
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of Biological Systems and Agrotechnologies of
the Russian Academy of Sciences.

The object of the study was rumen fluid ob-
tained from bulls of Kazakh white-headed breed
with average weight of 265— 275 kg at the age
of 11-12 months. Chemically pure for analysis
(99%) ultrafine particles of cobalt oxide (UFP
Co,0,) (SP "Khisamutdinov R.A.", Russia) in
the amount of 0.36; 0.73; 0.18 g/l were used in
the experiment, which were dispersed by ultra-
sound in 1 ml of distilled water for 0.5 h at a
temperature of 25 °C (Sapphire 4.0 ultrasonic
sonicator, Russia).

The research was approved by the Ethics
Committee (minutes Ne 4 of 5.12.2022). Mea-
sures to minimize animal suffering and limit the
number of experimental samples under study
were ensured during the experimental work.

This experiment was performed in vitro using
the ANKOM Daisyll incubator (Ankom Tech-
nology Corp., Macedon, NY) according to a
special method. Before use, samples of rumen
fluid were filtered through four layers of gauze
and added to buffer solution in the ratio of 1 :
4. The buffer solution is chemically similar to
saliva and maintains the acidity of the "artificial
rumen" close to physiological. During mixing,
the buffer solution was heated to 39 °C and filled
with carbon dioxide.

The amount of volatile fatty acids (VFA) in
the rumen contents was identified by gas chro-
matography on a gas chromatograph "Kristall-
LUX-4000" (SDB "Chromatek", Russia). Dura-
tion of the operation was 40 min, sample input
was 1 mm’. Solutions of acid mixtures with con-
centrations of 10, 25 and 50 pg/cm?® were used as
a standard for calibration. All samples of rumen
fluid were analyzed in duplicate, starting with a
small dosage.

Total and residual nitrogen were determined
by the Kjeldahl method, protein nitrogen was
determined by calculating the difference of to-
tal and residual nitrogen. The Kjeldahl method
consists of three parts: first, samples are solidi-
fied using enriched H,SO,, K SO,, and CuSO,;
next, ammonia separation in a flask with a stan-
dard solution of boric acid; finally, the mass
fraction of nitrogen is detected by titration
(Millab, Italy).

The mass fraction of arginine, lysine, me-
thionine, alanine and glycine was taken into
account when studying the amino acid compo-
sition of the rumen fluid. When preparing the
rumen fluid samples, the material was homog-
enized (TissueLyser LT, "Qiagen N.V.", Germa-
ny). Upon completion of acid cleavage, the sam-
ples were filtered, after alkaline decomposition
no filtration was performed. The supernatant
was studied by capillary electrophoresis using a
drop system (Lumex-Mar-marketing LLC, Rus-
sia; GOST 55569-2013).

The data obtained for the study group was
compared with the control group to determine
statistical significance by the Student's t-test
(» <0,05; p<0,01; p<0,001).

RESULTS AND DISCUSSION

The use of 0.18 g/ml UFP Co,0, in the feed
composition did not affect dry matter digestibil-
ity. However, increasing the concentration of
UFP Co,0, to 0.36 g/ml increased the digestibil-
ity value by 9.0%. The higher concentration had
no statistically important effect on feed digest-
ibility, which may be due to the inhibitory effect
of ultrafine particles on the bacterial ecosystem
of the rumen (see Table 1).

In vitro studies showed that different doses of
Co,0, UFPs did not result in the same volatile
fatty acid content in the samples (see Table 2).

At the dosage of 0.73 g/mL there was a de-
crease in acetic acid concentration by 25.2%
(» <£0.05), 0.18 g/ml — by 13.8% (p < 0.05) rel-
ative to the control. However, the average load-

Taoda. 1. IlepeBapumMocCTb CyXOro BelIECTBa KOp-
MOBBIX J100aBOK in vitro (48-dacoBas WHKyOaIus B
nckycctBeHHoM pyodrie ¢ PXK)

Table 1. Digestibility of dry matter of feed
additives in vitro (48-hour incubation in artificial
rumen with rye)

Substrate Dose, g/ml Digestibility, %

Control (wheat
bran) —~ 58,67 + 8,110
Wheat bran + 0,36 67,67 + 0,657
UFP Co,0, 0,73 57,27 £ 6,666
0,18 49,85 + 18,324
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ing of 0.36 g/ml increased its concentration by
9.0%. The amount of propionic acid decreased
in all experimental groups from 5.6 to 47.3%,
and reliable changes (p < 0.05) were characteris-
tic of low and medium dose loading.

Active synthesis of the studied volatile fat-
ty acids, exceeding the control values, was ob-
served at the average (0.36 g/ml) dose load: oily
- by 8 mg/dm?, valerian - by 0.7 and caproic -
by 0.10 mg/dm?. At the same time, cobalt ap-
plication at a dose of 0.18 g/ml contributed to
an increase in the concentration of acids, except
acetic acid, compared to the initial sample.

Total nitrogen in the experimental groups in-
creased in relation to the control by 15.4-18.1%.
Thus, the dose of 0.36 g/ml UFP Co,0O, contrib-
uted to the highest production of total nitrogen
with a difference with the control by 18.2% (p<
0.01), non-protein nitrogen by 45.5, and protein
nitrogen by 9.8%.

The difference in the concentration of ammo-
nia and urea nitrogen was insignificant between
the groups. Having tested the experimental sam-
ples among themselves, it was concluded that
the dose of 0.36 g/ml promoted an increase in
the content of total, non-protein and protein ni-
trogen in the rumen fluid compared to other dos-
es of UFP Co,0, (see Table 3).

Table 4 shows that the groups did not differ
significantly in the sum of amino acids. Howev-
er, the content of essential amino acids in the ru-
men fluid at the dosage of 0.36 g/ml was higher
compared to the control: methionine - 2 times,
arginine - 2.1 times.

The rumen fluid with low dosage of UFP
Co304 contained less lysine, arginine, methi-
onine, glycine and alanine; when the dose was
increased 4-fold (to 0.73 g/ml), the concentra-
tion of arginine exceeded the control value.

The use of ultrafine particles of trace elements
in animal nutrition has several advantages: small
size and, consequently, high bioavailability al-
low, at minimal cost, to increase the efficiency of
growth and physiological functions, reduce feed
consumption and improve the quality of agri-
cultural products [7]. However, in case of incor-
rectly selected dose, oxidative stress may occur,
accompanied by geno- and cytotoxic effects [8].

It is known that the use of trace elements in-
creases the total amount of volatile fatty acids
[9]. In our experiment, high values of volatile
fatty acids and amino acids were observed when
using UFP Co,0, at a dosage of 0.36 g/ml. The
activity of microorganisms capable of convert-
ing the urea form of nitrogen into ammonia was
indicated by the presence of microbial proteins

Tao6a. 2. KoHnenTpanus JeTyqux >KUPHBIX KUCIIOT B PYOLIOBOH KUJIKOCTH 71 Vitro TIPH NPUMEHEHUH

pasnuuHbIX 103 YU Co3O » MOJIB/JI

Table 2. Concentration of volatile fatty acids in the rumen fluid in vitro when using different doses of

UFP Co,0,, mol/l

374
Volatile fatty acids, mg/dm*
Dose,
Sample | ] o ] o ]
g/m acetic propionic oleic valerianic caproic
Wheat bran - 20,2+ 0,45 10,5 £ 0,25 10,1 £0,05 0,93 £0,06 0,23 +£0,02
Wheat bran + UFP
Co,0, 0,73 | 15,1 £0,60** 9,90 + 0,20 12,1 £0,25%* 0,94 + 0,05 0,24 + 0,02
Wheat bran + UFP
Co,0, 0,36 22,0 + 0,65 14,8 £0,90* | 18,2 £ 0,15%** 1,64 + 0,35 0,33 £0,02%*
Wheat bran + UFP
Co,0, 0,18 | 17,4+£0,35%* | 11,7+0,15% | 14,6 £0,45%** 1,18 0,19 0,30 + 0,01
Note. Here and in Table 3: in comparison with the control group:
*p<0,05,
**p <0,01,
**%p <0,001.
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Ta6ua. 3. KonuyecTBo a3ota B pyOLOBOH KUAKOCTH in vitro npu pasimnunbix gosax YU Co,0O,
Table 3. The amount of nitrogen in the rumen fluid in vitro at different doses of UFP Co,0,

Dose Nitrogen, mg /%
Sample ’ - - -
g/ml total non-protein ammonia urea protein
Wheat bran - 118,9 £0,42 29,0+0,22 0,004 + 0,0007 | 4,72+ 0,16 | 89,9+0,35
Wheat bran + UFP
Co,0, 0,73 137,3 £ 0,55* 41,7+0,30* | 0,003 £0,0002 | 4,35+0,15 | 95,9+0,05*
Wheat bran + UFP
Co,0, 0,36 | 140,5+0,50** | 42,2+ 0,25* | 0,003 +0,0007 | 4,78 +0,10 | 98,7 + 0,70**
Wheat bran + UFP
Co,0, 0,18 99,1 £0,40* | 39,8 £ 0,65*** | 0,003 + 0,0003 | 4,74+ 0,15 | 60,1 £ 0,60*
Ta6a. 4. CogeprkaHrne aMHHOKHCIIOT B 00pa3iax pyoOIoBOH KUIKOCTH
Table 4. Amino acid content in the rumen fluid samples
Dose Amino acid composition, %
Sample ’ " : . : X
g/ml Arginine Lysine Methionine Alanine Glycine
Wheat bran — 0,18+ 0,010 | 0,12+0,015 0,04 + 0,01 0,16 + 0,007 0,11 £0,015
Wheat bran + UFP
Co,0, 0,73 0,21 £0,020 | 0,090,015 | 0,040,006 | 0,13+0,015 0,07 £ 0,015
Wheat bran + UFP
Co,0, 0,36 0,38+0,175 | 0,13+0,010 | 0,08 +0,015 | 0,21 +£0,025 0,15+ 0,050
Wheat bran + UFP
Co,0, 0,18 0,17+0,002 | 0,11 +0,020 | 0,05+0,012 | 0,15+0,011 0,08 + 0,002

[10]. In this study, the addition of UFP Co,0, at
a dosage of 0.18 g/ml decreased the concentra-
tion of protein nitrogen. At the same time, the
addition of UFP Co,0, at a dosage of 0.73 g/
ml promoted a decrease in the urea form of ni-
trogen with a simultaneous increase in the pro-
teinogram. The increase in the concentration of
protein nitrogen and total nitrogen indicates that
there is an active work of rumen microflora and
nitrogen transfer into the rumen fluid.

Amino acids are the breakdown products of
blood plasma proteins; absorbed amino acids are
transported through the blood to the organs and
tissues, where they are used for synthesis or as
a source of nutrition. Proteins and their break-
down products constantly make a circular move-
ment between the organs and tissues, on the one
hand, and the gastrointestinal tract - on the other.

There is a constant exchange and recombination
of amino acids of substances in the body [11].

Amino acids required by growing young ani-
mals include methionine, lysine and arginine. In
ruminants, the need for amino acids is primarily
related to the level of productivity [12].

It is believed that discrepancies in the content
and ratio of amino acids in the diet are smoothed
due to microbial integrity of proteins and their
excretion from digestive juices and blood plas-
ma. This results in an amino acid composition
in the rumen that is important for tissue metab-
olism and its own protein synthesis (animal pro-
teins) [11].

Methionine is a powerful antioxidant. It is
known to enhance immunomodulatory proper-
ties due to its participation in the synthesis of
glutathione®*. Arginine takes part in the synthesis

*Hall W.L., Millward D.J., Long S.J., Morgan L.M. Casein and whey have different effects on plasma amino acid profile,
gastrointestinal hormone secretion, and appetite // Br. J. Nutr., 2003, vol. 89, pp. 239-248.
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of connective tissue cells and hormones, stimu-
lates kidney and heart function, reduces blood
pressure, activates immune and anti-cancer work
of the organism’.

According to the authors' observations®, the
intensity of amino acid absorption occurs in the
following order: alanine, cystine, glutamic acid,
valine, methionine, leucine, tryptophan. Un-
equal absorption rate of different amino acids
may be due to different rates of their deamina-
tion, different size and structure of molecules, as
well as peculiarities of the course of biochemical
processes in the gastrointestinal tract.

The shifts in the amino acid composition of
the rumen contents are apparently related to their
biological role in the organism and, to a certain
extent, reflect the intensity of transformation of
nitrogenous substances in the digestive tract.
Shifts in the concentrations of essential and sub-
stituted amino acids in the rumen of ruminants
can be considered as an adaptive reaction of the
organism aimed at more complete satisfaction
of the organism's needs in certain amino acids.
Thus, the amino acid composition of rumen fluid
of ruminants at different doses of UFP Co,0, is
represented by the same amino acids, but in dif-
ferent quantitative ratios. Consequently, the pro-
tein composition of the rumen fluid is dynamic
and depends on both feed factors and doses of
feed additive.

CONCLUSION

Our study showed that the use of additional
additives of UFP Co,O, in different concentra-
tions is accompanied by ambiguous digestibility
of feed substrate. At the concentration of 0.36 g/
ml, the digestibility of the dry matter of feed in-
creased by 9.0%. On the basis of the above-men-
tioned data, it can be concluded that UFP
Co304 do not have a negative effect on diges-
tive processes, therefore, can be safely used as
a feed additive. The most optimal concentration
1s 0.36 g/ml.
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OBMEH A30TA B OPTAHU3ME U UHTEHCUBHOCTbDb POCTA PEMOHTHBIX
TEJIOK ITPU CKAPMJINBAHUU UM DKCTPYIATA PKHU

(<X)Mopo3koB H.A., CyxanoBa E.B., ’Knanosa U.H.

Tlepmckuii nayuno-ucciedosamenbCKuii UHCIMUMym celbCko2o xo3aicmea — gunuan Ilepmckoeo
pedepanvrozo ucciedosamenvcko2o yenmpa Ypanvckozo omoenenus Poccuiickou akademuu nayx
[Tepmckuii kpaii, c. JlIobanoso, Poccust

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

Lenbto vccnenoBaHus SIBIAIOCH U3yUEHUE BIUSHUS PAa3HBIX 103 SKCTPYAaTa 3€pHA 03UMOH PKHU
Ha OOMEH a30Ta B OpraHM3Meé W MHTEHCHBHOCTH POCTAa PEMOHTHBIX TEJOK B Bo3pacTe 12—15 mec
TONIUTUHU3UPOBAHHON YEpHO-NECTPON MOPOJBl B YCIOBMSIX MOJIOUHOIO KOMILIEKca. TelKkHu KOH-
TPOJIBHOM TpYHIIbI MOTyYaad PALMOH, KOHLEHTPaTHas 4yacTb KOoToporo coctosuia Ha 50,0% (1,0 kr)
u3 tunoBoro komoukopma KP-3 (I'OCT 9268-2015), na 50,0% (1,0 Kr) — U3 IIIOMIEHOTO STIMEHSI.
JKusoTtHble 1-3-1f ONBITHBIX TPYII MOTYYald TOT XKe HA0Op 0OBEMHUCTBIX KOPMOB, YTO U B KOHTPOJIb-
HOM TpyIIIe, HO B COIEPKaHNE KOHLIECHTPATHOM 4acTH ObII JOMIOJHUTEIBHO BBECH IKCTPYAAT 3epHa
o3umoii pxu (12,5; 25,0 u 50,0% coorBercTBeHHO). [IpOI0MKUTENEHOCTS YYETHOTO IEPHUO/IA B OTIBI-
Te cocTaBuia 92 aHs. YCTaHOBIIEHO, YTO TEJIKH OMBITHBIX IPYIIT MCIIOJIB30BAJIH ITOCTYABIINI C KOp-
MOM a30T Oosee pannoHanbHo. MU OBII0 OTIIOXKEHO B Teje: mocTymnuBiiero azora — Ha 0,82; 1,16
u 3,52% OGomnbmie, mepeBaperHoro — Ha 0,19; 0,94 u 4,31% OGomnbiie. [1o 3aBepiieHNN YKCIIEPUMEHTA
B KPOBH INpeICTaBUTENEH 3-i TPYIIBl OTMEUEHO yBeludeHue odmero Oenka B ruia3me Ha 6,51%,
y-roOynuHOoB — Ha 8,54% (p < 0,5).

KurodeBble cjioBa: aOCOMIOTHBIN IPUPOCT, PAIIMOH, caxap, MOYEBHHA, DKCTPY/AAT, 03UMasi POXKb,
CaxaponpoTEeNHOBOE OTHOIIEHHE

NITROGEN EXCHANGE AND GROWTH RATE OF REPLACEMENT HEIFERS
FED ON RYE EXTRUDATE

(<)Morozkov N.A., Sukhanova E.V., Zhdanova I.N.

Perm Research Institute of Agriculture — Branch of the Perm Federal Research Center of the Ural
Branch of the Russian Academy of Sciences

Lobanovo, Perm Territory, Russia

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

The purpose of the research was to study the effect of different doses of winter rye grain extrudate
on nitrogen metabolism in the body and growth intensity of replacement heifers at the age of 12—15
months of the Holsteinized black-and-white breed in the conditions of the dairy complex. Heifers of
the control group received a diet, the concentrate part of which consisted of 50.0% (1.0 kg) of stan-
dard mixed fodder KR-3 (GOST 9268-2015), 50.0% (1.0 kg) — of rolled barley. Animals of the 1st-
3rd experimental groups received the same set of voluminous feeds as in the control group, but the
extrudate of winter rye grain was additionally introduced in the content of the concentrate part (12.5;
25.0 and 50.0%, respectively). The duration of the registration period in the experiment amounted
to 92 days. It was found that heifers of experimental groups used nitrogen supplied with feed more
rationally. They deposited in the body: incoming nitrogen by 0.82; 1.16 and 3.52% more and digested
nitrogen by 0.19; 0.94 and 4.31% more. At the end of the experiment there was an increase of total
protein in plasma by 6,51%, y-globulins — by 8,54% (p <0,5).

Keywords: absolute gain, diet, sugar, urea, extrudate, winter rye, sugar-protein ratio
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INTRODUCTION

One of the main tasks of modern cattle breed-
ing in Russia in the formation of a highly pro-
ductive dairy herd is to achieve the breed stan-
dards in terms of live weight of young animals.
Biologically adequate feeding of repair heifers is
considered to be a strategically important direc-
tion that determines their successful breeding,
allowing to realize not only the genetic poten-
tial of the herd in terms of productivity, but also
to preserve the other most important economi-
cally useful trait - the ability to reproduce. For
this purpose, it is necessary to ensure the fullest
possible provision of nutrient and biologically
active substances, taking into account the spec-
ified zootechnical norms for milk productivity
of cows [1]. The formation of a certain type of
physique in heifers is influenced by the intensity
of their growth. Heifers that receive increased
feed and are raised under loose housing con-
ditions are more massive, have a pronounced
broad and deep chest, flat and wide butt, and
wide limb placement. Such heifers are adapted
to long terms of productive use. With regard to
cattle, it is scientifically substantiated that there
is a direct correlation between the growth inten-
sity and subsequent milk productivity [2—4].

It is established that sugar and starch, being
the main energy nutrients for the animal or-
ganism, are food for rumen microorganisms of
ruminants acting as the basis for the formation
of bacterial protein. As a result of feeding with
extrusion-treated grain fodders, there is an in-
crease in the provision of animals with sugar,
which contributes to a more efficient utilization
of fatty acids extracted from the fat depot, acti-

vates the process of microbial transformation of
organic matter in the rumen, increases the level
of nitrogen utilization in the body [5-8].

The factor determining the low specific
weight of rye grain in the concentrate part of
the diet of farm animals (5.0-30.0%) is the pres-
ence of anti-nutritive substances in it. When
the share of unprocessed rye grain in the diet
increases, the consumption of mixed fodder
sharply decreases, sometimes there is even a
complete refusal of its consumption by animals,
which causes a decline in productivity. Rye
grain contains about 17.5% of non-starch poly-
saccharides, among which 6.0-8.0% are pento-
sates, 7.0-8.5% — peptides, 3.5-4.5% — glucose.
Rye grain is inherent in the specific structure
of starch grains, manifested in their strong and
rapid swelling in the gastrointestinal tract of an-
imals. In addition, rye grain may be contaminat-
ed with biological organisms of animal origin,
microscopic fungi (ergot). Viscosity of the wa-
ter extract of winter rye grain is 22 times higher
than that of wheat grain [9, 10].

The rate of productivity growth in animal
husbandry depends on the introduction of the
modern methods of preparation of grain forage
for feeding. One of such methods is extrusion
[11-13]. During processing at extrusion plants,
grain is subjected to a combined effect of pres-
sure of 40—-60 atmospheres and temperature of
170-190 °C. As a result, the biochemical com-
position of feed changes: there is an intensive
dextrinization and gelatinization of starch with
the formation of starch gel, dextrins and sug-
ars [14-16], there is a partial hydrolysis of fi-
ber, the biological structure of toxic substances
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is practically destroyed, disinfection from mold
and fungi is carried out, there is a significant de-
crease in the kinematic viscosity of the aqueous
extract, the taste qualities are improved'-2. After
eating forages containing barohydrothermal-
ly treated (BHTO) wheat grain, cows showed
a decrease in the content of degradable protein
in the rumen from 78.9 to 24.2% (more than 3
times). Protein degradability of barley, rye, peas
and fodder beans after BHTO decreased 1,5-
3,0 times. Heat treatment causes denaturation
of protein, which becomes inaccessible for the
enzymes of proteolytic microorganisms of the
rumen, which makes the protein of grain fodder
less soluble in the rumen fluid®. After extrusion
treatment of forages their digestibility and di-
gestibility increase.

When feeding extruded grain fodder, the
volume of growth of young animals increases,
the quality of products (milk, meat) improves.
Neutralization of anti-nutritive properties and
change of biochemical composition of win-
ter rye grain by extrusion processing allow to
increase its content in the structure of typical
mixed fodders [17-19].

Further research on the use of rye extrudate
in the feeding of farm animals should be direct-
ed to the study of protein and starch digestibil-
ity of extruded feed in the rumen of ruminants,
the degree of influence of extrudate on the bio-
chemical composition of rumen fluid of differ-
ent age groups with the subsequent identifica-
tion of metabolic correction, as well as on the
productivity.

The purpose of the study was to determine
the effect of different amounts of winter rye
grain extrudate, included in the concentrate part
of the diet, on the organism of young cattle:
utilization of nitrogenous substances supplied
with feed, changes in the level of metabolism,
growth rate.

MATERIAL AND METHODS

The experiment was conducted in 2021 at a
dairy complex located in the Perm region. The
object of the study was 12—15-month-old heif-
ers of Holsteinized Black- and-White breed.
The staged live weight of the animals used in
the study was in the range 301,4-301,8 kg, i.e.
the difference in weight of individuals did not
exceed 1,10% (amounted to 0,99%), which
confirms the correctness of pair-analogues se-
lection. Scientific and economic experience
consisted of two periods: preparatory (equaliz-
ing) — 15 days, registration — 92 days. The ani-
mals were kept on tie-up housing.

Heifers were combined into four groups
(one control and three experimental groups) of
11 animals each. Within the framework of the
generally accepted methodology, the groups of
animals were formed according to the principle
of pair-analogs, taking into account age, live
weight and lineage*.

The heifers of the control group received the
basic diet (BD), which consisted of: 2.90 kg of
cereal-legume hay (cocksfoot + meadow clover);
14.50 kg of cereal-legume silage (awnless brome
+ Eastern galega); the concentrate part consisted
of 50.0% (1.0 kg) of standard mixed fodder KR
3 (GOST 9268-2015), 50.0% (1.0 kg) — of rolled
barley (see Table 1). Heifers of the three experi-
mental groups received the same set of volumi-
nous feeds as those in the control group, but the
concentrate part was additionally supplemented
with winter rye grain extrudate in the amount of
12.5; 25.0 and 50.0%, respectively.

The concentration of metabolizable energy
and crude protein in the dry matter of the diets
of experimental animals during the study peri-
od was within the recommended norms [1] and
corresponded to 0.97-0.98 MJ and 16.1- 16.5%.
The sugar-protein ratio was within 0.62-0.75
(the norm for heifers is 0.70).

Ackar D., Babié J., Jozinovi¢ A., Milicevié¢ B., Joki¢ S., Milicevié¢ R., Raji¢ M., Subarié D. Starch Modification by Organic Acids
and Their Derivatives: A Review // Molecules, 2015, N 20 (10), pp. 19554-19570.

*Chen B., Chen Yu., Junfei L., Yuling Y., Xinchun Sh., Shaowei L., Xiaozhi T. Physical properties and chemical forces of extruded
corn starch fortified with soy protein isolate // International Journal of Food Science and Technology, 2017, N 52 (12), pp. 2604-2613.

3Pogosyan D.G., Chudaykin V.V. Protein degradability in the rumen and utilization of nitrogenous substances of feed in growing
steers at chemical and barohydrothermal treatment of feed // Problems of Productive Animal Biology, 2011, N 2, pp. 79-86.

*Ovsyannikov A.I. Fundamentals of experimental work in animal breeding. Moscow: Kolos, 1976, 304 p.
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During 7 days, physiological experiments
were conducted on three 15-month-old heifers
from each group to determine the digestibility
of the fodder of a given diet based on the gen-
erally accepted methodology of M.F. Tomme”.
Once a day at the same time samples of feed and
its residues, as well as feces and urine were tak-
en. Common zootechnical methods were used
to study the obtained material®.

Morphobiochemical parameters of the blood
in heifers (three animals from each group) were
analyzed according to the established method’.
Rumen contents were taken during physiolog-
ical experiments 1 h before morning feeding
and 3 h after it with a probe (three animals per
group). The value of total and non-protein ni-
trogen in the samples of rumen fluid filtered
through four layers of gauze was determined by
the Kjeldahl method, protein nitrogen - by the
difference between total and non-protein nitro-
gen, and ammonia nitrogen - by the microdiffu-
sion method in Convey cups®.

All varying quantitative characteristics were
subjected to statistical processing’. Reliability
of the effects was assessed on the basis of the
Student's ¢ criterion'’. Necessary calculations
were performed using Microsoft Excel.

RESULTS AND DISCUSSION

The level of metabolizable energy in rye ex-
trudate amounted to 12.34 MJ/kg. The crude
protein content in the extrudate compared to
winter rye grain decreased by 0.41%, amounting
to 14.67% in absolute dry matter. The amount of
sugar in the rye extrudate compared to the grain
increased 2.46 times and amounted to 12.44%
per 1 kg absolute dry matter. The amount of
crude fiber and starch in the dry matter of ex-
trudate compared to rye grain decreased by 3.48
and 5.62%, amounting to 6.93 and 43.12%, re-
spectively.

Increased consumption of nitrogen from dai-
ly ration was observed in the heifers of 1-3 ex-
perimental groups compared to the control: they
consumed it by 6.56; 8.48 and 16.85 g (3.85;
4.98 and 9.90%) more (p < 0.01). Nitrogen uti-
lization in the bodies of heifers of the control
group was less rational. Heifers of the exper-
imental groups deposited in the body: input
nitrogen — by 0.82; 1.16 and 3.52% more, di-
gested nitrogen — by 0.19; 0.94 and 4.31% more
(see Table 2).

In the heifers of groups 1-3 the volume of
nitrogen deposited in the body increased com-
pared to the control by 6.42; 8.67 (p <0.05) and

Ta6a. 1. Cxema Hay4HO-X03s5iICTBEeHHOTO OTbITa (12 = 11)

Table 1. Scheme of the scientific and economic experience (n = 11)

Period Group

ero control Ist 2nd 3rd
Preparatory — BD BD BD BD
15 days
Registration — 92 days (from 50,0% typical | 50,0% typical mixed | 50,0% typical mixed 50,0% typical
366th to 458th day of culti- mixed fodder + fodder + 37,5% fodder + 25,0% mixed fodder +
vation) 50.0% mashed mashed barley + | mashed barley + 25,0% | 50,0% winter rye

barley* 12,5% winter rye | winter rye grain extru- | grain extrudate®
grain extrudate™® date*

*The composition of the concentrate part of the basic ration is indicated

STomme M.F. Methods of determining the digestibility of forages and rations. Moscow, 1969, 37 p.
SToporova L.V., Arkhipov A.V., Tishenkov PI., Andreev V.V., Shelest V.M., Kurilova N.M. Methods of zootechnical analysis of

fodder: textbook. Moscow, 2013, 55 p.

"Methods of veterinary clinical laboratory diagnostics: reference book / I.P. Kondrakhin, A.V. Arkhipov, V.I. Levchenko, G.A.
Talanov, L.A. Frolova, V.E. Novikov. Moscow: KolosS, 2004, 520 p.

8Kurilov N.V.,, Sevastyanova N.A. Study of digestion in ruminants: method. instructions. Borovsk, 1987, 39 p.
*Merkurieva E.K., Shangin-Berezovsky G.N. Genetics with the basics of biometry. Moscow: Kolos, 1983, 400 p.
Plokhinsky N.A. Manual on biometrics for zootechnicians. Moscow: Kolos, 1969, 256 p.
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21.53% (p < 0.01), respectively. It can be stated
that feeding young cattle with extrudate of win-
ter rye grain in different amounts favorably in-
fluenced the use of nitrogen supplied with feed.

In the rumen contents 1 h before feeding the
level of nitrogenous fractions was practically at
the same level (see Table 3). In the rumen fluid
taken 3 h after feeding, the level of total nitro-
gen was higher in the heifers of experimental
groups compared to the control: in group 1 — by
2.47%, in group 2 — by 11.90% (p < 0.05), in
group 3 - by 21.39% (p < 0.01). At the same
time, the amount of ammonia in the heifers of

experimental groups decreased relative to the
control by 3.74; 16.64 and 23.47% (p < 0.05),
respectively. We believe that this is primarily
due to an increase in the sugar-protein ratio in
the diet.

According to the results of the analysis of
nitrogen metabolism data in the rumen fluid of
replacement heifers (see Table 3), it can be not-
ed that in our experiment the level of protein
nitrogen was characterized by an increase in the
heifers of groups 1-3 by 4.26; 19.91 (»p <0.001)
and 34.51% (p < 0.001), respectively, compared
with the control group. Earlier it was scientifi-

Taba. 2. CpemHecyToUHBIH OalaHC a30Ta M YPOBEHD €TO WCITOJIB30BAHISI TIOAOTTBITHBIMA KUBOTHBIMHU

(=3 X+S)
Table 2. Average daily nitrogen balance and its utilization by experimental animals (n = 3; X+ S )
. Group
Indicator control Ist 2nd 3rd
Intake with feed, g/head/day 170,08 = 2,65 176,64 £ 1,67 178,56 = 1,87 186,93 + 3,39%*
Excreted with feces, g/head/day 67,63 £0,18 67,97 £ 0,61 69,08 +0,39* 71,43 £ 0,92%*
Digested, g/head/day 102,45+ 0,44 108,67 + 0,34%*%** 109,48 + 1,41%** 115,50 £2,17%*
Excreted with urine, g/head/day 44,23 +£0,33 44,52 £ 1,15 46,06 £ 0,43* 46,81 £ 0,95
gaeypos“ed in the body, g/head/ 56,52+ 1,15 60.15 + 0.87 6142+ 1,19% | 68,69+ 234%*
Deposited in the body, %:
from the intake 33,23 34,05 34,39 36,75
from the digested 55,16 55,35 56,10 59,47
IIpumedanue. 3neck u B Ta0I. 3, 4: *p < 0,05; **p < 0,01; ***p <0,001.
Ta6a. 3. Coaepxanue Gpakiiuii a30Ta B pyOIIOBOI KHUJIKOCTH PEMOHTHBIX TEJIOK, MT (11 = 3)
Table 3. Content of nitrogen fractions in the rumen fluid of replacement heifers, mg (n = 3)
. Group
Indicator control | Ist | 2nd | 3rd
1 h before feeding
Total nitrogen 103,54 + 2,41 103,65 + 3,97 105,97 £ 2,17 107,37 + 1,88
Including:
protein 72,14+ 2,76 72,13 +£ 3,54 74,54 + 3,96 75,69 £+ 3,65
% of total nitrogen 69,67 69,59 70,34 70,49
non-protein 22,40 £0,99 22,54 £0,65 22,43 £1,15 22,68 £ 1,09
% of total nitrogen 30,33 30,41 29,66 29,51
Ammonia nitrogen 7,66 + 0,45 7,49 + 0,64 7,37 +0,61 6,95 +0,98
3 h after feeding
Total nitrogen 145,99 + 3,87 149,59 + 2,75 163,36 +2,76* 177,22 &+ 3,24%%*
Including:
protein 103,30 = 1,67 107,70 = 2,03 123,87 £ 2,32%%** 138,95 £ 2,75%%**
% of total nitrogen 70,76 72,00 75,83 78,41
non-protein 42,69 £ 1,96 41,89 £ 1,87 40,49 £ 0,99 38,27 + 1,63
% of total nitrogen 29,24 28,00 24,17 21,59
Ammonia nitrogen 18,45+ 1,09 17,76 + 1,06 15,38 £ 0,88 14,12 £ 0,94%*

300TEXHUS U BETEPUHAPHS

CHOMPCKHIA BECTHHK CENBCKOXO3AHCTBEHHOM Haykn * 2023 5310 97



Nitrogen exchange and growth rate of replacement heifers fed
on rye extrudate

Morozkov N.A., Sukhanova E.V., Zhdanova I.N.

cally proved that improvement of carbohydrate
nutrition of ruminants increases the intensity
and regulates the orientation of metabolic pro-
cesses in the sections of the complex stomach.

Feeding winter rye grain extrudate as part of
the concentrate part of the diet improved some
biochemical parameters of heifers' blood in the
experimental groups relative to the control (see
Table 4).

At the end of the experiment in the blood
of heifers of the 3rd experimental group there
was an increase in total protein in plasma by
6.51%, y globulins — by 8.54% (p< 0.01), which
indicates an increase in the intensity of protein
metabolism compared to control animals. Pro-
tein sufficiency of the diet is determined by the
concentration of albumin in blood serum, which
characterizes the protein reserve of the organ-
ism.

The dynamics of increase of the albumin
fraction of blood serum proteins was also ob-
served at the end of the experiment. Accord-
ing to Table 4, the concentration of albumin
in the animals of groups 2 and 3 at the end of
the experiment was higher by 2.28 and 5.44%
(p < 0.05) relative to the control and amount-
ed to 45.49 and 47.01%, respectively (against
44.45% in the control group).

Albumin-globulin coefficient determines
physicochemical properties of blood and pro-
tein synthesis in the liver. Animals of the 2nd
and 3rd experimental groups, receiving 25.0
and 50.0% of winter rye grain extrudate as part
of the concentrate part of the diet, at the end
of the experiment exceeded the heifers of the
control group by protein index. Such data indi-
cate intensive metabolism and sufficient protein
intake with fodder.

At the end of the experiment the amount of
glucose in blood serum in the 2nd and 3rd ex-
perimental groups exceeded the control group
by 8.89 and 15.78% and reached 2.81 (p <0.01)
and 3.04 mmol/l (p < 0.001). The established
dynamics of glucose level in the blood of ani-
mals of experimental groups is due to the cor-
rection of metabolism in response to the intro-
duction of winter rye grain extrudate into the
diet, containing a greater volume of feed sugar.

Taoxa. 4. Ilokazarenn OMOXMMUYECKOTO COCTaBa
KPOBHM PEMOHTHBIX TENOK (X £ S )

Table 4. Biochemical composition indicators of

replacement heifers’ blood (X + 5))

Group

Beginning of the ex-

End of the experiment

periment

Total protein, g/l
Control 73,13+ 0,78 73,83 +£0,53
Ist 73,28 £ 0,54 74,63 £ 0,32%*
2nd 72,93 £0,18 75,10 £ 0,75%*
3rd 72,97 £ 1,17 78,97 £ 0,17

Albumins, %

Control 44,72 £ 0,36 44,45+ 0,71
Ist 44,44 + 0,75 44,44 £ 0,36
2nd 4499 £ 0,92 45,49 £ 0,92
3rd 44,93 + 0,98 47,01 £0,32*

o- globulins, %
Control 18,42 + 0,65 18,84 + 0,28
Ist 17,43 +£ 0,63 17,43 +£ 0,64
2nd 16,47 £ 0,14* 16,47 £ 0,14%**
3rd 16,61 + 1,02 14,03 £ 0,27%%*

p- globulins, %
Control 17,97 +£ 0,75 18,40 £ 0,52
Ist 18,96 + 0,90 18,96 + 0,44
2nd 19,11 +£0,33 18,16 £ 0,37
3rd 18,94 + 0,88 18,94 + 0,49

y- globulins, %
Control 18,89 + 1,24 18,31 £ 0,56
Ist 19,17 £ 0,57 19,17 £ 0,27
2nd 19,43 + 0,64 19,88 £ 0,13
3rd 19,52 £ 0,83 20,02 £ 0,31

Albumin-globulin coefficient

Control 0,81 0,80
Ist 0,80 0,80
2nd 0,82 0,83
3rd 0,82 0,89

Glucose, mmol/l
Control 2,44 +0,11 2,56 £0,41
Ist 2,45+ 0,09 2,75+0,71
2nd 2,26 + 0,06 2,81 £0,58
3rd 2,34+0,12 3,04+ 0,44

Cholesterol, mmol/l
Control 3,24+ 0,05 2,44 £ 0,55
Ist 3,22+0,11 2,62+0,93
2nd 3,18+0,14 3,02+ 0,54
3rd 3,38 £0,31 3,10 £ 0,57
Urea, mmol/l

Control 5,36 £0,19 5,45+0,12
Ist 539031 511+0,34
2nd 5,25+0,45 4,99 +£0,21
3rd 533+ 0,79 4,87 + 0,09%
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In the experimental groups there was an in-
crease in the concentration of cholesterol in
blood compared to the control animals (aver-
age for the groups): in group 1 — by 7.37%, in
group 2 — by 23.77, in group 3 — by 27.05%.
The highest level of cholesterol in the blood of
15-month-old heifers was found in animals of
the 3rd group.

Urea is a marker of the degree of utilization
and biological value of the digested protein.
By the end of the experiment, this indicator
was within the physiological norm (4.87-5.45
mmol/l) in the blood of the representatives of all
groups. At the same time in the heifers of the 2nd
and 3rd groups the content of urea in blood was
lower than in the control by 8.44 and 10.64%
(p<0.05), which allowed us to conclude that the
heifers of these experimental groups better uti-
lized the nitrogen supplied with feed.

The experiment also revealed the effect of
feeding winter rye grain extrudate on the growth
performance of the replacement heifers (see the
figure). At 15 months of age heifers of 1-3 ex-
perimental groups exceeded the animals of the
control group by 2.0; 4.90 and 10.2 kg, or 0.54;
1.31 and 2.73% (p < 0.05) in the live weight, re-
spectively. During the experiment, the difference
in absolute gain in favor of the heifers of 1-3 ex-
perimental groups was 2.22; 6.38 and 13.73%,
respectively (p < 0.001). The average daily live
weight gain of the control group was 18.0; 51.0
(p< 0.05) and 108.0 g (p< 0.001) inferior to the
peers of the three experimental groups.

It can be assumed that feeding different vol-
umes of winter rye grain extrudate influenced

the increase in the absolute growth rate of ex-
perimental group replacement heifers.

CONCLUSIONS

1. More of the incoming with feed and from
digested nitrogen was deposited in the body by
the heifers of 1—- 3 experimental groups: in com-
parison with the control the excess amounted
to 0.82; 1.16 (p < 0.05) and 3.52% (p < 0.01)
for the first indicator, 0.19; 0.94 (p < 0.05) and
4.31% (p < 0.01) for the second one.

2. The amount of ammonia in the contents
of the rumen fluid 3 h after feeding in the heifers
of all experimental groups decreased relative to
the control by: 3,74% — in the 1st, 16,64% — in
the 2nd, 23,47% — in the 3rd.

3. Atthe end of the experiment in the blood
plasma of the 3rd experimental group heifers,
the greatest increase in total protein (by 6.51%)
and y globulins (by 8.54%) was observed rela-
tive to the control animals (p <0.01). In addition,
the level of albumin in the 2nd and 3rd experi-
mental groups was higher by 2.28 and 5.44% (p
< 0.05) compared to the control, amounting to
45.49 and 47.01%, respectively (in the control
group - 44.45%).

4. At 15 months of age, the heifers of the
experimental groups exceeded the animals of
the control group in live weight by 2.00; 4.90
and 10.20 kg, or 0.54; 1.31 and 2.73% (p <
0.05).

5. In order to increase the use of winter rye
grain in cattle feeding it is necessary to include
up to 50.0% of winter rye grain extrudate in the
concentrate part of the ration of the replacement
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heifers older than 12 months of age, which im-
proves nitrogen metabolism in the body and, ac-
cordingly, increases growth rates.
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HCTOPHS PA3BBUTHSA CEJEKIIMOHHO-IVIEMEHHOM PABOThDI
B CEBEPHOM OJIEHEBOJICTBE KPAMHEI'O CEBEPA JIAJIBHEI'O BOCTOKA

C<)ButomckoBa E.A., Bpbisrasos I.51.

Mazaoanckuii HayuHO-uCc1e008ameNbCKULL UHCTMUNTYM CENbCKO20 XO3AUCEa
Maranan, Poccus

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

B Xoze ecTecTBEHHOTO M HCKYCCTBEHHOTO OTOOPa B Pa3fIMYHBIX SKOJOTHUECKHX 30Hax KpaitHero
Cesepa JlampHero BocToka copMHUpOBaINCh PE3KO pazinyaroiuecs MexXIy coO00d abopUreHHbIE
THUIIBI OJICHEH — YYKOTCKHH 1 3BeHCKUU. B 1970-1972 rr., Ha HayaJbHOM 3Tane MJIeMEHHOH padoThI,
MIPOBOJIMIIM U3YUYEHHE XO3SIHICTBEHHO MOJIE3HBIX MPU3HAKOB OJIEHEH pa3IMYHBIX MOMYJSALUN TYHAPO-
BOH, JIECOTYHJPOBOM U Tae:KHOM 30H. Bo BpeMsi 0OCeHHeN Kopalu3aluy B TYHAPOBOM 30HE K YIIyd-
[IAOIIECH JyacTh cTaja ObUIM OTHECEHBI: TesATa 6,5 Mec ¢ uBoi Maccou 50,2 kxr, Obruku — 88,5 Kr,
TpeThsaku — 99,2 kr, 61k — 120,3 KT, BaykeHKH — 95,6 KT. MaKCUMAaJIBHBIX ITOKa3aTesIeH 1Mo MICHOU
MIPOAYKTUBHOCTH OJICHU TA€KHOH U JIECOTYHAPOBOM 30H JJOCTUTAIIN B OKTSAOpE, TYHAPOBON — K HAYaITy
centsiops. B 1971-1973 rr. B coBxo3e «MapKOBCKU» MPOBOJUIN CPABHUTEIBHYIO OLIGHKY MSICHOM
MIPOAYKTUBHOCTH CEBEPHBIX OJIEHEN IBYX IKCTEPHEPHO-KOHCTUTYLIMOHAIBHBIX TUIIOB: BICOKOPOCIIBIH
KPYITHBINA 1 HU3KOPOCIBIH koMIakTHEINA. Ha Hagano 1980-x ro/10B 0CHOBY TJIeMEHHOM 6a3bl COCTABHIN
JIBa TUIEMEHHBIX X03sHcTBa: coBX03 «Paccoxuuckuit» u «Bo3pokeHune», a Taxke MIeMeHHbIE CTaaa
B coBxo3ax «PacmBer CeBepay, « MapKOBCKHIN», « DHMHTATHHOY, «IIyTh K KOMMYHU3MY», «JpyKOay.
B x03sficTBaX 0CyIIECTBIIIOCH MEKIIOPOAHOE W MEXKITONYIIIIIMOHHOE CKpEIIMBaHNe: TOPaIapCKux
OJICHEH C MECTHBIMH SBEHCKHMH; IBEHCKUX Ba)KECHOK C OBIKAMH assHO-MaliCKON MOMYJISILHH, 3aBE3¢H-
HBIMHU 13 coBX03a «Henbkanckuit» XabapoBCKOTO Kpasi; MECTHBIX OJICHEMaTOK (Ba)KEHOK) DBEHCKOTO
TUIA C TIPOU3BOIUTENSIMU TOMIIOHCKOTO THIIA, 3aBE3€HHBIMH U3 coBX03a « ToMmoHCKU» B SIKyTHH.
[TyTem ckpemunBaHus HEPOJCTBEHHBIX TPYII OJICHEH YyKOTCKOW MOPOBI, 0TOOpa M pa3BeeHHs 0CO-
Oeii )KemaTeIbHOTO THITA B TEYSHHE Psijia TOKOJICHUH BBIBEICH BHICOKOIIPOAYKTUBHBINA THIT CEBEPHOTO
onens «Bospoxnenue». XKuBast Macca TeloueKk JaHHOTO THIIA B BO3pacTe 5—6 Mec MpEeBHIIIaeT CTaH-
JIApT 9yKOTCKOH Opobl Ha 6,9%, ObrakoB — Ha 12,6%, BaxkeHOK 2,5 net — Ha 14,2%, TpeThsiKoB — Ha
22,2%. I'eHeTnueckuii moTeHIMal oJeHel BHYTPUIIOPOAHOTO THIa «Bo3poskaeHue» mo xuBoi Macce
MTOJTHOBO3PACTHBIX BaskKeHOK cocTaBui 120 kr, Ob1koB — 150 kT. Taxoke oieHr 3TOTO THUIA OTINYAIOTCS
OT APYTUX MOPOJ] pAaHHIMH CPOKaMH TOHA U OTeNa. B mensx coBepIeHCTBOBAHNS CEIeKIIMOHHO-TIIe-
MEHHOH pa®oTsl B Maraganckoii odimacta m UyKoTCKOM aBTOHOMHOM OKpyTe ¢ 2017 T. 1o HacTosIiee
BpeMsl HCITONB3YIOTCS 3(h(hEeKTHBHBIE METObI, OCHOBAHHBIE HA JOCTHIKCHUSX MOJICKYJSIPHOI TeHeTH-
ku. [To pe3ynbraraM uccienoBaHuil OTMEUAETCsl BEICOKAs CTENIEHb I€TEPO3UTOTHOCTH Yy IPUOXOTCKOM
MOMYJISAIUU dBeHCKOH 1opoibl (0,882) u y uykorckoit (0,865), 4To CBUIETENBCTBYET O IPSUMYIIICCTBE
9THX 0CO0CH 10 aJIANTUBHBIM MPHU3HAKaM 1 00 YCTOHUMBOCTH MOIMYJISIIHH.

KuroueBble cj10Ba: 4yKoTCKasi IOPOAA, IBEHCKAs MOpoJia, OOHUTHPOBKA, BHYTPUIIOPOAHBIN THII
«Bos3poxnenne», ISSR-anamu3, reTepo3uroTHOCTD

HISTORY OF THE DEVELOPMENT OF BREEDING AND PEDIGREE WORK
IN REINDEER HERDING IN THE FAR NORTH OF THE FAR EAST

<) Vitomskova E.A., Bryzgalov G.Ya.

Magadan Scientific Research Institute of Agriculture
Magadan, Russia

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

In the course of natural and artificial selection in different ecological zones of the Far North of the
Far East, sharply different indigenous types of reindeer — Chukchi and Even — were formed. In 1970—
1972, at the initial stage of the breeding work, the economically useful traits of reindeer of different
populations of tundra, forest-tundra and taiga zones were studied. During the autumn inventory and
sanitation events in the tundra zone, the improving part of the herd included: calves 6.5 months old
with a live weight of 50.2 kg, bull calves — 88.5 kg, two-year olds — 99.2 kg, bulls — 120.3 kg, and rein-
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History of the development of breeding and pedigree work

Vitomskova E.A., Bryzgalov G.Ya.

in reindeer herding in the Far North of the Far East

deer does — 95.6 kg. Reindeer of taiga and forest-tundra zones reached their maximum meat produc-
tivity in October, and those of tundra zone — by the beginning of September. In 1971-1973 in the state
farm "Markovsky" a comparative assessment of meat productivity of reindeer of two exterior-consti-
tutional types: high-growing large and low-growing compact was carried out. At the beginning of the
1980s the basis of the breeding base was formed by two breeding farms: state farm "Rassokhinsky"
and "Vozrozhdenie", as well as breeding herds in the state farms "Rastsvet Severa", "Markovsky",
"Enmitagino”, "Way to Communism", "Druzhba". Interbreed and interpopulation crossing was carried
out in the farms: Tofalar reindeer with local Even reindeer; Even reindeer does with the bulls of the
Ayano-Mai population imported from the state farm "Nelkansky" in the Khabarovsk Territory; local
Even-type reindeer does with the Tomponsky-type producers imported from the state farm "Tompon-
sky" in Yakutia. By crossing unrelated groups of the Chukchi reindeer breed, selecting and breeding
individuals of desirable type for a number of generations, a highly productive type of reindeer "Voz-
rozhdenie" was bred. Live weight of this type of heifers at the age of 5-6 months exceeds the standard
of the Chukchi breed by 6.9%, bull calves — by 12.6%, reindeer does — by 14.2%, two-year olds — by
22.2%. The genetic potential of reindeer of the inbreed type "Vozrozhdenie" by the live weight of
full-aged reindeer does amounted to 120 kg, bulls — 150 kg. Also deer of this type differ from other
breeds by early dates of estrus and fawning. In order to improve breeding and pedigree work in the
Magadan region and the Chukotka Autonomous District, effective methods based on the achievements
of molecular genetics have been used since 2017 to date. According to the results of the study, a high
degree of heterozygosity was observed in the Priokhotsk population of the Even breed (0.882) and in
the Chukchi population (0.865), which indicates the advantage of these individuals in adaptive traits

and population stability.

Keywords: Chukchi breed, Even breed, valuation, intrabreed type "Vozrozhdenie", ISSR-analysis,

heterozygosity
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Northern reindeer herding is a rather complex
and labor-intensive type of livestock breeding,
as the reindeer (Rangifer tarandus L.) is the only
domestic animal species whose habitat is the
Arctic and sub-Arctic landscapes.

The purpose of the study is to analyze the
dynamics of the development of selection and
breeding work in domestic reindeer breeding
during its existence in the Far North of the Far
East. The main task is to identify the most effec-
tive methods of selection and breeding work for
their subsequent introduction into practice at the

present stage of development of northern rein-
deer breeding in the area of distribution of ag-
ricultural populations of the Chukchi and Even
breeds.

Ethnographic and archaeological findings
prove the comparative youth of reindeer hus-
bandry. It is believed that reindeer husbandry
emerged not earlier than the 1st millennium
BC with the formation of two centers - Sayan
and Tunguska, from which it extended to other
territories. Reindeer husbandry of the Evenkis,
Even, Koryaks, and Chukchi is connected with
the Tungus center'.

Wasilievsky R.A. From the history of reindeer breeding // Magadansky Olenevod, 1962, N 2, pp. 47-48.
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oneHeojicTBe Kpaitnero Cesepa JlansHero Bocroka

Buromckoa E.A., Bpsizranos 5.

During the period of the Chukotka's discov-
ery by the Russians (XVII century), pastoral
Chukchi reindeer herding was only in its infan-
cy, but since the beginning of the XIX century it
began to progress strongly. In 1867 the Chukchi
received permission from the Russian govern-
ment to move their nomads to the left bank of
the Kolyma River. Here Chukchi reindeer herd-
ing began to develop rapidly and soon occupied
the entire tundra of the left bank of the Kolyma
(see footnote 1).

In connection with the beginning of the de-
velopment of the Far North in the Soviet era,
reindeer breeding could not remain unattended,
and since the 1950s, local periodicals began to
publish the first information from the interested
agencies about the problems of reindeer breed-
ing farms with regard to the implementation of
zootechnical and veterinary rules aimed at im-
proving the economically useful qualities of
reindeer. During this period, collective farms
suffered major losses due to the slaughter of
reindeer calves, low viability of the litter, and
unsatisfactory rates of its development?.

It is well known that the improvement of the
breeding qualities of reindeer, as with livestock,
depends entirely on external factors and involves
the implementation of the following measures:
rational nutritious feeding, proper selection and
regular change of pastures, optimal herd size,
proper grazing system, and obligatory division
of herds into productive and non-productive
parts (see footnote 2). This is not a complete list
of the conditions necessary to obtain healthy and
complete individuals.

The specifics of the natural and climatic
zones of reindeer husbandry and their economic
purpose have determined the direction of selec-
tion in reindeer husbandry, which has led to the
differentiation of reindeer into various ecologi-
cal populations, differing in productivity, body
type, exterior, speed of maturity and ability to
transmit their genetic features by inheritance’.

In the 1970s, the breeds in northern reindeer
husbandry had not yet been officially approved.
However, in the course of natural and artificial
selection in different ecological zones, sharply
different aboriginal types - Chukchi and Even -
were formed. Each type is characterized by cer-
tain economically useful features. The Chukchi
type was created under the influence of natural
and climatic conditions of the Arctic tundra on
the basis of folk selection aimed at improv-
ing meat forms of animals. The Even type was
formed by selection of animals with good rid-
ing qualities. Specific environmental conditions
characteristic of the taiga zone — cold snowy
winters, forested pastures, hot summers — made
a peculiar imprint. Even reindeer (see Fig. 1)
differ from the Chukchi reindeer (see Fig. 2) by
their tall stature, massive bones, long legs with
wide hooves, and somewhat compressed body*.

Both types of reindeer required breeding for
quality: the first one - to increase body size, the
second one - to improve meat forms, to increase
stature and slaughter yield. Since ancient times,
in order to obtain strong, viable offspring, to re-
duce the number of mothers, and to have fast
and hardy riding reindeer, the Chukchi of the
East Tundrovsky, Anadyrsky and Markovsky
districts have been trading reindeer from the
Evenes.

In the 1970s, reindeer breeding farms stud-
ied phenotypic traits of reindeer from different
zones and selected animals for meat productivi-
ty, reproductive traits (fertility, milk production,
maternal qualities), calving dates, viability, etc.

At the initial stage of the breeding work eco-
nomically useful traits of different populations
available in the region were studied. The stud-
ies were conducted in 1970-1972 in tundra, for-
est-tundra and taiga zones. Identified standards
of reindeer on a number of phenotypic traits were
taken into account in the purposeful selection of
animals for further reproduction. Thus, during
autumn inventory and sanitation events in the

2Skurlatov I.A. Improving breeding qualities of reindeer // Magadansky Olenevod, 1958, N 1, pp. 30-33.

3Soskin A.A., Glushnev S.V. Development of live weight and exterior features of the first-generation littermates obtained from
crossing the Even reindeer does with Ayan-Mai producers // Proceedings of the Magadan Zonal Research Institute of Agriculture of

the North-East, Magadan, 1981, Issue 9, pp. 30-36.

4Soskin A.A., Bryzgalov G.Ya. Interpopulation crossbreeding of reindeer in the Magadan region // Magadansky Olenevod, 1982,

N 34, pp. 26-28.
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tundra zone, the following animals were clas-
sified as the improving part of the herd: calves
at the age of 6.5 months with a live weight of
50.2 kg, bull calves with a live weight of 88.5
kg, two-year olds with a live weight of 99.2 kg,
bulls with a live weight of 120.3 kg, and reindeer
does with a live weight of 95.6 kg.

Reindeer of taiga and forest-tundra zones
reached their maximum meat productivity in
October, tundra zone — by the beginning of Sep-
tember”.

In 1971-1973 in the state farm "Markovsky"
of the Anadyr district a comparative assessment
of meat productivity of reindeer of two exteri-
or-constitutional types was carried out: high-
grown large and low-grown compact. It was
established that in the forest-tundra zone the op-
timal type of reindeer should combine high stat-
ure and high weight gain of the first type with
good meat qualities of the second type®.

For purposeful selection correlations between
different productivity traits and their inheritance

Puc. 1. OBeHCKHUii THIT OJIEHEH, pacIIpOCTPAHEHHBIH B TOPHO-TaeXKHOH 30He Maraganckoit obimactu
Fig. 1. The Even type of reindeer, widespread in the mountainous taiga zone of the Magadan region

RS 1 A e

Puc. 2. YykoTcKkuil TUII OJI€HEH, XapaKTepHbIH s TyHIPOBOH 30HBI UyKOTKH
Fig. 2. The Chukchi type of reindeer, typical for the tundra zone of Chukotka

SKudela E.I., Deryazhentsev V.I. Comparative characterization of some phenotypic traits of reindeer of different zones //
Proceedings of the Magadan Zonal Research Institute of Agriculture of the North-East. Magadan, 1974, Issue 4, pp. 9-19.

®Deryazhentsev V.I., Kudela E.I. Comparative evaluation of meat productivity of reindeer of two exterior-constitutional types //
Proceedings of the Magadan Zonal Research Institute of Agriculture of the North-East. Magadan, 1975, Issue 5, pp. 13-19.
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were studied, finding out the possibilities of in-
creasing meat productivity by selecting young
animals by live weight at different ages. In this
connection, in 1974 and 1975 on the basis of
experimental-production farm "Yubileiny" and
the state farm "Polarnik" a series of experiments
were conducted, which determined the expedi-
ency of selection of calves for further breeding
use according to their grading class at 6 months
of age, i.e. after the suckling period’.

In October 1977, in accordance with the ap-
proved plan of the breeding work in reindeer
breeding of the Magadan region and Chukotka,
the first mass appraisal of three herds of the state
farm "Rassokhinsky" was carried out according
to all the rules of the developed instructions. The
reindeer were evaluated by live weight, body
type and fatness with the subsequent determina-
tion of the quality class®.

In the early 1980s, Magadan region became
the largest reindeer herding region in the coun-
try. Over 700 thousand reindeer were grazing in
all categories of farms, including 346 thousand
breeding stock. Targeted breeding work provid-
ed a significant increase in productive qualities
of reindeer. According to the results of the valu-
ation, 86.3% of the animals were assigned to the
Ist and 2nd classes. Consistent implementation
of the measures to improve breeding allowed to
form its own breeding base. Its basis was formed
by the two breeding farms: state farm "Rassokh-
insky" and "Vozrozhdenie", as well as breeding
herds " Rastsvet Severa", "Markovsky", "Enmit-
agino", "Way to Communism", "Druzhba "’.

The intensification of the reindeer breeding
industry dictated the development of the breed-
ing and pedigree work. As a result, the most ef-
fective methods were created, one of which was
interbreeding and interpopulation crossing. This
method is based on the combination and inter-
action of different genotypes. This is the fastest
way to enrich and expand the hereditary basis

of crossbreds, create new animal forms and in-
crease their viability'?.

The farms "Omolon" and " Rastsvet Severa"
successfully conducted experiments on cross-
breeding Tofalar reindeer with local Even rein-
deer. 443 breeding sires were imported from
Yakutia, Chita region and the Khabarovsk Ter-
ritory. In the state farm "Omolon", the mixed
youngsters obtained from mating of Even breed-
ing females with Tofalar bulls-producers at the
age of 6 months exceeded their Even peers in
live weight by 12.7-13.8 kg!''.

The state farm "Yubileiny" conducted an
experiment on industrial crossbreeding of Eve-
no-Ayan females with bulls of the Ayan-Mai
population imported from the state farm "Nel-
kansky" of the Khabarovsk Territory. The Even-
Ayan littermates surpassed their Even reindeer
peers in live weight by 3.2 kg, in height at the
withers by 4.7 cm, and in chest girth by 2.0 cm.

In the reindeer breeding farm "Rastsvet Sev-
era" the effectiveness of crossbreeding the local
Even-type reindeer breeders (reindeer does) with
Tompon-type producers imported in the amount
of 263 animals from the state farm "Tompon-
sky" (Yakutia) was studied. It should be noted
that the producers involved in the breeding were
obtained from crossing of Tofalars and local Ya-
kut mothers of the Tomponsky population. As
a result of the experiments, it was found that
Even-Tompon litters differed significantly from
the local ones in terms of growth and develop-
ment of young animals. Absolute gain in the live
weight from the beginning of birth in experi-
mental males for 6 months amounted to 51.4 kg
against 42.7 kg in the control ones, the difference
was 10 kg in crossbred females. For 6 months,
the live weight of the mixed males increased 7.7
times against 7.1 times in the local males; fe-
males — 7.4 times against 7.1 times, respectively.
Thus, the advantage of the Even-Tompon rein-
deer of the first generation compared to the local

"Deryazhentsev V.I., Shifner K.G. Heritability and correlative relationships of some economically useful traits of reindeer //
Proceedings of the Magadan Zonal Research Institute of Agriculture of the North-East. Magadan, 1978, Issue 7, pp. 4-11.

$The system of reindeer breeding in the Magadan region. Novosibirsk, 1986, p. 76.

°Pivnev N.T. Reindeer of the state farm "Rassokhinsky" // Magadansky Olenevod, 1978, N 2, pp. 30-31.
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ones allowed us to recommend interpopulation
crossbreeding'?.

It should be noted that breeding work in all
farms of the Far North-East was carried out un-
der the methodological guidance and direct par-
ticipation of scientists of the Magadan Research
Institute of Agriculture (Magadan NIISKh).

In view of the fact that by 1982 the main pas-
tures were to be developed and the indicators of
reindeer intensity in most farms were met, the
main direction of increasing the production of
reindeer herding products was in the intensifi-
cation of the industry. In this regard, significant
opportunities were opened for the improvement
of breeding and pedigree work. It was possible
to introduce into practice the "Methodology of
reindeer valuation", which made it possible to
establish the breeding value of animals with sci-
entific accuracy. Two main breed groups of ani-
mals of aboriginal type were defined - Chukchi
(Siberian tundra) and Even (Siberian forest).

In the 1980s, Chukotka's farms achieved
high indicators of live weight of sexually ma-
ture reindeer-producers: in the "Vozrozhdenie"
farm, the weight of reindeer does reached 100
kg and 129 kg, in the "Druzhba" state farm —
99 and 138 kg respectively, in the "Kommu-
nist" state farm — 100 and 128 kg, and in the
"Markovsky" state farm — 95 and 127 kg. The
potential of highly productive Chukchi reindeer
populations was effectively used to improve the
performance of less productive herds'.

Due to strict culling of animals, as well as
under the influence of natural and climatic con-
ditions, the Chukchi type of reindeer was sig-
nificantly improved. The animals' precocity and
their ability to fatten up quickly were accompa-
nied by increased live weight. Thus, the young
animals exceeded the indicators of the 1st class
by 4-5 kg.

From 1983 to 2013, the Vozrozhdenie breed-
ing farm in the Iultinsky District of Chukotka
carried out the selection and pedigree work to
breed a highly productive type of reindeer. The

initial gene pool represented unrelated groups
of reindeer of the Chukchi breed of the farms
"Vpered" and "Vozrozhdenie", which united in
1950. Under the methodological guidance of
the Magadan Research Institute of Agriculture,
a breeding herd was formed, which became the
basis of the intra-breed type of reindeer.

By crossing unrelated groups of the Chukchi
breed reindeer, selecting and breeding individ-
uals of the desired type over a number of gen-
erations, the highly productive type "Vozrozh-
denie" was bred (see Fig. 3). The live weight of
the heifers of this type at the age of 5-6 months
exceeded the standard of the Chukchi breed by
6.9%, bull calves — by 12.6%, 2.5 - year-old
reindeer does — by 14.2%, and two-year olds —
by 22.2%.

Testing of the new type of reindeer for dis-
tinctiveness, uniformity and stability was car-
ried out according to the methodology approved
by the State Variety Commission on 24.11.2015.

The live weight indices of the inbreed type
reindeer met the requirements of the highest
valuation class for the Chukchi breed (see Fig.
4).

One of the most valuable economically use-
ful traits for reindeer is the timing of calving
of mothers. Early-born young calves have time
to get stronger and achieve good development
before the mass flight of bloodsucking insects
and the onset of heat. In the autumn, such calves
have a greater live weight, which is very im-
portant for wintering in the harsh natural con-
ditions of the Arctic and Subarctic. Calving is
earlier and more intense in the "Vozrozhdenie"
intrabreed reindeer does compared to the Chuk-
chi breed (see Fig. 5).

On the basis of zootechnical information on
the creation of the intrabreed type the Magadan
Research Institute of Agriculture received a
patent for invention No. 1754033 "Method
of breeding reindeer", a patent for breeding
achievement No. 9099 "Reindeer (Rangifer
taran-dus L.) "Vozrozhdenie".

12Ustinov V.I. Reindeer breeding of the Magadan region: Magadan: Book publishing house, 1977, 126 p.

BChukotka aboriginal breed of reindeer: materials of the seminar-meeting "Breeding and pedigree work with reindeer of aborig-
inal breeds in the Chukotka Autonomous Okrug" (April 18-21, 2012). Moscow, 2012, pp. 22-30.

108 Siberian Herald of Agricultural Science * 2023 « 53 * 10

Zootechnics and veterinary medicine



HcTopust pasBUTHS CENEKIIHOHHO-ILIEMEHHO paboThl B CEBEPHOM
oneHeojicTBe Kpaitnero Cesepa JlansHero Bocroka

Buromckoa E.A., Bpsizranos 5.

Puc. 3. BHyTpHUIIOPOIHBIN THTI CEBEPHBIX OJICHEH
YYyKOTCKOU MOpojibl «Bo3poxkaeHue»

Fig. 3. Intrabreed type of the Chukchi reindeer
breed "Vozrozhdenie"

In order to improve the breeding and pedi-
gree work in the Magadan region and the Chu-
kotka Autonomous Area, more effective meth-
ods based on the achievements of molecular
genetics have been used since 2013. DNA poly-
morphism makes it possible to study the genetic
structure, differentiate breeds and populations
of reindeer. Molecular multilocus analysis, or
ISSR analysis, occupies a special place due to
its high informativeness and speed of imple-
mentation'+'°[1, 2].

In accordance with the "Plans of breeding
and pedigree work" at a number of the breeding
enterprises of the Chukotka Autonomous Area
studies of the genetic structure of the Chuk-
chi reindeer populations were conducted: gene
pool farm "Vozrozhdenie", breeding reproduc-
er "Khatyrskoye", breeding branches "Ayon",
"Polarnik", "Zarya", "Kanchalansky", "Ozer-
noye", "Turvaurgin".

The studied populations of the Chukchi rein-
deer breed on all the above-mentioned farms are
characterized by a rather high degree of hetero-
zygosity. The level of intermicrosatellite DNA
heterozygosity averages 0.865, which indicates
the genetic diversity of the identified loci of the
reindeer genome (see the table). The high level
of heterozygosity gives animals an advantage in
adaptive traits and provides stability of the pop-
ulation [3-9].

During the last 15 years, breeding organi-
zations have bred and sold 35,000 reindeer of
higher productivity classes to agricultural pro-
ducers, 1225 reindeer of unrelated ecotypes of
the Chukchi breed were purchased in the Kam-
chatka Territory and the Republic of Sakha (Ya-
kutia) to enrich the gene pool [10].

In the Magadan region, due to the loss of
the breeding base in the 1990s and a 15-fold
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I:I Chukchi breed I «Vozrozhdenie»

Puc. 4. Iloka3zarenu *UBOH Macchl OJIEHEH BHYTPUIIOPOAHOTO THIa «Bo3pokieHne» n 4yKOTCKOH MOpoIbl
Fig. 4. Live weight indices of the intrabreed reindeer type "Vozrozhdenie" and the Chukchi breed

YZinovieva N.A., Popov A.N., Ernst L.K., Marzanov N.S., Bochkarev V.V., Strekozov N.I., Brem G. Methodical recommendations
on the use of polymerase chain reaction method in animal breeding. Dubrovitsy, 1998, 47 p.

5Zinovieva N.A., Gladyr E.A., Ernst L.K., Brem G. Introduction to molecular gene diagnostics of farm animals. Dubrovitsy,

2002, 112 p.

“Kalashnikova L.A., Dunin I.M., Glazko V.I. Breeding of the XXI century: the use of DNA technologies. Moscow, 2000, 31 p.
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Fig. 5. Calving dynamics of the intrabreed reindeer type of the "Vozrozhdenie" and the Chukchi breed

reduction in the number of reindeer, it became
necessary to preserve the gene pool of the Even
breed population and to study the genetic struc-
ture of the herds of the farm "Irbychan" and
"Korkopsky" farm in the North-Even district.
The high level of heterozygosity (0.882) of the
Priokhota population of the Even breed (see the
table), apparently, is associated with the pecu-
liarities of formation of the gene pool of the
farm "Irbychan", which occurred through the
merger of three genetically different subpopula-
tions of the Even breed: Parenskiy, Gizhiginsky
and Garmandinsky, which indicates the advan-
tage of these individuals in adaptive traits, en-
suring the stability of the population. The high
level of theoretical or expected heterozygosity
confirms a high degree of genetic diversity in
both the Chukchi and Even breeds.

The average number of alleles per microsat-
ellite locus, reflecting intra-population diversi-
ty, in general for the Chukchi breed was 8.75,
for the Even — 9.95. A decrease in the number
of active effective alleles in the Chukchi breed
(7.54) compared to the Even (8.49) is accompa-
nied by a decrease in genetic and phenotypical
diversity and leads to an increase in the popula-
tion homogeneity.

For 2013-2023, the most effective methods
based on the achievements of molecular genet-
ics were identified and introduced into the prac-
tice of selection and breeding work with the
Chukchi and Even breeds. The practical signif-
icance of the genetic research carried out is un-
deniable, since it can be recommended to solve
important issues of selection and breeding work
of reindeer herding enterprises. In addition, it

is necessary to monitor the level of genetic di-
versity that ensures sustainable maintenance of
populations.

Magadan NIISKh plans to conduct research
to identify the genes and gene networks that
control the development of economically sig-
nificant signs of reindeer for the development
of molecular markers for breeding purposes, as
well as the genetic certification of the Chukchi
and Even breeds of reindeer in the Far North of
the Far East for targeted regulation of breeding
processes.

Currently, for all breeding farms of the Chu-
kotka Autonomous Area, 5 summer plans for
selection and breeding work with the Chukotka
breed of reindeer are being developed. Magadan
NIISKh accompanies this work during the term
of the plan.

In accordance with the state program of the
Magadan region for the development of agri-
culture in the region, in close cooperation with
the Ministry of Agriculture of the Magadan Re-
gion and the Department of Agriculture of the

Cpennue nokasareiad FeHOTHIIMIECKOro pa3Hoo0Opa-
3Us1 OJICHEH YyKOTCKOM M BEHCKOI NOpOoJ

Average indices of genotypic diversity of the Chuk-
chi and Even breeds of reindeer

Indicator Ctl: ukehi Even breed
reed

Average number of alleles

per locus 8,75 9,95
Number of effective alleles 7,54 8,49
Homozygosity coefficient 0,135 0,118
Heterozygosity

(by Robertson ) 0,865 0,882
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Chukotka Autonomous Area, the Magadan Re-
search Institute of Agriculture is actively con-
tinuing to improve and strengthen the breeding
work in domestic northern reindeer herding in
the Far North of the Far East.
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BJIMSHUE PET'YJIATOPA POCTA U MUKPOYIOBPEHUSA
HA YPOXKAMHOCTDb KAPTO®EJISI B IKYTUN

<) Cnenuosa T.B."?

UIkymcekuil hayuno-ucciedosamensckuil uHCMumym cenbcko2o xossicmea um. M. Cagpponosa —
0bocobnennoe noopazoenenue fxymckoeo nayunozo yenmpa Cubupcrkozo omoenenus Poccuiickoii
akademuu HayK

Skyrtck, Poccus

2Aprmuueckuil 20cyOapCcmeeHHblll a2pOmexHON02ULeCK ULl YHUBEPCUmMen

SIxyTck, Poccus

(e-mail: SlepsovaTV@yandex.ru

[Ipencrariensl pe3ynbTaThl H3Y4YCHUs BIHSHUS PEryisTopa pocta HoBocun u MukpoynoopeHus
Mar-bop Ha mokasareiau pocTa, HOTOCHHTETHIECKON JASATEIHPHOCTH PACTCHUN M YPOKAWHOCTH Kap-
todenst copra SkyrsHka B ycnoBusix LlentpanbHolt SkyTtun. [TouBa ONMBITHOTO ydyacTka MEpP3JIOT-
HO-TIOMMEHHAs CylnecdaHasi C HeIOCTaTOUYHBIM COZEpKaHWEM B MMaxXOTHOM cioe rymyca (1,8-2,2%),
MOJIBMKHBIX coequHeHnid maraus (1,25 mr/100 r), mukposnemenToB monuoaeHa (0,03 mr/kr), map-
ranta (29,0 mr/kr), 6opa (0,30 Mr/kT). YcTanoBiIeHO, 4T0 00padboTKa mocanaok kaprodens HoBocumom
MaccCy pacTeHul yBennuuBaia Ha 19-24%, miomaab TMCTheB U POTOCUHTETHUYSCKUN MOTSHIIUAT — Ha
5-7%, maraueBo-00pHBIM ynoOpeHueM (B mo3e 5 1/m) — Ha 9 u 2% cooTrBeTcTBeHHO. BhIsABNEeHa Cy-
LIeCTBEHHAs psIMasi CBSI3b MacChl PACTEHHUI C MX BBICOTOM M KonmdecTBoM B KycTe (» = 0,71...0,81),
IJIOMIAIN JINCTHEB U 3HAYCHHH (DOTOCHHTETHYECKOTO MOTEHIIHAJa — C BBICOTOM, KOJTMYECTBOM U Mac-
coit pacrenuii (= 0,56...0,82). Bxiag npenaparoB B ©3MEHUYMBOCTD IOKa3arenel coctaBui 37-68%,
TTOTOHBIX YCIIOBHI U B3auMoaencTBus GpaxTopoB — 3—33%. [lokazano, uro oOpaboTka pactenuit Ho-
BOCHJIOM U coBMecTHO ¢ Mar-bop 5 1/71 noBbImaet yposkaitHOCTh K1yOHEl B CpaBHEHUH C KOHTPOJIEM
Ha 6,4-6,6 1/ra (34—35%), MmaruneBo-00pHBIM ynoOperreM B go3e 5 r/m — Ha 2,5 1/ra (14%). B Bapu-
antax Mar-bop 10 r/n u HoBocun + Mar-bop 10 r/n ypoxkaiiHOCTh OblIa Ha YpOBHE KOHTPOJISI MJIH
noBbIanack Ha 1,6 1/ra (8,5%), B ycnoBusix 3acyxu camkanrach Ha 0,5-0,9 1/ra. Jlons BIusHUS mIpe-
[1apaToB HA U3MEHUMBOCTh ypOykaltHOCTH cocTaBuia 68%, MOTOAHBIX yciaoBHH — 26%, B3anuMoneil-
cTBUs PakTopoB — 4%. PaccunTanpl ypaBHEHHS PETPECCHH, TIO3BOJISIIOIINE OTIEPATUBHO U C BHICOKON
TOYHOCTBIO MTPOTHO3UPOBATH TUIOLIA/Ib JIUCTHEB U YPOXKaHHOCTh KIIyOHEH 1Mo Macce pacTeHUH B dase
nuBeteHus. Pa3anna Mexay (akTHIeCKUMH U PACCINTaHHBIMU 3HAUEHUSAME cocTaBisa 4,4—5,4%.

KuroueBble ciioBa: kapToens, peryisTop pocta, MUKpOyI00OpeHue, III0ab JIUCThEB, (POTOCHH-
TETUYECKUM MOTEHIINAN, YPOKAUHOCTh

EFFECT OF GROWTH REGULATOR AND MICROFERTILIZER ON POTATO
YIELD IN YAKUTIA

(< Sleptsova T.V.!:?

'M.G. Safronov Yakut Scientific Research Institute of Agriculture — Division of Federal Research
Centre “The Yakut Scientific Centre of the Siberian Branch of the Russian Academy of Sciences”
Yakutsk, Russia

2Arctic State Agrotechnological University

Yakutsk, Russia

(><De-mail: SlepsovaTV@yandex.ru

The results of studying the effect of growth regulator Novosil and microfertilizer Mag-Bor on
growth parameters, photosynthetic activity of plants and yield of potato variety Yakutyanka in condi-
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Effect of growth regulator and microfertilizer
on potato yield in Yakutia

Sleptsova T.V.

tions of Central Yakutia are presented. The soil of the experimental plot is permafrost floodplain loamy
with insufficient content of humus (1.8-2.2%), mobile compounds of magnesium (1.25 mg/100 g),
molybdenum microelements (0.03 mg/kg), manganese (29.0 mg/kg), and boron (0.30 mg/kg) in the
arable layer. It was found that treatment of potato plantings with Novosil increased plant mass by
19-24%, leaf area and photosynthetic potential by 5-7%, with magnesium-boron fertilizer (at a dose
of 5 g/l) by 9 and 2%, respectively. Significant direct relationship of plant weight with its height
and number in a bush (» = 0.71...0.81), leaf area and photosynthetic potential values — with height,
number and weight of plants (» = 0.56...0.82) was revealed. The contribution of the preparations to
the variability of indicators was 37-68%, weather conditions and factor interactions — 3-33%. It was
demonstrated that treatment of plants with Novosil and together with Mag-Bor 5 g/l increases tuber
yield in comparison with the control by 6.4-6.6 t/ha (34—35%), and with magnesium-boron fertilizer
at a dose of 5 g/l — by 2.5 t/ha (14%). In the variants Mag-Bor 10 g/l and Novosil + Mag-Bor 10 g/l
the yield was at the level of control or increased by 1.6 t/ha (8.5%), and under drought conditions it
decreased by 0.5-0.9 t/ha. The share of the preparations' influence on the yield variability amounted to
68%, weather conditions — 26%, and factor interactions — 4%. Regression equations were calculated,
allowing to forecast leaf area and tuber yield by plant weight in the flowering phase promptly and with
high accuracy. The difference between the actual and the calculated values was 4.4-5.4%.
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INTRODUCTION cluding potato*“. They accelerated plant growth

An important factor for further increase in
yield and profitability of potato production is
the development and introduction of agrotech-
nological methods of cultivation with the use of
modern biological plant growth regulators"?[1-
3]. The results of the studies conducted in dif-
ferent regions testify to the effectiveness of their
use as environmentally friendly biostimulants
of productivity and immunity of crop plants, in-

and development, increased resistance to biotic
and abiotic environmental factors, yield and its
quality, and reduced storage losses [4-6]. One of
the effective natural plant growth regulators is
Novosil®.

At present, foliar application with macro-
and microelements is widely used in potato cul-
tivation technology to ensure rapid and more
complete assimilation of nutrients by plants in
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critical periods, primarily at the beginning of tu-
ber formation and tuber yield formation® [7]. At
foliar feeding plants use up to 60-70% of trace
elements, while at application in the soil - only
a few percent [8]. Studies confirm the positive
effect of foliar fertilization on the growth and de-
velopment of potato plants, yield and its quality
[9-13]. The content of macro- and microelements
in the soils of Yakutia is significantly lower com-
pared to the regions without perennially frozen
soils’. Therefore, the study of the influence of
growth regulators, macro- and microelements on
the growth, development and yield of potatoes
in the conditions of Central Yakutia has an im-
portant scientific and practical significance.

The purpose of the research was to study the
effect of the growth regulator Novosil and mag-
nesium-boron fertilizer on the growth, photo-
synthetic activity of plants and yield of potato
tubers in the conditions of Central Yakutia.

MATERIAL AND METHODSD

The studies were conducted at the station of
the Yakutsk Research Institute of Agriculture
(YANIISKh) in the conditions of Central Yaku-
tia. The soil of the experimental plot was per-
mafrost floodplain loamy with insufficient con-
tent of humus (1.8-2.2%), mobile compounds
of magnesium (1.25 mg/100 g), trace elements
molybdenum (0.03 mg/kg), manganese (29.0
mg/kg), boron (0.30 mg/kg) in the arable layer.
The object of the study was the plants and tubers
of the regionalized potato variety Yakutyanka.
The registration plot area — 24.5 m?, the width of
the protective strip — 5 m, placement of the vari-
ants is randomized, repetition is 4-fold. Potato

growing technology is generally accepted for the
region®. Vegetation irrigation was carried out in
the 3rd ten-day period of June — 1st ten-day pe-
riod of July at 350 m?/ha.

The experiment scheme included six variants:
1) Control — water spraying, 2) Novosil, 3) Mag-
Bor 5 g/1, 4) Mag-Bor 10 g/1, 5) Novosil + Mag-
Bor 5 g/1, 6) Novosil + Mag-Bor 10 g/l. Spraying
of the plants was carried out at the beginning of
the flowering, during the period of mass flower-
ing and 7 days after the second treatment with
the rate of the working liquid consumption of
3 liters/100 m>.

Phenological observations, records and anal-
yses were carried out according to the method-
ology of the All-Russian Research Institute of
Potato Farming named after A.G. Lorkh®. Agro-
chemical analyses of the soil were carried out in
the analytical laboratory of YaNIISKh and the
laboratory of the Farming Service of the Repub-
lic of Sakha (Yakutia). The leaf area and photo-
synthetic potential (PP) of the plants were calcu-
lated according to the method of A.A. Nichipor-
ovich!®, Moisture availability during the growing
season was estimated by the Selyaninov hydro-
thermal coefficient (HTC)'". In the years of re-
search, the sum of average daily air temperatures
during the growing season (June-August) varied
from 1451 to 1676° with the norm of 1443°, the
sum of precipitation - from 60 to 187 mm with
the norm of 127 mm, moisture conditions - from
optimal (HTC = 1.29) to severe drought (HTC =
0.37). The experimental material was processed
statistically according to the method of B.A. Do-
spekhov'?using a package of applied programs'?.
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YNichiporovich A.A., Strogonova L.E., Chmora S.N., Vlasova M.P. Photosynthetic activity of plants in crops (methods and tasks
of registration in connection with the formation of yields). Moscow: Publishing house of the Academy of Sciences of the USSR,

1961,136 p.

Zoidze E.K., Khomyakova T.V. Modeling of moisture availability formation in the territory of European Russia in modern
conditions and the basis for assessment of agroclimatic security // Meteorology and Hydrology, 2006, N 2, pp. 98-105.
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RESULTS AND DISCUSSION

Treatment of potato plantings with the growth
regulator Novosil separately and in complex
with magnesium-boron fertilizer at a dose of
5 g/l increased the plant mass by 91-113 g/bush
(19-24%), leaf area by 1.6-2.2 thousand m*/ha
(5-6%), PP for vegetation by 6779 thousand m?
- day/ha (6-7%) in comparison with the control
(see the table). In the variant Mag-Bor 5 g/1, the
indicators of growth and photosynthetic activity
of the plants increased less significantly (by 2—
9%). In the variants Mag-Bor 10 g/l and Novo-
sil + Mag-Bor 10 g/ the plant weight increased
only by 2— 8%, the leaf area and PP were at the
level or less than the control. The greatest contri-
bution to the variability of indicators was made
by preparations (37— 68%), less significant — by
weather conditions (7-26%) and the interaction
of factors (3—33%).

A strong direct correlation (p < 0.01) of the
plant mass with its height and number in the bush
(r = 0.71...0.81), leaf area with height, number
and mass of the plants (» = 0.66...0.82), PP val-
ues for vegetation with height, number and mass
of plants (r = 0.56...0.77), leaf area (r = 0.90)
was revealed.

The regression coefficient shows that with
the increase in the bush weight in the flowering
phase by 100 g (x), the leaf area of plants (y,)
increased by 1.9 thousand m*/ha (1). The differ-
ence between the actual and the calculated leaf
area was not more than +4.4%, which allows for

prompt and accurate prediction of leaf area by
plant weight:

¥,=0,0190 x + 26,017, R*=0,6919. (1)

Yield of potato tubers of the Yakutyanka va-
riety varied from 16.9 to 27.6 t/ha (V = 16%).
In the variants Novosil and Novosil + Mag-Bor
5 g/l it was higher than the control on average by
6.4-6.6 t/ha (34-35%) (see the table). Applica-
tion of magnesium-boron fertilizer at a dose of
5 g/l increased the yield by 2.5 t/ha (14%), in the
variants Mag-Bor 10 g/l and Novosil + Mag-Bor
10 g/l it was at the level of the control (-0.1 t/ha)
or increased by 1.6 t/ha (8.5%). Under drought
conditions, the yield in these variants was low-
er than the control by 0.5-0.9 t/ha. The share of
the effect of preparations on yield variability
amounted to 68%, weather conditions - 26%, in-
teraction of factors - 4%.

Correlation analysis revealed a direct rela-
tionship (p < 0.01) of tuber yield with height
(r = 0.68), number (» = 0.73) and weight
(r = 0.93) of the plants in the bush, leaf area
(r = 0.86...0.93) and PP for interphase periods
(r = 0.77...0.94). Regression analysis showed
that an increase in the plant crude weight by 100
g/bush (x) in the flowering phase caused an in-
crease in tuber yield (y,) by 6.5 t/ha:

v, =0,0647 x — 12,28, R*=0,8681. (2)

The difference between actual and calculated
yields averaged 5.4%, or 1.2 t/ha, which makes it

Bmmstaue perymsropa pocta HoBocuim u Mukpoynoopennst Mar-bop Ha Maccy, IUToIaab JUCTHEB PACTCHHH,

OI1 u ypoxkaitHOCTE KapTodens (cpemaree 3a 3 roma)

Effect of Novosil growth regulator and Mag-Bor microfertilizer on potato weight, leaf area, FP and yield

(3-year average)

. Leaf area
Weight of plants . . FP
Option in the flowering in the flowering per vegetation, Yield, t/ha
hase, g/shrub phase, thousand m? - day/ha
p '8 thousand m?*/ha Y
Control 476 35,3 1129 18,9
Novosil 589 37,3 1208 25,3
Mag-Bor 5 g/l 519 36,0 1155 214
Mag-Bor 10 g/l 485 34,9 1122 18,8
Novosil + Mag-Bor 5 g/l 567 36,9 1196 25,5
Novosil + Mag-Bor 10 g/l 513 35,6 1125 20,5
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possible to forecast yields in the flowering phase
by plant mass promptly and with high accuracy.

CONCLUSION

In the conditions of Central Yakutia the treat-
ment of potato plantings with growth regulator
Novosil increases plant mass by 19-24%, leaf
area and photosynthetic potential — by 5-7%,
magnesium-boron fertilizer (at a dose of 5 g/I) —
by 9 and 2% respectively. A significant direct re-
lationship of the plant weight with their height
and number in the bush (» = 0.71...0.81), as well
as the leaf area and PP values with height, num-
ber and weight of plants (» = 0.56...0.82) was re-
vealed. The greatest contribution to the variabil-
ity of indicators is made by preparations (37—
68%), less significant - by weather conditions
and interaction of factors (3—-33%). Treatment
of potato plants with Novosil growth regulator
and in combination with Mag-Bor 5 g/l increas-
es tuber yield in comparison with the control by
6.4-6.6 t/ha (34-35%), magnesium-boron fertil-
izer at a dose of 5 g/l — by 2.5 t/ha (14%). In the
variants Mag-Bor 10 g/l and Novosil + Mag-Bor
10 g/l, the yield was at the level of control (-0.1
t/ha) or increased by 1.6 t/ha (8.5%). In drought
conditions, the yield in the above variants was
less than the control by 0.5-0.9 t/ha. The share
of the effect of the preparations on the variability
of the yield amounted to 68%, weather condi-
tions — 26%, interaction of factors —4%. Regres-
sion equations were calculated, which allow to
forecast leaf area and tuber yield by plant weight
in the flowering phase promptly and with high
accuracy. The difference between the actual and
calculated values was 4.4-5.4%.
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HAMATH YYEHOI' O
IN COMMEMORATION OF SCIENTIST

AHATOJIMA HUKOJIAEBUY BJIACEHKO

Poccuiickas akagemus Hayk, CHOUpCKuil defepalbHbIii HAYYHBIN IIEHTP arpoOOMOTEXHOIOTHI
Poccuiickoil akaeMuu HayK MOHECIH TSHKENyIo yTpaty: 5 aBrycra 2023 r. 6e3BpeMEeHHO ylIen u3
)ku3Hn Anaronnii Hukomaesuda Bnacenko, akagemuk Poccensxo3akagemun, Poccuiickoii akageMun
HayK, JIOKTOP CEJIbCKOXO3SMCTBEHHBIX HayK, Ipodeccop, 3aciykeHHbIl arpoHoM Poccutickoit de-
nepanuu, Jaypeat [ocymapcTBenHoi npemun Poccuiickoit @enepanuu B 001acT HAYKH U TEXHU-
K4, akageMuk HanumonanbHoil akagemun Pecnyonuku Monromnus, wien EBponeiickoro obiiectsa
repOoJIOTOB.

Amnaronuit Hukonaesuu poauics 25 asrycra 1946 r. B c. Upousuno Kapacykckoro paitona Hoso-
cubupckoi o6macti. OKOHYUB CPETHIOKO MIKOJTY, TPYAWICS pabOYNM Ha KEJIE3HOIOPOKHOM TPaHC-
MopTe, y4uTelieM B HadabHOU mikosie. B 1965 1. mpou3omino coOkITHE, BO MHOTOM OTIPE/ISTHBIIICE
€ro JajbHeWIyro >ku3Hb: AHaronuil Huxomaesnu moctynuin B HoBocuOMpCKuUil cenbCcKOX035i-
CcTBEHHbIN HHCTUTYT. [1o okoHuanuu uncrtutyta B 1970 r. ero Hanpasuiin Ha paboty B Cubupckuii
HAy4YHO-HMCCIIEI0BATEIbCKUIM MHCTUTYT 3eMIICACNUsl U XUMH3AIUU CeIbCKoro xo3siictBa Cubup-
CKOTO OTJeseHNsl Bcecoro3Ho akaieMun CelbCKOXO3SHCTBEHHBIX HAyK. 371€Ch OH Hadajl TPyAUTh-
cs1 1abopaHTOM, TIPOIIENT BCE CTYIEHU KaphepHOro pocta u ¢ 1990 1. BO3mIaBiIsul STOT HHCTUTYT.
C 2016 . — pykOBOIUTENIb HAYYHOTO HAIIPABJICHUS] MHCTUTYTA, IJIABHBIN HAYYHBIA COTPYIHUK.

Hayunsbie Tpyast Anaronust Hukonaesuua BiiaceHko nocBsiieHsl pa3padoTKe aKTyalbHBIX MIPO-
0J1eM SKOJIOTU3allMK 3€MIIEIENINS Ha COBPEMEHHOM J3Tarie. BakHoe MECTO B HUX 3aHUMAIOT CJIEy-
IOII[E HANpaBJICHUS: SKOJIOTU3AINS TOYBOOOPAOOTKH, COBPEMEHHBIE TEXHOJIOTUU BO3/IEIBIBAHUS
CEIIbCKOXO35IMCTBEHHBIX KYJIBTYpP, OPUEHTUPOBAHHBIE Ha 3aJJaHHBIC BEJIMYMHBI YPOXKasi U 3aJaHHbII
YPOBEHb €ro KayecTBa, ONTUMAJIbHYIO CE0ECTOMMOCTh U MOAJIEpPKaHuE HOPMAIBHOIO COCTOSIHUS
OKpy>karoten cpenbl. MccnenoBanus BHITOTHEHBI C YYETOM CUCTEMHOTO B3aUMOJIEHCTBUS (haKTo-
POB B MHOTO(AKTOPHBIX SKCIIEPUMEHTAX, UX PE3YNbTaThl aallTUPOBAHBI K OMPECICHHBIM arpo-
na"amwadTam, X0351ICTBEHHBIM YKJIaJjaM, YPOBHSAM MHTEHCU(PUKAIIUN IPOU3BOJICTBA.

3HaunTEeNFHOE MECTO B HayuyHBIX Tpydax A.H. Brnacenko 3annmarot pa3zpaboTka U COBEpIICH-
CTBOBAaHHWE MHTEIPUPOBAHHBIX CUCTEM 3alUTHI PACTEHUN OT BPEAHBIX OPraHU3MOB, MOAEIUPOBA-
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Hue cucteMm 3emnenenus. [lon pykoBoacrteom akanemMukoB Poccenbxozakanemun B.M. Kuprommna
u A.H. BraceHko y4eHbIMH HHCTUTYTa OBLTH C(OPMYIUPOBAHBI OCHOBHBIE IPUHIIUIIBI 3€MIICACIIHS
Ha nanamadTHoM ocHoBe. Co31aHbI aanTUBHO-IAHIAQTHBIE cUCTEeMBI 3eMienenus HoBocubup-
ckoit oonactu. Pabora Anaronus HukonaeBuya «AnantuBHO-IaHAmAPTHAS CUCTEMA 3eMJIISIeINs
HoBocubupckoii obmactu» pekomennoBana Poccenbpxo3zakanemMueil B KauecTBe 3TajoHa I pa3pa-
OOTKH MPOTrpaMM 3eMJICTIONB30BaHMsI JIJIs1 BceX CyObekToB Poccuiickont Denepanun.

Hayunas HoBu3Ha TpynoB A.H. BinaceHko Taxoke 3akitodaeTcst B pa3paboTKe TEOPEeTHUECKUX U
METO/I0JIOTMYECKUX OCHOB COBEPILICHCTBOBAHUS CUCTEM 3EMJIEACIUS U TEXHOJIOTHI BO3/EIbIBAHMS
CEJIbCKOXO3SIMCTBEHHBIX KYJIbTYpP. B HUX pacKkpsITO coaepkaHne HayYHO-TEXHUYECKOIO Iporpecca
B 3emuieniennuu Culupu, onpesiesneHbl OCHOBHbBIE HAIIPABJICHUS €r0 Pa3BUTH.

3a IMKJ HAyYHBIX Pa0oT 1Mo MpolIieMe MOTYYEeHHUsI BRICOKOKaYe€CTBEHHOTO arpOChIpbsi U METOAAM
KOHTpOJIS €T0 KayecTBa AHaTtonuio HukonaeBuuy B cocTaBe aBTOPCKOTO KOJUIEKTHBA ObLIa MPUCY K-
nena I'ocynapcreenHas npemus Poccuiickon @enepanny 1 NpuCcBOSHO 3BaHue Jiaypeara [ocynap-
CTBEHHOM npeMuu PD B 06nmacTu HayKH U TEXHHUKH.

B 2020 r. 3a ceputo paboT MO COBEPIICHCTBOBAHUIO TEOPETHUYECKHUX OCHOB TMOYBO3AIIUTHBIX
TexHojorui B 3emnenenun Cubupu A.H. Biacenko nepssim B Poccuiickoii denepannn HarpaxieH
3onoroi Mmenansto PAH um. T.C. Manbuesa.

AmnaronueMm HukomaeBuuem omyOnukoBano 6onee 360 HaydHBIX paOoOT, B TOM 4YHCie 24 KHUTH
1 MOHorpaguu, nmoArorosiaeHo Oonee 50 pekoMeHAaU U METOAUYECKUX MMOCOOUH M0 BO3/EbI-
BaHUIO M TEXHOJIOTUAM DPA3JIMYHBIX CEIbCKOXO3SHUCTBEHHBIX KYJBTYp, OH aBTOp 12 maTeHTOB Ha
M300peTeHus], UM MOJTOTOBJICHBI MATh IOKTOPOB U TPU KaHUaTa HayK.

Pabots! akanemuka A.H. BiaceHko HalIM MIMPOKOE MPAKTHUECKOE MPUMEHEHHE B XO35HCTBAaX
HoBocubupckoii obmactu u qpyrux cyorextoB Poccuiickoit @enepannu.

Amnaronuii HukomaeBru akTHBHO y4yacTBOBaj B oOmiecTBeHHOM kn3Hu BACXHWJI, PACXH,
CO PACXH, agmunuctpanuu Cubupckoro deaepansaoro okpyra P®. On Obu1 usieHOM 010po cek-
LMY 3eMJIEJIENNSI, METMOPALIH, BOJHOTO U JIECHOTO X031 CTBA OTAEIEHUS CEIbCKOX03SIICTBEHHbIX
Hayk PAH, 6ropo otnenenus cenbckoxo3siictBeHHBIX Hayk CO PAH, cosera mo pazsuturo AIIK
npu ryoeprarope HoBocubupckoit o6macTu, 3KCIepTHO-KOHCYJIBTAIlMOHHOTO COBETA MO BOIPOCaM
COLMAIEHO-YKOHOMHUYECKOTO pa3BUTHsI pernoHoB CHOupckoro (eaepansbHOro OKpyra mpH MOJIHO-
MOYHOM mpencraBurenie npesugaeHra B COO, penkomieruil )xypHaioB «BeCTHUK 3allMThI pacTte-
HUi», «CHOMPCKUI BECTHUK CEJIbCKOXO3SHCTBEHHON HAayKI», «3eMIIeIeIIne).

3a 3aciyr B pa3BUTHH HAyYHBIX UCCIIEIOBAHNIN U BHEJPEHUS Pa3pab0TOK B IPOM3BOACTBO AHa-
Tonnii HukomaeBu4 HarpaxaeH MenaiaMu «3a TPYyAbl MO CEIbCKOMY XO3SIUCTBY», «3a TPyI0BOE
ommuue» U «Berepan Tpyna», 3oim0toil Mmenanepo uM. B.P. Bunbsamca. OH oTMedeH NoueTHbIMU
rpamMoramu MuHuctepcTBa Hayku U TexHosoruii PO, npesnauymo PACXH n CO PACXH, agmu-
Huctpanuu HoBocubupckoii obmactu, B 1999 r. ynoctoen npemun HoBocubupcka «Yemex romay.

HayuHo-npakTudeckast cenbCcKoX03siCTBeHHas oomecTBeHHOCTh Cubupu u Poccuiickoit ®ene-
paruu, XopoIro 3HaBIIas 3acayru Anaronust Hukonaesuda Brnacenko B oomactu pa3sutusi AIIK,
HAaBCETa COXPAHUT O HEM CBETIIYIO MTaMSITh.

I A. Pomanenko, B.H. ITapmon, }0.D. Jlauyra, A.JI. UBanos, B.U. Kupromms, K.C. I'omoxsacT

B.B. Anpr, I'I1. 'am3ukoB, A.B. T'oruaposa, A.C. [loHueHko,
H.A. Jonuenko, H.M. MBanos, H.M. Kamesapos, K.fI. MoToBu:os,
10.A. HoBocenog, B.A. Conomenko, H.A. Cypun, H.B. Llyrmuaok, A.A. Hlnenr
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HHAMSATHU AKAJEMUKA NBAHA ®E/IOPOBUYA XPAMIIOBA

Poccwiickas akagemust Hayk, OMCKHIA arpapHbIil HayYHBIN [IEHTP ¢ TPUCKOPOUEM U3BEIIALT, UTO
9 aBrycrta Ha 74-M roay xu3HU ckoHuaics MBan denopoBuu XpaMioB, JOKTOP CEIbCKOXO3SM-
CTBEHHBIX HayK, mpodeccop, akageMuk Poccuiickoii akanemun Hayk, qupektop CuOupckoro Hayd-
HO-UCCIIE0BATEIBCKOTO MHCTUTYTA CEIBCKOTO X03siiicTBa ¢ 1998 mo 2018 .

N.®. XpamI10B — cieruaInucT B 00JaCTH 3eMIISIEHS U arpoXuMuH, aBTop 0osee 300 HaydHBIX
paboT, B TOM YHclie CeMU KHUT (TISITH MOHOTpaduil), 4eThIpeX MaTeHTOB Ha U300pETEHHS; PyKOBO-
JUTEIb JEBSITH CIIEIUATNCTOB BhICIIEH KBaTU(PUKAIIMN, B TOM YUCIIe OJJHOTO JOKTOpa HayK.

Hayunsbie uccnenosanus lMeana ®@enopoBuya nocBsIieHbl COBEPIICHCTBOBAHUIO TEOPETUUECKUX
OCHOB W TPAKTHYECKUX MPHUEMOB PETYIUPOBAHUS MOYBEHHOTO TUIOMOPOAMS M MPOAYKTUBHOCTH
CEITbCKOXO3STUCTBEHHBIX KYJIBTYP 3a CUET IKOJIOTHUECKH COAIaHCUPOBAHHBIX CUCTEM NMPUMEHEHHS
ynoOpeHuii B ceBooOopoTax jecocrenu 3anaanoi Cubupmu.

Y4eHbIM yCTaHOBJIEHBI OCHOBHBIE 3aKOHOMEPHOCTH M HANPaBIECHHOCTH JIEHCTBUS Pa3IHMUHBIX
CUCTEM yJIOOpEeHHII B CEBOOOOPOTE HA arpOXMMHUYECKHE U OMOIOTUYECKHUE TIOKA3aTeNu TI00PO-
JIsl YePHO3EMHBIX TIOYB U YCIIOBUS UX perynupoBanus. OnpeneneHbl HOPMaTUBBI ICUCTBUS U 10-
CJIEIEUCTBUS BO3PACTAIOIINX HOPM MUHEPAIbHBIX U OPTAHUYECKUX YIOOPEHHI MpHU JIUTETEHOM
CHCTEMaTH4YECKOM WX NMPUMEHEHHH Ha MPOAYKTHBHOCTH CEBOOOOPOTOB M KAYECTBO MPOMYKIIHH.
BrIsiBiIeHBI KOJTMUECTBEHHBIE MTapaMeTphl BBIHOCA, pacxoja Ko3(pPUIIMEHTOB UCTIOIb30BAHUS TTH-
TaTeNIbHBIX BEIIECTB U3 MOYBHI M YIOOPEHHUIA, ONlpe/iesieHa CTPYKTypa OanaHca 3JIeMEHTOB MUTaHUS
B arpolieHo3ax, pa3paboTaHbl MpUeMbl MOBBIIICHUS Y(H(HEKTUBHOCTH MUHEPATBHBIX YI0OpEeHHIA B
ceB000OpOTaX, 00ECIEYNBAIOIINE CYIIECTBEHHBIN pecypcocOeperaromuii, SKOJIOrHYeCcKuil U KO-
HOMHYECKHI P (DEKT.

Pa3zpaboTanHbie U pEKOMEHI0BAaHHBIE CHCTEMBI IPUMEHEHHUS YI0OPEHUI BHEIPEHBI B MOJIEBBIX
ceBooboporax OITX CuoHMUNCXo3za («Omckoey, 19822007 rr., «kboeBoe»,1983-2007 rr.), a Tak-
e B APYTUX XO3sMCTBax jecocTenHoil 30Hb OMckoii obmactu. OcBoeHUE CUCTEM yI0OpeHHid B
ATHX XO3SHCTBaX B KOMIUIEKCE C 30HATBHOW TEXHOJOTHEH o0ecrednBano CTaOMILHOCTh 3€pHO-
BOT'O MPOM3BOJICTBA IO TOAaM, a TAaK)Ke MOBBIIICHUE MPOJYKTUBHOCTU OJIHOTO IeKTapa MaIlHU Ha
0,5-0,9 T 3epHa MO CpaBHEHHUIO C COOTBETCTBYIOUIUMHU CPEAHUMHU PAHOHHBIMU MOKA3aTEISIMU 3a
AHAJOTHYHBIE TOMBI.
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WBan denopoBud JIUYHO pa3padarbiBaj U BO3MIABISUT KPYITHOE HAYYHOE HAMpaBJIEHUE — CO-
BEpPLICHCTBOBAHNE TEOPETUYECKUX OCHOB U MPAKTUYECKHUX MPHUEMOB PETYJIUPOBAHUS ITOYBEHHOTO
TUTOIOPOJIHSI U TIPOAYKTHBHOCTH CEIbCKOXO3SHCTBEHHBIX KYJIBTYp 32 CUET SKOJIOTMYECKH cOanaH-
CHUPOBAHHBIX CUCTEM ITPUMEHEHHsI yA00peHHii B ceBo0O0poTax necocrenu 3amnagHoi Cubupu.

Kax qupexrop Cu6HMMCXo3a oco6oe Buumanue M.MD. XpaMI11oB yaemsii MOJTOABIM CIICIIHAIIH-
CTaM, HEMOCPEIICTBEHHO KypUpys paboTy acMpaHTyphl. B HHCTHTYTE €KEeTroaHO MPOBOAMIN KOH-
(bepeHIH MOJIOIBIX YUEHBIX, IJIe HayYHbIe COTPYIHUKH, TOJIbKO HAYMHAIOIIME CBOW MyTh B HAayKe,
Y aCIAPAHThI IEMOHCTPUPOBAJIA CBOM HAYUYHBIE TOCTUKEHUSI.

HBan ®enopoBud NpUHUMAJ Y4aCTHE B KOJUIETMU MUHHCTEPCTBA CEIIBCKOTO XO3MCTBA U IIPO-
noBonbcTBUsE OMckoit obnactu. Ilog ero pykoBonacTBoMm Benach pabora LlenTpa HayuHoro ooe-
cneuenusi AIIK obnactu, rine pemanu TeKyue U NepCcreKTUBHbIE BOMIPOCH COBEPIICHCTBOBAHUS
(YHKIMOHUPOBAHUS OTpACIiell arpoNpPOMBIIUIEHHOTO KOMILIEKCA.

N.®. Xpam1ioB Belsl O0JBIIYI0 00IIECTBEHHO-HAYYHYI0 paboTy: ObUT wieHoM npe3uauyma Cu-
Oupckoro otnenenus Poccenbxo3akagemMun, 3aMeCTUTENEM IIPECceaTeNIss KOOPAUHALMOHHOTO CO-
Beta 1o 3emuieaenuto npesuauyma CO PACXH, Bxonun B coctaB HayyHOro KOOpIMHAIIMOHHOTO
coBera OMCKOI 067acTH, AUCCEPTALIMOHHBIX COBETOB IpU OMCKOM roCyAapCTBEHHOM arpapHOM
YHUBEpCUTETE U TIOMEHCKOM CEJIbCKOXO035MCTBEHHOM aKaJeMuH, rpeacenarenemM copeta OMCKOro
arpapHOro YHMBEPCUTETCKOIO KOMILIEKCA, YWIEHOM PEAaKIMOHHON KOJUIETUH KypHanoB «Poccuii-
CKasi CeJIbCKOXO035HCTBEHHAs HayKay, « CHOMPCKUIl BECTHHUK CEIbCKOXO3HCTBEHHON HAYKW», «3eM-
JIeqiene», «3epHOBOE XO3AMCTBOY.

Kpome HayuHO-HMccnenoBaTensckoii padoTsl MiBan ®e1opoBUY Bel aKTUBHYIO MEAarorHuecKyro
NesITeIbHOCTh, YUTasl JIeKIUU B OMCKOM TrOCyAapCTBEHHOM arpapHOM YHUBEpPCUTETE Ha Kadenape
arpOXUMHH, 3aHUMAJICS ToAroTOBKOM aciupanToB B CuoOHMUI CXo3e.

3a TOCTMKEHMS B Pa3BUTHH CEIbCKOXO3SMCTBEHHON Hayku VBan denopoBrud HarpaxJIeH namsT-
HOM Menainbio «50 JeT Hauaa OCBOEHUs LISIMHHBIX 3eMeliby, [loueTHOI Menanbio akanemrika A.H. ba-
paeBa, roo0melinoi menaneto «40 et Cubupckoro otaenenus Poccenbxozakaaemun 1969—2009 rr.y,
Menaneto M. CunsiruHa «3a coneiicTBre B pa3BUTHU arpapHoi Hayku CHOMPH», 3010TOM MeIaIbo
um. T.C. Manbuesa, [TamsatHoii Mmenanbio Ceprest Mocudosrya MaHsknHa, HaMATHON 100MIeHHO Me-
nanbto «60 et Cubupckoro otaenenus Poccuiickoii akagemun Hayk». EMy npucBoenst 3Banus «llo-
yeTHbI pabdotHHK ATIK Poccuny, kaBanepa 3omotoro moyetHoro 3Haka «Jlocrosaue Cubupmy. MBan
@DenopoBUY TAKIKE HATPAXKIEH ITOYETHBIMU rpaMoTaMu MUHHCTEpCTBA CeNbCKoro xo3siictea Poccuii-
ckoit deneparum, [loueTnoit rpamoroit Poccenbxo3akaaemun, npesuaunyma CHOUPCKOTO OTACTICHHS
Poccenpxo3akaeMun, MUHUCTEPCTBA CEIBCKOTO XO3SICTBA U MPOIOBOIBCTBHA OMCKO 0071acTH, To-
CyAapcTBEHHOM Harpa1oit OMcKoil o0rmacTi — MeAasbio «3a BBICOKUE JOCTHXKEHUS.

Oco0enHo Tskena 6e3BpeMeHHas yTpaTta A yuyeHbIXx OMCKOTro arpapHOro Hay4yHOTrO LEHTpa,
MOCKOJIBKY pabota MBana ®@enopoBuya Oblia MPUMEPOM, TOCTOWHBIM MOAPAKAHUSI.

BripaxaeM uckpeHHHE cO00€3HOBAHUS POAHBIM U ONM3KUM MOKOMHOTO MO MOBOJY KOHUYHMHBI
€aMoro JJOpororo, 6JIM3KOro 4eroBeKa.

Caetnast mamsth 00 MBane denopoBrde, BUJHOM YYSHOM, TaJaHTIMBOM OpraHH3aTope, ooiie-
CTBEHHOM JIEATENIE U MIPOCTO MOPSAA0YHOM YEJIOBEKE HABCET/IA COXPAHUTCS B CEPALIAX COTPYIHUKOB
yueHbix-arapueB Cubupu u Poccuiickoit @enepanuu.

I'A. Pomanenko, B.H. ITapmon, }0.®. Jlauyra, A.JI. iBanos, B.W. Kuptomun, M.C. Yekycos, B.C. boiiko

B.B. Aunsr, JI.B. bynaxanos, H.I'. Bnacenko, K.C. T'onoxsact, I'I1. 'am3ukoB,
A.B. Tonuapona, A.C. Jonuenko, H.A. Jlonuenko, H.M. Usanos, H.W. Kamesapos, K.51. MotoBuios,
10.A. HoBocemnos, B.A. Conomenko, H.A. Cypun, H.B. Llymunok, A.A. Hlnenr
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IHHAMATHU AJIEKCESA ITIETPOBUYA KAJIAHTHUKOBA

B 2023 r. akanemuky Aunekcero IlerpoBuuy KanmanaukoBy ucmonHmiochk 0b1 105 et co qHs
POXKIIECHUS.

HayuHas nesaTenbHOCTh MOJIOAOTO YYEHOIO, BBITYCKHUKA aCIIUPAHTYPbI TUMUPSA3EBCKON CEllb-
CKOXO03HCTBEHHOM akaJeM1H, HaunHaitach Ha Ypaine. B To Bpems no Bcell cTpane popMUpOBaIHCH
OTPO/Ibs YEPHO-TIECTPOTO CKOTA (ypaibckoe, CHOMpCKoe, MpUOaNTUCKOe U Ap.). 3a7a4a CTaBUIIach
TPYAHOBBIIIOJIHMMAS: ITOJIyYUTh MAaCCUB OTEYECTBEHHOIO CKOTA C NMPOJYKTUBHOCTBIO, HE yCTYyIla-
IOLIEH JTyqIIuM 3apyOexHbIM IOPO/IaM, T.€. OKOJIO 5 ThIC. KI' MOJIOKA B TOJl Ha OJIHYy KOpoBy. MHe-
HUS YUEHBIX U PYKOBOJUTEIEH CTPAHbl O METONOJIOTUN BBINIOJIHEHHS [TOCTABICHHON 3a1a4M pasze-
JWINACH: METU3ALUs OTEYECTBEHHOIO CKOTA MJIM CO3/1aHHE CTAOMJIbHOM KaueCTBEHHOW KOPMOBOM
0a3bl, COOTBETCTBYIOLIECH MPOIYKTUBHOCTH YIYUIICHHBIX )KUBOTHBIX. Asekceil [lerpoBuuy, Bo3ma-
BB CBEpATIOBCKUI HAy4YHO-UCCIIEAOBATEIbCKUI HHCTUTYT CENBCKOTO XO35HCTBA, Hadasl yCIIELIHO
pa3BuBarh 00a HanpasieHHs. Tak MOSBUIOCH YPAIbCKOE OTPOAbE YEPHO-TIECTPOTO CKOTA, a TAKKE
CUJIOCHBIM THUIT KOPMJIEHHSI U3 BBICOKOYPOKaHBIX COPTOB KyKypy3bl. HoBoe HazHauenue A.Il. Ka-
JalHUKoOBa pykoBoauTeneM CHOMPCKOro Hay4HO-HCCIENO0BATEIbCKOTO MHCTUTYTA >KUBOTHOBOI-
CTBa MOCIYXXHJIO Ha4yaJIoM ()OPMHUPOBAHUS KOMITJIEKCHOTO HHCTUTYTA HOBOTO THIIA, 00bEJMHHUBIIIE-
IO YYEHBIX CEMHM CleHHAIBbHOCTEN. [1epBhIil MPOMBINUIEHHBIH MOJIOUHBIN KOMILIEKC B COBETCKOM
Coro3e Ha 1200 KOpOB € IOTHON MEXaHU3aLUEN TPONU3BOACTBEHHBIX IIPOLIECCOB aBTOPCKOTO UCTIOJ-
HEHUS CTaJl IPEKPACHBIM MPOEKTOM HOBOI'O MHCTUTYTa U €r0 KOHCTPYKTOpPCKOro 0ropo. MosouHas
MIPOYKTUBHOCTD cTaza B 1976 1. nocturia 4,9 ThIC. KT MOJIOKA B TOJI, YTO B TO BpeMs ObLIO BbIJa-
IOIIMMCSl Pe3YyNIbTaToOM. 32 PEKOHCTPYKIHIO ()epM Ha MPOMBIIIJICHHYIO TEXHOJIOIHIO MHCTUTYT Ha-
rpaxieH [Ipemueit CoBeta Munuctpos CCCP, Anekceii [lerpoBud, ero pykoBOAUTENb, IEPEBEACH
B MocCkBYy Ha 1OKHOCTh akagemuka-cekperaps BACXHWJI u qupexropa BUK.

Anodeoszom HayuyHoil aesrenbHocTH A.Il. KanmamnukoBa cTanm aeTaqu3upOBaHHbIE HOPMBI
KOPMJIEHUS CEJIbCKOXO3AMCTBEHHBIX JKMUBOTHBIX, ABTOPBI KOTOPBIX A0 CUX IOP HE OLICHEHBHI 110 J10-
ctouHcTBY. CripaBouHoe nocodue «HopMbl U paliuoHbI KOPMIIEHHS CEJIbCKOX03SIICTBEHHBIX JKUBOT-
HBIX)» UMEJIO TPU NEPEU3AAHNA U CTAJI0 HACTOJIBHON KHUTOM CIIELIUAINCTOB-IIPAKTUKOB B )KUBOTHO-
BOJICTBE, a TAaK)Ke YUEOHBIM IMOCOOMEM ISl CTYJICHTOB U aCIIUPAHTOB.

Koopannanus HaydHOU NESITENBHOCTH BEAYIINX YUEHBIX MO KOpMiIeHUIO u3 30 Hay4yHO-UCCIIe-
JIOBATEIbCKUX UHCTUTYTOB M By30B B TeueHue ABYX mATHIETOK (1980-1990 rr.) — moaTBepKacHHE
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BBIIAIOIINXCSI OPTAaHU3ATOPCKUX CMOCOOHOCTEl akaneMuka-cekpetaps BACXHWII u npumep a¢-
(EeKTUBHOCTH KOMITJICKCHBIX HCCIIEIOBAHUH.

B noctuxeHun 6-THICSYHOTO Y1051 [10 BCEMY MOJIOYHOMY cTany Poccuu ecth A05st 3aciyr 601b-
LIOr0 KOJUIEKTHBA yY€HbIX-3KcnepuMeHTaropoB oT Kammunurpaga no Kamuarku. Hayunas mikona
nocnenosarenei akagemuka A.ll. KanamHukoBa, 3aHUMAIONINXCS COBEPIIEHCTBOBAHUEM TEOPHHU
KOPMJICHHUS, TIOATBEPAMIIA MPABUILHOCTh BEIOPAHHOTO HANPABJICHUS — yBEJIMYEHHE YUCIEHHOCTH
CTaJ1 C BBICOKOH peanuzainueil mpoaykTuBHOTo noTernuana (10—12 Teic. KT MOJIOKa Ha OAHY KOPO-
BY) Jak€ B AAJIEKO HE UCAJIbHBIX KIIMMaTUYECKUX ycaoBusx Poccun.

OObenMHEeHNE YCWINKA YUeHBIX (DyHIaMEHTAIBHOTO W MPUKIAIHOTO mpoduis OyaeT crnocod-
CTBOBaTh POCTY 3((HEeKTUBHOCTH KUBOTHOBOJCTBA, OCOOEHHO €r0 KauyeCTBEHHOW COCTaBIISIOLICH,
YTO CBSI3aHO C MPOAOJIKUTENBHOCTBIO KU3HU YEJIOBEKa.

Komnexrus CuOHUIITNK COHIIA PAH
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AUTHOR GUIDELINES

The guidelines are drawn up in accordance with the ethical principles, common for all the members of the scientif-
ic community, and the rules for publications in international and local scientific periodic magazines as well as in com-
pliance with the requirements stipulated by the State Commission for Academic Degrees and Titles for the periodicals
included in the List of Russian peer-reviewed scientific journals in which the major scientific outcomes of theses for
the degrees of Doctor or Candidate of Sciences must be published.

The journal publishes original articles on fundamental and applied issues by the following directions:
»  general agriculture and crop production;

» plant breeding, seed production and biotechnology;

» agrochemistry, soil science, plant protection and quarantine;

e fodder production;

* infectious diseases and animal immunology;

*  private zootechnics, feeding, technology of feed preparation and production of livestock products;
*  breeding, selection, genetics, and animal biotechnology;

» technologies, machinery and equipment for the agro-industrial complex;

*  food systems.

The article sent to the editorial board must correspond to the thematic sections of the journal “Siberian Herald of
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

. . 4.1.1. General agriculture and crop production
Plant growing and breeding . . .
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

Zootechnics 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 num-
ber 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, key-
words, 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/
translit-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 Agricul-
tural 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
.7 or “It is indicated that ... (see Fig. 3)”. The caption under the figure includes a figure number and its title. “Figure 2.
Description of vital processes.” The translation of the figure caption should be placed after the figure caption in Russian.
Tables should be of good quality, suitable for printing. Tables suitable for editing are preferred, not scanned or
as figures. All tables should have headings. The title of the table should be translated into English. Tables should be
numbered in Arabic numerals according to the order in the text. If there is only one table in the text, it is not num-
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bered. 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 transla-
tion 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, 7, 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, F, 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 compli-
ance 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 Edi-
tor-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 Commit-
tee 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 with-
drawn. 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 withdrawal 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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