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NUTATEJBHBINA PEXKUM OPOIITAEMBIX JIYTOBO-YEPHO3EMHBIX
nOo4YB IPU JVIMTEJIBHOM UHTEHCHUBHOM UCITIOJIB3OBAHUU

Xpamuos U.®., <) boiiko B.C.
Omckutl azpapublii HAYYHbLL YeHmp

Owmck, Poccus

(><) e-mail: boicko.vasily2011@yandex.ru

Wzyuensl 3akoHOMepHOCTH (HOCPOPHOTO U KAJTHIHOTO PEKUMA ITOYB MPU COBEPILICHCTBOBAHUH
arpoTEXHOJIOTHI opolaeMoro 3emiesnenus. JJuTeabHbIe UCCIeIOBAHNS MPOXOIUIN B IKCIIEPH-
MEHTAJILHOM 3€PHOTPABSIHOM CEBOOOOPOTE Ha OPOIIAEMO JTyTOBO-4epHO3eMHON TTouBe. OTBITHEII
YYacTOK pacIloIOKeH B FOKHOHN JecocTenn OMcKo# obnactu. VIHTEHCHBHOE MCTIOIB30BaHNE OPO-
[1aeMol MalTHU MPU PalMOHATHFHOM COYETAaHUH PEKMMOB BIAKHOCTH U MHUHEPAIBHOTO MUTAHUS
CIOCOOCTBYET IMOJIyYCHUI0 MaKCHMAJIbHBIX YPO)XKaeB KOPMOBBIX M 3€PHOBBIX Kyibryp. Co3maHue
Pa3IMYHBIX YCIOBUH MHHEPAJIBHOTO MUTAHUS 32 CYeT (DOHOB C MOBBIIICHHON M BHICOKOW oOecte-
YEHHOCTBHIO ITOABUKHBIM (1)0C(1)0p0M C HAJIO)KCHUECM Ha HHUX PA3HBIX BAPUAHTOB aI‘pOTeXHOHOFI/Iﬁ
ITO3BOJIMIIO CMOJICTIPOBATh BO3MO)KHBIE arpOdKOIIOTHYECKHE YCIOBHA, (POPMHUPYIOIINE KOHTPACT-
HBIE TTOKa3aTeNl MPOAYKTUBHOCTH KynbTyp. CpaBHUTENbHAs OleHKa d()()EKTHBHOCTH pa3IMIHBIX
arpornpueMoB IO BBIPANTUBAHHIO KYJIBTYP Ha opomiaeMoM (OHE CBUACTEIHCTBYET, YTO TIPUEMBI 00-
PpabOTKHU MOYBBI U MPEIIECTBEHHUKHA HE OKa3bIBAJIM CYIICCTBEHHOTO BIIMSHUS HA COJCPKAHUE JI0-
ctynHoro (ocdopa B nmouse. PaBHOBecHOE cojepkanue MoBUKHOTO (hochopa Mpu MHOTOJIETHEM
OTPHIIATEIIBHOM 0ajlaHCEe U3MEHHIIOCHh He3HaunTeNIbHO. CrucTemMaruueckoe BHeceHue dhochopcosaep-
JKaIX YIOOpEeHWH 3aMeTHO MOBBICHIIO (pocdaTHBIN cTaryc mouBbl. OQHAKO aJeKBaTHAs OICHKA
(hochaTHOTO COCTOSTHUS MAaXOTHBIX TIOYB BO3MOYKHA MPH HUCIIOIB30BAHUH HECKOIBKUX AMArHOCTHU-
YECKUX MHJIEKCOB (MeTOAOB). JTMTeThHOE HHTEHCHBHOE HUCIIOIh30BAHNE OPOIIAEMON TTAITHA CHU-
3WJIO 3ar1achl JISTKOOOMeHHOro Kanus oT 4 10 1-2 mr/100 1 mouBsl B naxotHoM ciioe. Cozepikanue
O0OMEHHOTO KaJis TaKKe CHU3MIOCH IMTOYTH B 2 pa3a, HO MOYBa OCTACTCSl B BBICOKOM M OYEHb BbI-
COKOM Kitacce obecniedeHHOCTH M. OJHAKO psiji MTOKa3aTeNiell CBUICTENLCTBYET O HapacTarolieM
WCTOUICHNHN ee HanOoJiee MOIBMKHBIMU (PpaKIUAMU TOYBEHHOTO Kasins. boJee yCTONYMBEI 3amachl
HEOOMEHHOT0 Kajus, KOTOpble CHU3MWINCH 3a 40 et npuMepHo Ha 19%, 1 mouBa neperua B pa3psin
C HEyCTOMUNBOM 00€CIIeYeHHOCTHIO.

KiroueBble cjioBa: uepHO3eM, OpOILICHHE, MUHEpaIbHOE TUTanue, pocdop, Kanuii, ynoopeHus

NUTRIENT REGIME OF IRRIGATED MEADOW-CHERNOZEM SOILS
UNDER LONG-TERM INTENSIVE USE

Khramtsov LF., & Boyko V.S.

Omsk Agrarian Scientific Center
Omsk, Russia
(<) e-mail: boicko.vasily2011@yandex.ru

The patterns of phosphorus and potassium status of soils were studied given the improvement
of agricultural technologies of irrigated agriculture. Long-term studies were carried out in an
experimental grain-grass crop rotation on irrigated meadow-chernozem soil. The experimental plot
is located in the southern forest-steppe of Omsk region. Intensive use of irrigated arable land with a
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Nutrient regime of irrigated meadow-chernozem soils under long-term
intensive use

Khramtsov L.F., Boyko V.S.

rational combination of moisture and mineral nutrition regimes contributes to obtaining maximum
yields of forage and grain crops. The creation of various conditions for mineral nutrition due to an
increased and high supply of mobile phosphorus and with the application of different options of
agricultural technologies made it possible to simulate possible agro-ecological conditions that form
contrasting indices of crop productivity. A comparative assessment of the effectiveness of various
agricultural approaches to growing crops under irrigation conditions indicates that soil cultivation
techniques and forecrops did not significantly affect the content of available phosphorus in the
soil. The equilibrium content of mobile phosphorus given a long-term negative balance changed
insignificantly. The systematic application of phosphorus-containing fertilizers significantly
increased the phosphate status of the soil. However, an adequate assessment of the phosphate
status of arable soils is possible using several diagnostic indices (methods). Long-term intensive
use of irrigated arable land has reduced the reserves of easily exchangeable potassium from 4 to
1-2 mg/100 g of soil in the arable layer. The content of exchangeable potassium has also decreased
by almost 2 times, but the soil remains in a high and very high class of its availability. However, a
number of indicators show its increasing depletion in the most mobile fractions of soil potassium.
The reserves of non-exchangeable potassium are more stable, which have decreased by about 19%
over 40 years, and the soil has passed into the category with an unstable supply.
Keywords: chernozem, irrigation, mineral nutrition, phosphorus, potassium, fertilizers

Jas uutupoBanus: Xpawyos U.D., boiiko B.C. IluTarenpHBIl PeKUM OPOIIAEMBIX JYTOBO-4YEPHO3EMHBIX IIOYB IPH
JUTUTEJIbHOM MHTEHCUBHOM MCIIOb30BaHHU // CHOMPCKHUil BECTHHUK celbCKoxo3sticTBeHHON Hayku. 2021. T. 51. Ne 2. C. 5-12.
https://doi.org/10.26898/0370-8799-2021-2-1

For citation: Khramtsov L.F., Boyko V.S. Nutrient regime of irrigated meadow-chernozem soils under long-term intensive
use // Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural Science, 2021, vol. 51, no. 2, pp. 5-12.
https://doi.org/10.26898/0370-8799-2021-2-1

KonduukT nnrepecon

ABTOPBI 3asBISIFOT 00 OTCYTCTBUH KOH(IIHKTA HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION It is well known that the optimal dose of
phosphorus fertilizers is weakly dependent on
the type of the soil. The pre-sowing application
of P . is practically equally effective both on
infertile soddy-podzolic soils and on typical
and ordinary chernozems. There are practically
no soils rich in phosphorus in nature, the level
of dynamic equilibrium of phosphate systems
of extensively used soils is at the border of low

and medium values of phosphorus supply [6,

Long-term scientific and practical experi-
ence shows that the efficiency of irrigated ag-
riculture increases with the introduction of or-
ganic and mineral fertilizers, as well as micro-
elements. Irrigation creates prerequisites for the
most effective use of fertilizers for all crops and
on all soils. The main condition for obtaining
the maximum effect of the application of fer-

tilizers is the correct combination of irrigation
regime and fertilizers.

An important sign of fertility is the phospho-
rus regime in soils. Purposeful regulation of its
agrotechnical and reclamation methods affects
the reserves of natural phosphorus compounds
in soils in order to increase their mobility and
accessibilty' [1-5].

71.

Potassium as a nutrient is less studied than
phosphorus, due to the fact that in arid condi-
tions with low productivity and high potassium
supply of the soil, the issue of using potash fer-
tilizers is not as relevant as phosphorus fertiliz-
ers. The need for potassium increases due to the
more intensive use of arable land with high pro-

'Kolbin S.A., Samokhvalova L.M., Prozorov A.S. The influence of the moisture conditions of the growing season on phosphorus
removal by spring wheat in the forest-steppe of the Ob region // Soil resources of Siberia: challenges of the XXI century: materials
of the All-Russian. scientific. Conf., dedicated to the 110th anniversary of R.V. Kovalev. Novosibirsk, 2017. P. 209-212.
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TIurarenbHBIN PEXKUM OPOLIAEMBIX JIYTOBO-YEPHO3EMHBIX I104YB
TIpA JIUTEIIBHOM MHTCHCUBHOM HCIIOJIb30BAHUN

Xpawmuos N.®., Boiiko B.C.

ductivity and saturation of crop rotations with
crops with a high removal of potassium from
the soil [8—10].

The aim of the work is to study the patterns
of the nutritive regime of soils while improving
the agricultural technologies of irrigated agri-
culture.

MATERIALS AND METHODS

The experimental part of the work was car-
ried out in stationary experiments laid down in
1977-1978 in two four-field crop rotations -
grain-grass and fodder, combined since 1996
into one eight-field grain-grass crop rotation.
The experimental site is located in the southern
forest-steppe of the Omsk region.

The climate of the area is typically conti-
nental. The sum of the average monthly tem-
peratures for a period> 10 ° C varies within the
irrigation zone on average from 1900 to 2200 °.
The amount of precipitation during the growing
season is about 200 mm.

The soil is meadow-chernozemic, medi-
um-thick, medium-humus, heavy loamy with
a humus content in the 0-0.4 m layer of 6.0—
6.5%, the thickness of the humus horizon "A"
is 0.45 m. The reaction of the soil environment
in the arable layer is neutral: pH - 7.0-7.2.

The soil moisture regime (background) was
maintained by irrigation within narrow limits
(WRC - 0.9-1.0 HB) in layers of 0.5-1.0 m,
depending on the phase of development and
biology of crops. The irrigation rate is mainly
300 m3 / ha.

Experiments are two- and three-factor. At the
initial stage (from 1978 to 1985), they included
four nutritional backgrounds: control (without
fertilizers) and with fertilization based on an
increase in yield (backgrounds I — III) and 4-5
variants of soil cultivation for fodder and grain
crops. Due to the positive balance of phospho-
rus, backgrounds with increased and high con-
tent of phosphorus are created. At the second
stage (1986—-1995), four backgrounds in terms
of the content of mobile phosphorus in the soil

were combined with different seeding rates for
crops and nitrogen fertilizers (1986—1990).
Then (1991-1995), nitrogen fertilizers (N ., ¢, 4,)
and micronutrients (Zn, Mo, Cu) were super-
imposed on these backgrounds. In addition, a
spare application of manure of 40 t / ha (and
without it) was carried out, as well as compen-
sation for the removal of phosphorus within 10
years by the introduction of 60 kg ai / ha on
backgrounds I — III.

From 1996 to 2020, the fundamental dif-
ference between the experimental schemes
was the refusal to compensate for the remov-
al of phosphorus and its positive balance by
the background application of P with their
further detailing by superimposing the vari-
ants with the introduction of phosphorus (P,)
and without it in combination with nitrogen
(N, 30, 0.90) With fertilizers, depending on the bi-
ology of crops.

The crops included in the crop rotation at dif-
ferent periods of the years have been: lucerne,
fodder galega, awnless rump in single-species
and mixed crops, biennial white and yellow
sweet clover, annual legume-bluegrass mix-
tures for green fodder of the main and interme-
diate crops, for grain silage - for spring sowing,
winter crops ( rye, triticale), Sudanese grass of
the main and post-cut crops, including mixed
with vetch, fodder beans, panic grass of cut-
down crops, sugar sorghum, cabbage, cereals
and legumes.

Allocation of plots is systematic; their area
is 360 m? (18 x 20 m). Repetition is three and
four times. Watering was carried out by SSR-64
"Volzhanka". In the field experiments we used
the appropriate serial tillage, sowing and har-
vesting equipment.

The organization of field experiments, ob-
servations, records and laboratory analyzes was
carried out in accordance with the methodolog-
ical manuals and guidelines generally accept-
ed in agriculture and agrochemistry. These are
guidelines for setting up field experiments and
conducting field observations?, methods for
chemical analysis of the soils®.

“Dospekhov B.A. Field experiment technique. Moscow: Kolos, 1979.416 p.
*Agrochemical methods of soil research: monograph. Moscow: Nauka, 1975.656 p.
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Nutrient regime of irrigated meadow-chernozem soils under long-term
intensive use

Khramtsov L.F., Boyko V.S.

The analysis of the content of mobile phos-
phorus by various methods and forms of po-
tassium was carried out simultaneously in the
original (archived) samples and modern soil in
2018 and 2019 respectively.

RESULTS AND DISCUSSION

The experience of conducting intensive ag-
ricultural production has shown that obtaining
high yields is impossible without a radical im-
provement in the phosphate regime of soils.

A comparative assessment of the effective-
ness of various agricultural practices for grow-
ing crops on an irrigated background indicates
that soil cultivation techniques and predeces-
sors did not significantly affect the content of
available phosphorus in the soil.

The level of phosphorus nutrition was deter-
mined by the creation, due to a positive balance
of backgrounds, with an increased, high and
very high supply of P, O, and compensation
of the removal by the introduction of phospho-
rus-containing fertilizers.

The level of mobile phosphorus in the con-
trol variants of experiments on meadow cher-
nozem soil changed insignificantly, despite the
long-term alienation of the element from the
soil. At the same time, with the systematic ap-
plication of phosphorus fertilizers, the content
of mobile phosphorus increased significantly
(see Table 1).

It can be assumed that the value of this in-
dicator as a diagnostic parameter when moni-
toring the phosphate state of the soils in agro-
cenoses reflects the mode of accumulation of
this element rather well and much worse - the
scale of its consumption (removal) by crops.
This indicates the advisability of the integrat-
ed use of several diagnostic indices for an ade-
quate assessment of the phosphate state of ara-
ble soils.

Over the entire research period, taking into
account the transformation of the experimen-
tal schemes while maintaining control and,
to varying degrees, fertilized options, various
amounts of mineral fertilizers, including phos-
phorus-containing ones, were introduced in
fodder and grain-grass crop rotations. So, in the
fodder crop rotation, taking into account the bi-
ology of the crops, over 40 years in the fertilized
version, 2739 kg of ai / ha of nitrogen and 3288
kg of ai / ha of phosphorus were introduced, in
the grain-grass - 3138 and 2796 kg of ai / ha,
respectively. The annual dose of phosphorus in
the fodder crop rotation was approximately 82
kg of ai / ha, in the grain-grass - about 70 kg of
ai / ha. However, a significant annual removal
of phosphorus with two- and three-mowing use
of perennial grasses and two harvests of annu-
al forage crops reduced the content of mobile
forms of phosphorus in comparison with grain-
grass crop rotation.

Tao6a. 1. Conepxxanne hocdaroB B TOUBE IPH TUTEIBHBIX MMOJIEBBIX ombITax (1978-2019 1T))

Table 1. The content of phosphates in the soil of long-term field experiments (1978-2019)

Phosphorus content, mg / kg of the soil
Variant Soil ayer, m acéﬁ{fﬁ?fvto according to Franceson | according to Karpinsky
Raw land (parent) 0-0,2 4,0 60,0 215
0,2-0,4 2,7 51,9 193
Fodder crop rotation
Without fertilizers 0-0,2 1,8 32,5 179
0,2-0,4 0,8 24,2 168
NP 0-0,2 1,2 32,1 174
0,2-0,4 0,6 25,4 170
Grain crop rotation
Without fertilizers 0-0,2 1,6 30,3 170
0,2-0,4 0,7 20,1 165
NP 0-0,2 1,1 30,7 169
0,2-0,4 0,6 20,4 168
LSD,, 0,3 4.4 15
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According to A.E. Kochergin!, the most
sensitive assessment of the phosphate state
of the West Siberian soils is provided by the
Franceson method. The stable content of easi-
ly exchangeable phosphorus in the upper layer
of the control variants of meadow-chernozem
soil in comparison with the initial content and
a clear tendency of its corresponding increase
in the underlying soil layers are obvious (see
Table 1). The reason for this phenomenon can
be both a relatively low mobility of phosphorus
compounds in this soil, and their certain bio-
genic accumulation in the upper soil horizons
during long-term cultivation of grasses, accom-
panied, possibly, by a slight increase in the de-
gree of mobility of the available soil phosphate
fractions. With the systematic use of phospho-
rus fertilizers, the level of readily mobile phos-
phorus in meadow chernozem soil significantly
increased, indicating a high supply of available
forms of this mineral element to crops.

The high buffering capacity of the meadow
chernozem soil and its increased natural fertility
contributed to the preservation of a certain lev-
el of phosphorus ions in the soil solution even
with prolonged agricultural use. However, a
significant decrease in the productivity of crops
in extensive agrocenoses indicates that the soil
possibilities are generally not unlimited.

Potassium is also an important element of
plant mineral nutrition. It occupies a leading
position among other biophilic elements in the
removal of many agricultural crops, especial-
ly fodder crops, with the harvest. However,
less attention is paid to the optimization of the
potassium state of the soils in agrocenoses in
comparison with nitrogen and phosphorus. The
use of potash fertilizers in modern agriculture
in Siberia is at a minimum. This approach is
usually justified by the fact that the main ara-
ble soils contain rather high reserves of gross
potassium and its mobile forms. However, it is
often not taken into account that long-term in-
tensive agricultural use of soil can affect soil
potassium reserves, influencing the yield and
quality of crop production [11].

Optimization of nitrogen-phosphorus nutri-
tion of plants in experiments on meadow-cher-
nozem soil contributed to a significant increase
in the yield of forage and grain crops in relation
to unfertilized options. At the same time, a sig-
nificant additional removal of potassium with
the crop was noted. The high initial reserves
of potassium available to plants did not limit
the potassium nutrition of crops, providing an
increased removal of an element alienated by
plants and the possibility of a long-term nega-
tive balance of potassium in agrocenoses.

The potassium fund of the soil is subdivid-
ed into four interrelated components (forms),
based on the strength of the bond of certain
groups of potassium cations with the solid phase
of the soil: easily exchangeable potassium (soil
solution), exchangeable, non-exchangeable,
potassium of the mineral skeleton (structural).
The first three forms determine the effective
soil fertility with respect to potassium, which
necessitates their quantitative and qualitative
assessment when monitoring the soil potassium
state of the soil [11, 12].

Due to its small absolute values, easily ex-
changeable potassium is rarely used to char-
acterize the potassium state of arable soils, al-
though the available data indicate a fairly close
relationship of this indicator with productivity
and its good diagnostic capabilities [12, 13].
The level of easily exchangeable potassium
gives an idea of the degree of depletion of the
soil, its ability to desorb the ions of this element
into the soil solution.

The content of easily exchangeable potassi-
um in the soil is a fairly universal index of the
provision of crops with soil potassium. Under
similar conditions of potassium nutrition of
plants on different soils, the level of easily ex-
changeable potassium in them is approximately
the same regardless of the absolute values of
the content of other potassium forms in these
soils. The gradations of the supply of potassium
in the main arable soils of the Western Siberia
according to the content of its easily exchange-
able form in them were published earlier [12].

“Kochergin A.E. Phosphate soils fund and its availability to plants / Soils of Western Siberia and an increase of their fertility.

Omsk: Omsk Agricultural Institute. 1984.P. 12-19.
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The content of easily exchangeable potassi-
um in the original soil was very high - 4.0 mg /
100 g in the 0-0.2 m layer and 2.7 mg/ 100 g in
the 0.2-0.4 m layer (see Table 2).

Long-term agricultural use of the soil in the
control variant caused a significant decrease in
the reserves of this form of potassium both in
the arable layer and especially in the subsoil.
The systematic use of mineral fertilizers in the
NP variant contributed to an increase in crop
productivity and, accordingly, a further de-
crease in the content of easily exchangeable
potassium in the soil. The increased potassium
fund of the meadow chernozem soil and the
high buffering capacity of its potassium system
made it possible for many years to maintain
the intensity of the processes of potassium de-
sorption into the soil solution at a sufficiently
high level. However, over 40 years of experi-
ments, the supply of the studied soil with easily
exchangeable potassium decreased from very
high (4 mg/ 100 g of soil) to unstable (1-2 mg)
in the arable layer of all variants and low (<1
mg per 100 g) in the subsoil. This circumstance
testifies to the growing need of grown crops for
additional potassium nutrition.

In the arable and subsoil layers, the con-
tent of exchangeable potassium has decreased

over 40 years by almost 2 times from the ini-
tial (from 52-60 to 20-32 mg / 100 g), while
remaining, nevertheless, in a high and very
high class of availability according to standard
gradations (see Table 2). However, the vector
of changes in the potassium state of this soil
is obvious, which makes it possible to predict
its transition in the future to the class of supply
with problematic potash nutrition of crops. The
options “without fertilizers” and NP did not dif-
fer in the scale of the decrease in the content of
exchangeable potassium. At the same time, it
is possible to note a tendency for the intensi-
fication of this process in the grain-grass crop
rotation in comparison with the forage one.

In the topsoil, over 40 years of the experi-
ment, the content of non-exchangeable potas-
sium decreased by 3646 mg / 100 g of soil,
which was approximately 19% of the original
reserves. In the grain-grass crop rotation, the
potassium reserves in the arable and subsoil
layers of the soil were used more intensively
than in the fodder (see Table 2). According to
the proposed gradations [13], the studied heavy
loamy soil was initially considered to be opti-
mally provided with a non-exchangeable form
of potassium (180-250 mg / 100 g). During the
experiments, it passed into the category with an
unstable supply (<180 mg).

Ta6a. 2. KanmiiHoe coCTOsIHKE JTyTOBO-4€pHO3EMHOM ITOYBBI B JNTUTEIHHOM M07IeBOM oribiTe (1978-2018 rr)

Table 2. Potassium state of meadow-chernozem soil in the long-term field experiment (1978-2018)

The content of forms of potassium, mg / 100 g of soil
Variant Soil layer, m Easily exchangeable Exchangeable | Non-exchangeable
potassium potassium potassium
Raw land (parent) 0-0,2 4,0 60,0 215
0,2-0,4 2,7 51,9 193
Fodder crop rotation
Without fertilizers 0-0,2 1,8 32,5 179
0,2-0,4 0,8 242 168
NP 0-0,2 1,2 32,1 174
0,2-0,4 0,6 25,4 170
Grain crop rotation
Without fertilizers 0-0,2 1,6 30,3 170
0,2-0,4 0,7 20,1 165
NP 0-0,2 1,1 30,7 169
0,2-0,4 0,6 20,4 168
LSD,, 0,3 4.4 15
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CONCLUSIONS

1. The content of mobile phosphorus in the
control variants changes insignificantly during
long-term alienation from the soil. Compensa-
tion of phosphorus removal from intensively
used meadow chernozem soils and its positive
balance reliably maintain the created optimal
level of its content, without reducing either
crop yields or soil fertility, which is equivalent
to the full use of phosphates.

2. Long-term agricultural use of the soil in
the control variants significantly reduced the
reserves of easily exchangeable potassium. The
content of exchangeable potassium has almost
halved over 40 years, remaining in a high class
of abundance. The meadow-chernozem soil is
highly supplied with available potassium and,
after 40 years of use, formally belongs to this
category. However, a number of additional in-
dicators demonstrate an increasing depletion of
its most mobile fractions of soil potassium.
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PECYPCOCBEPETIAIOIIUE ITPUEMbI BO3JIEJIBIBAHUA KOPMOBBIX
KYJIBTYP B 3ABAMKAJIBCKOM KPAE

Muaunenxo H.I,, &) Auapeesa O.T., Cunoposa JLII., Xapuenxo H.FO.
Hayuno-uccreoosamenvcruil uncmumym semepunapuu Bocmounoii Cubupu — gpunuan Cubupckoeo
pedepanvrozo nayuHozo yenmpa azpodouomexuonocuil Poccutickotl akademuu Hayk
3abaiikanbckuii kpaid, T. Yura, Poccus

<) e-mail: frau.Olgaa2015@yandex.ru

IIpencraBieHbl pe3yabTaThl UCCIECIOBAHUM MO CPAaBHUTEJIBHON OLICHKE PA3IMYHBIX MPUEMOB
00pabOTKK MOYBBI B TIOJIEBOM CEBOOOOPOTE C PasHBIM YPOBHEM MHUHEpabHOro nuranus (N, P, n
N, P, Kr 1.B./ra). DKCIIEPUMEHT NPOBEIEH HA MAJIOTYMYCHOM MaJIOKapOOHATHOM YE€PHO3EME JIECO-
crenHoi 30Hb BocTounoro 3abaiikanes B 2012-2014 rr. [ln1s moceBa HCIOIb30BaHbI PaiiOHUPOBaH-
HBIH copT sipoBoi mieHuns! bypsarckas-79, copt oBca Metuc. M3ydensl Maio3aTpaTHble TPUEMBI
00palbOTKH MOYBBI, MPeTyCMaTPUBAIOININE COXPAHEHNE M TOBBIIIEHUE MIOAOPOANS MOYBBI, MOBHI-
[IeHNEe TPOYKTUBHOCTH 3epHO(YpPaKHBIX 1 KOPMOBBIX KYIIBTYD, CHIKCHHE MaTepUaIbHBIX 1 YHEP-
TeTHYEeCKUX 3arpar. 3aMeHa OCHOBHON 00pabotku myrom [1H-4-35 ¢ xompuaTtbiM KaTkoMm B Tpe-
TBEM M YETBEPTOM IIOJIIX CEBOOOOPOTa MOBEPXHOCTHOM 00paboTkoi KyasTuBatopoMm CrenHsk-7,4
1 TIpsIMBbIM TToceBoM 110 ctepHe cesutkoil [11TM O6b-4-3T npu BHECEHUH MUHEPAIBbHBIX YI0OpeHHH
B HopMe N P, KT 1.B./ra oka3piBana MOJOKUTENBHOE BIMSAHUE HA COCTOSHUE MO4BBI. JlOCTHIHY-
ThI CJICIYIOIINE MTOKA3aTe I TIO0OPOAMs MOUBbI: Koa(hduiueHT crpykrypHoctu 1,28—-1,38, coaep-
JKaHWe OpraHu4ecKoro BemecTsa 3,15-3,33%, comeprkanne MpoAyKTUBHON Biard B cioe 0—50 cm
29,2-31,8 mm, Beitenenue yriaekucnotsl 1,810-1,969 kr 3a 1 4, conepxkanue P,O B cinoe 0-20 cm
71-96 mr/kr nmoussl, KO — 57-82 mr/kr noussl. OGecnedena npubaBKa ypoKalHOCTH 3€pHa OBCa
0,16-0,21 T/ra, 3eneHoii Maccel ofHONETHUX TpaB — 3,4—4,0 T/ra, cOop KopMOBhIX eaunuIl — 0,32—
0,34 1/ra, CHWKEHHUE 3aTpar ropryYe-cCMa304HbIX MarepuanoB Ha 31,2—36,4%, moBkllIcHHE PEHTA-
o6enpHOCTH Ha 25,0-40,3%.

KuroueBble cjioBa: ceBOOOOPOT, OTBaJIbHAS BCTIAIIKA, TIOBEPXHOCTHAsI 00paboTKa, MPsSMOii TTo-
CeB, TUIOIOPOJIUE TIOUYBBI, MUHEpAIbHBIE YIOOPEHHS, IPOAYKTUBHOCTD, SKOHOMHYECKas () (heKTHB-

HOCTb

RESOURCE-SAVING METHODS OF FODDER CROP CULTIVATION IN THE
TRANS-BAIKAL TERRITORY

Pilipenko N.G., ) Andreeva O.T., Sidorova L.P., Kharchenko N.Yu.

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

Chita, Trans-Baikal Territory, Russia

(<) e-mail: frau.Olgaa2015@yandex.ru

The results of the study on the comparative assessment of different tillage methods in the field
crop rotation with different levels of mineral nutrition (N, P, and N, P, kg of active ingredient/
ha) are presented. The experiment was carried out on low-humus low-carbonate chernozem
of the forest-steppe zone of Eastern Trans-Baikal Territory in 2012-2014. The zoned variety of
Buryatskaya-79 spring wheat, and Metis oat variety were used for sowing. Low-cost methods of soil
tillage were studied, providing for the preservation and improvement of soil fertility, an increase in
the productivity of grain and fodder crops, and a decrease in material and energy costs. Replacement
of the basic tillage with a PN-4-35 plow with a ring roller in the third and fourth crop rotation fields
by surface tillage with a Stepnyak-7.4 cultivator and direct sowing on the stubble with a PPM Ob-
4-7ZT seeder when applying mineral fertilizers at a rate of N, P, kg of active ingredient/ha had a
positive effect on the condition of the soil. The following indicators of soil fertility were achieved:
structural coefficient 1.28—1.38, organic matter content 3.15-3.33%, productive moisture content
in the 0—50 cm layer 29.2-31.8 mm, the release of carbon dioxide 1.810—1.969 kg per 1 hour, the
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Resource-saving methods of fodder crop cultivation
in the Trans-Baikal Territory

Pilipenko N.G., Andreeva O.T., Sidorova L.P., Kharchenko N.Yu.

content of P O, in the 0-20 cm layer 71-96 mg/kg of soil, the content of K,O — 57-82 mg/kg of
soil. An increase in the yield of oat grain of 0.16—0.21 t/ha, the green mass of annual grasses of 3.4—
4.0 t/ha, the collection of feed units of 0.32-0.34 t/ha, a reduction in the cost of fuel and lubricants
by 31.2-36.4%, and an increase in profitability by 25.0-40.3% were achieved.

Keywords: crop rotation, moldboard plowing, surface tillage, direct sowing, soil fertility, mineral

fertilizers, productivity, economic efficiency
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INTRODUCTION

Different intensity of land use in combina-
tion with complex natural and economic factors
in the conditions of the Trans-Baikal Territory
(violation of the technology of cultivation of
agricultural crops, non-observance or absence
of scientifically grounded crop rotations, poor
quality fallow preparation and tillage) is gradu-
ally leading to degradation of the soil and veg-
etation cover [1-3].

One of the most important tasks of agricul-
ture is to ensure the sustainable development of
the production of grain, grain fodder and fodder
crops based on the optimization of the structure
of sown areas using a biologized and resource-
saving farming system.

Tillage in a farming system is an energy-
intensive process. In the conditions of Trans-
baikalia, plowing remains the predominant
method of mechanical processing, but its high
energy intensity is a limiting technological fac-
tor in resource-saving agriculture. Currently,
the range of soil cultivation equipment is be-
ing replenished by the production of high-per-
formance multi-operational implements, which
makes it possible to switch from traditional till-
age to minimum.

Usually, to perform pre-sowing soil cultiva-
tion, 4-6 passes through the field with tillage
and sowing equipment are required. The use of
such new units as the PN-4 mounted ripper, the

Stepnyak-7,4 cultivator, the Ob-4-ZT tillage
and sowing machine allows to reduce the num-
ber of passes to a minimum [3, 4].

In recent years, enough experimental mate-
rial has been accumulated on the development
of scientifically grounded biologized crop rota-
tions and resource-saving soil cultivation sys-
tems that allow preserving soil fertility, increas-
ing crop yields and product quality, and reduc-
ing costs for their cultivation [1, 5-7].

The purpose of the research is to evaluate in
comparison energy-saving methods of soil cul-
tivation at different levels of mineral nutrition
in field crop rotation on grain fodder and for-
age crops, to determine the influence of tech-
nologies on the main indicators of fertility of
low-humus low-carbonate chernozems, crop
productivity and their economic efficiency.

MATERIALS AND METHODS

Field agrotechnical experiments were car-
ried out in a stationary four-field field crop ro-
tation of pairs - wheat - oats - annual grasses
(oats) in the fields located in the southwestern
part of the Ingodinsko-Chita forest-steppe.

The climate of the zone is sharply continen-
tal with little snow, cold winters, hot summers
and a lack of precipitation. The frost-free period
lasts for 90-110 days. The average annual pre-
cipitation is 330-380 mm, the main amount (85-
90%) falls in the warm period, the maximum -
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in July - August, the minimum - in May - June.
In general, the regime is characterized by vari-
ability of moisture. Years with good moisture
supply give way to satisfactory, and more often
dry periods. The sum of temperatures above 10
° C for the summer months is 15001800 ° with
a high average monthly temperature in July -
19.1 ° C. Hydrothermal coefficients (HC) of the
growing seasons during the years of research
were 2.7; 2.1; 0.6. According to the State Cus-
toms Committee, 2012 and 2013 characterized
as sufficiently humid, 2014 - severely arid.

The soil of the experimental plot is cherno-
zem, low-humus, low-carbonate, low-power,
light loam. The humus content in the arable
layer is 2.78%. The soil supply with mobile
forms of phosphorus and exchangeable potas-
sium is average. Lumpiness of the soil is below
the threshold of resistance to wind erosion.

The experiment was repeated three times.
The sown area of the plot is 1000 m?. The
placement of variants in the first repetition is
sequential, in the second and third - random-
ized. The fields in the crop rotation were located
both in space and in time. To cultivate the soil
a PN-4-35 mounted plow with rolling ZKKSh-
6A, a mounted PN-4 cultivator, KPE-3.8 and
Stepnyak-7.4 cultivators, and a PPM Ob-4-ZT
seeder for direct sowing were used. The experi-
ment scheme is presented in table 1.

Agrotechnology of cultivation of field crops
in crop rotation was carried out according to
the scheme of the experiment. Mineral fertil-
izers were applied simultaneously with sowing
at the rate of N, P, kg a.i. / ha in the form of
ammonium nitrate and superphosphate for each
crop rotation and N, kg a.i./ ha for pre-sowing
cultivation in oats and annual grasses in options
without basic tillage. In the fight against smut
fungi and root rot, the seeds were treated with
the fungicide "Bunker" before sowing at a rate

of 0.5 1/t of seeds. For sowing, we used the
zoned spring wheat variety Buryatskaya-79, the
Metis oat variety. Sowing dates: spring wheat
in the 1st decade of May, oats in the 3rd decade
of May, annual grasses in the 3rd decade of
June. For sowing, a PPM Ob-4-ZT seeder was
used. The method of sowing is striped with a
seeding depth of 68 cm. Crop care of agricul-
tural crops was carried out in accordance with
the recommendations [1]. In the tillering phase
against weeds, wheat and oats were treated
with a tank mixture of herbicides Dialen super
(0.2 1) + Magnum (0.007 kg) per 1 ha. The har-
vesting and accounting of the harvest of grain
crops was carried out by direct combining with
a Yenisei combine (the yield led to 14% mois-
ture and 100% purity), annual grasses for green
mass - with a KS-2.1 mower.

The observations and counts were carried
out according to the generally accepted meth-
ods in agriculture and crop production'®.

RESULTS AND DISCUSSION

The research results showed that replacing
the traditional moldboard plowing in the third
and fourth fields of crop rotation with resource-
saving processing systems (cultivation, direct
seeding) did not worsen the structural-aggre-
gate state of the arable horizon of 0-30 cm.
Against the background of low-cost tillage, the
coefficient of structure was 1.28-1 , 37, on the
control with moldboard plowing - 1.0-1.1. In
the compared variants, the higher indices of the
volumetric mass in the arable soil layer in the
summer period (1.30 and 1.34 g/ cm?) were ob-
tained without main treatment, lower (1.26 and
1.29 g / cm?) - in the variants with moldboard
plowing. In terms of productive moisture re-
serves in a half-meter soil layer before harvest-
ing, the traditional technology of cultivation of
agricultural crops was inferior to energy-saving

"Methodology for state variety testing of agricultural crops. M., 1985.287 p.
“Dospekhov B.A. Field experiment technique. M.: Kolos. 1979.250 p.
3Vorobiev S.A. Workshop on agriculture. M., 1971. Agrophysical methods of soil research. M., 1965.257p.

*Agrophysical methods of soil research. M. 1965.257 p.

SInter-republican technical conditions for the methods to carry out agrochemical analyzes of soils for zonal agrochemical

laboratories. M., 1968.71 p.

®Vadyunina A.R. Determination of gas exchange by CO2 content in the surface air layer. Methods for studying the physical

properties of soils. M., 1986.S. 268-271.
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ones in oats by 2.6-3.1 mm, annual grasses by
6.1-7.7 mm (see Table 2).

The accumulation of plant residues in the
upper layer with deep flat-cut loosening, mini-
mal surface treatments and direct sowing on
the stubble led to an intensive reproduction of
bacteria that enhance the processes of miner-
alization of organic matter in the soil. In these
variants with an increased level of mineral nu-
trition (N P, ), the highest rates of carbon diox-
ide emission were obtained during the growing
season - 1.810-1.969 kg/ha per 1 hour. During
moldboard tillage, due to the low input of organ-
ic matter and low moisture content, the emis-
sion of CO, was minimal. - 1.154 kg/ha per 1
hour. Low rates of carbon dioxide emission cor-
responded to a looser composition of the arable
soil layer - 1.26 g/cm? (on variants with surface
treatments - 1.29-1.30 g/cm?). The supply of
plants with assimilable forms of phosphorus
and potassium was higher in crops without ba-
sic tillage. The excess to the control in terms
of the content of mobile forms of phosphorus
and exchangeable potassium in oat crops was
2146 and 24-40 mg/kg of soil, in crops of an-
nual grasses, respectively - 3—19 and 7-22 mg
/ kg of soil. The content of organic matter in
the variant with deep moldboard plowing was
2.78%, in the variants with low-cost tillage sys-
tems - 3.15-3.33% [8-10].

Cultivation of grain fodder crops without ba-
sic tillage with the introduction of mineral fer-
tilizers at the rate of N, P, kg a.i./ha provided
an equivalent grain yield with the option where
the traditional technology was used 1.49-1.60 t
/ ha (control - 1.59 t/ha). A significant increase
in yield to the control variant (0.16—0.21 t/ha)
was obtained with surface tillage methods with
an increased level of mineral nutrition N P, kg
ai/ha (see Table 3).

The grain yield of oats, depending on the
tillage, was formed mainly due to the density
of the standing of the plants and the productive
stalk. On variants with traditional technology,
the plant density before harvesting was 293
plants / m?, the number of productive stems
was 370 plants / m?, on variants with surface
treatments, respectively, 307-327 and 383454
plants / m?.
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The same dependence on the methods of soil
cultivation and the level of mineral nutrition
has developed in the crops of annual grasses.

Variants with traditional technology and the
use of low-cost resource-saving methods with
the level of mineral nutrition N, P, provided
almost equal yield of green mass of annual
grasses of 13.2-13.5 t/ ha (control - 13.1 t/ ha),
dry matter collection - 3, 80—4.02 t / ha (con-
trol - 3.95 t / ha). The excess to the control for
green mass 3.4—4.0 and collection of dry matter
1.0-1.18 t / ha was obtained on variants with
surface tillage and direct sowing with an in-
creased level of mineral nutrition (N, P, ).

Resource-saving technologies for the culti-
vation of agricultural crops provided savings
in material and labor costs. This was achieved
through the use of low-cost tillage and the
combination of agrotechnical operations using
multi-operational tillage and sowing machines.
The economic assessment of crops of oats and
annual grasses revealed a higher efficiency of
the resource-saving soil cultivation system in
comparison with the traditional one based on
continuous plowing. Depending on the level
of mineral nutrition, direct costs decreased by

5.6-15.5%, the cost of fuel - by 31.2-36.4%,
the profitability of production increased by
25.0-40.3% (see Table 4).

Resource-saving tillage methods in field
crop rotation on low-humus low-carbonate
chernozem ensured the highest crop produc-
tivity and return on energy costs per hectare of
crop rotation area in comparison with tradition-
al technology (see Table 5).

Low-cost tillage compared to moldboard
plowing with the same level of mineral nutrition
(N,,P,,) increased the collection of fodder units
by 0.05-0.05 tons, with an increased level of
mineral nutrition (N, P, ) - by 0.32-0.34 tons.
The system data ensured the greatest return on
energy costs, where the energy efficiency coef-
ficient, corresponding to the levels, increased
by 0.4-0.6 and 1.0—1.2 units. The data obtained
agree with the results of other authors [11-16].

CONCLUSIONS

1. Replacement of the main tillage with pre-
sowing cultivation and direct sowing on stubble
provided the following indicators of soil con-
dition: structural coefficient 1.28-1.38 (in the
control with moldboard plowing 1.0-1.1), max-

Taodua. 3. YpokallHOCTb U 3I€MEHTHI CTPYKTYPBI YPOXKasi OBCa B 3aBUCUMOCTH OT IPUEMOB 00paboTKU
MOYBBI IPH PA3HBIX YPOBHIX MUHEPAJIBHOTO MUTAHUS

Table 3. Yield and structure elements of the oat output depending on the methods of tillage with

different levels of mineral nutrition

Number of plants, .
Crop pes / m2 Number. of Head Number. of Grgm Weight
Experiment option yield, t/ productive length grains in | weight of 1000
ha’ by seed- | before har- | stems, pcs cm > | one head, | from one seeds
lings vesting / m? pes. head, g 8
Plowing, pre-sowing cultivation,
compacting ZKKSH -6A, sow- 1,59 | 309 293 370 13,6 48 1,53 | 322
ing, fertilizers N, P, compacting
ZKKSH -6A (control)
Pre-sowing cultivation, sowing,
fertilizers N. P 1,60 317 314 386 13,3 45 1,34 32,7
307 30
Pre-sowing cultivation, sowing,
fertilizers N P 1,80 313 307 445 14,1 46 1,42 32,3
60" 30
Sowing on untreated stubble,
fertilizers N. P 1,49 326 319 383 13,4 45 1,33 32,8
307 30
Sowing on untreated stubble,
fertilizers NP, 1,79 327 327 454 14,2 46 1,42 32,6
LSD 0,15 7 15 F <F, | F,<F | F,<F
18 Siberian Herald of Agricultural Science * 2021 « 51 « 2 Agriculture and chemicalization
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imum content of productive moisture before
harvesting in layer 0 —50 cm 29.2-31.8 mm
(control 23.1-28.7), release of carbon dioxide
1.810-1.969 kg per hour (control 1.154 kg per
hour), content of mobile forms of phosphorus
P, O, 71- 96 mg / kg soil, exchangeable potas-
sium K, O 57-82 mg / kg soil (control - P, O,
50-68 mg / kg soil, K, O 42-50 mg / kg soil),

organic matter content 3.15-3 , 33% (control
2.78%).

2. Energy-saving methods of soil cultivation
in combination with mineral fertilizers (NP,
kg a.i./ ha) provided an increase in the yield of
oat grain 0.16-0.21 t / ha (in the control 1.59 t
/ ha), green mass of annual grasses - 3.4—4.0t/

Ta6a. 4. DxoHomuueckas 3p(HEKTUBHOCTH pecypcocOeperarInux NprueMoB 00pabOTKU MOYBBI C pa3-
HBIMH YPOBHAMUH MHUHCPAJILHOI'O IMUTAHWUA IIPXU BO3ACJIBIBAHUN OBCA U OJHOJICTHUX TpaB B CeBOO60pOTe

Table 4. Economic efficiency of resource-saving methods of tillage with different levels of mineral
nutrition in the cultivation of oats and annual grasses in the crop rotation

Resource-saving technology without core
Traditional tillage with the level of mineral nutrition
technology
Element with a level of N, Py, NPy
mineral nutrition
N,,Psp» P- % to traditional % to traditional tech-
p- technology p- nology
Production cost 7500 7400 - 9000 -
Direct costs — total 5048 4265 84,5 4765 94,4
Including:
payroll with accruals 800 587 73,4 637 79,6
POL 1156 736 63,6 796 68,8
seeds, fertilizers, pesticides 1896 1996 105.3 2350 123,9
depreciation 530 430 81,1 450 84,9
regular maintenance 666 516 71,5 532 79,8
cost efficiency 48,5 73,5 25,0 88,8 40,3

Ta6a. 5. [IpoaykruBHOCTH U 3HEpreTuueckas 3hYEKTUBHOCTD PECYPCOCOSPErarouX MPUEeMoB 00pa-
OOTKH MOYBHI MPH PA3HBIX YPOBHIX MHHEPAIBHOTO UTAHUS B TIOJIEBOM CEBOOOOPOTE

Table 5. Productivity and energy efficiency of resource-saving tillage techniques with different levels

of mineral nutrition in the field crop rotation

Output of fodder units from | Energy
Process scheme 1 hectare of crop rotation | consump- | Energy efficiency ratio
area, t tion, MJ, ha
Plowing, cultivation, compacting, sowing
(fertilizers N, P_, herbicides),
compacting 1,84 11273 4,5
Cultivation, sowing (fertilizers N, P, , her-
bicides) 1,89 10557 4,9
Cultivation, sowing (fertilizers N P, , her-
bicides) 2,16 11859 55
Direct sowing on stubble (fertilizers N, P,
herbicides) 1,89 10295 5,1
Direct sowing on stubble (fertilizers N P,
herbicides) 2,18 11597 5,7
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ha (control 13.1 t/ ha), collection of feed units
- 0.32-0.34 t / ha (control 1.84 t / ha).

3. Resource-saving tillage techniques in field
crop rotation provided the greatest return on en-
ergy costs per hectare of crop rotation area in
comparison with traditional technology. With
the level of mineral nutrition N, P, the ener-
gy efficiency coefficient increased by 0.4—0.6
units, with N, P, - by 1.0-1.2 units. (on control
4.5 units).

4. Direct costs of growing crops decreased
by 5.6-15.5% of fuel and lubricants - by 31.2—
36.4%, profitability increased by 25.0-40.3%.
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CEMEHOBO/ICTBO MHOTI'OJIETHUX TPAB HA KPAUHEM CEBEPE
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[IpencraBneHs! pe3ynbTaThl UCCICIOBAaHUN IO YIYUIIECHUIO HAPYLICHHBIX 3€MeJIb IIyTeM 3aly-
JKCHUSI UX MHOTOJIETHUMHM TpaBaMu. V3yueHbl criocoObl MPON3BOJACTBA CEMSIH MHOTOJICTHUX 3J1aKO-
BBIX TPaB, TEHOTHUII KOTOPBIX O3BOJISIET B TEUEHUE KOPOTKOI'O TEIJIOr0 IEepHojia NPOWTH Bee (a3bl
pa3BUTHSA U BO30OHOBHUTH CBOHM poCT Ha cieAylomuil roa. MccnenoBanust mpoBeneHb! B JIECOTYH-
IpoBoii 30He SImManmo-HeHerkoro aBTOHOMHOTO OKpyra Ha crapornaxoTHoil (30-1eTHee ocBOeHNE)
ITOBEPXHOCTHO-IO30JIUCTOH AMOBHANbHO-TIIeeBaToi mouse B 2016—2018 rr. YcranosneHo, 4To Mo-
CEB MHOTOJICTHHX TpaB Ha CEMEHAa IMHUPOKOPSIHBEIM CITOc0O0M 3 (deKTHBHEE OOBITHBIX PSITOBBIX
II0OCEBOB. YPO)KafHOCTh CEMSIH OBCSIHUIIBI KPACHOW B CpPEeHEM 3a 2 roja Mpy LIMPOKOPSITHOM CIIO-
co0e moceBa cocraBmia 3,6 1/ra, uyto Ha 0,8 1/ra, nim 28,6%, BeIllle, 4eM pH PSAIOBOM. YCTaHOB-
JICHO, YTO YMEHBLICHUE HOPMBI BBICEBA CEMSIH BJIBO€ 00ECIIEUMBACT MOBBIIICHHE UX YPOKAHOCTH
110 CPAaBHEHMIO C PAHEE PEKOMEHI0BAHHBIMM HOPMAMU. YPOKAHHOCTb CEMSIH OBCSHHUILIBI KPACHOM C
YMEHBIIIEHHOH HOPMOM BbICEBA P IINPOKOPSAHOM CIIOCOOE TIOCEBA B CPEIHEM 3a 2 TO/1a COCTaBU-
na 3,9 u/ra, MaTiIMKa anenuiickoro — 6,0 1/ra, yto Ha 0,2-0,6 11/Ta COOTBETCTBEHHO OOJIBIIIE, YEM B
BapUaHTE C MOJHBIMI HOPMaMU CeMsH. [IepCcrieKTUBHBIM MOTy4MiICs MOCEB 371aKOBBIX TPaB B cepe-
JUHE CEHTAOPs (oA 3uMYy). YpO)KalHOCTb CEeMsIH JIyTOBHKa OEPUHICKOTO NP MOA3UMHEM I10CEBE
oTMedeHa Oornee BEICOKOH (Ha 83%), ueM Ipu BECEHHEM CPOKE, OBCIHUIIBI KPACHOH — MPAKTHIECKU
OJIMHAKOBOW Ha 000MX M3y4YaeMbIX BapuaHTaxX. MaKCHMaIbHYIO YPOKAaHHOCTh CEMSIH (POPMHUPYIOT
MECTHBIE BUBI MHOTOJIETHUX TPaB.

Ki1roueBble cj1oBa: MHOTOJIETHHE TPABbl, CEMEHA, CII0CO0, HOpMa, CPOK IOCeBa

SEED PRODUCTION OF PERENNIAL GRASSES IN THE FAR NORTH

(<) Motorin A.S., Denisov A.A.

State Agrarian University of the Northern Trans-Urals
Tyumen, Russia

(<) e-mail: motorin.as@gausz.ru

The results of research on improving disturbed lands by sowing them with perennial grasses
are presented. The methods of seed production of perennial cereal grasses, the genotype of which
allows to go through all development phases during a short warm period and resume their growth
the next year, were studied. The study was carried out in the forest-tundra zone of the Yamal-Nenets
Autonomous Okrug on an oldarable (30-year development) surface-podzolic eluvial-gleyic soil in
2016-2018. It was established that sowing perennial grasses for seeds using a wide-row method
is more effective than conventional row planting. On average in 2 years, the yield of seeds of red
fescue grass was 0.36 t/ha, which is 0.08 t/ha or 28.6%, higher with a wide-row sowing method than
with the conventional row planting. It was established that a decrease in the seeding rate by half
ensures an increase in the yield of seeds compared to the previously recommended rates. The yield
of seeds of red fescue grass with a reduced seeding rate and a wide-row sowing method on average
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in 2 years was 0.39 t/ha, alpine bluegrass — 0.6 t/ha, which was 0.02—0.06 t/ha higher than with full

seeding rates, respectively. Sowing of cereal grasses in the middle of September (before winter)

proved to be promising. The seed yield of Bering meadow grass sown in early-winter was noted to

be higher (by 83%) than in the spring period; the yield of red fescue grass was practically the same

in both studied variants. The maximum seed yield is formed by local species of perennial grasses.
Keywords: perennial grasses, seeds, method, rate, sowing period
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INTRODUCTION

The active industrial development of oil and
gas fields in the Yamal-Nenets Autonomous
Okrug, the construction of roads and railways
increases the number of technologically dis-
turbed lands subject to reclamation [1, 2]. The
overgrowth of disturbed areas of the tundra,
where the soil and vegetation cover has been
completely destroyed, proceeds very slowly.
By the end of the second decade, only 20-50%
of the area is covered with vegetation [3]. In
order to reduce and prevent the consequences
of technogenic disturbances, fix sandy surfaces
from wind and water erosion, create landscapes
around industrial facilities and settlements, it is
becoming quite obvious to carry out biological
reclamation [4—6]. According to researchers, the
main way to improve disturbed lands is to grow
perennial grasses (meadow bluegrass, meadow
foxtail, red fescue, Beckman’s grass, Siberian
wheatgrass and other grasses) [7-9]. Tundra
lands are most efficiently tilled when using lo-
cal types of grasses, which are more adapted
to natural conditions than introzonal ones [10,
11]. The active restoration of disturbed lands is
constrained by the lack of a sufficient amount
of grass seeds [12]. Currently, it is important to
produce seeds of perennial grasses of local spe-
cies on the basis of effective cultivation tech-
nology. The lowest reproductive activity in the

harsh conditions of the North is characteristic
of red fescue, in which no more than 17% of
individuals enter the generation stage. Com-
mon timothy grass and meadow bluegrass oc-
cupy an intermediate position. In all types of
grasses, the lowest activity of the formation of
generative organs is manifested when sowing
into a substrate from pure peat, which is asso-
ciated with the acidic reaction of the environ-
ment, which affects the growth and develop-
ment of plants [13]. The maximum number of
generative shoots in common timothy grass per
unit area at the end of the growing season is
observed with wide-row sowing. The seed pro-
duction rate was also higher for wide-row sow-
ing compared to solid-sowing, 0.63 and 0.66,
respectively!. Under the conditions of the Yeni-
sei North, the earing of awnless rump was re-
corded only in favorable years, Siberian wheat-
grass and meadow fescue - annually, grass-root
grasses - from the second year of life. Siberian
wheatgrass has passed the flowering phase for
3 years of use, in the second and third years of
use - meadow bluegrass and in the third year
of use - red fescue. Seed formation was noted
in grassland grasses in the third year of using
herbage [14]. The generative organs of the awn-
less rump in the tundra of the Polar Yamal were
formed only in the third year of the herbage's
life. Their bloom began on August 8-10 even

"Petrova A.N. Perennial grasses of the flora of Yakutia for the reclamation of disturbed lands in the permafrost zone //
Development of the North and the problems of reclamation: reports. III Int. conf. May 27-31, 1996, St. Petersburg. Syktyvkar,

1997. P. 366-372.
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in the most favorable year in terms of heat sup-
ply. In the subarctic climate of the Zapolyarny
Yamal, the seeds of the awnless rump did not
ripen [15]. The autumn sowing period is more
effective, since the seeds begin to germinate at
the very beginning of the growing season of the
next year. This allows plants to go through the
entire phenological cycle in the short subarctic
summer of the first season. By the third grow-
ing season, the differences between plots with
different sowing dates (autumn and spring) be-
come insignificant’. Effective methods, norms
and terms of sowing seeds of perennial grass-
es of local species are currently insufficiently
studied.

The purpose of the research is to study the
influence of the methods, norms and timing of
sowing on the yield of seeds of perennial grass-
es in the forest-tundra of the Yamal-Nenets Au-
tonomous Okrug.

MATERIALS AND METHODS

Experiments on the cultivation of perennial
grasses for seeds were laid on the experimental
field of the Yamal Agricultural Experimental
Station on an old-arable (30-year development)
surface-podzolic eluvial-gley soil. The soil
has a light particle size distribution. The sum
of fractions less than 0.01 mm in the humus-
accumulative horizon (Apax) is 19%, in the hu-
mus-eluvial horizon (A, A)) - 13%, in the tran-
sitional horizon (A_B) - 20%, in the transitional
horizon into the parent material (BC) - 5%. The
bulk density in the upper layer (0-21 cm) is
1.38, the solid phase is 2.60 g / cm’, the lowest
moisture content is 25.8%. Old arable soil has
a slightly acidic reaction of the environment in
the arable layer (pH_ 5.75). Acidity increases
sharply down the profile (A, A, - 4.1). It is char-
acterized by high hydrolytic acidity (5.37 meq
/ 100 g of soil), but it is 1.3 times lower than in
the virgin area. The humus content in the ar-
able layer is 3.08%, which is 30% higher than
the initial value. With increasing soil depth,

the humus content decreases (up to 0.35%).
The provision of the soil with mobile forms of
phosphorus and potassium increases in the pro-
cess of cultivation, the indicator in horizon A is
15.0-26.3 mg / 100 g of soil.

The amount of precipitation during the grow-
ing season fell below the norm by 16.8-31.3%
in 2017, 2018; in 2016 - by 6.8%. The air tem-
perature on average for 3 years of research ex-
ceeded the average long-term value by 1.2 °C.
The daily amplitude of air temperature reached
18.1-25.5 °C.

An experiment to study the influence of
sowing methods on the seed productivity of
perennial grasses was laid on June 20, 2015 in
three replicates. The size of the plots in the ex-
periment was 75 m?. All sowing methods were
studied on one type of perennial grasses (red
fescue). The seeding rate of red fescue with all
sowing methods was 36 kg / ha. Tundra soil
cultivation before sowing perennial grasses
consisted of non-moldboard plowing to a depth
of 15-18 cm, disking with a heavy disc harrow
BDT-2.2 in one track, milling with FBN-1.5
and harrowing with tooth harrows. Before the
last harrowing, mineral fertilizers were applied:
superphosphate, urea and potassium chloride
in doses of N P, K, . Perennial grasses were
sown by hand using a marker.

The influence of different seeding rates on
the seed productivity of perennial grasses was
studied in an experiment laid on June 21 in three
replications with a plot size of 75 m?. Perennial
grasses were sown in a bare, wide-row (every
60 cm) method. In this experimental scheme,
the seeding rates are taken from the recom-
mendation of the Siberian Research Institute of
Fodder Crops for forest-tundra zones. Taking
into account the economic suitability, the seed-
ing rates of alpine bluegrass were 36 and 18 kg
/ ha, respectively; red fescue - 32 and 16 kg/
ha. Tillage technology and sowing are similar
to the experience of studying sowing methods.

*Popov A.l. Experimental work on biological reclamation in the tundra zone of the Nenets Autonomous Okrug // Actual
problems of agricultural. sciences in Russia and abroad: collection of articles. scientific. tr. 2015.S. 9-11.
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The study of the influence of different sow-
ing dates on the seed productivity of perennial
grasses was carried out in the experiment laid
on June 23 (summer period) and September 17
(sub-winter period). The grasses were sown by
hand, in a wide-row method (60 cm), using a
marker in four replicates. The seeding rate of
Bering meadow grass seeds was 12 kg, red fes-
cue - 16 kg / ha. The tillage technology and the
dose of mineral fertilizers are similar to the pre-
vious experiments. Annual crop care consisted
of spring feeding and double inter-row cultiva-
tion. In all experiments, the seed yield of pe-
rennial grasses was counted using a continuous
method.

RESULTS AND DISCUSSION

Studies have shown that in the year of sow-
ing, perennial grasses developed very slowly.
The grass stand on the ordinary method of sow-
ing was distinguished by extreme weediness.
The number of weeds reached 250 on each
square meter. Sowings with row spacing of 30
cm looked better in this respect, and especially
- 60 cm. The regrowth of red fescue in 2016 be-
gan on June 7. In the following year, the phases
of plant development began earlier than usual.

Full ripening of the seeds of red fescue was
noted on August 14. By this time, the height
of grasses in all sowing methods was 107-108
cm, the number of productive stems was 470—
485 pcs / m?. The weediness of the grass stand
in all variants of the experiment was noted to
be insignificant - 4-8 pieces / m”. The least in-
festation of grasses was observed on wide-row
crops.

The seed yield in the experiment correspond-
ed to the general development of the plants. Un-
der the climatic conditions of 2017, the yield of
seeds of red fescue was registered higher than
in 2016.When sowing by an ordinary method
in 2017, the yield of seeds was 3.1 c / ha, which
was 0.6 c¢ / ha higher than the yield of 2016 (see
Table 1). However, the highest seed yield was
observed when sowing grasses in a wide row
method with a row spacing of 60 cm.

On average for 2 years the yield of seeds of
red fescue with a wide-row sowing method (60

cm) was registered 28.6% higher compared to
row sowing. In the relatively favorable growing
season of 2017, there were no significant dif-
ferences in the yield of red fescue seeds in the
variants of the experiment with row spacing of
30 and 60 cm. The decrease in the yield of red
fescue seeds with an ordinary sowing method
compared to wide-row sowing is due to large
weeds and thickening, causing lodging and
losses of the harvest when harvesting.

The features of plant development given
earlier are also characteristic of grasses when
studying the effect of seeding rates on seed
yield. The grass stand was quite well devel-
oped, especially the Alpine bluegrass. Produc-
tive bluegrass shoots at low seeding rates (18
kg / ha) were observed significantly more (832
plants / m?) than on ordinary crops (546 plants
/ m?). The plant height was 64-68 cm. The in-
festation of alpine bluegrass herbage in all vari-
ants of the experiment in 2017 was noted to be
insignificant (3—5 plants / m?).

The number of productive shoots in red fes-
cue at the recommended seeding rate (32 kg /
ha) was 481 pcs / m?, with a 2-fold decrease -
433 pcs / m% The plants had a great height -
105—-110 cm, which is not quite typical of the
low grass. The obtained research results pro-
vide a basis for the conclusion about the greater
intensity of tillering of alpine bluegrass in com-
parison with red fescue.

Active tillering of alpine bluegrass in 2016
had a significant effect on seed yield (see Table

Taoa. 1. YpoxkallHOCTb CEMSIH OBCSHUIIBI
KpacHOW B 3aBUCHMOCTH OT CITOCOOOB MOCeBa

Table 1. The yield of seeds of red fescue grass
depending on the methods of sowing

Crop yield,
c/ha O?aav— Increase
Sowing type ?orgZe inyield, ¢
2016 | 2017 years / ha
Row, 15 cm 2,5 3,1 2,8 -
Wide-row, 30 cm 3,0 3,8 34 0,6
Wide-row, 60 cm 3,3 4,0 3,6 0,8
LSD 0,2 0,3
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2). Due to the strong lodging of the grass stand
and the late harvesting period in 2017, the seed
yield decreased by more than 2 times. In this
year, on the variants of the experiment with the
seeding rates, there were no significant differ-
ences in the yield of alpine bluegrass. On aver-
age, a high yield of alpine bluegrass was ob-
tained in 2 years. Industrial cultivation of this
crop for seeds in the Far North is advisable. Ad-
ditionally, it is necessary to continue working
out the technology of its cultivation, which en-
sures a fairly stable production of high-quality
seeds.

The yield of seeds of red fescue at different
seeding rates was registered the same in the
years of research. But it is noted lower than the
yield of alpine bluegrass. Red fescue showed
stable seed yields over the years. The stability
of obtaining seeds in the harsh conditions of
the Far North when growing red fescue is of
very great practical importance, since this ce-
real plays one of the key functions in the com-
position of the recultivation grass mixture. The
studied seeding rates did not have a significant
effect on the seed yield. Production inspection
is being carried out to obtain final conclusion.
If the field test results are confirmed, then low-
ering the seeding rate will provide significant
savings in seed and money.

Evaluating the state of development of pe-
rennial grasses of different sowing terms, better
development of autumn sowing grasses should
be noted. The grasses in this variant of sowing
are better developed and higher than in the vari-

ant with the spring sowing period. Productive
shoots of red fescue in the autumn sowing peri-
od totaled up to 493 pcs / m?, in the spring - 280
pcs / m?. The same development was observed
on the crops of the Bering meadows (223 and
147 productive shoots / m?, respectively).

Determination of the yield of seeds of peren-
nial grasses, depending on the timing of sow-
ing, showed the following results. On average
over 3 years, the highest yield of red fescue
seeds was when sown in spring (3.6 ¢ / ha). The
productivity of the Bering meadow is marked
by 0.5 ¢ / ha higher in the autumn sowing pe-
riod. One of the reasons is the high resistance of
the meadow to low temperatures in winter and
earlier regrowth in the early spring period (see
Table 3).

No conclusions have been drawn about the
superiority of spring crops, since the observa-
tion period is short. Perhaps, in subsequent
years the average seed yield for both sowing
options will be the same. A similar conclusion
applies to the crops of the meadow grass (Ber-
ing) with its low yield.

When analyzing the results obtained, the in-
stability of seed yield over the years was noted,
due to sharp fluctuations in hydrothermal re-
gimes over the years and during the growing
seasons, including summer frosts.

CONCLUSIONS

1. Sowing perennial grasses on seeds in a
wide row method is more effective than con-
ventional row crops. The yield of seeds of red

Tada. 2. YpoxaiflHOCTh CEMSH MHOTOJIETHUX TPaB B 3aBUCHMOCTH OT HOPM BBICEBa

Table 2. The yield of seeds of perennial grasses depending on the seeding rates

Sample Seedil}ghrate, kg Crop yield, c/ha On average for 2 | Increase in yield,
a 2016 2017 years c/ha
Red fescue 32 3,5 4,0 3,7 -
16 3,7 4,1 3,9 0,2
LSD,, 0,31 -
Alpine bluegrass 36 7.3 3,5 5,4 -
18 8,4 3,7 6,0 0,6
LSD,, 0,76 -
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Taoa. 3. VPO)I(B.P'IHOCTL CCMSAH MHOTOJICTHUX TpaB B 3aBUCUMOCTHU OT CPOKa IMOCCBa

Table 3. The yield of seeds of perennial grasses depending on the sowing period

S N Crop yield, c/ha Average yield | Increase in
ample Sowing time f .
or 3 years yield, ¢/ ha
2016 2017 2018
Red fescue Spring 7,2 0,6 3,1 3,6 0,5
Autumn 4,3 1,6 34 3,1 -
LSD,, 0,37 0,42 0,32
Bering meadow grass Spring - 0,6 0,6 0,6 -
Autumn - 1,4 0,8 1,1 0,5
LSD, 0,29 0,21

fescue on average for 2 years with a wide-row
sowing method was 3.6 ¢ / ha, which is 0.8 ¢ /
ha, or 28.6%, higher than with an ordinary one.

2. Reducing the seeding rate of seeds by half
provides an increase in yield compared to the
approved rates. The yield of seeds of red fescue
with a reduced seeding rate with a wide-row
sowing method averaged 3.9 ¢ / ha for 2 years,
alpine bluegrass - 6.0 ¢ / ha, which is 0.2-0.6 ¢/
ha, respectively, more. than with full seed rates.

3. Sowing of cereal grasses in the middle of
September (i.e. before winter) turned out to be
promising. The seed yield of Bering meadow
grass under winter sowing was 83% higher than
in spring, red fescue was almost the same in all
studied variants.
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BJIUSHUE YCJOBUI OCEHHEHW BETETAIIUU HA IEPE3UMOBKY
031MMOMH P)KM M ITIIEHUIIBI ITPU PA3BHBIX CPOKAX ITOCEBA

<) Epmomknna H.H., Aprémosa I.B., Crénouxun I1.1., Cypuaues A.C., Mycunos K.K.
Cubupckutl HAyYHO-UCCIe008AMENbCKUL UHCMUNYM PACMEHUe800CMEA U CeleKyUu — Quiua
Dedepanvrozo ucciedosamenvckoeo yeumpa Unemumyma yumonozuu u eenemuku Cubupckoeo
omoenenus Poccuiickoul akademuu Hayx

HoBocubupckas obnacts, p.i. KpacHooock, Poccust

(<) e-mail: natali.erm@bk.ru

WN3yueHo BiIUsHUE yCIOBUN OCEHHEH BEreTalluy Ha pOCT, pa3BUTUE U MEPE3UMOBKY pacTEHUU
03UMOU TIIICHUIIBI U PXKH MPH Pa3HBIX Cpokax nmocesa. Pabora BeimonHena B 2016-2019 rr. B ycio-
BusIX Jecoctenu [Iprnodbs. MaTtepuanoM HCCIeAOBaHUN CIYKUIM COPTa TETPAIUIOMIHONW O3UMOMN
pxu Bnana n Tetpa xopotkast u copra o3umMoit menunsl HoBocubupcekas 40 u HoBocubupckas 3.
[ToceB mpoBezeH B Tpu cpoka: 1-if — 23 aBrycra, 2-if —31 aBrycra u 3-it — 7 ceHTSI0ps 10 YHCTOMY
napy. Ber6op ontrmaibHOTro cpoka 1ocesa co3gaeT OJIaronpuaTHbIE yCIOBUS Ul pOCTA U Pa3BUTHS
O3MMBIX KYJIBTYp U HOATOTOBKH MX VISl AajbHeimell nepe3nMoBky. COracHO MPOBEICHHBIM HC-
CJICZIOBAaHUSIM OTMEUEHO, YTO MHTEHCUBHOCTh OCEHHETO 1M00eroodpa3oBaHus U pocTa pacTeHUH B
OoJIbLICH CTENEHU 3aBUCUT OT MIPOIOKUTEILHOCTH NIepruoa oceHHel Beretaunu. CHUKEHUE TEM-
OB pocTa 1 00pa3oBaHus MOOETOB KYIIEHHUS OT 1-ro cpoka moceBa K 3-My CBSI3aHO CO CHH)KEHHEM
cymmbl 3 dektuBHbIX Temreparyp. [Ipu nocese B no3qHue Cpoku cymma 3QQEeKTUBHBIX TeMIIepa-
Typ IO TofaMm BapbupoBaja B auamnazone 90—197°. Ilpu 3TomM miepe3nMoBKa O3UMOM PIKU COXpaHsI-
nack Ha ypoBHe 94-100%, B TO BpeMs Kak y 03UMOM MIIEHHLBI OHA cHU3Maach 10 40%. Jlydmum
BapUaHTOM, 00ECIEeYHBAIOLINM CTA0OMIBHOCTh 3UMHEH YCTOMYMBOCTH, SIBISICTCS 2-H CPOK MOCEBa
(31 aBrycra) npu cymme 3¢ dexTuBHbIX Temmneparyp 250-300°, pacrenust popmupyror 3—4 nobera
KYIIEHUS, BBICOTA pacTeHuit nocturaet 18—25 cm. O3umast poxkb OMEePekaeT O3UMYIO MIIEHUIY KaK
10 TEMIIaM OCEHHETo pocTa U Moberoo0pa3oBaHus, TaK U MO Pa3BUTHIO KOHYCa HapacTaHMUs.

KiroueBble c10Ba: o3uMasi pokb, 03UMasi MArKasl MIICHULA, CPOKU I1OCEBA, NPOLODKUTENb-
HOCTb OCEHHEH BereTaunu, cymma 3pQeKTUBHBIX TEMIIEPATYp, IEPE3UMOBKA

EFFECT OF AUTUMN VEGETATION CONDITIONS ON OVERWINTERING
OF WINTER RYE AND WHEAT WITH DIFFERENT SOWING DATES

(<) Ermoshkina N.N., Artyomova G.V., Stepochkin P.I., Surnachev A.S., Musinov K.K.
Siberian Research Institute of Plant Growing and Breeding — Branch of the «Federal Research
Center the Institute of Cytology and Geneticsy» of the Siberian Branch of the Russian Academy of
Sciences

Krasnoobsk, Novosibirsk region, Russian

(<) e-mail: natali.erm@bk.ru

The research was carried out in order to study the effect of autumn vegetation conditions on the
growth, development and overwintering of winter wheat and rye depending on different sowing
dates. The work was performed in 2016—2019 in the conditions of the forest-steppe of the Ob region.
The research material included the varieties of tetraploid winter rye Vlada and Tetra short and winter
wheat varieties Novosibirskaya 40 and Novosibirskaya 3. Sowing was carried out on three dates:
Ist—23 August, 2nd — 31 August and 3rd — 7 September under bare fallow. The choice of the optimal
sowing time creates favorable conditions for the growth and development of winter crops and their
preparation for further overwintering. According to the studies, it was noted that the intensity of
autumn shoot formation and plant growth to a greater extent depends on the duration of the autumn
growing season. A decrease in the plant growth rate and formation of tillering shoots from the first
sowing date to the third date was associated with a decrease in the sum of effective temperatures.
When sowing on a later date, the sum of effective temperatures varied in the range of 90—197°
over the years. Under these conditions, overwintering rate of winter rye remained at the level of
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M IIIEHUIIBI IPY Pa3HBIX CPOKaX MoceBa

Epmomkuna H.H., Aprémosa I'.B., Crénoukun IL.1.,
Cypnaue A.C., Mycunos K.K.

94-100%, while in winter wheat it decreased to 40%. The best option, which ensured the stability
of winter resistance, was the second sowing date (August 31) with a sum of effective temperatures
0f 250-300°, whereby the plants formed 3—4 tillering shoots and the plant height reached 18-25 cm.
Winter rye outperforms winter wheat in autumn growth rate, shoot formation and in the vegetation

cone development.

Keywords: winter rye, soft winter wheat, sowing time, duration of autumn vegetation, sum of

effective temperatures, overwintering
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INTRODUCTION

The formation of a trait of winter hardiness
of winter crops is greatly influenced by the
conditions of autumn vegetation [1, 2]. The
period of the initial stages of organogenesis
includes the phases of plant development
associated with the formation of generative
organs, structuraland functionalrearrangements,
changes in the water and carbon balance,
which determines the adaptability of plants to
overwintering conditions [3].

For a favorable overwintering of winter
grain crops, the correct choice of sowing time
is necessary, which must correspond to the
biological requirements of the crop, take into
account the soil and climatic conditions of the
autumn vegetation. Against the background
of increasing climate instability, expressed in
deviations of the temperature regime and the
regime of precipitation and in the duration
of the autumn growing season from the
average long-term values, the variation in the
optimal sowing time increases. It is important
to study the influence of the duration and
temperature conditions of autumn vegetation

on the development of plants, which ensure the
formation of resistance to the limiting factors
of overwintering of winter crops in specific
regions of cultivation [4-6].

The limiting factor for the growth processes
of winter crops is the temperature regime of
the autumn period. A decrease in average daily
temperatures at later sowing dates leads to a lag
in plant development. Theoretical calculations
of the optimal sowing time are related to the
sum of positive temperatures in the autumn
period from sowing to the end of the growing
season. Moreover, the temperature values vary
depending on the climatic zone of cultivation
[7-11].

Differences in the level of overwintering of
varieties and forms of winter crops, along with
the temperature conditions of the winter period,
are largely due to the intensity of autumn plant
growth, the formation of tillering shoots, and
the peculiarities of the passage of the stages of
organogenesis. For guaranteed overwintering
before wintering, winter rye and wheat plants
should form, on average, up to 3-4 tillering
shoots reaching 2-3 stages of organogenesis
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[12].

The connection between the autumn growth
processes of plants and their winter hardiness
has been repeatedly noted in the works of A.IL.
Nosatovsky, I.I. Tumanova, F.M. Kuperman,
V.A. Moiseichik, Z.A. Morozova and other
authors [13—-17]. According to A.I. Zadontsev,
winter grain plants with optimal sowing
times, the height of which is 14-16 cm, are
characterized by the maximum frost resistance.
Overgrown plants have a height of 23-25 cm
and more, the winter hardiness of such plants is
reduced' [18].

Biological control according to the stages
of organogenesis makes it possible, much
earlier than with phenological observations,
to recognize the unfavorable effect of weather
conditions and agrotechnical factors on plants.

Varieties with a high level of winter
resistance are needed for sustainable cultivation
of winter grain crops in Siberia. Promising
varieties of winter wheat and rye have been
created through the efforts of Siberian breeders
which have high adaptive qualities. The main
advantage of Siberian breeding varieties lies
in their higher level of ecological stability,
since the successful selection of specifically
resistant genotypes in the breeding process is
possible only under conditions similar to those
in which the variety will be cultivated. At the
Siberian Research Institute of Plant Growing
and Breeding, a branch of the Federal Research
Center of the Institute of Cytology and Genetics
of the Siberian Branch of the Russian Academy
of Sciences the greatest efficiency in the creation
of winter wheat varieties with high adaptability
and plasticity potential was obtained by the
method of recombination selection using
interspecific hybridization [19]. Varietal rye
populations cultivated in the Siberian region are

mainly represented by tetraploid forms, created
on the basis of varieties of the Siberian ecotype,
combining a high level of winter hardiness with
grain size.

The aim of the research is to study the effect
of autumn vegetation conditions on the growth,
development and overwintering of winter wheat
and rye plants at different sowing dates.

MATERIALS AND METHODS

The studies were carried out in the forest-
steppe conditions of the Ob region in 2016—
2019. The research material was the varieties
of tetraploid winter rye Vlada and Tetra short
and winter wheat varieties Novosibirskaya 40
and Novosibirskaya 32. Sowing was carried out
in three terms: 1st - August 23rd, 2nd - August
31st and 3rd - September 7th for pure fallow
in the usual row method with a SSFK-7 seeder
with a seeding rate of 5 million seeds / ha for
winter rye and 6 million seeds / ha for winter
wheat. Plot area 10 m?, replication five times
with a randomized placement of plots.

To conduct counts and observations, we used
the methodology of the State Variety Testing of
Agricultural Crops®. The main mathematical
parameters were calculated according to the
method of B.A. Dospekhova*. During the
period of termination of the growing season
before the establishment of snow cover, plant
samples were taken for laboratory analysis. The
linear dimensions of the leaves (the height of the
main shoot from the base of the tillering node
to the tip of the upper leaf) and the coefficient
of'tillering (the average number of shoots) were
determined. When studying the formation of
the growing cone of winter crops, the stages of
organogenesis were determined according to
F.M. Kuperman’ using an MBS-9 microscope.

'Zadontsev A.I. Increasing winter hardiness and productivity of winter wheat // Collection of selected scientific papers of the
All-Russian Research Institute of Corn. Dnepropetrovsk, 1974. 283 pp.

State Register for Selection Achievements Admitted for Usage. "Plant Varieties" (official publication). Moscow:

Rosinformagrotech, 2020. Vol. 1. 680 pp.

3Methodology for state variety testing of agricultural crops / ed. By M.A. Fedin. M., 1985. 270 pp.
‘Dospekhov B.A. Field experiment methodology (with the basics of statistical processing of research results). Moscow: Kolos,

1973. 336 pp.

SKuperman F.M., Ananyeva L.V. On the biological substantiation of the timing of sowing wheat varieties of intensive type //

Selection and seed production. 1981. No. 6. 27 pp.
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We selected 10 plants from two repetitions
at the end of the autumn growing season. In
field conditions, the degree of overwintering
of plants was determined as the percentage of
the number of overwintered plants (on fixed 6
or 8 plots of 0.25 m?) to the number of plants
that passed away in winter. Meteorological
data were obtained by the hydrometeorological
station of the village Ogurtsovo (Novosibirsk
region).

The weather conditions of the autumn-
winter period during the years of scientific
research varied significantly. According to
long-term data, the end of the autumn growing
season in the forest-steppe conditions of the Ob
region begins on October 5, when the average
daily temperature passes through the 5°C
mark towards a decrease. The least favorable
conditions for the autumn development of
plants developed in 2017, when the end of
the growing season was already marked on
September 23. The average daily air temperature
was 9.2 °C, which is lower than long-term
values; the amount of precipitation was close
to normal (105%). In 2016, the end of the
growing season was marked on September 30,
a feature of this year was a significant excess
of the average daily September temperatures up
to 15-16 °C, relative to the long-term average
(10-12 °C) with a total precipitation of 40% of
the norm. Autumn 2018 is characterized by a
long growing season (until October 14) with an
average temperature background (10.8 ° C) and
precipitation of 113% to the norm.

In winter, the height of the snow cover
varied from 40 to 70 cm from year to year. The
maximum height of the snow cover in 2016 was
set at 60—65 cm, in 2017 - 65-70 cm, which is
2 times more than the average annual data (30—
35 cm). Snow cover in 2018 was 40-50 cm.
The minimum temperature at the depth of the
tillering node did not drop below minus 5 °C.

Contrasting conditions in 20162019 made
it possible to evaluate the effect of autumn
vegetation on overwintering of plants at
different sowing dates in the studied crops.

RESULTS AND DISCUSSION

Over the years of research, the duration of

the germination period - the end of the autumn
growing season was significantly influenced by
two factors: the conditions of the year and the
timing of sowing. With the 1st sowing period,
carried out at the beginning of the 2nd decade
of August, the growth and development of
plants continued from 33 days in 2017 to 54
- in 2018.The sum of effective temperatures,
respectively, varied in these years from 263 to
351°.In 2016, with a short growth period (up to
38 days), the sum of effective temperatures was
346°, which is explained by high average daily
temperatures up to 28 °C during September.
The vegetation of plants of the 3rd sowing term
lasted from 19 to 36 days, while the sum of
effective temperatures varied from 90 to 197 °
over the years (see Table 1).

During the research period, more intensive
growth and formation of tillering shoots were
noted in winter rye and wheat plants of the
Ist sowing period. A decrease in the growing
season when sowing in the 2nd and 3rd periods
leads to a decrease in the linear growth of plants
and a decrease in the number of tillering shoots.
These patterns depend on the hydrothermal
conditions of the year. In the years with a short
growing season (2016, 2017), the height of
plants of the 3rd sowing period was recorded
1.5 times less than that of plants sown on
August 23 (see Table 2). With an increase in
the duration of the autumn growth period, the
difference between the plant heights of different
sowing dates decreases. In 2018, winter wheat
plants of the 1st sowing date had a height of
26.4 cm at the end of the growing season, plants
of the 3rd term - 21.6 cm.

The intensity of the process of plant
shoot formation in the autumn period is also
associated with the duration of the growing
season. The largest number of tillering shoots
(5.0 and 6.3) was observed in both wheat and
rye in 2018 when sown on 23 August, when
the growing season was 54 days. When sowing
on September 7, 2018, with a reduction in the
duration of the growing season associated with
the timing of sowing, the number of tillering
shoots in rye decreased to 3.9, in wheat - to 3.1.
In 2017, plants of the 3rd sowing date in 19
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Taoda. 1. Cymma 3¢h(hexkTHBHBIX TeMIepaTyp U NPOJOIKUTEIBHOCTD BEreTallMOHHOTO IIEPHO/A 10

roJiaM IIpUu pa3HbIX CPOKaAX MOCEBA O3UMBIX KYJIBTYP

Table 1. The sum of effective temperatures and the duration of the growing season by years for

different sowing dates of winter crops

Sowing time
Year Element
1-st (23.08) 2-nd (31.08) 3-rd (07.09)

2018 The sum of effective temperatures, degr. 351 250 197

Number of growing days 54 45 36
2017 The sum of effective temperatures, degr. 263 146 90

Number of growing days 33 24 19
2016 The sum of effective temperatures, degr. 346 296 167

Number of growing days 38 31 21

Tao6a. 2. Beicota pacTeHnii u 4nciio moOeroB KyImeHHs B pa3Hble CPOKH TIOCEBA 03UMOH PIKU U ITIICHH-

el (2016-2018 rr)

Table 2. Plant height and number of tillering shoots on different sowing dates for winter rye and wheat

(2016-2018)

Sowing time
Sample 1-st (23.08) 2-nd (31.08) 3-rd (07.09)
Plant height, cm Shoot;cnsl.lmber, Plant height, cm Shom;él:mber’ Plant height, cm ShOOtIS):SI.lmber’

2018

Rye 29,6 +0,9 6,3+0,6 27,1 +0,7 54+04 22,9+0,8 39+0,3

Wheat 26,4+ 1,1 5,0+0,5 21,6 £0,6 4,0+0,3 21,6 £0,5 3,1+£0,2
2017

Rye 26,1 +£0,8 49+04 18,5+0,5 2,9+0,1 14,8 £0,3 1,4+0,2

Wheat 223+1,3 4,7+0,6 17,0+ 0,4 2,7+£0,2 13,8+£0,3 1,2+0,1
2016

Rye 275+1,2 55+0,5 242 +1,0 3,7£0,3 18,0+0,5 2,3+0,2

Wheat 33,0£1,3 3,1£0,3 29,6 £0,8 2,6 £0,2 24,0+ 0,6 1,3+£0,1

days formed an average of 1.4 tillering shoots
in rye and 1.2 tillering shoots in wheat.

The processes of linear growth and shoot
formation of winter rye and wheat differ in
their intensity. Winter rye plants form a more
powerful above-ground mass in autumn. So, in
2018, when sowing on 23 August for 54 days
of growing season, the height of rye plants was
29.6 cm, in wheat - 26.4 cm, while rye formed
6.3 shoots, and wheat - 5.0. In the third sowing

period under low temperature conditions,
growth processes and shoot formation slow
down significantly both in winter wheat and rye,
but the differences between the growth rates of
the two crops remain. For 36 days of growing
season with a sum of active temperatures of
197°, the linear growth of rye was 22.9 cm,
wheat - 21.6 cm, and the number of shoots
decreased accordingly (3-4).

In2017,under conditions of low temperatures

34  Siberian Herald of Agricultural Science » 2021 ¢ 51 + 2

Plant growing and breeding



BnusiHue yciioBuit oceHHel Beretaiuy Ha nepe3uMoBKY 03UMON pKu
M TIICHUIIBI TIPH PA3HbIX CPOKAX MOCEBA

Epmomkuna H.H., Aprémosa I'.B., Crénoukun IL.1.,
Cypnaue A.C., Mycunos K.K.

and a short growing season with minimal
values of linear growth and shoot formation
at all sowing periods, the differences between
crops are insignificant. In both rye and wheat,
up to 4-5 shoots of tillering were formed during
33 days of growing season in the 1st sowing
period, when sowing in the 3rd period, only the
beginning of the tillering process was noted.

Under the conditions of an increased
temperature background (+3.1 © C to normal)
in 2016, winter wheat in terms of linear growth
was significantly ahead of rye. The height of
wheat plants at the 1st sowing period averaged
33.0 cm, which is 5.5 cm higher than that of
rye. However, the number of tillering shoots
in wheat was recorded significantly less and
averaged 3.1, while in rye up to 5-6 shoots
were formed. The same trend persisted in crops
at later dates.

The number of tillering shoots in winter
crops is primarily affected by the duration of
the autumn growing season. With the sum of
effective temperatures of 197 °, an average of
3-4 tillering shoots were formed in 36 days, and
only 1-2 shoots were formed during 21 days
of vegetation, although the sum of effective
temperatures was slightly lower and amounted
to 167 °. The processes of linear growth of plants

are influenced by the temperature conditions of
autumn.

For a more complete study of the
development of winter crops in the autumn
period, comparative observations of the growth
and development of the growing cone were
carried out. According to a number of authors,
the degree of growth cone development
correlates with the level of winter hardiness.
The best overwintering was noted in plants
where the growing cone reaches the 2nd phase
of organogenesis, which coincides with the
period of autumn tillering.

A comparative study of two winter crops of
wheat and rye revealed significant differences
in the rates of autumn development of growing
cones. By the end of the autumn growing
season, rye was observed to elongate the upper
part of the cone and differentiate the base of
the cone into segments and leaf ridges, which
corresponds to the third stage of organogenesis
(see Table 3). The duration of this stage in these
studies ranged from 24 (sowing on August
31, 2017) to 54 days (sowing on August 23,
2018) before the end of the growing season.
Depending on the temperature conditions of the
year, the sizes of the growth cone change, the
greatest length (up to 1.11 mm) and enhanced
segmentation of the growth cone were noted in

Taoa. 3. Pasmeps! koHyca HapacTaHUs M 3Talbl OPraHOTeHe3a 03UMOM PAKH U 0O3UMOH TIIIEHHUIIBI
B OCCHHUI MEpUOA BEreTaluy IpH pasHbIX cpokax cesa (20162018 rr.)

Table 3. The sizes of the vegetation cone and the stages of organogenesis of winter rye and winter
wheat in the autumn growing season on different sowing dates (2016-2018)

Sowing time
Sample 1-st (23.08) 2-nd (31.08) 3-rd (07.09)
The Vegetation Organogenesis | The Vegetation Organogenesis | The Vegetation Organogenesis
cone size, mm stage cone size, mm stage cone size, mm stage
2018
Rye 0,70 +£ 0,06 3-rd 0,64 + 0,04 3-rd 0,46 + 0,05 3-rd or 2-nd
Wheat 0,31+£0,02 2-nd 0,28 £0,03 2-nd 0,21 £0,01 1-st
2017
Rye 0,92+0,12 3-rd 0,68 + 0,05 3-rd 0,48 +£0,04 2-nd
Wheat 0,35+ 0,03 2-nd 0,20 + 0,02 1-st 0,15+ 0,02 1-st
2016
Rye 1,11 +0,15 3-rd 0,86+ 0,07 3-rd 0,77 £ 0,07 2-nd
Wheat 0,34 +0,05 2-nd 0,25 +0,02 2-nd 0,22 +0,02-i 1-st
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2016 at maximum daytime temperatures up to
20 °C. However, the transition to the 4th phase
of organogenesis with short daylight hours does
not occur until the end of the light stage.

The assessment of winter hardiness of
winter rye and wheat plants was carried out in
experiments with different sowing dates (see
the figure). Overwintering conditions during
the years of research were noted to be quite
favorable (the soil temperature at the depth of
the tillering node did not fall below minus 5 °
C). Thus, the level of winter resistance, along
with the hardening conditions, was largely
determined by the intensity of autumn growth
and development of plants. A great safety of
both rye and wheat at all sowing dates was
noted in the spring of 2017, when the plants
were formed in a short autumn period, but at
the same time the sum of effective temperatures
reached 167 ° for crops of the 3rd term and
346 ° for crops of the 1st term. The number of
tillering shoots varied depending on the sowing
time from 2.3 to 5.5 for rye and from 1.3 to 3.1
for winter wheat.

The decrease in the level of overwintering
in 2018 can be explained by the less favorable
conditions of the winter period and the
insufficient duration of the autumn growing
seasonin 2017 (from 19 to 33 days when sowing
at different times). In this case, low positive
temperatures negatively affected the autumn
development of plants, while the number of

surviving plants in winter wheat decreased
by almost 2 times (to 18%) compared to the
previous year. Moreover, late sowing, carried
out in the first decade of September, showed
greater resistance to overwintering than sowing
in early periods. Such results are explained by
the higher rates of sugar accumulation in the
tillering node of young plants, which allows
them to survive more successfully in winter.
The level of overwintering of plants in 2019
was noted to be quite high - up to 83—-100%
of preserved plants in winter rye and 66—68%
in winter wheat. The long period of autumn
vegetation (54—45-36 days in terms of sowing)
and the sum of effective temperatures (above
197 °) in autumn 2018 contributed to the good
development of plants. They formed more than
5 tillering shoots at an early sowing date and
3-4 shoots at sowing on September 7. In rye in
crops of the Ist term, the plant height was 29-30
cm, the number of tillering shoots reached 67,
which led to partial damping off and a decrease
in the level of overwintering in comparison with
crops of the 2nd and 3rd terms. In all variants of
the experiment, the winter hardiness of winter
wheat was noted lower than in winter rye by
13-15% in 2017 and by 74-80% in 2018.

CONCLUSIONS

As a result of a comparative study of the
initial stages of growth and development of
winter crops, it was revealed that the intensity

98 01 94 . 94
78 80 80 83
68 68
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18 18
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92
I68 I66

Istterm  2nd term 3rdterm | Istterm  2nd term 3rdterm | Istterm  2nd term 3rd term
2016-2017 2017-2018 2018-2019
Bl Winter rye Winter wheat

JumarpamMMa nepe3nMOBKH 03UMOH DK | MIIIEHUIIBI TIPH TpeX cpokax mocesa (2016-2019 rr.), %

Diagram of overwintering of winter rye and wheat on three sowing dates (2016-2019), %
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of autumn shoot formation to a greater extent
depends on the duration of the growing season.
Plants of the 3rd sowing date within 19-21
days of vegetation (2016, 2017) formed only
1-2 shoots of tillering, while during 36 days of
vegetation in 2018, 3—4 shoots were formed.
The increased temperatures in the autumn of
2016 led to the overgrowth of winter wheat
plants by 30—40%, while the process of shoot
formation was noted below or at the level
compared to 2017.

The sum of effective temperatures in a wide
range from 167 to 351 ° C in the autumn of
2016 and 2018 proved to be sufficient for the
development of plants of all sowing terms,
which ensured a high safety of plants during
overwintering in 2017 and 2019. The short
period of the autumn growing season from 19 to
33 days (depending on the sowing time) and low
temperatures in autumn 2017, along with less
favorable winter conditions, led to a significant
decrease in the level of overwintering in winter
wheat.

No significant differences in the influence of
the sowing time on the level of winter rye and
wheat overwintering were revealed over the
years of research. The conditions of the year
had a great influence on overwintering. The
best option that ensures the stability of winter
resistance is the 2nd sowing date (August 31),
when the plants form 3-4 tillering shoots, and
their height reaches 18-25 cm.

CIHIUCOK JIMTEPATYPbI

1. Haewox H.T., llmaxenvbepe A.FO. Bnusiaue
yCIIOBHI (opMHUpOBaHMs arpo(UTOLICHO3a Ha
3UMOCTOMKOCTh O3UMOM IMIeHuIsl / BecTHUK
BopoHekckoro rocyaapcTBEHHOTO arpapHoro
yauBepcutera. 2012. Ne 4 (35). C. 37-38.

2. ITlomanosa ['H., Heanosa M.C. Bnusuue
CPOKOB TIOCE€Ba M HOPMBI BhICEBA CEMSIH Ha
OCCHHIOI BEreTalyio, 3MMOCTOMKOCTh U YPO-
YKAITHOCTh O3WMBIX 36pPHOBBIX KynbTyp // UHTED-
aktuBHas Hayka. 2017. Ne 11 (21). C. 69-75.

3. Mypawés B.B. buonoruueckuii KOHTPOIb HaJ
3epHOBbIMU 3i1akamu // BectHuk MoCKOBCKO-
ro ynuBepcureta. Cepus 16: buonorus. 2005.
Ne 3. C. 3-11.

4. 3Benenckuu H.A., 3enenckas I'M., Asdeen-
ko A.Il. Cpoku moceBa O3UMOM TMIICHUIII //

VYenexu coBpeMeHHOro ectectBo3Hanus. 2000.
Ne 4. C. 47-48.

5. [Ilonomapesa M.JIL., Ilonomapes C.H., Mauna-
nosa I C. OrieHka U3MEHEHUS KIIMMAaTHYECKIX
MapaMeTpoB OCEHHETO Pa3BUTHs O3UMON PiKH
W BIUSHHE Ha CPOKHU ceBa B 30HE [lpenxambs
Pecrryommku Tarapcran // HuBa Tarapcrana.
2014. Ne 2-3. C. 4-7.

6. [Illonomapes C.H., Mannanosa I''C., Ilonomape-
6a M.JI. I3MeHeHne KIUMaTHIeCKUX IapaMer-
POB M CPOKH ceBa 03UMOH pku B PecmyOmmke
Tarapcran // 3emnenenue. 2014. Ne 6. C. 26—
30.

7. Tasuzos U.H., ®aoeesa H.J]. Bnusuue wus-
MEHEHHsI METEOPOJOTHUECKHX (PAKTOPOB Ha
CpPOKH TIOCEBA M YPOXKAMHOCTh O3UMOM TIlIe-
Hunel / BectHuk KaszaHckoro rocymapcTBeH-
HOTO arpapHoro ynusepcutera. 2016. T. 11.
Ne 2 (40). C. 47-50.

8. [lynanos FO.A., Apyes I'®D., Bacunves U.B.,
bBauracenos PK., Huxonaese H.A. Amanranus
CPOKOB I10CEBA 03UMOM IIICHUIIBI K COBPEMEH-
HBIM KJIMMaTHIeCKUM ycIoBusiM OpeHOypreko-
ro [Ipenypanest // W3Bectuss OpeHOyprckoro
TOCYAapCTBEHHOTO arpapHOTO yHHBEPCHUTETA.
2020. Ne 4 (84). C. 4248.

9. Heanose B.M. Ontummszanusi CpOKOB IOCEBa
03uMOM TieHuIbl B Bonrorpasckoit odmactu //
dynnamenTanbuble uccnenoBanus. 2005. Ne 9.
C. 41-42.

10. Enucees C.JI., Bepwununa T.C. Heobxomu-
MOCTh YTOUHEHHSI CpPOKa TIOCEBa 03UMOH pku //
[lepmckwii arpapusbiii BecTHHK. 2017. Ne 1 (17).
C. 32-38.

11. hopaoyruna B.A. OG0CHOBaHUE ONTHMAaIHHO-
rO CpoKa MOCEBa O3MMOM MINEHUIBI B ANTaii-
cxkoM [IpnoOwe // BectHuk Anraiickoro rocy-
JIAPCTBEHHOTO arpapHoro yuusepcuteta. 2016.
Ne 5(139). C. 5-9.

12. Hoonecuvix H.B. OcoOCHHOCTH MTPOXOKIACHUS
JTaNoB OpraHoreHe3a, (a3 pocra W pa3BUTHS,
YPOKalHOCTh M Ka4€CTBO O3MMOW TBEpAOW U
MSTKOHM TIIEHUIIB B YCIOBHAX JiecocTenn Bo-
poHeskckoit oonactu // Becthuk Boponexckoro
TOCYAapCTBEHHOTO arpapHOrO yHHBEPCHUTETA.
2015. Ne 3 (46). C. 12-22.

13. Hocamosckuii A.M. Cpoku ToceBa O3UMOU
nmenunel // CoBerckasi arpoHomus. 1946,
Ne 10. C. 6-9.

14. Tymanos M. 1. ®duznonorus 3aKaauBaHUS U MO-

PacTeHneBonCTBO U CeNTEKITHS

CuOHMpPCKHii BECTHHK CELCKOXO03SMCTBEHHON Hayku » 2021 512 37



Effect of autumn vegetation conditions on overwintering of winter rye
and wheat with different sowing dates

Ermoshkina N.N., Artyomova G.V., Stepochkin P.I.,
Surnachev A.S., Musinov K.K.

15.

16.

17.

18.

19.

PO30CTOMKOCTh pacTeHHii: MoHOrpadus. M.:
Hayxka, 1979. 352 c.
Kynepman @.M. buonorus pa3BUTHA Kyilb-
TYPHBIX pacTeHuil: MoHorpadus. M.: Beicias
mkoia, 1982. 343 c.
Moucetiyux B.A. ArpoMeTeopoIorniecKue yc-
JIOBHS M TIEPE3UMOBKA O3UMBIX KYJIBTYpP: MOHO-
rpadus. JI.: 'mnpomereonsaar, 1975. 294 c.
Mopososa 3.A. OCHOBHBIE 3aKOHOMEPHOCTHU
MopdoreHesa MIIeHUIbl 1 UX 3HaYeHUE A ce-
nexuu: MoHorpadus. M., 1986. 161 c.
Axumosa O.H. OceHHUl pOCT U pa3BUTUE O3U-
MBIX 3epHOBBIX // BectHuk Kpacl'AY. 2006.
Bem. 11. C. 77-80.
Apmemosa I'B., Cmenouxun I1.U., I[lonomapen-
ko B.U., Epmowxuna H.H., Ilonomapenxo I'B.
OreHka COPTOB O3MMOM IMIIEHUIBI CHOMPCKOM
CEJICKLIUH 0 TIapaMeTpaM 3KOJIOTNIeCKON Iia-
CTHYHOCTH cTabmIbHOCTH // CHOMpPCKUit BeCT-
HUK CEIIbCKOX03sHCcTBeHHOM Hayku. 2015. Ne 6.
C.5-11.

REFERENCES

1.

Pavlyuk N.T., Shtakel'berg A.Yu. Influence of
conditions of formation of agrophytocenosis
on winter hardiness of winter wheat. Vestnik
Voronezhskogo gosudarstvennogo agrarnogo
universiteta = Vestnik of Voronezh State Agrar-
ian University, 2012, no. 4 (35), pp. 37-38. (In
Russian).

Potapova G.N., Ivanova M.S. Influence of sow-
ing period and seeding norm on autumn vegeta-
tion, winter hardiness and yield of winter cereal
crops. Interaktivnaya nauka = Interactive Sci-
ence, 2017, no. 11. (21), pp. 69-75. (In Rus-
sian).

Murashev V.V. Biological control of grain
crops. Vestnik Moskovskogo universiteta. Seri-
va 16: Biologiya. = Bulletin of the Moscow Re-
gion State University. Series 16: Biology, 2005,
no. 3, pp. 3—11. (In Russian).

Zelenskii N.A., Zelenskaya G.M., Avdeen-
ko A.P. Terms of crop of winter wheat. Uspekhi
sovremennogo estestvoznaniya = Advances in
Current Natural Sciences, 2006, no. 4, pp. 47—
48. (In Russian).

Ponomareva M.L., Ponomarev S.N., Mannapo-
va G.S. Assessment of climatic changes for au-
tumn development of winter rye and the impact
on the sowing time in the Predkamye zone of
the Republic of Tatarstan. Niva Tatarstana =

10.

11.

12.

13.

14.

15.

Niva of Tatarstan, 2014, no. 2-3, pp. 4-7. (In
Russian).

Ponomarev S.N., Mannapova G.S., Ponoma-
reva M.L. Climate changes and sowing periods
of winter rye in Tatarstan Republic. Zemledelie.
2014, no. 6, pp. 26-30. (In Russian).

Gazizov I.N., Fadeeva 1.D. Influence of meteo-
rological factors on the seeding date and winter
wheat productivity. Vestnik Kazanskogo gosu-
darstvennogo agrarnogo universiteta = Vestnik
of the Kazan State Agrarian University, 2016,
vol. 11, no. 2 (40), pp. 47-50. (In Russian).
Gulyanov Yu.A., Yartsev G.F., Vasil'ev L.V,
Baikasenov R.K., Nikolaev N.A. Adapting the
terms of winter wheat sowing to modern cli-
matic conditions of the Orenburg Preduralye.
Izvestiya  Orenburgskogo gosudarstvennogo
agrarnogo universiteta = Izvestiya of Orenburg
State Agrarian University, 2020, no. 4 (84),
pp. 42-48. (In Russian).

Ivanov V.M. Timing optimization of win-
ter wheat sowing in the Volgograd region.
Fundamental'nye issledovaniya = Fundamental
Research, 2005, no. 9, pp. 41-42. (In Russian).
Eliseev S.L., Vershinina T.S. Necessity to
specify the sowing time of winter rye. Perm-
skii agrarnyi vestnik = Perm Agrarian Journal,
2017, no. 1 (17), pp. 32-38. (In Russian).
Boradulina V.A. The substantiation of optimum
winter wheat sowing dates for the Altai region’s
Ob river area. Vestnik Altaiskogo gosudarstven-
nogo agrarnogo universiteta = Bulletin of Altai
State Agricultural University, 2016, no. 5 (139),
pp. 5-9. (In Russian).

Podlesnykh N.V. Peculiarities of stages of or-
ganogenesis, growth and development phases,
crop yield and quality of hard and soft winter
wheat under the conditions of the forest-steppe
of Voronezh Oblast. Vestnik Voronezhskogo
gosudarstvennogo agrarnogo universiteta =
Vestnik of Voronezh State Agrarian University,
2015, no. 3 (46), pp. 12-22. (In Russian).
Nosatovskii A.I. Sowing dates of winter wheat.
Sovetskaya agronomiya = Soviet agronomy,
1946, no. 10, pp. 6-9. (In Russian).

Tumanov LI. Physiology of hardening and frost
resistance of plants, Moscow, Nauka Publ.,
1979, 352 p. (In Russian).

Kuperman F.M. Development biology of culti-
vated plants. Moscow, Vysshaya shkola Publ.,
1982, 343 p. (In Russian).

38

Siberian Herald of Agricultural Science ¢ 2021 ¢ 51 « 2

Plant growing and breeding



BnusiHue yciioBuit oceHHel Beretaiuy Ha nepe3uMoBKY 03UMON pKu
M IIIEHUIIBI IPY Pa3HBIX CPOKaX MoceBa

Epmomkuna H.H., Aprémosa I'.B., Crénoukun IL.1.,
Cypnaue A.C., Mycunos K.K.

16. Moiseichik V.A. Agrometeorological condi-
tions and overwintering of winter crops. Lenin-
grad, Hydrometeo Publ., 1975, 294 p. (In Rus-
sian).

17. Morozova Z.A. The main patterns of wheat
morphogenesis and their importance for breed-
ing. Moscow, 1986, 161 p. (In Russian).

18. Akimova O.I. Autumn growth and development
of winter grain crops. Vestnik KrasGAU = The

NH®OPMALIUA OB ABTOPAX

<) Epmomikuna H.H., acrnmpanr, Hayu-
HBII COTpPYAHUMK; ajapec Ajs nepemnucku: Poccus,
630501, HoBocubupckasi obnactb, p.nm. Kpacho-
o0ck, yn. C-100, 3n. 21, a/s 375; e-mail: natali.
erm@bk.ru

AptémoBa I[.B., xanmupgar OHOIOTHMYECKUX

HayK, 3aMECTHUTENIb PYKOBOIUTENS MO0 HAy4HOU pa-
oote

CrénoukuH I1I.M., TOKTOp CENbCKOXO3SIIICTBEH-
HBIX HayK, BEJYIINI HAYYHBIH COTPYIHUK

CypuaueB A.C., acipaHT, MIAAIMIANA HAYIHBIH
COTPYIHHK

Mycunos K.K., acniupant, miraaimii Hay4HbIA
COTPYIHHK

Bulletin of KrasGAU, 2006, is. 11, pp. 77-80.
(In Russian).

19. Artemova G.V., Stepochkin PI., Pono-
marenko V.., Ermoshkina N.N., Pono-
marenko G.V. Evaluation of winter wheat
varieties bred in Siberia as to ecological plas-
ticity and stability parameters. Sibirskii vestnik
sel'skokhozyaistvennoi nauki = Siberian Herald
of Agricultural Science, 2015, no. 6, pp. 5-11.
(In Russian).

AUTHOR INFORMATION

(<) Natalia N. Ermoshkina, Postgraduate
Student, Researcher; address: 21, S-100 St., PO
Box 375, Krasnoobsk, Novosibirsk region, 630501,
Russia; e-mail: natali.erm@bk.ru

Galina V. Artyomova, Candidate of Science in
Biology, Deputy Head for Research

Petr 1. Stepochkin, Candidate of Science in
Agriculture, Lead Researcher

Alexey S. Surnachev, Postgraduate Student,
Junior Researcher

Kenzhebek K. Musinov, Postgraduate Student,
Junior Researcher

Jlama nocmynnenust cmamou / Received by the editors 18.03.2021
Jama npunsmust k nyomuxayuu / Accepted for publication 26.04.2021
Jama nyénuxayuu / Published 25.05.2021

PacTeHneBONCTBO U CEITEKITHS

CuOHMpPCKHii BECTHHK CELCKOXO03SMCTBEHHON Hayku » 2021 512 39



Vo 3AIIUTA PACTEHUH
PLANT PROTECTION

https://doi.org/10.26898/0370-8799-2021-2-5 Tun crarby: OpUrHHANBHAS
VIK: 633.853.52; 632.4; 632.952; 631.559 Type of article: original
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I'PUBHBIX ®PUTOIMATOI'EHOB COHN
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[Ipumopckuii kpaii, c. Kamenb-Pri0onoB, Poccust
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[Ipencrasiens! pe3ynbTaThl H3y4eHUs 3PPEKTUBHOCTH (DYHTHIIMIHBIX IPOTpaBUTEICH B OOpbOE
C KOPHEBBIMU THIWJISIMU W JINCTOCTEOETHHBIMU Oose3HsIMu con. MccnenoBanus nposenens! B lpu-
MopckoM kpae B 2019, 2020 rr. B ycnoBusax aenssHogHoro ombita. [Ipemapar Jlpmut Ilpo (x.B. mu-
paknoctpobus, 200 1/m) npumensu B HopMme pacxona 1,0 /T, Penuro [Ipo (11.B. mpoTHOKOHA30IT,
150 r/n + tebykonazon, 20 r/m) — 0,9 /1. Ilpenapars! UCMOAB30BANU [T TPOTPABIMBAHUS CEMSH
MOJYCYXHM cII0coO00oM Tepen moceBoM. Berseieno, uro Jpmut Ipo u Penuro Ipo He oxa3biBaroT
HEraTUBHOTO JICHCTBHSI HAa KYJIBTYPY U MOJOKUTEIHLHO BIHSIOT Ha BCXOXKECTh ceMsiH con. OTMedeHa
BBICOKAsA (PYHTULIUAHAS aKTHBHOCTH OTBITHBIX TIPOTPaBUTENEH B OTHOIIIEHNH KOPHEBBIX THHJIEH, TT0-
paxaromux KyneTypy. [Ipemaparsr criocoOcTBOBaM CHHYKEHUIO HHTEHCUBHOCTH Pa3BUTHS WH(DEK-
uui B ¢azy nserenus Ha 17,0% (Hamut I1po) u 24,9% (Pemuro Ilpo). 3ammrHOe AeiicTBUe mpe-
[IOCEBHOM 00pabOTKM ceMSH MPOTPABUTEIISIMU HPOSBISUIOCH TAK)KE B CHIDKCHHU MOPAKCHHOCTH
JrCTOCTEOCNBHBIMU 3a00JIEBAaHUSAMU. YCTaHOBICHO, YTO MpenapaTsl 00JaialoT BBICOKOW OHOJIOTH-
yeckoi 3¢ (eKTUBHOCTBIO TIPOTUB cenropuo3a (16,7-25,2%), uepkocnoposa (0—44,6) u nepoHo-
cniopo3a (29,5-87,5%). llpumenenne Jpmut I1po 1 Peauro IIpo criocobcTBOBaIO aKTHBHOMY POCTY
pacTeHui U NOBBILIEHUIO OCHOBHBIX [TOKA3aTeIeil NpoayKTUBHOCTU: Macchl ceMsiH Ha 0,1-0,6 1, ux
yucna Ha 1,4-2,8 wt. ¢ ogHOoro pacteHus, a Takxke Maccol 1000 cemsin Ha 8,5-9,3 . JlocToBepHbIe
npubasku ypoxkas 3epna 0,19 1/ra (2019 1) u 0,20 1/ra (2020 r.) HoNMy4YeHB! B BapUaHTE C UCTIONb-
3oBanueM nporpasurens Peauro [po. Ilpumensiemble nmpenaparbl CriocoOCTBOBAIN POCTY YPOBHS
penTabenbHOCTH Ha 222 1 564% COOTBETCTBEHHO.

KuroueBble ¢ji0Ba: cosl, MaTOTeH, TPHOHBIC 0OJIC3HH, MPOTPABHUTENH, 3PHEKTUBHOCTD, YpOKaii-
HOCTh

FUNGICIDAL PROTECTANTS DELETE PRO AND REDIGO PRO AGAINST
FUNGAL PHYTOPATHOGENS OF SOYBEANS

(<) Bezmutko S.V., Cherepanova T.A.

The Far Eastern Research Institute of Plant Protection
Kamen-Rybolov, Primorsky Territory, Russia

(XD e-mail: dalniizr@mail.ru

The results of research into effectiveness of fungicidal protectants against root rot and leaf-stem
diseases of soybeans are presented. The study was carried out in the Primorsky Territory in 2019,
2020 in the conditions of plot experiment. Delete Pro (active agent pyraclostrobin, 200 g/I) was used
at a consumption rate of 1.0 1/t, Redigo Pro (active agent prothioconazole, 150 g/l + tebuconazole,
20 g/1) — 0.9 1/t. The preparations were used for seed treatment in a semi-dry way before sowing.
It was revealed that Delete Pro and Redigo Pro do not have a negative effect on the crop and have
a positive effect on the germination of soybean seeds. A high fungicidal activity of the protectants
used in the experiment was noted in relation to root rot affecting the crop. The chemicals helped
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to reduce the intensity of infections during the flowering phase by 17.0% (Delete Pro) and 24.9%
(Redigo Pro). The protective effect of pre-sowing seed treatment with protectants was also revealed
in reducing leaf-stem diseases. It was found that the chemicals have high biological effectiveness
against septoria (16.7-25.2%), cercosporosis (0—44.6%) and peronosporosis (29.5-87.5%). The use
of Delete Pro and Redigo Pro contributed to active growth of plants and an increase in the main
productivity indicators: seed weight by 0.1-0.6 g, seed number by 1.4-2.8 pcs from one plant, as
well as thousand-seed-weight by 8.5-9.3 g. Significant increase in grain yield of 0.19 t/ha (2019)
and 0.20 t/ha (2020) was obtained in the variant with Redigo Pro. The protectants used contributed
to the increase in the profitability level by 222 and 564%, respectively.
Keywords: soybean, pathogen, fungal diseases, protectant, efficiency, yield
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INTRODUCTION

Soybeans, one of the leading grain legume
crops in the world, are of great economic, en-
vironmental and social importance in the ag-
ricultural sector [1, 2]. The area occupied by
soybeans in world production is 123.5 million
hectares (the third place after wheat and rice).
Such widespread distribution of soybeans is as-
sociated with the versatility of its use as food,
fodder and industrial crops [3]. In Russia, soy-
beans are sown in 45 regions. The Far Eastern
Federal District accounts for 88% of the sown
area and 86% of the gross harvest of soybeans
[4, 5]. In 2020, 377.4 thousand tons of soybeans
were harvested in the Primorsky Territory from
an area of 252.6 thousand hectares with a yield
of 1.5t/ hal.

One of the main problems hindering the in-
crease in soybean yields is the harm caused by
pathogens [6]. More than 50 soybean diseases
have been identified in the world, about 30 of
them have a fungal etiology. They can both
negatively affect the state of soybean crops and
not cause significant damage to the crop [7, 8].
Fungal diseases of soybeans are widespread in

Primorye. Among them, the causative agents of
peronosporosis, septoria, cercosporosis, asco-
chitosis, and fusarial root rot are dominant [9].
Leaf-stem infections (septoria, cercosporosis,
peronosporosis) are especially dangerous as the
most harmful in the Primorsky Territory, since
they sharply reduce the assimilation surface of
plants, preventing them from realizing the po-
tential yield of the variety [10, 11].

Most soybean diseases are transmitted
through seed, since seeds are a complete nu-
trient medium for many microorganisms that
produce mycotoxins [12]. High contamination
of soybean seeds significantly reduces their
sowing qualities (energy, germination), leads
to damage to the root system by various types
of rot, significant shortfalls in grain yield and a
decrease in its quality [13].

An operative method of protecting seeds and
seedlings from damage by phytopathogenic
fungi is their treatment with fungicides [14].
Seed dressing is the most important strategic
technique for the formation of the optimal phy-
tosanitary state of crops, which contributes to
an increase in yield by 0.2-0.7 t / ha [15].

"Information on the progress of agricultural work in the regions of the Primorsky Territory as of December 16, 2020 // Data
of the Department of Agriculture and Food of the Primorsky Territory [Electronic resource]. 2020. Access mode: http: // agrodv.

ru/f/svodka/16_dekabrya 2020 g .xIsx.
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There are many drugs based on one to three-
component active substances of different class-
es on the modern market. Their use contributes
to obtaining healthy seedlings, even with an ini-
tially high level of seed infection. However, the
effectiveness of individual disinfectants varies
greatly depending on the type of disease. With
the widespread use of chemicals for plant pro-
tection, resistance of pests to pesticides arises.
In this regard, there is a need to create new
drugs or expand their range at the expense of
those registered in other cultures [16].

At present, given the high cost of high-qual-
ity dressing machines, there are violations in
the processing technology of the seed material.
It is important that the technique is correctly
calibrated. Often, in practice, the consumption
rate of the drug can be very different from the
planned one. It is possible for the disinfectant
to settle on the walls of the processing machine:
the consumption rate will be underestimated
and the drug will not show effectiveness. An
outdated or inaccurate technique applies liquid
preparations unevenly: most of the working so-
lution falls on the seeds that arrive first, the rest,
which enter the applicator (auger) later, remain
practically untreated. About 20-30% of the
seeds receive an excess of the chemical. From
this it can be concluded that it is necessary to
test drugs in high dosages.

In connection with the need for phytosani-
tary optimization of soybean cultivation tech-
nologies, it is important to form an assortment
of dressing agents that are effective against the
main pathogens of crop diseases.

The purpose of the work is to obtain experi-
mental data on testing the chemical preparations
Delit Pro and Redigo Pro as fungicidal dress-
ing agents for pre-sowing treatment of soybean
seeds against the main fungal phytopathogens;
to determine the effect of dressing agents on the
structure of soybean yield and crop productiv-

1ty.

MATERIALS AND METHODS

The studies were carried out in 2019, 2020
at the experimental field of the Far Eastern Re-
search Institute of Plant Protection. The soil of
the experimental site belongs to the subtype

of meadow-brown podzolized, medium loamy
in granulometric composition. Humus in the
soil is 3.8%, the reaction of the soil solution is
weakly acidic (pH 5.3).

Soil preparation was carried out according to
the agricultural technology adopted in the Pri-
morsky Territory: autumn plowing to a depth
of 18-20 cm, early spring harrowing, and two
cultivations. Sowing was carried out in a sin-
gle-line method with a row spacing of 45 cm.
The area of the experimental plot was 10.8 m?
(1.8 x 6 m), fourfold replication, the placement
of variants was randomized. Soybean variety -
Asuka, seeding rate - 110 kg / ha. Seeds were
treated before sowing in a semi-dry way. Ex-
periment scheme: control (without treatment);
Delit Pro, KS (d.v. pyraclostrobin 200 g / 1) at
a consumption rate of 1.0 1/ t; Redigo Pro, KS
(a.v. prothioconazole 150 g / 1 + tebuconazole
20g/D)-091/t.

The work is experimental. Redigo Pro, not
registered in the "List of pesticides and agro-
chemicals permitted for use in the Russian
Federation" on soybeans, but having a strong
suppressive effect on a wide range of various
pathogens of other crops was selected for the
study. The drugs were tested in overestimated
doses in order to assess not only the biological
effectiveness, but also the safety for the culture.
In agricultural organizations, drug overdose of-
ten occurs due to the use of etching equipment
with inaccurate dispensers.

During the growing season of soybeans,
manual weeding of experimental plots was car-
ried out. When conducting field experiments,
records, observation of growth and develop-
ment, statistical processing of data was car-
ried out in accordance with generally accepted
methodological recommendations .

The manifestation and intensity of devel-
opment of soybean diseases are largely deter-
mined by weather conditions. Growing seasons
2019 and 2020 were humid and warm, which
favorably influenced the spread of pathogens.
The amount of precipitation in June 2019
amounted to 144.4 mm, which is 63.7 mm high-
er than the average annual indicator (80.7 mm).
The air temperature varied from 16.7 to 18 °C.
The amount of precipitation in June 2020 was
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115.4 mm (29.2 mm more than the average an-
nual), the temperature was from 17.2 to 18.4 °
C. July of 2019 was very hot with temperatures
reaching 24.5 ° C with 121.4 mm of precipita-
tion per month. In 2020, in the third decade of
July, a drought was recorded: the total amount
of precipitation for the month did not exceed
69.8 mm at an average air temperature of 21.5
° C. August in both years of research turned out
to be wet: the total precipitation in 2019 was
225 mm, in 2020 - 209.4 mm, which is 59.5
and 54.5 mm, respectively, more than the aver-
age annual values. Such weather conditions led
to the rapid development and spread of root rot
and leaf-stem diseases in soybeans.

RESULTS AND DISCUSSION

Evaluation of the safety of higher doses
of preparations for soybeans showed that the
dressing agents do not have a negative effect
on the crop. On the contrary, the use of drugs
has a positive effect on seed germination. On
average, over 2 years of testing, the field germi-
nation of seeds in the control variant was 79%,

80 73,6
70

60

50

36,2
0 40 36,7

30

20

10 1’4 9,7

0 —
Control ‘ Delit Pro, | Redigo Pro,
1,0 it 0,9 1t
Full shoots

Development intensity

when using the disinfectants Delit Pro and Re-
digo Pro - 80 and 83%, respectively (LSD 05 =
7%).

The use of fungicidal dressing agents Delit
Pro and Redigo Pro made it possible to signifi-
cantly reduce the intensity of root rot develop-
ment on soybeans. Both drugs had a healing ef-
fect on soybean seedlings (see Fig. 1).

The biological efficiency of Redigo Pro in
the full germination phase was 73.6%, in the
flowering phase - 41.4%. The use of this disin-
fectant made it possible to significantly (rela-
tive to control) reduce the degree of pathogen
development: by 3.8 times (full shoots) and
1.7 times (flowering). The effectiveness of
Delit Pro against root rot turned out to be low
(28.2%) and was recorded only in the soybean
flowering phase.

The first signs of leaf-stem diseases in soy-
beans were noted in the second decade of June
in the phase of the appearance of the third tri-
foliate leaf, the maximum development of the
disease - by the end of August. During the study
period, such leaf spots as septoria (Septoria
glycines Hemmi), cercosporosis (Cercospora

60,2
432 41,1
35,3
28,2
Control | Delit Pro, | Redigo Pro,
1.0 11t 0,9 I/t
Flowering

M Biological efficiency

Puc. 1. IHTEHCUBHOCTb Pa3BUTHUS KOPHEBBIX THUIEH COM U Ononornyeckas 3pQpeKTUBHOCTh NPOTPABHU-

tenei (cpennee 3a 2019, 2020 rT.)

Fig. 1. Intensity of development of soybean root rot and biological effectiveness of the protectants

(average for 2019, 2020)

“Dospekhov B.A. Field experiment technique. M.: Agropromizdat, 1985.351 pp.
3Korsakov N.I., Ovchinnikova A.N., Mizeva V.I. Study of the resistance of soybeans to fungal diseases: method. directions.

L.: VIZR, 1979.46 pp.

*Chumakov A.S., Minkevich LI., Vlasov Yu.l. The main methods of phytopathological research: scientific works. Moscow:

Kolos, 1974.190 pp.

SJames B. Sinclair. Compendium of Soybean Diseases. St.Paul, Min, 1982, 104 p.
®Methodical instructions for registration tests of fungicides in agriculture. SPb.: VIZR, 2009.378 p.
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sojina Hara), ascochytosis (Ascochyta sojae-
cola Abramov) and peronosporosis (Peronos-
pora manshurica (Naum.) Syd.) were recorded.
Septoriosis manifested itself in the phase of the
third trifoliate leaf on primordial leaves. On
average, the development of the disease in the
control during the growing season was in the
range of 6.1-41.0% (see Table 1). The overall
assessment of the intensity of the growth of in-
fection and its harmfulness is the relative indi-
cator of AUDPC, which is a graphical display
of the area under the curve of the development
of the disease during the growing season. The
greater its value, the more intensive the growth
of the disease occurs in the culture. Judging by
the AUDPC indicator (area under disease prog-
ress curve, c. u.), the development of the disease

in the variant with the use of Delit Pro was 1.3
times less than in the control. The biological ef-
fectiveness of the drug was 25.2% (see Fig. 2).
The years of research were favorable for
the development of cercosporosis. For the first
time, the disease was noted in the phase of
three trifoliate leaves. It was found that Delith
Pro had no protective effect against the disease.
Redigo Pro, on the other hand, significantly re-
duced the development of cercospora, while the
biological efficiency was 44.6% (see Fig. 2).
Ascochitosis was registered in the phase
of three trifoliate leaves in the form of single
spots. In the control variant, the intensity of de-
velopment on average for the growing seasons
of 2019, 2020. varied from 0.1 to 2.8% (see
Table 1). It is impractical to evaluate the bio-

Ta6a. 1. Brustane nporpaButesneit Ha HHATCHCUBHOCTD PAa3BUTHS JINCTOCTEOCTHLHBIX OOJIE3HEH CON

(cpemuee 3a 2019, 2020 rT.)

Table 1. Effect of the protectants on the intensity of development of soybean leaf-stem diseases

(average for 2019, 2020)

Vegetation phase
Experiment option Threle; ;r\jg(s)liate Flowering Beans plumpness | Maturation start AUDPC, c. u.
Disease growth rate, %
Septoria blight
Control 6,1 14,4 243 41,0 1280,9
Delit Pro, 1,01/t 2,2 5.4 22,9 40,9 958,3
Redigo Pro, 0,91/t 3,0 12,5 17,1 18,8 1066,7
LSD, 3.4 4,9 1,1 3,0 137,2
Cercospora blight
Control 0,0 0,2 5,6 12,3 215,7
Delit Pro, 1,01/t 1,0 0,8 14,2 33,9 241,2
Redigo Pro, 0,91/t 0,0 0,4 2,7 5,1 119,6
LSD 0,0 0,7 2,1 3,9 64,9
Ascochyta blight
Control 2,8 0,4 0,1 0,7 34,5
Delit Pro, 1,01/t 0,0 0,0 0,0 1,1 13,5
Redigo Pro, 0,91/t 0,0 0,2 0,0 0,6 9,5
LSD,, 0,0 0,6 0,5 0,5 245
False mildew

Control 0,0 6,3 10,8 33,0 823,2
Delit Pro, 1,01/t 0,0 0,0 5,2 10,3 580,5
Redigo Pro, 0,91/t 0,0 0,0 1,1 4,2 102,6
LSD,, 0,0 2,0 5,4 4,4 68,2
44 Siberian Herald of Agricultural Science * 2021 * 51 « 2 Plant protection
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logical effectiveness of drugs at such low rates
of disease development, since the behavior of
the disinfectants at a high infectious load is un-
known.

Weather conditions in late July - early Au-
gust were favorable for the development of
downy mildew. For the spread of the pathogen's
conidia, rains, prolonged fogs or abundant dew
are necessary, when water droplets remain on
the leaves for at least 5 hours.

The damage of adult plants was observed in
a local form. For the first time, the disease was
recorded in the flowering phase on the leaves
of the upper tier in the control variant with a
development rate of 6.3%. In the experimen-
tal variants, the pathogen manifested itself in
the phase of filling the beans, the degree of its
development was 5.6% (Delit Pro) and 9.7%
(Redigo Pro) less than in the control. By the
beginning of the ripening of the beans, perono-
sporosis in the control variant exceeded the es-
tablished threshold of harmfulness (25%), but
the disinfectants continued to effectively con-
trol the disease. The drug Redigo Pro (87.5%)
had the highest biological effectiveness against
peronosporosis (see Fig. 2) 7.

The analysis of the sheaf material showed
the presence of quantitative differences in some
structural elements of the crop. The height of

100,0
90,0
80,0
70,0
60,0
50,0
40,0
30,0

25,2
20,0 16,7
10,0

Septoria

Delit Pro, 1,0 I/t

soybean plants on average for 2 years was the
maximum with the pre-sowing treatment of
seeds with Delit Pro, 3.6 cm more than in the
control. In the variant with the use of Redigo
Pro, no changes in this indicator were noted
(see Table 2).

The size of the yield depends on many in-
dicators, among which the characteristic of the
structure of its commercial part occupies an
important place. The Redigo Pro preparation
stimulated an increase in the mass of seeds (by
0.6 g) and their number (by 2.8 pcs.) From one
plant in comparison with the unprotected vari-
ant. Both preparations significantly increased
the thousand-seed-weight (see Table 2).

Correlation analysis of research results
showed that the relationship between the yield
of soybeans and the intensity of development
of the main fungal phytopathogens, such as
septoria (r = —0.57), cercosporosis (r = —0.82),
ascochitosis (r =-0.89), root rot (r =—0.94) and
peronosporosis (r = —1.00), characterized as
moderate and strong negative.

In the control variant, on average for 2 years,
the lowest yield (1.64 t / ha) was obtained than
with the use of dressing agents, which had an
effective suppressive effect on crop diseases. In
the variant with the use of Redigo Pro, a sig-
nificant increase in yield was obtained (0.19—

87,5
44,6
29,5
0,0

Cercosporosis

Peronosporosis

M Redigo Pro , 0.9 1/t

Puc. 2. buonornueckast 53pQeKTUBHOCTD NPENapaToB MPOTUB JTUCTOCTEOCTBHBIX 00JIe3HEN cou (CpeaHee

3a2 2019, 2020 rr.)

Fig. 2. Biological efficacy of the chemicals against leaf-stem diseases of soybeans (average for 2019,

2020)

"Review of the phytosanitary state of agricultural crops in 2018 and the forecast of the development of harmful objects in
2019 / FSBI "Russian Agricultural Center", Branch of FSBI "Rosselkhoztsentr" in the Primorsky Territory. Vladivostok, 2019.72 p.
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Taba. 2. Biausiaue npenaparoB Ha CTPYKTYpHBIC dJIeMEHTHI ypokas (cpemuee 3a 2019, 2020 rr)
Table 2. Influence of the protectants on the structural elements of the crop yield (average for 2019,

2020)
Experiment Preparation . Number of seeds per Seed weight Thousand-
. . Plant height, cm :
option consumption rate, 1/t one plant, pcs. from one plant, g seed-weight, g

Control - 56,4 19,5 3,1 154,4
Delit Pro 1,0 60,0 20,9 3,2 162,9
Redigo Pro 0,9 56,3 22,3 3,7 163,7
LSD, 2,5 2,0 0,4 32

0.20 t / ha). When using Delit Pro, there was
a tendency to increase the yield relative to the
control, but the increase turned out to be insig-
nificant: 0.08 t / ha in 2019 and 0.11 t / ha in
2020 (see Table 3).

High values of net income indicate the cost-
effectiveness of experience options. This in-
dicator, taking into account prices for 2020,
amounted to 2.3 thousand rubles / ha (Delit
Pro) and 5.9 thousand rubles / ha (Redigo Pro).
The level of profitability increased relative to
control by 222% (Delit Pro) and 564% (Redigo
Pro).

CONCLUSION

In the course of the two-year tests of fungi-
cidal dressing agents, it was found that in the
agro-climatic conditions of the Primorsky Ter-
ritory, pre-sowing treatment of soybean seeds is
a highly effective way of protecting against root
rot and leaf-stem diseases. The use of Delit Pro
(1.0 1/t) and Redigo Pro (0.9 1/ t) preparations
contributed to the active growth of plants and
an increase in the main elements of the yield
structure: plant height, seed mass and their

Taoa. 3. Biusnue npenaparoB Ha yposKaltHOCTh
cou, T/ra

Table 3. Effect of the protectants on the soybean
yield, t/ha

Option 2019 2020 Mean
Control 1,52 1,76 1,64
Delit Pro, 1,01/t 1,60 1,87 1,74
Redigo Pro, 0,91/t 1,71 1,96 1,84
LSD,, 0,12 0,15

number per plant, as well as 1000 seeds. In the
experimental variants, a tendency to an increase
in yield relative to control was noted.
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IKOJIOI'MYECKASA OUEHKA IPUMEHEHUA I'EPBULINJIA JIFIOMAKC

() Koctiok A.B., JIykauésa H.I'., JIsmenxo E.B.

Hanvrnegocmounbiil Hay4YHO-UCCIE008aMENbCKULL UHCIUNTY I 3aUUMbL PACMEHU
ITpumopckwuii kpaii, c. Kamens-Pri6onos, Poccus

(><) e-mail: dalniizr@mail.ru

W3ydeHbl 9yBCTBUTEIBHOCTh CEIHCKOXO3SIMCTBEHHBIX KYIBTYp K repounmay Jlromakc, cocto-
SIILET0 M3 TpeX ACHCTBYIOIMX BemecTB (A.B.): C-meTonaxiopa, TepOyTHiasMHa U ME30TpHOHA,
JUTMTEIILHOCTh X COXPAaHEHUs B JIyTOBO-OypoOi MOYBE M OMPEAEICHO MOCIEACHCTBHE Mpernapara
Ha KyJIbTypbl ceBoobopoTa. UccnenoBanus nposeaens! B [Ipumopckom kpae B 2019, 2020 rT. B yc-
JIOBHSAX BETETAIIMOHHOTO JOMHKA. Ha OMBITHRIX IeIsHKaX 10 BCXOJOB KyKYypY3bl TPUMEHSIIH TepOu-
uup Jlromake B mo3ax 4,0 n/ra (pekomenaoBanHast) u 8,0 5/ra (IByKpaTHast OT PEKOMEHIOBAHHOM ).
Ocenbto 2019 1. u BecHoit 2020 I. ¢ ONMBITHBIX YYaCTKOB U C KOHTPOJIBHOTO (0€3 repOuIuIoB) 0To-
Opanbl 00pa3ibl TyroBo-Oypoil MOUBkI ¢ IyOHWHBI MAXOTHOTO cJ0sl, conepxamiero 3,5% rymyca.
OO0pasipl UCTIONB30BaHbl JJIsl YCTAHOBJIICHUS JUIMTEILHOCTH COXPAHEHUS JISHCTBYIONIETO Hadyaia
u nocyeneicTeus repourmma Jiromake. IlpenBaputennbHO 0TOOpAaHBI PACTECHUSI MHAMKATOPHI OCTa-
TOYHBIX KOJTMYECTB IIperapara B JIyroBo-Oypoii mouse. Paccunransl 10351 repOoHnna, CHHKAIONINE
Ha/J3eMHYI0 Maccy TecT-pacTeHus Ha 50%, 1 ero npeaenbHO-I0ITyCTUMbIE KOHLICHTPALUHU B ITOYBE.
OmnpeneneHo, 4To K KOHIY BETE€TallMOHHOTO Ce30Ha MPH HOpME BHeceHus npenapara 4,0 n/ra B y-
roBo-0Oypoii mouse coxpansiercs 0,7-3,0% 1.8. repoununa Jiromakc, npu Hopme 8,0 1/ra— 0,6-3,9%.
K Havaiy ciemyrorniero nojieBoro ce3oHa npemnapar, (puMeHEeHHbIH B peKOMEHI0BaHHOI HOpMe pac-
X014, TIOTHOCTBIO pa3yiaraeTcs, B ABYKPAaTHOM HOpME OT peKoMeHToBaHHoM ocTaeTcs 0,8—1,7% rep-
oumma. Yepe3 8 mec mocie BHeceHus repounuy Jlromakc B HOpMe pacxonma 4,0 n/ra 6e3omaceH
JUTS. TIOCTIETYFOIUX KYJIBTYp C€BOOOOpoTa. B ciydae mepemo3upoBKH WIIM TBOMHOTO HAIOKEHUS
(8,0 n/ra) oH cocoOeH OKa3bIBaTh MOCIEACHCTBIE HA UyBCTBUTEIIBHBIC KYIbTYyphl. OnpeneneHs
KYJBTYPBI, BHICOKOUYBCTBUTENBHBIC K Npenapary JIroMakc: Kammycra, penc, parc, CBeKIIa, TOMaThI,
OTYpell ¥ PHC; YyBCTBUTEINIbHBIE: MIICHUIA, TPEUNXA U COSI; OTHOCUTENFHO YCTOHUMBBIC: OBEC H S4-
MeHb. YcTaHOBIIEHa Oe30macHas HopMa pacxoa repounuia Jliromakc (4,0 51/ra) amst mociieTyromux
KYJIBTYp CEBOOOOpOTA.

KuroueBsle ciioBa: repounu, rpemnapar, JIromake, HopMa pacxofa, 103a, KyJabTypa, IouBa

ENVIRONMENTAL ASSESSMENT OF THE USE OF THE HERBICIDE LUMAX

(<) Kostyuk A.V., Lukasheva N.G., Lyashenko E.V.
The Far Eastern Research Institute of Plant Protection
Kamen-Rybolov, Primorsky Territory, Russia

() e-mail: dalniizr@mail.ru

The sensitivity of agricultural crops to the Lumax herbicide, consisting of three active agents
C-metolachlor, terbutylazine and mesotrione, the duration of their action in meadow-brown soil,
and the aftereffect of the herbicide on the plants of the crop rotation were determined. The study
was conducted in the conditions of the greenhouse in the Primorsky Territory in 2019 and 2020.
The herbicide Lumax was used on experimental plots before corn germination at doses of 4.0 1/ha
(recommended) and 8.0 1/ha (twice the recommended). In the autumn of 2019 and in the spring of
2020, samples of meadow-brown soil were taken from the experimental plots and from the control
(without herbicides) from the depth of the arable layer containing 3.5% humus. The samples were
used to establish the duration of the action of active agents and the aftereffect of the herbicide Lumax.
Prior to this, plants indicating residual amounts of the chemical in meadow-brown soil were pre-
selected. The doses of the herbicide which reduce the above-ground mass of the test plant by 50%
were calculated, as well as its maximum permissible concentration in the soil. It was determined that
by the end of the growing season, 0.7-3.0% of the active agent of the herbicide Lumax is retained
in meadow-brown soil at a rate of application of 4.0 1/ha, and 0.6-3.9% — at a rate of 8.0 I/ha. By
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Environmental assessment of the use of the herbicide Lumax

Kostyuk A.V., Lukasheva N.G., Lyashenko E.V.

the beginning of the next field season, the preparation applied at the recommended rate completely
decomposed, while when it was applied at a double rate of the recommended rate, 0.8—1.7% of the
herbicide remained. Eight months after the application at a rate of 4.0 I/ha, the herbicide Lumax
is safe for subsequent crops of the crop rotation. In case of overdose or double application (8.0 1/
ha), it can have an aftereffect on sensitive crops. The crops that are highly sensitive to the Lumax
preparation were identified: cabbage, radish, rapeseed, beetroot, tomatoes, cucumber and rice;
sensitive: wheat, buckwheat and soybean; relatively resistant: oats and barley. A safe consumption
rate of the Lumax herbicide (4.0 I/ha) for subsequent crops of the crop rotation was established.
Keywords: herbicide, preparation, Lumax, consumption rate, dose, crop, soil
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INTRODUCTION

Weed infestations of crops is one of the fac-
tors that hinder getting high and stable corn
grain yields. Modern agriculture has a wide
range of ways to combat weeds, the most ef-
fective of which is the use of herbicides [1]. At
present, about half of the world's agricultural
crops are obtained from plant protection prod-
ucts, therefore it is practically impossible to
provide the growing population of the planet
with food and raw materials without the use of
pesticides. Under these conditions, there is a
high urgency of the problems associated with
the control of the behavior of chemicals in the
environment. [2—4].

New technologies of agricultural production
are used, the safety of plant protection products
i1s studied, environmental standards for their
permissible residual content are being devel-
oped to solve phytosanitary problems [5, 6].

According to various estimates, 70-90% of
pesticides enter the soil at the time of applica-
tion. Their residual amounts inhibit soil biota,
have a negative aftereffect on cultivated plants
and pollute surface and ground waters [7].

The problem of contamination of arable soils
with modern herbicides is associated with the
food security of the country, since it can lead
to significant losses in crop yields as a result of
uncontrolled use of herbicides [8].

One of the requirements for herbicides dur-
ing registration tests is environmental safety.
It is determined by a number of indicators: de-
composition during one growing season, the
absence of aftereffect on the next crop rotation,
etc. [9, 10]. The absence of negative aftereffect
is one of the most important properties of se-
lective herbicides. Most of the drugs used have
this property if the regulations for their use are
observed. If the technology is violated (overes-
timation of the consumption rate, uneven distri-
bution over the area, etc.), many drugs become
dangerous and can cause damage not only to
the processed, but also to subsequent crops of
the crop rotation [11].

New generation herbicides have high phy-
totoxicity and retain herbicidal activity in en-
vironmental objects, in particular in soil, for a
long time. In connection with the contamina-
tion of arable soils with residues of modern
persistent herbicides, new ways of solving this
problem are required [12—14].

Residual amounts of herbicides or their me-
tabolites affect the subsequent crop. It had no
practical significance for field crop rotations,
since the share of such herbicides in production
was insignificant [15].

The number of chemicals is increasing by
about a thousand names every year. However,
many of them are insufficiently studied from
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the point of view of ecological safety in various
soil and climatic conditions [16].

The evaluation of the pesticides detoxifica-
tion rate is carried out by the following meth-
ods: direct determination of the dynamics of
the compound of substances in the soil using
physicochemical analyzes and indirectly using
biotests. The first method, in some cases, is not
sensitive enough to detect traces of herbicides,
in particular those used in low doses. The phy-
totest on sensitive plants is recognized as the
most accessible and sufficiently informative in
this case [17].

The aim of the research is to study the sensi-
tivity of agricultural crops to the Lumax herbi-
cide, which consists of three active substances:
C-metolachlor, terbutylazine and mesotrione to
establish the duration of their preservation in
meadow-brown soil and to determine the after-
effect of the drug on crop rotation crops.

MATERIALS AND METHODS

The studies were carried out in a vegetation
house (2019, 2020), as well as on the experimen-
tal field of the Far Eastern Research Institute
of Plant Protection in 2019. The soil of the site
is meadow-brown podzolized medium loamy,
containing 3-4% humus in the arable horizon,
pH_, 5, 0-5.9. In 2019, in a growing house, the
sensitivity of 12 agricultural crops to the Lu-
max herbicide was determined. A weighed por-
tion of meadow-brown soil, 1.5 kg, was treated
with herbicide solutions at doses: 4.0; 3.0; 2.0;
1.0; 0.5; 0.25; 0.125; 0.063 and 0.0315 1 / ha.
The application of the drug solutions was car-
ried out using an OL-5 laboratory sprayer de-
signed by the All-Russian Research Institute of
Phytopathology. One day after thorough mix-
ing, the treated soil was placed in 300 g cups.
Seeds of the following test cultures were sown
in them: wheat, barley, oats, rice, rapeseed, rad-
ish, cucumbers, buckwheat, soybeans, cabbage,
beetroot, and tomatoes.

In 2019, the herbicide Lumax was used in
the sowing of maize before germination at
rates of 4.0 1/ ha (recommended) and 8.0 1/ ha

(two times the recommended). In the fall (af-
ter 3 months) and in the spring of 2020 (after 8
months), samples of meadow-brown soil were
taken from these plots, as well as from the con-
trol variant, from the depth of the arable layer
(020 cm). The soil was dried, crushed, then the
cups were filled with it, after which the seeds
of sensitive test cultures were sown in them.
At the same time, a weighed portion of pure
(without herbicides) meadow-brown soil, 1.5
kg, was treated with Lumax solutions. After the
preparation described above, the same selected
sensitive cultures were sown. The experiments
were repeated five times. The soil moisture in
the cups was maintained at the level of 60-70%
WEFC (water field capacity) by irrigation with
tap water. After 30 days, the plants were cut and
weighed. The calculation of ED ; and ED, (a
toxic dose that reduces the green mass of plants
by 10 and 50%), as well as residual amounts
of active substances in the soil was carried out
using a computer. The aftereffect of the Lumax
herbicide was determined by the decrease in the
aboveground mass of the test plants in compari-
son with the control.

All studies were carried out in accordance
with the approved methodological guidelines',
and the digital material was processed accord-
ing to B.A. Dospekhov?.

RESULTS AND DISCUSSION

Crops reacted differently to the application
of the Lumax herbicide to the soil. The com-
plete death of beetroot was observed from the
presence in the soil of 0.063 1/ ha of the drug,
cabbage and cucumber - from 0.25 1/ ha, to-
matoes, rice, rapeseed and radish - from 0.5 1/
ha, buckwheat and wheat - from 2.0 1/ ha, and
soybeans, oats and barley - from 4.0 1/ ha (see
table. 1).

The calculation of the toxic dose of the her-
bicide Lumax, which reduces the green mass of
plants by 50%, showed that for beetroot it is
equal to 0.004 1/ ha, for cabbage, rice, tomatoes,
cucumber, rapeseed and radish - 0.045-0.166 1
/ ha. These crops are identified as highly sen-

!Spiridonov Yu.Ya., Larina G.E., Shestakov V.G. Methodical guidelines for the study of herbicides used in crop production.

M.: Pechatny gorod, 2009.252 p.

“Dospekhov B.A. Field experiment technique. Moscow: Kolos, 1979.416 p.
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sitive. Wheat, buckwheat and soybeans turned
out to be sensitive crops to this herbicide, while
oats and barley were relatively resistant. Plants
that indicate residues of the Lumax herbicide
in meadow brown soil include highly sensitive
and sensitive agricultural crops. According to
the ED  indicator of the drug in the soil, the test
crops are arranged in descending order as fol-
lows: barley — oats — soybean — buckwheat
— wheat — radish — rapeseed — cucumbers
— tomatoes — rice — cabbage — beetroot.

By the end of the growing season (3 months
after treatment) from the application rate of 4.0
1/ha(2.152kgr.a./ha),0.016-0.064 kgr.a./ ha,
or 0, remained in the meadow-brown soil.
7-3.0%, herbicide Lumax, from the application
rate 8.0 1/ ha (4.304 kg r.a. / ha) - 0.024-0.170
kg / ha, or 0.6-3.9%, (see. Table 2).

Almost all of the selected plants showed
the presence of the studied preparation in the
soil. By the beginning of the next field season
(8 months after application), Lumax, applied at

Ta6a. 1. Toxcuunas no3a repouruaa Jlromakce
JUTSL CEThCKOXO3SIMCTBEHHBIX KYJIBTYD B JIyTOBO-0Y-
poii ouBe, J/ra

Table 1. Toxic dose of the Lumax herbicide for
agricultural crops in meadow brown soil, 1/ha

Complete | Reduction of green mass of plants
Crop death of
plants by 50% by 10%

Barley 4,0 1,193 (1,020 + 1,394) | 0,595
Oats 4,0 1,087 (0,994 - 1,188) | 0,399
Soy 4,0 0,712 (0,611 +0,829) | 0,201
Buck- 2,0 0,357 (0,308 +0,413) | 0,178
wheat
Wheat 2,0 0,336 (0,247 + 0,456) | 0,132
Radish 0,5 0,166 (0,126 +0,219) | 0,070
Rapeseed 0,5 0,104 (0,089 +0,122) | 0,042
Cucum- 0,25 0,070 (0,057 +0,085) | 0,031
bers
Tomatoes 0,5 0,068 (0,051 +0,091) | 0,020
Rice 0,5 0,067 (0,053 +0,086) | 0,020
Cabbage 0,25 0,045 (0,033 +0,062) | 0,017
Beetroot 0,063 | 0,004 (0,001 ~0,018) 0

the recommended consumption rate, complete-
ly decomposed. When the drug was applied in
two times the recommended dose, the herbicide
remained 0.035-0.072 kg / ha, or 0.8-1.7%.
Residual amounts of Lumax in the soil were
noted in the crops of cucumbers, soybeans, rice,
tomatoes and wheat.

The studies carried out to determine the af-
tereffect of the herbicide Lumax indicate that,
at the recommended consumption rate of 4.0 1
/ ha, tomatoes slightly (by 1.5%) reduced the
aboveground mass (see Table 3).

On the rest of the crops, the green mass of
plants was registered by 0.7-7.9% more than
on the herbicide-free variant. At a dose of 8.0
1 / ha, two times the recommended dose, reli-
ably (LSD 05 = 11.7 and 9.1%, respectively),

Tabua. 2. Jlunamuka conep>kaHusi JEUCTBYIOIINX
BeIleCTB repouimaa Jlromakc B IyroBo-0ypoii mouse

Table 2. Dynamics of the content of active agents
of the herbicide Lumax in meadow-brown soil

Consumption | Active agents content in the soil
norm, 1/ha layer 020 cm
acc. in 3 months in 8 months
Test-crop ;)Or ;;e ace. to 9% of the ﬂ‘;A) gf
- ! e de-
ara- | 228 | kg/ha |deposited| kg / ha posits f]
tion amount amount
Soy 4 {2,152 10,060| 2,8 0 0
8 | 4304 10,064 | 1,5 [0,040| 0,9
Wheat 4 {2,152 10,064 | 3,0 0 0
8 | 4304 10,090 | 2,1 (0,072 1,7
Buck- 4 | 2,152 0 0 0 0
wheat 8 | 4304 | 0,110 | 2,6 0 0
Radish 4 | 2,152 {0,016 | 0,7 0 0
8 | 4,304 | 0,038 1,0 0 0
Rapeseed | 4 | 2,152 | 0,025 | 1,2 0 0
8 | 4304 | 0,056 | 1,3 0 0
Cabbage | 4 | 2,152 0 0 0 0
8 | 4,304 10,026 | 0,6 0 0
Cucum- 4 12,152 10,045 2,1 0 0
bers 8 | 4304 (0,050 1,2 (0,035| 0,8
Tomatoes| 4 | 2,152 {0,058 | 2,7 0 0
8 4304 (0,062 1.4 (0,047| 1,1
Rice 4 | 2,152 10,046 | 2,1 0 0
8 | 4304 10,064 | 1,5 [0,046| 1,1
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the smallest increase in green mass was ob-
served on wheat - 12.5% and soybeans - 10%.
The aboveground weight of tomatoes, cucum-
ber and rice was also 8.0-9.7% less than in the
control.

CONCLUSIONS

1. According to the results of the studies car-
ried out under the conditions of a vegetation
house in meadow-brown soil, the sensitivity
of agricultural crops to the herbicide Lumax
was established. The following highly sensitive
crops have been identified: cabbage, radish,
rapeseed, beetroot, tomatoes, cucumbers, rice;
sensitive: wheat, soy, buckwheat; relatively re-
sistant: barley, oats. Plants that are indicative of
Lumax herbicide residues include highly sensi-
tive and sensitive crops.

2. 8 months after the application of the her-
bicide Lumax in the recommended (4.0 1/ ha)
consumption rate is safe for subsequent crops
of the crop rotation. In case of overdose or dou-
ble overlapping (8.0 1/ ha), it can have an after-
effect. In meadow-brown soil, up to 0.8-1.7%
of the active substance of the drug is retained.

Taoa. 3. [locneneiictBue repounmaa Jlromake Ha
KyJBTYPBI C€BOOOOPOTa

Table 3. Aftereffect of the herbicide Lumax on
the plants of crop rotation

Reduction of green
mass of plants
Green mass | from consumption rates, LSD
Crop of plants in % to control o 052
control, g ’
401/ha | 8,01/ha

Wheat 1,52 +0,7 12,5 11,7
Rice 0,86 +1,2 9,3 11,6
Soy 2,57 +4,7 10 9,1
Buck- 3,64 +4.4 0 14,6
wheat
Cucum- 332 +63 8,7 11
bers
Tomatoes 1,37 1,5 8,0 14
Rapeseed 1,51 +7,9 0 12
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MMOKA3ATEJIM OBILIETO TOMEOCTA3A Y KOPOB
B PA3HBIE IEPUO/IbI JIAKTALIUI

() 'NementneBa E.C., Marep C.H.

"Tomcxutl cenvckoxozsiicmaennsiil uncmumym — guauan Hosocubupckozo cocyoapemeentozo
azpapnozo ynusepcumema
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2Cubupckuil ghedepanvHulil Hayunvlll yenmp azpodouomexnonocuti Poccuiickoil akademuu Hayk
HoBocubupckast ob6nacts, p.in. Kpacnoo6ck, Poccus

HUccnenoBanb uMMyHOMOP(oTOTHYECKHE MTOKAa3aTeIl KOPOB KPYITHOTO POraToro CKOTa, HaXoIs-
LIEToCcsl B Pa3HbIX NEpHOax JIakTauuu. B nmepssle 3 Mec nakTanuy, UCKJI04ast 7 JHEH MOJIO3UBHOTO
MepUoAa, B CHIBOPOTKE KPOBH OOHApYKEHO 59,3 e/1. HMPKYIUPYIOUIMX UMMYHHBIX KOMILJIEKCOB, B
cepenune nakranuu (4—7 mec) — 94,2 (p <0,05), B konte (8—10 mec) — 94,1 exn. (p <0,05). Hoctosep-
HOE Pa3JIndre MEXK/y II0Ka3aTesieM B TIepBble 3 MeC U B TIOCTIENYIOIINE TIEPHO/BI JTAKTAIIUN, CBI3aHO
C TeM, 9TO B HayaJye JIAKTAI[MH KOPOBHI €Ille He CTeNbHbIe. B MOIO3MBHBIN MEPHOJ BRICOKHIA TTOKa-
3areNb MUPKYIUPYIONINX IMMYHHBIX KoMIutekcoB 116,1 ex. (p < 0,05) onpenenen kak mociaencTBue
IPEAPOAOBON IMMYHHOM aTaky IJI0Aa Ha OPraHU3M KOPOBBI, KOTZIa CHCTEMa MOHOHYKJICapHBIX (a-
TOIIUTOB €Il HE CIPaBUIIACh C DIMMHUHALUEN POJYKTOB HEUTpannu3aunu. B cyxocToiHbIN nepnos
KOJIMYECCTBO MUPKYIUPYIOMHUX UMMYHHBIX KOMILJIEKCOB coCcTaBisuio 87,6 exn. (p < 0,05). CHmxenne
ITOKa3aTessl MMPOUCXOIUIIO B CBS3M C YBEIWYEHHEM aKTHBHOCTH MOHOHYKJIEAPHBIX (ParomuToB U
OTCYTCTBHEM JIAKTAIIMOHHON Harpy3ku Ha opranm3M. CopmepikaHue CerMEHTOSIePHBIX, (DyHKITHO-
HAJIBHO 3pEJIBIX JICHKOIIMTOB B HavyaJle JIAKTalMU cocTaBisiio 39,4%, B cepeuHe JIaKTaluyd 3TOT
rokaszarens cHmkancs 10 24,8% (p < 0,05), B xoH1e ee cocrami 26,3% (p < 0,05). YcranosineHo
JOCTOBEPHOE Pa3jinure B OTHOCUTEIBHOM KOJIMYECTBE CETMEHTOSAEPHBIX HEUTPOPHUIOB B KOHTPO-
JIe U y HETAKTUPYIOIINX KOPOB B CyXocToiHOM Tiepuoae — 29,9% (p < 0,05). B Mon03uBHBI 1Tepros
YpOBEHb COACPIKAHUS TUM(POILIUTOB B KPOBH JKUBOTHBIX cocTaBui 62,0% (p < 0,05) u 1ocToBEpHO
oTyancs otr KoHTpois — 43,6%. B cepennHe 1 B KOHIIE JIAKTAIIMU TaK)Ke MPOCIEKUBAIOCH J0-
CTOBEPHOE OTJIIMYME ITOKa3aTesisi OT KOHTPoIs 10 58,9-59,4% (p < 0,05). YcTaHOBIEHO JOCTOBEPHOE
pasnuume ¢ rpynnoi ryOoKOCTENbHBIX CYyXOCTORHBIX KOpoB — 53,9% (p < 0,05). B nepsrie 1-3 mec
JIaKTalMM KOPOBBI WIIM €IIE HE CTENbHBIE, MM MEXIY MaTephblo U IUIOJOM elle He c(hOopMHUpOBaHa
TecHas CBsI3b (IUIAIICHTA), IIOATOMY HU3Kasi aKTHBHOCTH CHENU(UIECKOTO MMMYHHUTETA B 3TO BPEMs
BbI3BaHA OTCYTCTBHEM B KPOBH KOPOB UYKEPOTHBIX aHTUTEHOB I1o/a. [lomy4ennbie 1anHbIe cBHIe-
TENBCTBYIOT O BO3MOYKHOCTH MHHUIIMAIINU POJIOBOTO MPOIIECCa UMMYHHOM CHCTEMO.

KuroueBble c10Ba: KpyIHBIA POTaThIid CKOT, JIAKTAIHs, PE3UCTEHTHOCTh, UMMYHHAsI CHCTEMA,
roMeocTas, TMMQGOLUTHI, HTUPKYIUPYIOIINE UMMYHHBIE KOMIUIEKChI, MOHOHYKJIeapHbIe (paromuTsl
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The immunomorphological parameters of cattle in different periods of lactation were studied. In
the first 3 months of lactation, excluding 7 days of the colostrum period, 59.3 units of circulating
immune complexes were found in the serum, in the middle of lactation (4—7 months) —94.2 (p <0.05),
at the end (8—10 months) — 94.1 units (p <0.05). The significant difference between the indicator in
the first 3 months and in the subsequent periods of lactation is due to the fact that at the beginning of
lactation the cows were not yet pregnant. In the colostrum period, a high rate of circulating immune
complexes of 116.1 units (p <0.05) was determined as a consequence of a fetal prenatal immune
attack on the cow's body, when the system of mononuclear phagocytes had not yet coped with the
elimination of neutralization products. During the dry period, the number of circulating immune
complexes was 87.6 units (p <0.05). The decrease in the indicator occurred due to an increase in the
activity of mononuclear phagocytes and the absence of lactation effect on the body. The content of
segmental, functionally mature leukocytes at the beginning of lactation was 39.4%, in the middle of
lactation this indicator decreased to 24.8% (p<0.05), at the end it was 26.3% (p<0.05). A significant
difference was found in the relative number of segmented neutrophils in the control group and in
non-lactating cows in the dry period — 29.9% (p <0.05). During the colostrum period, the level of
lymphocytes in the blood of animals was 62.0% (p <0.05) and it significantly differed from the
control — 43.6%. In the middle and at the end of lactation, there was also a significant difference
between the indicator and the control, up to 58.9-59.4% (p<0.05). A significant difference with
the group of down-calving dry cows was established — 53.9% (p <0.05). In the first 1-3 months of
lactation, cows are either not yet pregnant, or a close bond (placenta) between the mother and the
fetus has not yet been formed, therefore a low activity of specific immunity at this time is caused by
the absence of foreign fetal antigens in the blood of cows. The findings suggest that the birth process
may be initiated by the immune system.

Keywords: cattle, lactation, resistance, immune system, homeostasis, lymphocytes, circulating
immune complexes, mononuclear phagocytes
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INTRODUCTION The aim of the work is to study the most in-
formative homeostatic parameters of blood and
blood serum of cattle in different periods of lac-

tation.

Milk production technology assumes that
within 7 months of lactation cows bear a fe-
tus. The combination of the two such energy-
consuming physiological processes as preg-
nancy and milk production depletes the body
systems, causes a violation of compensatory
mechanisms, and reduces the duration of op-

MATERIALS AND METHODS

The studies were carried out on the basis of
the Novosibirsk State Agrarian University and

eration and life of animals [1, 2]. To ensure the
health of the mother and the fetus, the state of
the immune system of cows is of particular im-
portance [3, 4].

the Tomsk Agricultural Institute. The object of
the study was the cows of Holstein hybrids of
the Siberian offspring of the black-and-white
breed with different proportions of blood be-
tween the first and seventh lactations with a
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productivity of 3500-5500 kg. The spread in
productivity is dictated by the need to increase
the sample of animals. In previous studies, we
did not find a significant difference when com-
paring immunological and hematological pa-
rameters in cows with a productivity of 3500
to 5500 kg.

To determine the indicators of general ho-
meostasis in cows, depending on the lactation
period, groups were formed with the number of
animals from three to 32. Methods of statistical
processing were used to compare them, which
make it possible to reveal significant differenc-
es in groups with different numbers of animals.
To assess the dynamics of homeostasis indica-
tors, the obtained data were compared with the
control, which was chosen as a group of cows
at the beginning of lactation.

In all periods of the experiment, different
animals were studied, which made it possible
to avoid the possible influence of seasonality,
changes in conditions of keeping and feeding
on the results of the experiment.

In the blood of lactating cows, the cells were
counted, the leukogram was determined ac-
cording to generally accepted methods using
microscopy in the Goryaev chamber and blood
smears stained according to Romanovsky -
Giemsa. The activity of serum lysozyme was
investigated on a photoelectric calorimeter,

evaluating the light transmission in control
and experimental tubes. Phagocytic activity of
neutrophils was determined by the method of
opsonophagocytic reaction using a culture of
Staphylococcus aureus (strain No. 209). Deter-
mination of circulating immune complexes in
blood serum was carried out on a photoelectric
calorimeter, preliminarily diluting the serum
with borate buffer. To assess the blast transfor-
mation of lymphocytes, a stimulator phytohe-
magglutinin was used, the results were taken
into account by the morphological method [5].

Statistical processing of the obtained digi-
tal data, including the calculation of the mean
values and the calculation of the mathemati-
cally significant difference in the indicators of
the results, was carried out using the statistical
software package "Statistica for Windows 6.0".

RESULTS AND DISCUSSION

Analysis of changes in immunological pa-
rameters in different periods of lactation shows
that the activity of serum lysozyme in the con-
trol was 31.6% of light transmission, in the dry
period - 35.9% (p <0.05), which indicates an in-
crease in nonspecific immunity before calving
(see. Table 1). With lactation lasting more than
12 months, the activity of lysozyme is signifi-
cantly higher than the control group - 40.7% (p

Tada. 1. UMMyHOTOrHueckre mokas3arenu KpOBH KOPOB B pa3HbIe MEPUO/IBI JTaKTallUN

Table 1. Immunological indicators of cows’ blood in different lactation periods

Lactation period
Indicator lf(i I:(irét)hs 4-7 months | 8—10 months Dry Colostric
control (n=06) (n=32) (n=28) n="7)
Lysozyme, % light transmission 31,6+ 1,4 303420 | 323415 | 3594 1.1% | 36.6+32
Circulating immune complexes, units 593+8,4 | 94,2+ 14,5% | 94,1 £ 6,4* | 87,6 +7,0% | 116,1 +21,0*
Blasts, % 548 +2,1 512451 | 533+1,9 | 58,5+£22 53,132
Average lymphocytes, % 22,6 +1,8 20,3+3,2 198+1,0 | 20,5+1,1 233+2,0
Small lymphocytes, % 22,7+1,7 285+33 | 27,1+1,5 | 212+1,7 23,1 £2,0
Active lymphocytes, % 77,3+ 1,7 71,5+3,3 732+1,5 79,0+ 1,8 76,6 £ 1,9
Spontaneous activity, % 25,4+2,0 26,8 +£3,7 23,6+1,8 220£1,5 249+25
Active neutrophils, % 39,1 £2,0 40,0+2,0 | 40,8+1,6 | 37,1£1,6 39,1+£3.8

%p < 0,05.
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<0.05), which may be due to low milk produc-
tivity during prolonged lactation [6, 7].

In the first 3 months of lactation, excluding
7 days of the colostrum period, 59.3 units were
found in the serum. circulating immune com-
plexes, in the middle of lactation (4-7 months) -
94.2 units (p <0.05), at the end (8-10 months) -
94.1 units (p <0.05). The significant difference
between the indicator in the first 3 months and
in subsequent periods of lactation is probably
due to the fact that at the beginning of lactation
the cows are not yet pregnant' [8]. Of the 16 an-
imals at the beginning of lactation, 15 were not
pregnant, one with an undetermined pregnancy,
as she was forced to kill due to an udder injury.
The gestation period was determined after the
birth of a healthy calf.

In the colostrum period, a high rate of cir-
culating immune complexes is 116.1 units
(p <0.05) - indicates a prenatal immune attack
of the fetus on the cow's body, the system of
mononuclear phagocytes has not yet coped
with the elimination of antibodies neutraliza-
tion products. During the dry period, when the
number of circulating immune complexes was
87.6 units (p <0.05), there was a decrease in the
indicator, probably due to an increase in the ac-
tivity of mononuclear phagocytes [9—12].

When assessing the functional activity of
lymphocytes, it was found that under the in-
fluence of phytohemagglutinin in the control
group, 54.8% of lymphocytes were transformed
into blasts, at 4—7 months of lactation the num-
ber of blasts decreased to 51.2, at 810 months
the activity of lymphocytes increased to 53.3%.

Thus, the low activity of lymphocytes in the
middle of lactation is a consequence of the high
productivity and deep pregnancy of animals
during this period. During the colostrum pe-
riod, lymphocytes were transformed into blasts
by 53.1%. During the dry period, the activity of
lymphocytes increased to 58.5%, which is more
than at the end of lactation. With a decrease or
cessation of milk production, the specific re-
activity and the ability of the animal body to

withstand the antigenic load from the fetus in-
creased.

The level of all active lymphocytes, includ-
ing the average one, was the highest during the
dry period - 79.0%, as well as during lacta-
tion lasting more than 12 months - 79.7%. The
lowest (71.5%) indicator was observed in the
middle of lactation, when milk production is
highest. This indicates an inverse correlation
between the amount of milk produced and the
level of specific resistance [13, 14].

Spontaneous activity of lymphocytes was
calculated without adding phytohemagglutinin
in the control sample. At the beginning of lacta-
tion, the indicator was 25.4%, in the middle it
increased to 26.8%.

Parameters of phagocytic activity of neutro-
phils in cows from the colostrum period to 10
months of lactation were stable and varied from
39.1 to 40.8% of active neutrophils.

Hematological blood parameters were stud-
ied (see table. 2). At the beginning of lactation,
the content of stab neutrophils was 2.9%, in the
middle - 2.0, at the end - 1.3%; with lactation
lasting more than 12 months - 0.7% (p <0.05).
During lactation, a gradual decrease in stab neu-
trophils was observed in cows, which indicates
stabilization of the formation of leukocytes in
the hematopoietic organs [15, 16].

The content of segmented, functionally ma-
ture leukocytes at the beginning of lactation
was 39.4%, in the middle this indicator de-
creased to 24.8% (p <0.05), at the end of it -
26.3% (p <0.05). At the same time, a significant
difference was established in the relative num-
ber of segmented neutrophils in the control and
in non-lactating cows in the dry period - 29.9%
(p <0.05). Thus, leukopoiesis in cows signifi-
cantly decreased after the first 3 months of lac-
tation; at the same time, the development of the
glandular epithelium in the mammary gland of
cows and an increase in milk production were
established.

Eosinophilic granulocytes at the beginning
of lactation were found to be 9.5%, in the mid-
dle - 12.0, at the end - 11.0, in the colostrum

Watsenko Yu.N., Mager S.N. Study of the level of circulating immune complexes in calves with different immune status in
the early postnatal period // Actual problems of agro-industrial complex development in the works of young scientists of Siberia:
materials of the XI regional scientific-practical conference of young scientists of the Siberian Federal District. Novosibirsk, 2015.

P. 155-160.
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Tao6a. 2. [emaTonoruueckue MoKa3aresid KPOBH KOPOB B pa3HbIC MEPUOIBI JIAKTAIINH
Table 2. Hematological blood counts of cows in different lactation periods

Lactation period
Indicator 1-3 months .

(n=11) 4—7 months | 8-10 months Dry Colostric

conirol (n=106) (n=25) (n=26) n=17
Stab neutrophils, % 2,9+0,9 20+1,0 1,3+0,2 1,9+ 0,4 23+1,1
Segmented neutrophils, % 394+4,1 248 +£4,6% | 263+£22% | 299+26*% | 262+5,2
Acidophiles, % 9,5+2,5 12,0+5,3 11,0+ 1,3 9,8+1,2 3, 7€ 1,7
Monocytes, % 3,8+£0,9 2,0+2,0 2,5+04 4,6 £0,6 5,8+1,7
Lymphocytes, % 43,6 +2,7 59,4 +£8,1*% | 58,9+2,6% | 539+3,1*% | 62,0+ 6,8%
Red blood cells, x10'%/1 52+0,2 49+0,5 5,2+0,2 5,6+0,2 6,1 +0,3*
White blood cells, x10%/1 6,7+0,8 7,7+1,7 7,2+0,5 6,6 +0,7 8,2+1,7

*p <0,05.

period - 3.7%. The low content of eosinophils
in the colostrum period indicates a decrease in
the level of nonspecific protection in favor of
specific and the need for the synthesis of immu-
noglobulins to protect the newborn calf from
infections [17].

The content of monocytes in the control
group was 3.8%, in the colostrum period - 5.8%,
in animals with lactation of 4—7 months - 2.0, in
cows lactating for 8—10 months - 2.5%.

The level of lymphocytes in the blood of
animals indicates a state of specific resistance
[18]. In the colostrum period, this indicator was
62.0% (p <0.05) and significantly differed from
the control - 43.6%. During this period, a large
number of immunoglobulins appears in the se-
cretion of the mammary gland in cows, which
provide protection for the newborn calf. It can
be assumed that the percentage of lymphocytes
increased not due to a decrease in granulocytes.
The increase in the absolute number of leuko-
cytes - 8.2 x 109 / I - was due to the absolute
increase in the number of lymphocytes. In the
middle and at the end of lactation, there was
also a significant difference between the indica-
tor and the control, up to 58.9-59.4% (p <0.05).
There was a significant difference with the group

of deep-bodied dry cows - 53.9% (p <0.05). In
the first 1-3 months of lactation, cows are ei-
ther not yet pregnant, or the placenta has not
yet formed between the mother and the fetus;
therefore, the low activity of specific immunity
at this time is explained by the absence of fetal
antigens in the cows' organism [19-21].

In the first 3 months of lactation, the num-
ber of erythrocytes in the blood was 5.2 x 1012
/ L, at 4-7 months - 49 x 1012 / L, at 8-10
months - 5.2 x 1012 / L. If the number of eryth-
rocytes is considered as an indicator of the level
of metabolism, then during lactation it changed
insignificantly. A significant difference in the
number of erythrocytes was found between the
groups of cows at 1-3 months of lactation and
the colostrum period - 6.1 X 1012 /1 (p <0.05).

Thus, the highest metabolic rate during lac-
tation was noted in the first 7 days after calving.
In the dry period, the number of erythrocytes
was higher than during lactation, due to the
completion of fetal formation, preparation for
childbirth and the upcoming lactation.

The dynamics of changes in the leukopoiesis
index in lactating cows was revealed: the num-
ber of leukocytes at the beginning of lactation
was 6.7 x 109 / L, in the middle this indicator

60  Siberian Herald of Agricultural Science ¢ 2021 « 51 « 2

Animal husbandry and veterinary science



IToka3zarenu o6LIero roMmeocTasa y KOpoB B pa3HbIC IIEPUOBI
JaKTaIun

JementseBa E.C., Marep C.H.

increased to 7.7 x 109, at the end of lactation
it decreased to 7.2 x 109 / L. In the colostrum
period, this indicator was 8.2 x 109 / 1. During
lactation lasting more than 12 months, the num-
ber of leukocytes decreased - 4.6 x 109 / 1 (p
<0.05), which indicates the stabilization of the
immune system in cows with prolonged lacta-
tion [22, 23].

Changes in biochemical parameters in the
blood serum of cows in different periods of lac-
tation were recorded. Compared with the con-
trol (2.38 mmol /1), the calcium content in cows
during the colostrum period was significantly
different - 3.17 mmol / 1 (p <0.05), which was
due to a small volume of mammary gland se-
cretion and a high level of element metabolism.
A significant difference was also found with the
group of dry cows - 2.90 mmol / I (p <0.05),
which is explained by the absence of calcium
elimination with milk and intensive metabo-
lism of the macronutrient associated with the
formation of the fetal skeleton.

In the control group, the alkaline reserve
was 42.0 vol.% CO?, in the middle of lactation -
23.4 (p <0.05), at the end - 36.10 vol.% CO? In
the middle of lactation, there was a significant
decrease in the alkaline reserve, which is due
to the high productivity of cows during this pe-
riod. The increase in the alkaline reserve (37.0
vol.% CO?) at the end of lactation, in our opin-
ion, is caused by a decrease in milk production
during the dry period, an insignificant increase
occurred after the cessation of feeding the ani-
mals with silage (see footnote 1).

At the beginning of lactation, the serum car-
otene content of cows was 0.92 x 10-2 umol /
L, in the middle it increased to 1.17 x 10-2
umol / L, by the end of lactation it was 1.36 X
10-2 pmol / I (p <0.05). In colostrum and dry
periods, the index of carotene content was
0.89-1.08 x 10-2 pmol / 1. During the lacta-
tion period, a gradual increase in this indicator
was noted, which we associate with the growth,
development of the fetus and a decrease in milk
production.

The amount of sugar in the blood of ani-
mals in the first 1-3 months of lactation was
4.38 mmol / L, at 4-7 months - 2.0 (p <0.05), at
8-10 - 1.91 mmol / L (p <0.05). During lacta-

tion, there was a significant decrease in blood
sugar. Probably, this process is influenced by
an increase in the level of metabolism and an
increase in milk production at the beginning of
lactation. During the dry period, a significant
difference was also found in comparison with
the control - 2.16 mmol /1 (p <0.05), associated
with a decrease in metabolism. A slight increase
in glucose levels in dry conditions compared
with the end of lactation can be explained by
the exclusion of silage containing butyric acid
from the diet.

CONCLUSIONS

1. Before calving, the activity of serum lyso-
zyme increases from 31.6% of light transmis-
sion in the control to 35.9% (p <0.05) during
the dry period.

2. The significant difference between the se-
rum content of circulating immune complexes
in the first 3 months and in subsequent periods
of lactation is due to the fact that at the begin-
ning of lactation the cows are not yet pregnant.

3. In the colostrum period, a high rate of cir-
culating immune complexes is 116.1 units. (p
<0.05) - was defined as a consequence of pre-
natal immune attack of the fetus on the cow's
body, when the system of mononuclear phago-
cytes has not yet coped with the elimination of
neutralization products. During the dry period,
the number of circulating immune complexes
was 87.6 units. (p <0.05). The decrease in the
indicator was probably due to an increase in the
activity of mononuclear phagocytes and the ab-
sence of a lactational load on the body.

4. In the colostrum period, the level of lym-
phocytes in the blood of animals is 62.0% (p
<0.05) and significantly differs from the con-
trol - 43.6%. During this period, a large number
of immunoglobulins appears in the secretion
of the mammary gland in cows, which provide
protection for the newborn calf. There was a
significant difference with the group of deep-
bodied dry cows - 53.9% (p <0.05). In the first
1-3 months of lactation, cows are either not yet
pregnant, or a close bond (placenta) has not yet
been formed between the mother and the fetus,
therefore, the low activity of specific immunity
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at this time is explained by the absence of for-
eign fetal antigens in the blood of cows.

5. A significant difference in the number of
erythrocytes was found between the groups of
1-3 months and the colostrum period - 6.1 X
1012 /1 (p <0.05). The highest metabolic rate
during lactation was noted in the first 7 days
after calving.

6. The immune conflict associated with
the stressed state of specific immunity before
childbirth and the high content of immune com-
plexes in the blood during the colostrum period
contributes to a decrease in the barrier function
by the placenta, which, in our opinion, is the
main reason for the expulsion of the fetus from
the cow's body.
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UCIOJIb30BAHUE ®PAKIIMUOHUPOBAHHOM BEJIKOBO-BUTAMUHHOM
MYKH U3 NIIEHUYHBIX OTPYBEN B PAIIUOHAX IEPEIIEJIOB

Mep3sasikoa O.I., <) Poraués B.A.

Cubupcxuil ghedepanvhvlil HaAYyHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas o6nacts, p.i. Kpacnooo6ck, Poccust

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

[IpencraBnensl pe3yasTaThl SKCIIEPUMEHTA 10 MCTIONF30BAaHUIO B PAIFIOHE BHIPAIIMBAEMBIX I1e-
penenoB O0eMKOBO-BUTAMHUHHON MYKH W3 MIIIEHUYHBIX OTPYyOeil, pa3iereHHoi Ha (hpakiuu ¢ pa3me-
pom vactury 140, 400 u 800 Mxm. OIBIT TPOAOIKUTENHHOCTRIO 60 JTHEH POBEIEH 10 OOIICTTPHHS-
TOW METO/MKE Ha Meperenax ANOHCKOH Mopoabl, CHOPMUPOBAHHBIX B CYTOUHOM BO3PACTE B YETHIPE
aHAJIOTUYHBIE TPYIIHI (0JHA KOHTPOJIbHAs U TpH onbITHBIE) TI0 80 roi1. B Kax10i. Bee rpynmsl no-
Jy4aii KOMOUKOpM (OCHOBHOM paIfioH ), IPUTOTOBJICHHBIN C YYETOM BO3pacTa H PU3HOIOTHUECKUX
0COOCHHOCTEH TepeneoB, HO B pallioHe MOJOTHAKA 1, 2 u 3-i ONMBITHBIX TPYII YacTh IMIITCHUIIBI
(7%) 3aMeHWIN TIIIIEHNYHON OETKOBO-BUTAMUHHOW MYKOH Tpex (ppakiuii ¢ pazmepom gactur 140,
400 n 800 MmxM cooTBeTcTBEHHO. [ITHITY Comepkanu B KIIETOUHOM Oarapee Ipu coOOToIeHIH TPpeOy-
EMBIX YCIIOBUI MUKpOKIMMara. M3y4eHo BIUSHUE CKapMJIMBaHUS (GPAKIIMOHUPOBAHHON OCIIKOBO-
BUTAMUHHOH MYKH M3 MIICHUYHBIX OTPYyOeil Ha COXpaHHOCTHb IOT0JIOBbsl, HHTEHCHBHOCTb POCTa
[BITUTAT, TOKa3aTeNN MSICHON POAYKTHBHOCTH M TEMATOJIOTHYECKHE MTOKA3aTeNIn, U3MEHEHHE BHJI0-
BOTO COCTaBa MHUKPOOPTIaHMW3MOB YKEIYIOYHO-KUIIEYHOTo TpakTa. OmnpeaeneHsl OnTUMaNbHbIE 110
3¢ (HEeKTUBHOCTH TTPOAYKTUBHOTO U (PU3NOIOTHIECKOTO MEHCTBHS (PpaKIMu MYKH W3 MIIEHHIHBIX
OTpyOeii P UCTIONH30BaHNHU UX B Kaue€CTBE HOBOTO KOPMOBOTO CPEJICTBA B PAIlMOHAX TIEPEIIEIIOB.
[Ipu BBeaeHUM B KOMOMKOPM IIEPEINENOB OCIKOBO-BUTAMUHHOM MYKH M3 MIIEHUYHBIX OTpyOei ¢
pasmepom vactul 140 u 400 MM B komuuecTBe 7% OT 3€pHOBOM YACTH PAIIOHA MOBLICHINCH CO-
XpaHHOCTh NTUIBI Ha 3,0%, cpeaHecyTOUHBIH MPUPOCT kKuBOI Macchl Ha 2,30 u 5,59%, macca mo-
TpomreHoit Tymku Ha 4,5 u 6,16%, comepxanue 6emka B msce Ha 0,84 u 0,57%. CkapmiamBaHue
TieperesaM MyKH pa3IUdHbIX (ppakiiuii He 0Ka3aIo MOJ0KHUTEIHHOTO BIMSHHAS Ha KOHBEPCHIO KOpMa
B MIPOYKITNIO. BHOXMMHUYECKre TTOKa3aTe KPOBH HBIIUISAT OCTABAJIKCh B Ipejenax pU3noIornye-
cKoil HopMbl. @pakMOHUPOBaHHAsE OCJIIKOBO-BUTAMHUHHAs MyKa ¢ pazMepom dactuil 400 u 800 Mkm
CTUMYJIUpOBaia poct OupunodakTepuii, ¢ pasmepom vactuil 140 u 800 MKkM cliep:xkrBaia pa3BUTHE
KUIIEYHON MaJIOUKH.

KuaroueBble ciaoBa: mepernena, KOMOMKOPM, OCIKOBO-BHTaMHHHAs MyKa, (Dpakmwm, COXpaH-
HOCTB, )KHBas Macca, MEKpodiIopa

THE USE OF FRACTIONATED PROTEIN-VITAMIN FLOUR FROM WHEAT
BRAN IN THE DIETS OF QUAILS

Merzlyakova O.G., & Rogachev V.A.

Siberian Federal Research Centre for AgroBiotechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

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

The results of the experiment on the use of protein-vitamin flour from wheat bran, divided into
fractions with particle size of 140, 400 and 800 um in the diet of domesticated quails are presented.
The experiment lasted for 60 days and was carried out according to the generally accepted methods
on quails of the Japanese breed, formed in four similar groups (one control and three experimental),
80 heads each, at the age of one-day old. All groups received compound feed (the main diet),
prepared taking into account the age and physiological characteristics of quails, but in the bird
diet of the Ist, 2nd and 3rd experimental groups, part of the wheat (7%) was replaced with wheat
protein-vitamin flour of three fractions with a particle size of 140, 400 and 800 um, respectively.
The poultry was kept in a battery cage under required microclimate conditions. The effect of feeding
fractionated protein-vitamin flour from wheat bran was studied on the survival rate of quail chicks,
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The use of fractionated protein-vitamin flour from wheat bran in the
diets of quails

Merzlyakova O.G., Rogachev V.A.

their growth rate, indicators of meat productivity and hematological parameters, changes in the
species composition of microorganisms of the gastrointestinal tract. The optimal fractions of wheat
bran flour as the new feed in the diets of quails were determined in terms of efficiency of their
productive and physiological action. The introduction of protein-vitamin flour from wheat bran into
the compound feed of quails with a particle size of 140 and 400 um in the amount of 7% of the grain
part of the diet increased the survival rate of quail chicks by 3.0%, the average daily gain in live
weight by 2.30 and 5.59%, the weight of eviscerated bird carcass by 4.5 and 6.16%, protein content
in meat by 0.84 and 0.57%. Feeding the quails with flour of various fractions did not have a positive
effect on the conversion of feed into produce. The biochemical parameters of the quail chicks’ blood
remained within the physiological norm. Fractionated protein-vitamin flour with a particle size of
400 and 800 um stimulated the growth of bifidobacteria, and with a particle size of 140 and 800 um
inhibited the development of Escherichia coli.

Keywords: quail, compound feed, protein-vitamin flour, fractions, survival rate, live weight,
microflora
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INTRODUCTION

One of the most widespread innovations in
animal husbandry is the use of feed additives to
balance rations in terms of standardized nutri-
ents and make them more complete. A feeding
system based on the use of various feed addi-
tives is the best way to increase animal produc-
tivity, reduce feed consumption per unit of pro-
duction and improve its quality.

A promising feed additive for poultry should
be considered protein-vitamin flour, obtained
by grinding wheat or rye bran in a finger-type
mill with further fractionation and screen siz-
ing. The resulting flour fractions (140, 400,
800 um) are characterized by a different granu-
lometric composition. During varietal milling
of wheat and rye, biologically valuable mor-
phological parts, such as shells, aleurone layer
and germ, are separated from the grain. Cellu-
lose and lignin are practically absent in the al-
eurone layer, which makes up from 6 to 9% of
the mass of wheat kernels, but a higher content
of soluble dietary fiber, ferulic acid, and lig-
nans, which have significant antioxidant activ-
ity [1-8]. Small fractions of flour are enriched

to a greater extent with elements of the aleurone
layer and germ, the protein content of which
reaches 35%. The protein of the obtained frac-
tions significantly differs in amino acid compo-
sition from endosperm proteins and is charac-
terized by better balance in amino acids [9, 10].

To assess the productive and physiological
effect of fractionated wheat bran flour, it is ad-
visable to use a model species of poultry - Japa-
nese quails, which are phylogenetically closely
related to broiler chickens (they also belong to
the order of chickens of the Phasianidae fam-
ily). The conclusions drawn from the results of
experiments carried out on quails can be trans-
ferred to other bird species [11, 12].

The purpose of the research is to experimen-
tally substantiate the effectiveness of using a
new feed additive in feeding quails grown up
to 60 days of age - fractionated protein-vitamin
flour from wheat bran. The objectives of the
study are to determine the effect of the feed ad-
ditive on the safety and growth rate, indicators
of meat productivity and biochemical param-
eters of blood, the species composition of the
intestinal microflora of quails.
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Hcnonp3oBanue GpaKkImOHUPOBAHHON OEIIKOBO-BUTAMUHHON MyKH
13 MIICHIYHBIX OTPyOei B palinoHax mepeneion

Mepsnsxosa O.I, Poraués B.A.

MATERIALS AND METHODS

An experiment lasting 60 days was carried
out according to the generally accepted method
on the quail farm of the physiological yard of
the Siberian Scientific Research and Design
Technological Institute of Animal Husbandry
(SibNIPTIZh SFSCA RAS) on Japanese quails
formed at one day old into four similar groups
(one control and three experimental) 80 heads
each'.

The conditions of keeping the birds and the
microclimate in the cage battery corresponded
to the zootechnical requirements. All experi-
mental quails were fed the same compound
feed (main diet), prepared taking into account
the age and physiological characteristics of the
given bird species.

The intergroup differences were as follows:
young animals of the control group consumed
only compound feed, for poultry of the Ist,
2nd and 3rd experimental groups, part of the
wheat (7%) of the main diet was replaced with
protein-vitamin flour from wheat bran, divided

into fractions with a particle size of 140, 400
and 800 pum, respectively. Fractionated flour
from wheat bran (feed additive) used in the
experiment was developed at the experimental
stand of Siberian Branch of the Federal Scien-
tific Center for Food Systems named after V.M.
Gorbatov RAS (see Table 1).

Fractionated protein-vitamin flour from
wheat bran can have various action models:
increasing the efficiency of nutrient use in di-
ets, activating animal immunity, stimulating the
growth and development of young animals, egg
production and reproductive function of poul-
try, improving and stabilizing the intestinal mi-
croflora.

The rations were made in accordance with
the standards of the All-Russian Scientific Re-
search Technological Institute of Poultry, Rus-
sian Academy of Sciences?*. The compound
feed contained a sufficient amount of metabo-
lizable energy and essential nutrients. For the
first 5 days, the chickens were fed boiled quail
eggs in addition to the compound feed in order

Tab6a. 1. XapakTepucTHKa OMBITHRIX 00pa3IoB OCITKOBO-BUTAMHHHON MYKH U3 MIIIEHUIHBIX OTPYOCH,

paszneneHHoON Ha pa3nuyHble Gppakaud, %o

Table 1. Characteristics of control samples of protein-vitamin flour from wheat bran, divided into

various fractions, %

Indicator Fractions of protein-vitamin flour from wheat bran, microns
140 400 800

Exchange energy, MJ 13,76 12,98 13,06
Crude fat 2,28 3,52 3,05
Crude protein 17,52 12,36 13,43
Crude ash 3,93 4,43 5,53
Crude fiber 491 9,87 8,02
Nitrogen-free extractive substances 58,44 56,83 55,65
Calcium 0,625 0,550 0,649
Phosphorus 0,763 0,887 1,084
The amount of essential amino acids 10,493 8,340 9,786
The amount of nonessential amino acids 10,736 7,402 9,000
Amino acid index 0,977 1,127 1,087

"Methodology for conducting scientific and industrial research on feeding poultry / ed. by Fisinin V.I. and Imangulov Sh.A..

Sergiev Posad, 2000. 33 p.
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to improve the adaptation of the quail to the ex-
ternal environment. The feed intake was taken
into account daily by weighing the given feeds
and their residues. Quail behavior and health
were monitored daily.

Control weighing of poultry was carried out
when setting up for experiment, at the age of 30
days and at 2 months after the end of the grow-
ing period. At the age of 60 days, quails were
slaughtered (3 heads from each group).

The chemical composition of feed, flour
from wheat bran and quail meat was investi-
gated in the biochemical laboratory of SibNIP-
TIZh SFSCA RAS according to generally ac-
cepted methods of zootechnical analysis.

The biochemical composition of the poul-
try blood was determined in the biotechnology
laboratory of the Institute of Experimental Vet-
erinary Medicine of Siberia and the Far East
of the Siberian Federal Scientific Center of the
Russian Academy of Sciences.

The composition of the microflora isolated
from the gastrointestinal tract of quails was
determined in the laboratory for the regulation
of microbiocinosis of farm animals and plants
of SibNIPTIZh SFSCA RAS. When studying
the microflora of the digestive tract of birds,
we used the Hangate anaerobic technique and
nutrient media (we used an extract from quail
feces).

The digital material obtained in the experi-
ment was processed by the method of variation
statistics on a personal computer using the Mi-
crosoft Excel software.

RESULTS AND DISCUSSION

Compound feed for quails was prepared in
accordance with the basic requirements for this
type of poultry in terms of balance, high calo-
rie content and the required degree of grind-
ing. The composition of the feed consisted of
the following components: feed wheat, full-fat
soy beans, sunflower meal, fish meal, meat and
bone meal, feeding yeast, vegetable fats, Ca /P

mineral, feed chalk, premix. The percentage of
compound feed ingredients and its nutritional
value were different depending on the age of
the bird (1-30 and 31-60 days). On average,
100 g of compound feed contained 1.26 MJ of
metabolic energy, 26.4 MJ of crude protein,
3.7% crude fiber.

The introduction of fractionated flour from
wheat bran into the quail compound feed had
a noticeable effect on its palatability. During
the growing period (60 days), the poultry of the
experimental groups consumed compound feed
by 14.55-25.02% more in comparison with the
control analogues.

The safety of the livestock of chickens in
the experimental groups turned out to be higher
compared to the control by 2-3% (see Table 2).

Quails of the Ist and 2nd experimental
groups had higher growth vigor and better con-
version of feed into meat products. They ex-
ceeded the control counterparts in absolute gain
in live weight by 2.31 and 5.68%, in average
daily gain by 2.30 and 5.59% (p> 0.05).

The results of the control slaughter of poul-
try showed that the weight of the gutted car-
cass of quails of the 1st and 2nd experimental
groups was more than in the control group by
4.50 and 6.16%, the slaughter yield was higher
by 1.73 and 3.25% (p> 0.05) (see Table 3). The
bird of the 3rd experimental group was 3.09%
inferior to the control analogues in terms of gut-
ted carcass weight.

The poultry meat of the 1st-3rd experimen-
tal groups, in comparison with the control ana-
logues, contained less dry matter (by 2.94, 3.35
and 4.31%), as well as fat (by 1.96; 2.02 and
3, 37 times), but there was more protein (by
0.84, 0.57 and 0.83%) (see Table 4). The poul-
try meat of the experimental groups had a bet-
ter balance in amino acids, as evidenced by a
higher (1.17-1.50 times) amino acid index.

Biochemical blood parameters reflect the
state of the bird's body and are closely related
to its productivity. There was an increase in the
total protein in the blood serum of quail chick-

2Recommendations for feeding poultry / ed. by Fisinin V. L., Imangulov Sh.A., Egorov I.A., Okolelov T.M., Sergiev Posad,

2003.142 p.

SFisinin V.I., Egorov I.A., Okolelova T.M., Imangulov Sh.A. Feeding poultry: a textbook. Sergiev Posad, 2003.375 p.
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Taoda. 2. CoxpaHHOCTb, IPUPOCT KUBOK MACChI M 3aTPaThl KOPMa Ha €ANHUILY IPUPOCTA Y LIBIIJIAT-

TIEPCIICIOB 3a NICPUO BbIpAIIUBAHU

Table 2. Survival rate, live weight gain and feed use per unit of weight gain of quail chicks during the

growing period

Group
Indicator control experimental
1-st 2-nd 3-rd
Wheat bran flour fraction, microns - 140 400 800
Survival rate, % 94 97 97 96
Live weight, g:
at the beginning of the experiment 8,53 £0,08 8,57+0,08 8,61 £0,08 8,50+ 0,07
in 30 days 112,12 +2,23 | 110,74 +2,41 | 114,46 +2,10 | 106,96 £ 2,26
in 60 days 190,71 £2,61 | 194,96 £2,45 | 201,14 +2,43 | 189,47 £2,69
Absolute live weight gain, g:
in 30 days 103,59 +£2,06 | 102,17 +2,22 | 105,85+1,94 | 98,46+ 3,08
in 60 days 182,18 + 2,49 (186,39 + 2,34 | 192,53 + 2,33 | 180,97 + 2,57
Average daily gain in live weight, g:
in 30 days 3,45 £ 0,07 | 3,41 £ 0,07 | 3,53 £ 0,06 3,28 + 0,07
in 60 days 3,04 £ 0,04 | 3,11 £ 0,04 | 3,21 £ 0,04 3,02 + 0,04
Feed consumed, kg 1,251 1,433 1,564 1,433
Feed costs per 1 g of growth, g 6,87 7,74 8,12 7,97

ens of the 3rd experimental group by 8.71 g/
1 (21.69%) compared with the control and by
9.36-10.36 g/1(24.87-26, 91%) compared with
the 1st and 2nd experimental groups. This trend
also applies to the content of globulin, cre-
atinine, AST and phosphorus in the blood. In
general, the studied biochemical parameters of
the entire experimental bird varied within the
physiological norm.

As you know, the main representatives of the
normal microflora of the intestines of poultry,
including quail, are bifidobacteria and lactoba-

Ta6a. 3. Pe3ynbrarsl yOOs MOJONBITHOM MTHIIBI

cilli. Their conglomerates are localized on the
intestinal mucosa, adjacent to the membranes of
enterocytes, and can also be located in the im-
mediate vicinity of the surface of the epithelium
in the mucin layer covering the membranes of
epithelial cells. Conditionally pathogenic mi-
croflora is constantly present in the intestine,
the activity of which is restrained by the gen-
eral resistance of the organism. The prominent
representatives of this microflora in the intes-
tines of birds are enterococci, streptococci and
Escherichia coli.

Table 3. Results of slaughter of experimental poultry

Group
Indicator rol experimental
contro 1-st 2-nd 3-rd
Wheat bran flour fraction, microns - 140 400 800
Pre-slaughter live weight, g 185,67 +0,67 | 189,67 +0,67 | 189,00+0,58 |177,67 +0,67
Gutted carcass weight, g 140,67 £ 0,88 | 147,00 + 4,16 | 149,33 + 0,88 | 136,33 + 1,76
Slaughter yield, % 75,76 £ 0,33 77,49 £1,93 79,01 £0,23 | 76,73 +0,80
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Taoua. 4. XuMudeckuil cocTaB Msica UBIIUIAT IepENenos, %
Table 4. Chemical composition of quail chick meat, %

Group
Indicator control control

1-st 2-nd 3-rd
Wheat bran flour fraction, microns - 140 400 800
Dry matter 28,92 +0,19 25,98 +0,08 | 25,57+0,30 | 24,61 £0,64
Fat 7,22 £0,20 3,69+0,07* | 3,57+0,11* | 2,14+0,19*
Protein 20,66 = 0,30 21,50£0,09 | 21,23+£0,25 | 21,49+0,48
Ash 1,02 £ 0,06 0,93 £ 0,04 0,89+ 0,03 0,98 £ 0,05
Calcium 0,115+ 0,003 | 0,156+ 0,004 | 0,155+ 0,004 | 0,204 + 0,006
Phosphorus 0,234 £ 0,006 | 0,229 + 0,006 | 0,209 + 0,003* | 0,199 + 0,005*
The amount of essential amino acids 8,03 8,36 7,76 7,86
The amount of nonessential amino acids 10,50 9,38 6,99 6,87
Amino acid index 0,76 0,89 1,11 1,14

During the study of quail intestinal micro- 0.84 and 0.57%).

biosis, material was selected for sowing on
special nutrient media in order to determine the
main symbionts and pathogenic microorgan-
isms. Obligate intestinal microflora of young
monogastric animals and poultry is represented
mainly by strict and facultative anaerobes.

Feed additives from fractionated flour, used
in the diet of quails of the 2nd and 3rd experi-
mental groups, stimulated the growth of bifido-
bacteria (increase in Ig CFU/ g by 1.68 and 1.63
times). Fractionated flour fed to poultry of the
Ist and 3rd experimental groups inhibited the
development of E. coli (decrease in g CFU/ g
by 1.6 and 1.88 times) (see Table 5).

CONCLUSIONS

1. The optimum particle size of fractionated
protein-vitamin flour from wheat bran, intro-
duced into the diet of quail in the amount of 7%
of its grain part, is 140 and 400 um for chick-
ens raised for 60 days. Feeding poultry with
compound feed, consisting of flour with a par-
ticle size of 140 and 400 microns, increases the
safety of young animals by 3.0%, the average
daily gain in live weight by 2.30 and 5.59%,
improves the meat productivity of quails (an in-
crease in the weight of gutted chicken carcasses
by 4.50 and 6.16%, protein content in meat by

2. The use of fractionated flour from wheat
bran in the amount of 7% of the grain portion
of the diet does not have a positive effect on the
conversion of feed into products.

3. Fractionated bran flour with a particle size
of 400 and 800 microns stimulates the growth
of bifidobacteria (an increase in lg CFU/ g by
1.68 and 1.63 times), with a particle size of 140

Tab6a. 5. BugoBoii coctaB MUKpOQIIOPHI KHIIIEY-
HUK Tiepernenos, lg KOE/r

Table 5. Species composition of microflora
intestines of quails, g CFU/g

Group
Indicator experimental
Control
1-st 2-nd 3-rd

Wheat bran flour
fraction, microns - 140 400 800
Type of
microorganism:

Lactobacillus 9,0 10,1 9.4 10,7

Bifidobacterium 73 7,1 12,3 11,9

FEnterococcus 6,0 7,3 5,1 7,0

Escherichia coli 32 2,0 3,4 1,7
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and 800 microns inhibits the development of E.
coli (a decrease in g CFU/ g in 1, 6 and 1.88
times).
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BJIMSAHUE MUKPOBUAJIBHBIX ITPEITAPATOB BETOM 1 U BETOM 20.76
HA HHTEHCUBHOCTH POCTA I'YCEM

! fixosaeBa H.C., ' Ho3npun I''A., > CroiikoBcku B.,

) ! sIkoBaeBa M.C., ' bapcykosa E.H., ' HoBuk 51.B.
'Hosocubupcruti 2ocyoapcmeenublil a2papHulil YHU8epCumem
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?Vuusepcumem um. Cesmoix Kupuina u Megoous

Crkombe, Pecriyonuka CeepHast MakeqoHus

[IpencraBieHsl pe3yabTaThl HCCISIOBAHUS BIUSHUS HOBBIX MUKPOOHATBHBIX PENapaToB Ha JIU-
HaMHKyY aOCOIIOTHOW Macchl M CPEIHECYTOUHOIO MPOpOcTa ryceil. B HayuHOM 3KcriepuMeHTe Ipu-
MeHsun npoduotuku Betom 20.76 Ha ocHOBe XuliHOTO Tpubda Arthrobotrys oligospora n Betom 1
Ha OCHOBE MBBIX CIIOPOOOpa3yrolux oakTepuil mramma Bacillus subtilis DSM 32424, oGnanaro-
X TTPOTHBOTEILMUHTHBIM, IPOTHBOBUPYCHBIM M MTPOTHBOIPUOKOBEIM neiicTBreM. [1o mpuHImmy
ap-aHaIoroB C(hOPMUPOBAIH OIHY KOHTPOJIBHYIO M YETHIPE OMBITHBIX Tpyni 110 10 TycsT B Ka10i
B Bo3pacte 1 mec. ['ycsitaM onbITHBIX Ipynn npuMeHsuin npenapatr Berom 20.76 B pa3iaudHoi 110-
3UPOBKE: MOJIOAHSIKY 1-i ombITHOM rpymnmbl — 0,5 MKI/KT )KUBOM Macchl Tena, 2-i — 1 MK/, 3-i —
2 MKI/KT. ['ycsitam 4-if oneITHOH rpymisl gaBainu Betom 1 B mo3e 50 mr/kr xuBoit Macchl Tena. O6a
mperapara MpUMEHsJIN B yTPEHHHUE Yachl ¢ BOJION €KeHEBHO O/IWH pa3 B CyTkH B TeueHue 30 cyT.
['ycsiM KOHTPONBHOM TpyNIBl yKa3aHHBIE MIPEraparsl He Ha3Ha4Yal l. YCTaHOBJIEHO, UYTO MperapaThl
BeroMm 20.76 B go3ax 0,5; 1 u 2 mxi/kr macchl Teaa 1 Berom 1 B 103e 50 Mr/kr Maccel Tejaa 00-
JaIal0T POCTOCTHMYIUPYIOIIAM JeHCTBUEM TP MPUMEHEHHH ero rycstam B Tedenue 30 cyt. Un-
TEHCHBHOCTBH POCTa OIBITHOM NTHLIBI 3aBUCENA OT 03Bl IPUMEHSEMBIX NpenaparoB. ONTHMaIbHbIC
pe3ysbTaThl OJAy4YeHbI ipy puMeHeHur Betoma 20.76 B 103e 2 MKJI/KT Macchl Tena 1 Betoma 1 B
no3e 50 MI/KT Macchl Tella OJIMH pa3 B CyTKHU Ha nipoTsbkeHrH 30 cyT. CpeTHeCcyTOUHBIH IPUPOCT JKU-
BOI MacChl ONBITHBIX TyCeH MOBBIMIANCA B 3-i, 4-if oNbITHBIX Tpynmax Ha 5,24 u 20,60% B niepBbie
15 cyt skcnepumenTa U Ha 24,8 u 44,64% B nepuof nocieAeicTBus npemnapara.

KuaroueBsie ciioBa: npoduotuk, BetoMm, rycu, macca Tena, CpeAHeCyTOUHBIH TPUPOCT

EFFECT OF MICROBIAL PREPARATIONS VETOM 1 AND VETOM 20.76 ON
GROWTH INTENSITY OF GEESE

"Yakovleva N.S., 'Nozdrin G.A., 2Stoikovski V.,

(<) 'Yakovleva M.S., 'Barsukova E.N., 'Novik Ya.V.
!Novosibirsk State University of Agriculture
Novosibirsk, Russia

(<) e-mail: marischa2906(@mail.ru

2Ss. Cyril and Methodius University of Skopje
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The results of the study on the effect of new microbial preparations on the dynamics of the
absolute weight and average daily gain of geese are presented. In the scientific experiment, probiotics
Vetom 20.76 based on the predatory fungus Arthrobotrys oligospora and Vetom 1 on the basis of live
spore-forming bacteria of the Bacillus subtilis DSM 32424 strain, which have anthelmintic, antiviral
and antifungal effects, were used. One control and four experimental groups of 10 goslings each
at the age of 1 month were formed according to the principle of analog pairs. The goslings of the
experimental groups received Vetom 20.76 in various dosages: young birds of the 1st experimental
group — 0.5 pl/kg of live body weight, the 2nd — 1 pl/kg, the 3rd — 2 pl/kg. Goslings of the 4th
experimental group were given Vetom 1 at a dose of 50 mg/kg of live body weight. Both drugs were
given in the morning with water, once a day for 30 days. These drugs were not prescribed to geese
of the control group. It was established that Preparations Vetom 20.76 in doses of 0.5; 1 and 2 pl/kg
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of body weight and Vetom 1 at a dose of 50 mg/kg of body weight have a growth-stimulating effect
when given to goslings for 30 days. The growth rate of the experimental birds depended on the dose
of the drugs used. Optimal results were obtained with the use of Vetom 20.76 at a dose of 2 pl/kg
of body weight and Vetom 1 at a dose of 50 mg/kg of body weight once a day for 30 days. The
average daily gain in live weight of the experimental geese increased in the 3d and 4th experimental
groups by 5.24 and 20.60% in the first 15 days of the experiment and by 24.8 and 44.64% during the

aftereffect of the drug.
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INTRODUCTION

Poultry farming is one of the most intensive
and dynamically developing branches of the
agro-industrial complex. Goose breeding is a
highly profitable poultry industry. Increasing
productivity and producing environmentally
friendly products is a priority in goose breed-
ing. This goal can be achieved by reducing the
use of antibiotics, reducing their negative im-
pact on the quality of feed, as well as reducing
the impact of harmful environmental factors on
the body of the bird [1, 2].

One of the ways to bring about positive
changes in the body of the bird is the use of
probiotics. They are used in poultry farming as
feed additives and biological regulators of met-
abolic processes in the poultry body. Probiotics
stabilize the digestive system, destroy patho-
genic bacteria and secrete special enzymes
that enable the bird to better absorb nutrients,
increase its safety and productivity, and reduce

feed costs per unit of production [3—8]. The use
of probiotics of the Vetom series is very prom-
ising for the cultivation of poultry, in particular
geese' [9, 10].

Among probiotics, much attention has re-
cently been paid to new drugs based on preda-
tory apathogenic fungi (Duddingtonia flagrans
and Arthrobotrys oligospora), which have an-
thelmintic, antiviral and antifungal effects. The
preparations based on the Duddingtonia fla-
grans and Arthrobotrys oligospora strains are
classified as probiotics [11, 12].

The aim of the study was to study the effect
of microbial preparations Vetom 20.76 based
on the predatory fungus Arthrobotrys oligos-
pora and Vetom 1 based on Bacillus subtilis on
the growth rate of geese.

MATERIALS AND METHODS

The research and production experience was
carried out on the basis of the physiological

1Shevchenko A.lL., Shevchenko S.A. Preservation of poultry at different age periods with the use of heterobiotics, homobiotics
and synbiotics // Actual problems of agriculture in mountainous territories: materials of the VI Intern. scientific-practical conf.

2017. Pp. 286-291.

2Utkina R.G., Nozdrin G.A. Preclinical studies to determine the toxicity class of the new probiotic drug Vetoma 20.76 // Actual
problems of the agro-industrial complex: collection of articles of the scientific-practical conf. of teachers, graduate students,
undergraduates and students of the Novosibirsk State Agrarian University. Novosibirsk, 2018, Pp. 128-132.

SUtkina R.G. Current state and future trends in the creation of pharmacological preparations based on predatory fungi //
Agricultural sciences: materials of the 57th Intern. scientific. student conf. Novosibirsk, 2019, p. 58.
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yard of the RPC “Research Center” (Koltsovo
settlement, Novosibirsk region).

Throughout the experiment, the bird was
kept in floor cages on a deep permanent bed
under natural conditions and light. When feed-
ing, we used “Delta Feeds” compound feed for
poultry from “BioPro”. The keeping and feed-
ing of the poultry corresponded to the sanitary
and hygienic standards.

The studies were carried out on goslings at
the age of 1 month. Four experimental groups
and one control group, 10 goslings in each,
were formed according to the principle of ana-
logue pairs. Before the start of the experiment,
the goslings were quarantined for 2 weeks.

Goslings of the 1-3rd experimental groups
were given Vetom 20.76 daily with water once
a day for 30 days at a dose of 0.5; 1 and 2 pl
/ kg of live body weight, respectively. Young
animals of the 4th experimental group Vetom
1 were given daily once a day for 30 days at
a dose of 50 mg / kg of live body weight. The
poultry of the control group were not prescribed
these drugs.

The determination of the absolute mass was
carried out on an electronic balance before the
start of the experiment, on the 15th, 30th and
60th days. The average daily gain was calcu-
lated as a quotient of the difference in mass and
the period between their measurements.

Ta6a. 1. /lunamuka aOCONOTHOM Macchl Tycel, T

Table 1. Dynamics of the absolute mass of geese, g

RESULTS AND DISCUSSION

Before the experiment, the absolute weight
of geese in the experimental and control groups
had no significant differences (see Table 1).

On the 15th day of the experiment, the me-
dian of the increase in the absolute weight of
the geese of the 1st to 4th experimental groups
was higher in relation to the control by 13.09 (p
<0.01); 8.33; 8.96 and 12.94, respectively. On
the 30th day of the experiment, the increase in
the absolute weight of the geese of the 1st-4th
experimental groups was higher than that of the
analogs from the control group, by 4.25; 2.87;
4.02; 6.78% respectively. On the 60th day, the
median of the absolute weight gain in the geese
of the 2nd experimental group was 2.44% lower
in relation to the control, in the geese of the 1st,
3rd and 4th experimental groups it was higher
by 4.88; 9.76 and 12.2%, respectively.

The growth rate of geese increased with the
use of the drug. Mass accumulation was record-
ed using Vetom 20.76 at a dose of 2 ul / kg of
live weight and Vetom 1 at a dose of 50 mg / kg
of live weight (see Fig. 1).

According to the results of the study, the av-
erage daily gain in live weight of geese in the
experimental groups increased (see Table 2).

From the 1st to the 15th day, the median of
the average daily gain in the geese of the 1st
and 2nd experimental groups was lower in rela-

24-hour period
Group
15-th 30-th 60-th
Control 2635,00 = 67,85 3480,00 = 119,45 4100,00 = 210,45
E’;f_’:t“memal: 2980,00 = 69,92 * 3628,00 + 90,01 4300,00 + 134,78
2-nd 2854,50 = 90,97 3580,00 £ 107,36 4000,00 = 203,27
3-rd 2871,00 = 114,38 3620,00 £ 114,67 4500,00 = 240,21
4-th 2976,00 + 117,94 3716,00 + 124,86 4600,00 = 275,05
Here and in table. 2:
*p <0,05.
#kp < 0,01.
k) < 0,001,
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Puc. 1. ]luramuka aOCOIFOTHON MacChI TyCel
Fig. 1. Dynamics of the absolute mass of geese
Taoa. 2. CpeaHecyTOUHBIH MPUPOCT KHUBON MacChl TyceH, T
Table 2. Average daily gain in live weight of geese, g
24-hour period
Group
1-15-th 15-30-th 30-60-th 1-60-th
Control 99,20 +2,36 61,33 £2,87 20,83 + 5,50 50,33 +£2,93
E’;f_’:t“memal: 98,90 + 1,87 45,87 + 2,10%** 26,27 +2,28 49,20 + 1,43
2-nd 93,73 £2,82 52,83 +£2,99 14,47 + 3,60 44,73 +£2,04
3-rd 104,40 + 6,85 5127 +4,02 * 26,00 + 4,75 52,15+ 3,81
4-th 119,63 + 4,44%* 51,47 +2,38% 30,13 + 4,46 57,25+ 3,44

tion to the control - 0.3 and 5.51%, respective-
ly, in the geese of the 3rd and 4th experimental
groups. groups - higher by 5.24 and 20.60%
(p <0.01). From the 15th to the 30th day, the
median of the average daily gain in geese from
the Ist to 4th experimental groups was lower
in relation to the control by 25.22 (p <0.001);
13.86; 16.41 (p <0.05) and 16.09% (p <0.05),
respectively. From the 30th to the 60th day, the
median of the average daily gain in the geese of
the 2nd experimental group was lower in rela-
tion to the control by 30.56%, respectively, in
the geese of the 1st, 3rd and 4th experimental

groups - higher by 26.08; 24.8 and 44.64% re-
spectively.

Over the entire period of the experiment
from the 1st to the 60th day, the median of the
average daily gain in geese of the 3rd and 4th
experimental groups was higher in relation to
the control by 3.63 and 13.76%, respectively, in
the geese of the 1st and The 2nd experimental
group is 2.24 lower; 11.11%.

In the first 15 days of the experiment, an
increase in the average daily gain in geese oc-
curred both with the introduction of Vetom
20.76 at a dose of 2 ul / kg of live weight, and
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Fig. 2. Dynamics of the average daily gain of geese, g
with the use of Vetom 1 at a dose of 50 mg / CHHUCOK JHUTEPATYPbI

kg of live weight (see Fig. 2). Throughout the
entire experiment and during the aftereffect of
the drug (30-60th day), a pronounced average
daily increase was noted with the introduction
of Vetom 1 at a dose of 50 mg / kg of live body
weight.

CONCLUSIONS

1. Preparations Vetom 20.76 in doses of 0.5;
I and 2 pl / kg of body weight and Vetom 1
at a dose of 50 mg / kg of body weight have a
growth-stimulating effect when applied to gos-
lings for 30 days.

2. The growth rate of the experimental bird
depended on the dose of the drugs used. Op-
timal results were obtained when using Vetom
20.76 at a dose of 2 ul / kg of body weight and
Vetom 1 at a dose of 50 mg / kg of body weight
once a day for 30 days.

3. The average daily gain in live weight of
the experimental geese increased in the 3rd and
4th experimental groups by 5.24 and 20.60% in
the first 15 days of the experiment and by 24.8
and 44.64% during the aftereffect of the drug.
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KAJBIUNA KAK UHTUBUTOP AKTUBHOCTHU TPUIICUHA
B TIAHKPEATUYECKOM COKE KYP

() Beprunpaxos B.I'., I'po3una A.A., ®ucunun B.U., Kuciaosa U.B., Opunnnnkosa H.B.
Dedepanvhblil HAYUHbIL YeHmp « Bcepoccutickuil HayuHo-uccied08amenbCKull U mexHoa02udecKutl
uncmumym nmuyesoocmeay Poccutickotl akademuu Hayk

Mockogckast 061acTh, I. Ceprues [locan, Poccus

(X) e-mail: vertiprakhov63@mail.ru

IIpencraBneHs! pe3ysnbTaThl H3yUCHHs B3aMMOICHCTBUS KajbLUs U MMAHKpEaTHUECKUX (pepMeH-
TOB y Kyp Kpocca Xakcekc Oenbiii 46-HenenbHOro Bo3pacra. [lokazaHo, 4YTO OAHOBPEMEHHO C
BCACBIBAHHEM B KEITYTOUYHO-KHIIEUHOM KaHaJle MITUL] IPOUCXOIUT SHJOTEHHAsl SKCKPELHS KAJIbIU
C MUILEBAPUTEIbHBIMU cOKaMU. OmnpeaeneHo BIUsSHUE KaJlblUs HAa aKTUBHOCTb TPHUIICHHA B JKC-
TepUMEHTE in vitro. B ombiTe BBOIWIM pa3Hbie M03bI Kambius (5,0; 7,5; 10,5; 12,5 u 25,0 mr) B
MaHKpeaTHIeCcKHid COK Kyp, IPEIBAPUTENILHO pa3BelleHHbIH (H3HOIOTHUECKUM pacTBOpoM B 10 pas.
Yucno moBTOPOB B Kax oM BapuaHte omnbiTa 20 pa3. [l onbiTa NPUMEHSIIN KaJIbIIUH XJIOPUCTHINA
2-ponublil (XUMME]L, P®). AKTHBHOCTH TPHUIICHHA YCTaHABIUBAIA KHHETHYECKHM MeTogoM. Co-
JIepKaHWe KaJIbLUs ONpeAessuin OnoXuMudeckuM anainu3aropom Sinnowa BS-3000P (KHP) u Ha-
Ooopom [uis onpeneneHus Kanblmsa B kpoH KUBOTHBIX IMAKOH-BET (P®). YcranoBneno, uto
B NIAHKPEATH4ECKOM COKe Kyp coaepkutcs 10 2,9 + 0,03 MMonb KalblHs/J, YTO COMOCTaBHMO C
YPOBHEM KaJIbLiUs B ChIBOPOTKE KpoBH 1,99 = 0,10 — 3,13 £ 0,20 mmosb/i1. OnpeaeneHo, 4To Kalib-
LU OKa3bIBACT MHIMOMPYIOLIEE BIMSHUE HA aKTUBHOCTh TPUIICHHA. YBEJIUMUEHHE KaJIbLHs B I1aH-
KpeaTH4EeCKOM COKE Kyp B 5 pa3 CHHKAET aKTUBHOCTb TpUricuHa Ha 34,7%. I1o nanHeIM nucnepc-
HOTO aHAJIN3a, KOHLIEHTPALUS KaJIbLUs B TAHKPEATHYECKOM COKE BIHSAET Ha aKTUBHOCTH TPHUIICHHA,
cuiia BIUsHHA (pakTopa JOCTOBEpHA U cocTaBisieT 92%. YcTaHOBIIEHa yCTOMYMBAs OTpHLIATEIbHAS
KOPPEJAIUS MEXIY COAepKaHHEeM KaJlbLlUsl B IMAHKPEAaTHYeCKOM COKE M aKTMBHOCTHIO TPUIICHHA
r=—0.78, 9To cormacyercs ¢ Koppeisreld COOTBETCTBYIONIUX MOKa3aTenel B KpOBU. DTO MO3BOIS-
€T pacCMaTpUBaTh KaJbLUH BMECTE C IPOTEa3aMM KaK IEMEHT, PETYINpPYIOLIUHI IpoLeccsl MeTado-
JM3Ma B OPraHu3Me Kyp.

Ki1ioueBble cjioBa: NaHKpEaTHYECKUN COK Kyp, KalbLUi, TPUIICHH, HHTHOUTOP

CALCIUM AS AN INHIBITOR OF TRIPSIN ACTIVITY IN PANCREATIC JUICE
OF CHICKEN

() vertiprakhov V.G., Grozina A.A., Fisinin V.1, Kislova 1.V., Ovchinnikova N.V.
Federal Scientific Center “All-Russian Research and Technological Institute of Poultry” of the
Russian Academy of Sciences
Sergiev Posad, Moscow region, Russia

(X)) e-mail: vertiprakhov63@mail.ru

The results of studying the interaction of calcium and pancreatic enzymes in 46-week-old Hisex
white chickens are presented. It is shown that intestinal absorption of calcium is accompanied by
endogenous excretion of calcium with digestive juices. The effect of calcium on tryptic activity in
an in vitro experiment was determined. In the experiment, different doses of calcium (5.0; 7.5; 0.5;
12.5 and 25.0 mg) were injected into the pancreatic juice of chickens, previously diluted with physi-
ological solution 10 times. The number of repetitions in each variant of the experiment was 20 times.
For the experiment, 2-aqueous calcium chloride (Chimmed, RF) was used. Trypsin activity was de-
termined by the kinetic method. The content of calcium was determined with a Sinnowa BS-3000P
biochemical analyzer (China) and a set for the determination of calcium in the blood of animals
DIAKON-VET (RF). It was found that pancreatic juice of chickens contains up to 2.9 + 0.03 mmol
of calcium/l, which is comparable to the level of calcium in the blood serum of 1.99 £ 0.10 - 3.13 =
0.20 mmol/l. The inhibiting effect of calcium on the tryptic activity was found. A five-fold increase
in calcium in pancreatic juice of chickens reduces the activity of trypsin by 34.7%. According to
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the analysis of variance, the concentration of calcium in pancreatic juice affects tryptic activity, the
reliability of the effect is confirmed by 92%. A stable negative correlation was established between
calcium content in pancreatic juice and activity of trypsin r = —0.78, which is consistent with the
correlation of the corresponding parameters in the blood. These findings serve as evidence that cal-
cium together with proteases can be regarded as an element that regulates metabolic processes in

chickens.
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INTRODUCTION

Calcium in the body of chickens plays an ex-
tremely important role in the formation of the
skeleton and shell of eggs. In addition, calcium
1s involved in the contraction of muscle fibers,
affects the automation, processes of excitation
and contraction of the heart, in blood coagula-
tion, activates a number of enzymes and stabi-
lizes the trypsin of pancreatic juice [1]. Calcium
is found in bone tissue, muscles, and biological
fluids in the body of animals. Simultaneously
with absorption in the gastrointestinal canal of
birds, endogenous excretion of calcium with di-
gestive juices occurs. Studies have established
that the pancreatic juice of chickens contains
up to 2.9 £ 0.03 mmol of calcium / I, which is
comparable to the level of calcium in the blood
serum - 1.99 £0.10 - 3.13 £ 0.20 mmol / 1 [ 2].
The norms of calcium in the diet of chickens
at different age periods vary depending on the
need for a macronutrient. With a high level of
calcium, the degree of its assimilation by hens
decreases both in absolute and in relative terms
[3]. An increase in the diet of layers of calci-
um above the norm is impractical. Instead of
the expected improvement in shell quality, the
opposite results are often obtained. Excess cal-
cium inhibits the absorption of trace elements
(zinc, manganese, iron, possibly copper) and
impairs the absorption of plant (phytate) phos-
phorus. The introduction of excessive amounts
of calcium into compound feed (in Russia, usu-
ally in the form of chalk) impairs their taste and
eatability by poultry.

The aim of the research is to determine the
effect of calcium on the activity of trypsin in the
digestive juice of chickens in an in vitro experi-
ment.

Objectives of the study - to study the activity
of trypsin against the background of different
doses of calcium in the pancreatic juice of Hi-
sex white hens; to carry out an analysis of vari-
ance of the influence of the amount of calcium
on the activity of trypsin in pancreatic juice, to
calculate the correlation between the signs in
the pancreatic juice and the blood plasma of
chickens.

MATERIALS AND METHODS

The studies were carried out in the condi-
tions of the physiology laboratory of the Fed-
eral Scientific Center "All-Russian Research
and Technological Institute of Poultry" of the
Russian Academy of Sciences in 2020. The ob-
ject of the study is pancreatic juice obtained in
chronic experiments from 46-week-old Hisex
white chickens operated on according to the
method of Batoev TS. ZH. [4]. Trypsin activ-
ity was determined by the kinetic method [5].
The calcium content was determined using a
semi-automatic biochemical analyzer Sinnowa
BS-3000P (China) and a kit for determining
calcium in the blood of animals by the company
"DIAKON-VET" (RF). First, the basic activity
of trypsin, which was in the pancreatic juice of
chickens, was determined. For the experiment,
the juice was preliminarily diluted with physi-
ological solution 10 times so that its proteolytic
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activity corresponded to the duodenal chyme in
chickens. Then, different doses of calcium were
injected into the tubes with juice, starting from
5.0 mg, increasing the amount of the mineral
by 0.25 mg in each next tube, up to 12.5 and
25.0 mg. For the experiment, we used calcium
chloride 2-water (HIMMED, RF). Studies of
the activity of trypsin in each of the tubes with
calcium were repeated at least 20 times.

For statistical processing of the results, Ex-
cel was used to calculate the mean (M), mean
square deviation (= m), correlation, and also
used the Microsoft Office analysis package to
perform the ANOVA. The significance of the
differences was established by the Student's
t-test; the differences were considered statisti-
cally significant at p <0.05.

RESULTS AND DISCUSSION

The results of the study, obtained in vitro,
showed that the activity of trypsin in the pan-
creatic juice of chickens changes with the addi-
tion of different doses of calcium (see table. 1).
The data in the table indicate that calcium has
an inhibitory effect on the activity of trypsin.
The sharpest periods of decrease in enzyme ac-
tivity were noted between the first and second
test tubes (by 17.0%, p <0.05), the third and
fourth - (by 15.6%, p <0.05). In general, with
an increase in calcium in the pancreatic juice
of chickens by 5 times, the activity of trypsin
decreases by 34.7%.

The conducted analysis of variance showed
that there is a relationship between the content
of calcium in pancreatic juice and the activity
of trypsin (see Tables 2, 3). The strength of the

factor's influence (the amount of calcium) is re-
liable and amounts to 92.0%.

Correlation analysis showed that between
the calcium content and the activity of trypsin
in the pancreatic juice of chickens, there is a
stable inverse relationship, the coefficient of
which is minus 0.78.

According to the results of a biochemical
study of biochemistry in the blood of laying
hens, a stable inverse correlation between calci-
um and trypsin activity was noted (see figure),
r=-0.51.

The data obtained are consistent with the re-
sults of studies by A.G. Mikhailova et al. [6]
on the possibility of regulation with the help
of calcium ions of undesirable side hydrolysis
when using enteropeptidase. Changes in the
content of calcium in the blood of broiler chick-
ens and their progenitors in ontogenesis have
been established, which may have an effect on
metabolism [7]. Thus, in 1-day-old chickens,
the amount of calcium in the blood plasma was
markedly low, but already in the first week of
postembryonic life, it increased by 38.7% and
remained at this level up to 35 days. In the
blood plasma of 1-day-old chickens, a high ac-
tivity of trypsin was observed, which could be
associated with the production of a sufficient
number of inhibitors that inhibit the activity of
the enzyme during embryogenesis. By the age
of 7 days, trypsin activity decreased in broiler
chickens by 11.8 times. Subsequently, a gradual
decrease in this indicator was observed both in
absolute terms and in relation to live weight.
In general, the relative indicator of trypsin ac-
tivity per unit of live weight decreased by 501
times over the 35-day study period in broiler

Taoua. 1. AKTUBHOCTb TPUIICHHA Ha (DOHE PA3HBIX 103 KaJbLHUS B IAHKPEATHUECKOM COKE KyP

Table 1. Trypsin activity depending on the doses of calcium in chicken pancreatic juice

The amount of calcium
in the test tube,
mg / (mmol /1)

Trypsin activity, units / 1

First test tube

Second test tube

Third test tube Fourth test tube Fifth test tube

5,0/3,95
7,5/5,87
10,0/8,07
12,5/10,30
25,0/20,38

124,8 + 335
103,7 + 2,82

100,0 + 0,70
84,4+ 0,47
81,5+2,21
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Ta6a. 2. OgHodaKkTOPHBINA AUCTIEPCHOHHBIN aHATN3 B3aUMOCBSI3U KaIbIA U TPUTICUHA
Table 2. One-way ANOVA of the relationship between calcium and trypsin

Group Count Sum Mean Dispersion
Calcium concentration 5 1,2 0,24 0,02425
Trypsin activity 10 989,689 98,9689 304,5126677

Taoa. 3. HI/ICHGI)CI/IOHHHﬁ AHAJIN3 BJIUSHUSA KOJIMYCCTBA KaJIbLIUA HAa aKTUBHOCTDH TPUIICMHA ITaHKpPCa-

THYCCKOI'0 COKa

Table 3. ANOVA of the influence of calcium amount on the activity of trypsin in pancreatic juice

The sum of s Theoretical

The source | squared devia- The degree of Mean square Agtual c}lstr'lbu- distribution cri-
. : freedom tion criterion p — value* .
of variation tions (Df) (Ms) (F) terion
(SS) ‘ (F-critical)

gr%t;’g’sen 32491,32 1 32491,32 154,1159011 | 1,38935E-08 | 4.667192732
Within
groups 2740,711 13 210,8239
Total 35232,03 14

The power of influence 92,0%

* The probability that the variance reproduced by the equation is equal to the variance of the residuals.

chickens. In addition, calcium ions are mark-
ers of the state of the pancreas in its pathology
[8, 9]. Pancreatitis is currently a common and
severe disease that has no specific therapy and
is characterized by an insufficiently studied
pathogenesis. Calcium (Ca (2+)) is a universal
carrier of signals that regulate many aspects of
cellular activity. It controls the secretion of di-
gestive enzymes in the acinar cells of the pan-
creas. The Ca (2+) reload is a key early event in
the pathogenesis of many diseases. In pancre-
atic acinar cells, abnormal Ca (2+) calcium ions
are a key factor in initiating cell damage. Due to
the long and constant action of Ca (2+), trypsin
1s activated, vacuolization and necrosis, which
are crucial in the development of pancreatitis.
Consequently, in pancreatitis, calcium, on the
contrary, is an activator of trypsin, and not its
inhibitor, as under normal conditions. Research
by O. Gryshchenko et al. [10] also found that
Ca (2+) signals in stellate cells provide an am-
plification loop that promotes the death of aci-
nar cells. The initial release of kallikrein and
trypsin proteases from dying acinar cells may,
through the generation of bradykinin and prote-
ase-activated receptors, induce CA (2+) signals
in stellate cells. They can then damage acinar

cells and thereby induce additional release of
proteases [10]. The authors point to the possible
participation of nitric oxide in this process, the
connection with which trypsin was established
in studies on poultry [11].

Magnesium is a natural calcium antagonist
[12]. An increase in the concentration of cal-
cium in the blood and its introduction into the
duodenum enhances the secretion of all pancre-
atic enzymes, which is not consistent with the
results of our study. However, in chronic pan-
creatitis, the concentration of calcium in pan-
creatic juice decreases in parallel with the debit
of enzymes [12]. Magnesium is also excreted
in the pancreatic juice simultaneously with cal-
cium, which indicates its important role in the
secretory process of the pancreas. This is con-
firmed by data on chickens [13].

Thus, calcium in in vitro experiments in
chicken pancreatic juice has an inhibitory ef-
fect on trypsin activity. The analysis of variance
carried out showed that between the content of
calcium in pancreatic juice and the activity of
trypsin, there is a strong relationship equal to
92.0%. In this case, an inverse correlation is ob-
served, which is characteristic of the indicators
of trypsin activity and the calcium content in
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Correlation between the activity of trypsin and calcium in biological matrix of chickens

Correlations

Calcium Calcium Calcium  Trypsin activity

in chyme in droppings in blood in blood
Calcium in chyme 1,0000 01267 -0,0420 -0,0413
Calcium 1n droppjngs 012687 1,0000 04718 -0,71496
Calcium in blood -0,0420 04718 1,0000 -0,5143
Trypsin activity in blood -0,0413 -0,1496 -0,5743 1,0000
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Koppensiiust Mex1y akTUBHOCTBIO TPUIICHHA U KalibitueM (Ca) B OMOJIOTHYECKUX cpefiax Kyp (paccuuTa-
Ha B nmporpamMMmHoM obecrieuernn JMP Trial 14.1.0, npousBoautens SAS Institute, USA Carolina)

Correlation between trypsin activity and calcium (Ca) in biological media of chickens (calculated using
JMP Trial 14.1.0 software, manufactured by SAS Institute, USA Carolina)

the blood. The new knowledge gained on the
interaction of calcium and trypsin activity al-
lows us to make an assumption about the reg-
ulatory function of trypsin and calcium in the
metabolism of poultry.

CONCLUSIONS

1. According to the research results, the con-
centration of calcium in the pancreatic juice of

birds affects the activity of trypsin, the strength
of the factor's influence is reliable and amounts
to 92%.

2. The correlation between the calcium con-
tent in pancreatic juice and the activity of tryp-
sin has a stable negative character with a coef-
ficient of minus 0.78, which is consistent with
the correlation of the corresponding signs in the
blood.
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MPUJIOXKEHUE JJ51 CMAPT®OHA IO OBHAPY ) KEHHWIO T'PUBHBIX
BOJIEBHEN JIUCTHEB PACTEHUM
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'Cubupckuii pedepanvruiii Hayunwvlil yenmp azpobuomexnonoeuii Poccuiickotl akademuu Hayk
HoBocubupckas obmacts, p.i. KpacHoobck, Poccust
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’Hosocubupckuil 20Cy0apcmeeHmblll MeXHUYeCKull YHUsepcumen

HoBocubupck, Poccus

OmnucaHbl CUMITOMBI U OnO(U3HYECKHE TPOLECCH], MPOTEKAIOUINE B 3eMJISTHUKE CaJl0BOH IpH
MOPaKCHUU €€ JOMHHUPYIOIMM BHIoM Oone3nu (10 80%), BEI3BaHHOW rpHOaMHU-BO30YAUTEISIMH.
[Tokazana Hea(h(HEeKTUBHOCTD BH3YaJIbHON OLIEHKH CTENCHH MOPAKEHHS OOJE3HSIMHU 3eMIISTHUKH IO
YCIIOBHOW 5-0ajyIbHOM LIKajie WIK B MPOLEHTHOM OTHOLLUEHUH IO IUIOLIA/HU, IOPasKeHHOM rpuda-
MH JIUCTOBOH IUIACTHHBI, C MPUBJICUEHUEM KBATH(UIIMPOBAHHBIX CIIEIUATUCTOB. JJIsi co3manus
CPEICTB MUArHOCTHKH, TIO3BOJISIONINX 3apaHee OOHAPYKUTh TPUOHBIC OOJIE3HM 3EMIISTHUKU CaJo-
BOM, IPEAJIOKEH OAMH U3 METOOB KOMIIBIOTEPHOI'O 3PEHHS IIyTEeM I0ACUYeTa MUKCceIed n300paxe-
HUS B IPOCTPAHCTBE I[BETOBBIX KaHAJIOB KPACHOTO, 3eJIeHOro 1 cuHero 1Beta (R, G, B). Jlannslii Me-
TOJI Ia€T BOBMOXKHOCTb OTIPEJIEIISITh CTENEHb MOPaKEHHsI TPUOHBIMU OOJIC3HSIMU OT/IEIBHOTO JINCTA
pacteHust. AITOPUTM BKJIIOYAET 3aXBaT H300paKEHUS € IIOMOILBIO HU(POBO KaMepbl yTeM (OKy-
CHPOBKH Ha JIUCTE PacTeHHs, Pa3MEIIEHHOM Ha MOAJIOKKE C paBHOMEPHBIM (POHOM, 00eCIIeUNBAIO-
IIUM KOHTPACTHOE BBIJCIICHHE 00BEKTa; IMpeoOpa3oBaHue IBETHOIO N300pakeHUs B UepHO-0eroe;
paszeneHue n300paKeHUsI MEXKAy 00IaCTIMH ¢ HEKPOTHUECKUMH IISITHAMHU U 3J0POBBIMHU 00JacTs-
MU JIUCTA PACTEHHsI C MOMOILBIO MACKUPOBAHUA U Y/aJeHHs MHUKCENel; MoJcueT KoIuyecTBa MuK-
celieil B 9THX JIByX OONACTSIX M pacdeT WX COOTHOIICHUs. [IprBeeHbI CBEICHNsI O KOMITBIOTEPHON
IIPOrpaMMe OIPEEIICHNsI CTEIICHHU OPAXKEHUs JINCTA 3eMJISIHUKU CaoBOW IPUOHBIMU OOJIC3HSAMM.
B kauecTBe s3bIKa U1 pa3pabOTKH JTOTHYECKOW 4acTH WH(POPMAIMOHHON CHCTEMBI UCTIOJIB30BaH
SI3BIK MTporpammupoBanus Java (omneparronHas cuctema Android Studio 3.4.1). Jlns moctpoeHus
rpaduyeckoro uHTEpQEiica NCTIOIB30BaHO OOecIieueHne, odaeryaroiee pa3paboTKy U 00beanHe-
HUE pa3HbIX MoayJeil mporpammuoro npoekta LibGDX. [Ipeanaraemplii alropuT™ peain3oBaH st
MIEPCOHAIIBHOTO KOMIIBIOTEpa U MOXKET B BHE MPOTPAMMHOTO TPMIOKEHHUS yCTaHABIMBATHCS HA
cMapT(doH, C MOMOLIBIO KOTOPOI'O JII000H CEeNbXO3MPOU3BOAUTENIb MOXKET OCYIIECTBIISATH PAHHIOKO
JMarHOCTHKY TPUOHBIX O0NIe3HEH pacTeHHH.

KuroueBble cjI0Ba: 3eMIISTHUKA CaJ0Basi, TUATHOCTHKA, OOJIE3HH, CTETIEHb MTOPAKEHHSI, KOMITBIO-
TEpHOE 3peHue, cMapT(HoH
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App for smartphone for detecting fungus diseases of plant leaves Aleynikov A F., Toropov V.I.

The symptoms and biophysical processes occurring in garden strawberry plants when they are affected by
the dominant type of disease (up to 80%) caused by pathogenic fungi have been described. The ineffective-
ness of the visual assessment of the degree of damage to strawberry diseases by a conventional 5-point scale
or as a percentage of the leaf plate area affected by fungi, with the involvement of qualified specialists, has
been shown. To create diagnostic tools that allow early detection of fungal diseases of garden strawberries,
one of the methods of computer vision was proposed by counting image pixels in the space of color channels
of red, green and blue (R, G, B), which makes it possible to determine the degree of fungal diseases affecting
an individual plant leaf. The algorithm includes capturing an image with a digital camera by focusing
on a plant leaf placed on a substrate with a uniform background providing a contrasting selection of
the object; converting a color image to black and white; dividing the image between areas with ne-
crotic spots and healthy areas of the plant leaf by masking and removing pixels; counting the number
of pixels in these two areas and calculating their ratio. Information about a computer software for
determining the degree of damage to a strawberry leaf by garden fungal diseases has been given.
Java programming language (operating system Android Studio 3.4.1) was used as a language for the
development of the logical part of the information system. In order to build a graphical interface, the
software facilitating the development and integration of various modules of the LibGDX software
project was used. The proposed algorithm is implemented for a personal computer and can be in-
stalled on a smartphone in the form of a software application, with the help of which any agricultural
producer can carry out early diagnosis of fungal plant diseases.

Keywords: garden strawberry, diagnosis, diseases, degree of damage, computer vision, smart-
phone.
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INTRODUCTION

Products from plant materials not only pro-
vide the body with nutrients, but also contain
a whole range of useful minerals, vitamins,
and also increase the body's resistance to vari-
ous diseases, i.e. are functional products [1].
Garden strawberry nutritious has an abundant
biochemical composition and has high taste,
valuable medicinal properties and an attractive
appearance.

However, garden strawberries are affected
by over 30 fungal, viral and bacterial diseases.
Most diseases (about 80%) are caused by fungi
[2]. Plant diseases are considered occupational
hazards because they are difficult to detect and

identify in advance. It is important for growers
to detect diseases at an early stage in order to
control their spread.

The earliest responses of plant cells to the ac-
tion of pathogens and the elicitors produced by
them (elicitors are exometabolites of the patho-
gen that bind to the host receptor and trigger a
protective reaction) are an increase in the con-
tent of calcium ions and protons in the cytosol,
a change in the parameters of the transport sys-
tem of the plasma membrane, including rectify-
ing selective potassium channels, electrogenic
hydrogen ATPase pump, calcium-permeable
and non-selective cation channels, and depolar-
ization of the plasmalemma and tonoplast [3].
In addition, elicitors “turn on” various signal-

88  Siberian Herald of Agricultural Science ¢ 2021 ¢ 51 « 2

Mechanisation, automation, modelling and dataware



IMpunoxenne st cMapThoHa 110 0OHAPYKEHHIO TPUOHBIX Oose3HeH
JINCTHEB PACTCHUI

AneitnukoB A.®., Toporios B.1.

ing systems of plant cells, which leads to the
expression of protective genes, the synthesis of
the corresponding proteins (antigens), the for-
mation of phytoalexins - secondary metabolites
that are never present in a healthy plant, the bulk
of which are localized around the site of injury
[3] . Phytoalexins lead to a slowdown in the
synthesis of enzymes of the fungal phytopatho-
gen, a slowdown in its growth, and sometimes
its destruction. The synthesis of phytoalexins
is taken over by healthy cells surrounding the
necrosis. It is in them that these substances are
formed, and then are directed towards danger
- into the necrotic cells in which the parasite
is located. It is also known that when the caus-
ative agents of fungal diseases are damaged,
the hosts do not die quickly, but the intensity
of photosynthesis of diseased plants is usually
much lower than the norm [4]. This is mainly
due to a violation of the structure of the pho-
tosynthetic apparatus of cells: the number of
chloroplasts per unit leaf area, the volume of
chloroplasts, the concentration of chlorophyll
and the ratio of chlorophylls a and b decrease
sharply.

The size of a single leaf of a plant and its
area are important parameters on which the effi-
ciency of converting the energy of visible light
(photosynthesis) and maintaining the water bal-
ance of the whole plant depends [1].

The reaction of plants to the action of caus-
ative agents of fungal diseases is also the for-
mation of specific colored necrotic spots on the
surface of plant leaves and the configuration of
their distribution [5]. Spots arise from disrup-
tion of chloroplast activity and a decrease in the
content of chlorophyll in the leaves.

When developing a diagnostic tool for a fun-
gal disease of a plant, it is important to deter-
mine the degree of damage to a particular leaf
of a selected sample of garden strawberry by
this disease. In practice, qualified specialists de-
termine the degree of damage by the organolep-
tic method (according to a conditional 5-point
scale or as a percentage of the area affected by
fungi of the leaf plate) [6]. Consultation with
experts to identify plant diseases is costly and
time consuming. Determination of the degree of
injury by production workers during the grow-

ing season of garden strawberry is subjective,
individual and ambiguous, since it is carried out
by mentally comparing the colored images of
necrotic spots with templates from atlases [7].

Most methods for diagnosing diseases of
cultivated plants require the use of expensive
bulky equipment. They are invasive and long
lasting [1].

The purpose of the research is to substantiate
the effectiveness of the application of the ex-
press method of computer vision to determine
the degree of damage to plant leaves and to cre-
ate on its basis a portable device for monitoring
the phytosanitary state of crops of cultivated
plants in their production.

MATERIALS AND METHODS

Portable electronic technology is an essential
companion to the life of modern people. This is
due to the multifunctionality of such devices.
For example, all manufactured smartphones are
endowed with the functions of a telephone, a
pocket personal computer, a music player and a
camera. A smartphone is able to replace a light
source, a control panel for various electrical en-
gineering, a building level, a GPS navigator, etc.
The evolution of portable electronic equipment
is at a high pace and is developing by creating
special software applications for the needs of
people in various fields of their activity.

A promising direction is the use of smart-
phones as measuring and diagnostic tools. Cur-
rently, smartphones are being developed and
are already being used as a "diagnostic center"
for individual health by transforming it into a
tonometer, thermometer, glucometer, electro-
cardiograph and other medical devices and de-
vices. For example, thanks to the development
of innovative digital technologies and artificial
intelligence, smartphones have found wide ap-
plication in the traditional diagnosis of human
diseases [8]. The device in real time, through
the application installed on the smartphone of
the person caring for the patient, transmits data
about his health: heart rate and breathing pa-
rameters, stress level and sleep cycles, etc.

Computer vision methods by counting im-
age pixels in the space of red, green, and blue
color channels (R, G, B) are promising for the
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implementation of plant disease diagnostics in
the form of an application to a smartphone [9—
14]. A commonly used indicator of plant health
is leaf color, which is related to their chloro-
phyll content.

The development of an algorithm for the
program for determining the degree of damage
to plant leaves by diseases in the form of appli-
cations for a smartphone is based on the follow-
ing methodological aspects.

Acquiring an image is the first step for any
vision system prior to performing an image
analysis procedure. The smartphone's digital
camera is used to capture images at the required
resolution. To improve image quality, it is nec-
essary to maintain an equal angle and illumi-
nation. When approaching a leaf, the camera
focuses on the leaf, which is positioned on a
substrate with a uniform white or black back-
ground to obtain a contrasting image of the af-
fected leaf of the plant.

The purpose of image preprocessing is to
ensure the following condition: the extraction
of informative parameters does not affect the
background, size and shape of the leaf, the in-
tensity of the light source, and the characteris-
tics of the camera for diagnosing plant diseases
[15]. Image preprocessing is also used to high-
light certain features and reveal details in an
image. At the same time, various methods are
used, such as image filtering, resizing, segmen-
tation, morphological and other operations'. In
addition, the captured images may contain some
noise. Noise removal is performed prior to im-
age analysis using high pass, low pass, median
and linear filters, etc. The image can also be
enhanced to distinguish between subject and
background. Once captured, the image is con-
verted to a spatial representation of a different
color if required for further analysis. In some
cases, masking and pixel removal is required to
detect diseases on plant leaves. Masking is set-
ting the pixel value in an image to some other
background value, or to zero. At this stage, it is
necessary to identify highly colored pixels. For
example, when identifying a disease, green pix-
els represent a healthy area of a leaf. Therefore,

it is preferable to remove green pixels and save
pixels from the infected part of the study area.
Masking is performed based on the specified
threshold. The red, green, and blue component
of a pixel is set to zero if the green component
of the pixel intensity is less than a pre-calcu-
lated threshold. Masking significantly reduces
processing time, since disease segmentation is
obtained by setting the non-disease portion to
zero and 1 for the diseased portion of the leaf.

Image segmentation is the division of an im-
age into an object and an area or background.
When identifying a disease, it is used to sep-
arate the image between areas with necrotic
spots and healthy areas in the leaves [16]. In
some cases, the infected part, after it has been
removed, is segmented into several spots of the
same size.

RESULTS AND DISCUSSION

The algorithm for the implementation of the
proposed method of computer vision was ini-
tially implemented on a personal computer us-
ing previously obtained color images of leaves
of garden strawberry (see Fig. 1).

This is due to the need to thoroughly work
out the program algorithm, since the computer
display has a higher resolution and a larger dis-
play area of the program window than a smart-
phone display. In addition, when analyzing a
sufficient number of images using the created
program, it will be possible to identify inaccu-
racies in its operations and to correct or modify
the program according to the data obtained us-
ing the experimenter's experience. The Java
programming language (Android Studio 3.4.1
operating system) was used as a language for
the development of the logical part of the in-
formation system. To build the graphical inter-
face, we used software that facilitates the de-
velopment and integration of various modules
of the LibGDX software project. The LibGDX
project is a cross-platform game development
and visualization framework based on the Java
programming language with some components
written in C and C ++ to improve the perfor-
mance of certain code. Currently supports Win-

Tichkule S.K., Gawali D.H. Plant diseases detection using image processing techniques // Online International Conference on
Green Engineering and Technologies (IC-GET). 2016. DOI: 10.1109/get.2016.7916653.
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dows, Linux, Mac OS X, Android, iOS and
HTMLS as target platforms?.

With the help of a camera, a color image of
a plant leaf is formed. Next, the resulting image
is copied to the Input folder. The selection of an
image from the folder is carried out using the
vertical sliders of the mouse click (see Fig. 2).

Then the image is converted to the basic for-
mat in pixels so that it fits completely on the
screen of the LibGDX program.

Next, the process of converting a color image
to black and white occurs. The image transfor-
mation is segmented by analyzing the black and
white color intensity distribution on the histo-
gram to match the requirements of the plant dis-
ease dataset. A histogram is a graph with bright-
ness located on the x-axis with a maximum size
of 256 pixels. The y-axis is a sequence of pixels
from 1 to 200 with the corresponding bright-
ness level.

Beginning ]

v

Getting leave's images

Is this an image?

Entering into the Input folder

'

Selecting the i-th image

Once the image is segmented, the extracted
area is processed to remove pixel areas that are
dominated by green, i. e. the places where the
leaf is considered uniquely healthy.

After that, using the slider under the graph,
select the pixels of the desired brightness from
0 to 255, where 0 is black, 255 is absolutely
white. At this stage, the pixels of the plant leaf
area without a background are selected (see
Fig. 3).

Then the degree of damage to the plant is
determined (see Fig. 4). This procedure is per-
formed by analyzing each pixel by comparing
its color signatures, for example, comparing red
to green, blue to green.

For a more accurate assessment, two histo-
grams-graphs were created with the x-axis from
1 to 500 pixels and with the y-axis to display
the red / green and blue / green pixel ratios
vertically on them, which are responsible for

Converting to a black and white image

Y

Recognition area selection

A 4

Search for the affected part

A 4

@laying results on the screen (

A 4

[Return to original condition]

Puc. 1. ATTOpUTM IPOTPaMMBI OTIPEIETICHUS CTETICHH MTOPAYKSHUS JTUCTA 3EMJIITHUKH CaI0BOM

Fig. 1. Algorithm of the program for determining the degree of damage to the leaf of garden strawberry

libGDX — cross-platform framework for game development and visualization // On-line developer guide URL: http://www.

libgdx.ru/p/guide.html (accessed date 10.02.2021).
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Puc. 2. Beibop uzo0OpakeHus JUisl pacio3HaBaHUS
Fig. 2. Selecting an image for recognition

Lo o i

ﬂ RinueriPL

Puc. 3. ITpumep BbIOOPA pacrio3HaBaeMOi 00JIACTH
Fig. 3. An example of recognized area selection

Puc. 4. llpumep BBIBOIA pe3ynbTara 0OHAPYKEHUS
MOpaKeHHOU 0OJIE3HAMH 00JIacTH PacTEHUS

Fig. 4. An example of the result output of detecting
a diseased plant area

removing the pixel areas in which red or blue
predominated. (see fig. 4).

As the slider moves to the right along the
x-axis, the number of pixels on the screen de-
creases in proportion to the peak in the his-
togram (in Fig. 4, the already filtered part is
shown on the right).

Here is an example of calculating a peak on a
histogram. Take a pixel with the following val-
ues: red = 70, green = 50, blue = 60. This pixel
will be added to the element of the peak (red /
green) array equal to (70/50) x 100 = 140, and
the peak with coordinates on the x-axis equal to
140 will be higher by one.

Histograms of pixel array element values
have peaks. The higher the peak on the his-
togram, the more pixels it has with this ratio.
Thus, we reduce the number of pixels close
to green and therefore find the affected areas.
Then remove pixels where the green value is
greater than the red and blue value. These ques-
tionable pixels with values in the array from 0
to 499 under the histogram are removed with
the slider. After removing the questionable pix-
els, the affected part is calculated and displayed
on the screen.

The introduction of the operations described
above using two histograms and sliders will al-
low early diagnosis of diseases when its symp-
toms are still little noticeable to the observer.

The given algorithm and software are pre-
sented in the form of a basic block, which will
be improved in the process of further research
and experimental work.

When testing the basic block of the program
in the field, it will be possible to take into ac-
count the observations and wishes of plant pro-
tection experts, agronomists, producers and
other specialists in the cultivation of specific
crops and its further adjustment and transfor-
mation. For example, due to the importance of
such a plant trait as area, in the photosynthetic
process and regulation of water balance, it be-
comes necessary to determine its size. In the
future, it is necessary to solve other more com-
plex problems, for example, the determination
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of the dominant fungal plant disease’, the prob-
lem of classification of diseases [17].

CONCLUSION

Based on the variety of the computer vision
method, which counts image pixels in the space
of color channels of red, green and blue (R,
G, B), an algorithm and software product has
been developed for the automated determina-
tion of the degree of fungal diseases affecting
the leaves of garden strawberry, which is more
accurate than the widespread one organoleptic
visual expert method.

The algorithm and software are presented in
the form of a basic block, which can be supple-
mented and improved in the process of experi-
mental work and to solve related problems to
determine economically important plant traits.

The results of the study made it possible to
create a software application that can be in-
stalled on the personal smartphone of any ag-
ricultural specialist. This application will be
useful for detecting at an early stage of devel-
opment of fungal diseases of various crops, as
well as for monitoring the phytosanitary state
of crops.
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CTPYKTYPA HHO®OPMAILIMOHHO-YIPABJISAIONIEN CUCTEMBI
BO3/JEJIBIBAHUSA 3EPHOBBIX KYJIBTYP

(<) HeuaeB A.WU.

Cubupcxuil ghedepanvhvlil HaAYYHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooo6ck, Poccust

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

PaccmoTpenbl mpo0ieMbl IOCTPOCHHS M Peai3alii CTPYKTYphl HHPOPMAIIMOHHO-YTIPABIISIO-
meit cuctemsl (MYC) Bo3menbsiBaHms 3¢pHOBBIX KyJIBTYP Ha OCHOBE ONTHMH3AIMH BRIOOpA arpo-
TEXHOJIOTUH C TOYKH 3PEHUS METOIOB TEOPHH YIIPABICHHS, CHCTEMHOTO M KOMITAPTMEHTAJIHHOTO
oIX0/10B. B KadecTBe OOBEKTOB YIpPAaBICHHS PACCMOTPEHBI IOYBA, BO3JENbIBAEMasl KYJIbTypa U
9KOJIOTHS MCIIONB3YEMOro yuacTka arponangmadTa. Crenan BeiBog 0 ToM, uto MUY C oTHOCHTCS
K KJIacCy CHCTEM aJalTHBHOTO YIPABJICHUs C MPOrHO3UPOBAHUEM MHOTOMEPHBIM JTUHAMUYECKUM
CTOXaCTHYECKUM 00BEKTOM. [TokazaHo HOBOE Ka4eCTBO CHCTEMbI YIPABJICHHSI, CYIIIECTBEHHO OTIpe-
JIENIAIONIEe €€ CTPYKTYpY, — HAJIM4YUe KOHTypa YIPaBICHUS TOAACPKAHHS TUIOMOPOIUS MOYBBI U
9KOJIOTHH B CEBOOOOPOTE M KOHTYpa YIIpaBIEHHUS arpoleH030M KymnbTyphl. [Ipemnoxkena nepapxu-
Yeckasi CTPYKTYpHasi cXeMa CHCTEMBbI YIIpaBlIeHUs] 00BEKTOM C MTPOrHO3UPOBAHUEM, peai3yIomas
(yHKIMOHAIBHBIE TIpeoOpa3zoBanus nHGopMannoHHoro notoka B MYC. B kauecTBe KpUTepHs BbI-
0opa aJbTepHATUBHON arpOTEXHOJIOTHH HMCIOJIb30BaHa KOJIOT0-dKOHOMHYECKas 3()(HEKTHBHOCTD,
MOAH(UIIMPOBAHHAS C YUETOM IIeJieH YIpaBIeHUs U COCTaBa MAITMHHO-TPAKTOPHOTO Mapka. AHa-
JUTHYECKOE OTMCaHNE TIPOIIECCOB arpoOMOCHCTEMBI Ha COBPEMEHHOM YPOBHE 0a3zupyeTcs Ha KOM-
MMapTMEHTAIBHOM IOXOZI€ C ONMCAHUEM SBJICHHIA B BUe MU PepeHnabHbIX ypaBHeHnid. Comep-
JKaHMe KOMITAPTMEHTA OIMCBIBAET MPOIIECC IMEePeHOCa PHEPTHH U MacChl B CHCTEME I0YBa — pac-
TUTEJIbHBIM TTOKPOB — MPHU3EMHBIN CIION BO3AyXa Ha OCHOBE (PYHKIIMOHAJIBHOTO (TEOPETHUECKOIO)
JUHAMUYECKOr0 MMHUTALMOHHOTO MojenupoBaHus. [lo pesynsratam WHPOpPMAIMOHHOTO 0030pa,
peanuzanys MoJg0OHOW CUCTEMBI YIIPaBJICHUSI B HACTOsIIEe BpeMs He BbIsBIeHaA. lcrons3oBanue
SMIUPUIECKUX MMHTAMOHHBIX Mozenel B 1Y C nenpremiemo, Tak Kak CMeHa KyJIbTypbl WIH TPH-
POIHO-KIMMAaTHIECKON 30HBI MOTpeOyeT pa3padOoTKX HOBOW sMmmmpudeckoir monenu. [Ipoananm-
3UpoBaHbl cucTeMbl nMuTanuu onogpusnueckux npouecco WOFOST, DSSAT, DSSAT Cropping
System (CSM), APSIM u AGROTOOL, ucnonb3yroiue MeToibl (YyHKIIMOHAILHOTO TUHAMHYC-
CKOTO MMUTAIIMOHHOTO MOJEIUPOBAHUS B paMKax KOMIIAPTMEHTaJIbHOTO mojxoaa. Paspaborannas
ctpyktypa MY C ¢ ncnonp3zoBanueM mojenu nponykTuBHOCTH ToceBoB AGROTOOL peannzyercs
IIPH YCIIOBUH CO3aHUS HOBBIX MOIYJIEH KOMIAPTMEHTOB.

KuroueBble cjioBa: afanTUBHO-TaHAMA(THOE 3eMIIEENTUE, arpOTEXHOJIOTHH, MaTEMAaTHIECKOE
MOJISTUPOBaHNE, MH(HOPMAITOHHO-YTIPABIISIONINE CHCTEMBI, KOMIIAPTMEHTAIBHBIN TIOAXO]T
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3ePHOBBIX KYIBTYP

The problems of constructing and implementing the structure of the information management
system (IMS) for the cultivation of grain crops based on the optimization of the choice of agricultural
technologies in view of the methods of the management theory, system and compartmental
approaches are considered. The objects of management are soil, a cultivated crop and ecology of
the agricultural landscape area used. It is concluded that the IMS belongs to the class of adaptive
control systems with prediction by a multidimensional dynamic stochastic object. A new quality of
the management system, which significantly determines its structure, is shown, namely the presence
of a control loop for maintaining soil fertility and ecology in crop rotation and a control loop for
the agrocenosis of the crop. A hierarchical block diagram of the object management system with
forecasting is proposed, which implements functional transformations of the information flow in
the IMS. As a criterion for choosing an alternative agricultural technology, environmental and
economic efficiency was used, modified in view of the management goals and the composition of
the machine and tractor fleet. The analytical description of the processes of the agrobiosystem at
the modern level is based on the compartmental approach with the description of phenomena in the
form of differential equations. The content of the compartment describes the process of energy and
mass transfer in the system: soil — vegetation cover — ground layer of the air based on functional
(theoretical) dynamic simulation. Based on the results of the information review, the possibility of
implementation of such a management system has not been currently identified. The use of empirical
simulation models in the IMS is unacceptable, since a change in a crop or natural-climatic zone
will require the development of a new empirical model. The systems for simulating biophysical
processes WOFOST, DSSAT, DSSAT Cropping System (CSM), APSIM and AGROTOOL, using
methods of functional dynamic simulation within the framework of the compartmental approach,
have been analyzed. The developed IMS structure using the AGROTOOL crop productivity model
is implemented on condition that new modules of compartments are created.

Keywords: adaptive landscape agriculture, agricultural technologies, mathematical modeling,
information management systems, compartmental approach
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The automation of the management of the Let us consider the ways of solving the prob-

cultivation of grain crops is aimed at introducing
digital technologies. In particular, information
management systems (IMS) are used to calcu-
late the parameters of agricultural technologies
that determine the performance of technologi-
cal operations in the field. At the same time, the
problem of creating an IMS system at the level
of agricultural enterprises has not been solved
at present, since many processes in the control
object (soil, culture, ecology) are not described
in an analytical form sufficient for the synthesis
of the implemented IMS structure.

lem posed, limiting the analysis of the manage-
ment of the cultivation of grain crops to a plot
of the agricultural landscape (field) with a given
system of crop rotation and a seasonal nature of
control actions. Such a control method relates to
predictive control! based on the creation of new
information in the course of forecasting during
generation and the choice of alternatives.

To do this, we synthesize the structure of
the IMS system in accordance with its classi-
fication in terms of general control theory, the
control properties of the control object (OC),
and a functional set of descriptions of informa-

Kasperovich S.A. Forecasting and planning of the economy: a course of lectures for students. Minsk: BSTU, 2007.172 p.
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Structure of the information management system of cereal crops
cultivation

Nechaev A.L

tion flow transformation processes for control
purposes. At the same time, we will evaluate
the possibility of its implementation within the
framework of known solutions.

The purpose of the functioning of the adap-
tive landscape farming system is the production
of products of an economically and ecologically
determined quantity and quality in accordance
with social (market) needs, natural and produc-
tion resources while ensuring the sustainability
of the agricultural landscape and reproduction
of soil fertility [1].

Achieving this goal requires the manage-
ment of a complex of interrelated agrotechni-
cal, reclamation and organizational measures
that make up the essence of agro-technologies.

Note that the parameters of soil, culture and
ecology are stochastic in nature and are mainly
determined by climatic conditions and the in-
tensity of solar radiation. In addition, the prop-
erties of OC depend on the agroclimatic zone
of the agricultural landscape, which determines
the adaptive mechanisms of the IMS function-
ing.

Therefore, in general, the control system can
be attributed to the class of adaptive control
systems with prediction by a multidimensional
dynamic stochastic object [2] with the ability to
change the parameters or structure of the con-
troller depending on the parameters of the con-
trol unit or external disturbances?.

The IMS structure is based on analytical
models describing the physical processes in the
OC, and a mathematical model for calculating
control actions on the OC to achieve the control
goal.

In the mathematical modeling of agroeco-
system processes, the main directions in the
class of simulation models can be distinguished
[3,4]:

— an empirical approach with extensive use
of a heuristic description of the determining
processes (regression relations, allometry equa-

2Adaptive management. URL: https://ru.wikipedia.org/

tions, numerous stress functions, etc. are used);

— functional or theoretical (mechanistic or
ecophysiological) approach considering the es-
sence of processes and cause-and-effect rela-
tionships in the agroecosystem with a descrip-
tion of their dynamics based on physically in-
terpreted dependencies.

The analytical description of the processes
of the agrobiosystem at the modern level is
based on the compartmental approach’®. In this
case, it is assumed that within the volume of
the compartment, the processes are not a func-
tion of the spatial variable, therefore, descrip-
tion in the form of ordinary differential equa-
tions is allowed. This approach is used to study
the processes of transfer of matter and energy
within a living system and their exchange with
the environment, in particular, in the system
soil - vegetation cover - surface air layer. The
structure of the analytical description of bio-
physical processes is based on functional (the-
oretical) dynamic simulation and is presented
in the form of interconnected compartments.
The use of empirical simulation models is un-
acceptable, since a change in culture or natu-
ral climatic zone will require the development
of a new empirical model. In the case of the
compartmental approach, the physical essence
of the OC processes remains unchanged when
changing the OC parameters, which determines
the variability of the simulation model.

Let us define the structure of the IMS of
adaptive control with forecasting the cultiva-
tion of grain crops from the standpoint of func-
tional transformations of the information flow.
Let us note the properties of the OC regulation
process determined by the decomposition of the
main goal:

— management has two management objec-
tives: managing sustainability, maintaining soil
fertility and ecology in crop rotation (manage-
ment objective 1) and managing the agroce-
nosis of a crop, including changing soil con-

*Novoseltsev V.N. Control theory and biosystems. Analysis of preservation properties. M .: main edition of physical and
mathematical literature of the publishing house "Nauka", 1978. 320 p.
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ditions, crop ecology (management objective 2) and, accordingly, two management loops with
management periods equal to the period of full rotation of the crop rotation and the season of crop
cultivation;

—management prediction is carried out by choosing an alternative from k1 =0, ..., N1, k2=0, ...,
N2 numbers of agro-technology alternatives and from k3 =0, ..., N3, k&4 =0, ..., N4 numbers of al-
ternatives for the composition of the machine and tractor fleet (MTF ), respectively, control loops
1, 2 in accordance with the criterion function and their adaptation to the zonal conditions of use.

The efficiency of management for practical purposes can be assessed by the indicator of eco-
logical and economic efficiency Eee , reflecting the amount of net income (or profit), taking into
account the prevented environmental damage [1] according to the formula

_B-3,-(Y-K3)
gen_ 3 ’

29

Ee (D

where B _is the cost of gross output; 3 - operational costs; V is the amount of environmental and
economic damage to agricultural production; K - coefficient of efficiency of environmental pro-
tection measures; 3 - costs aimed at preventing and eliminating damage in agriculture; 3 - costs
that provide an ecofogical and economic effect, including environmental protection measures.
Taking into account the array of alternatives, the criterial control function will have the form

F = max B"kl, R min 0<k3<N3 (3"%”-?1{1, k3) - man <kd < N4 (Bnypkkz, a + 3nyakk2’ k4)
0<kl<NI - - , (2)
0=k2=N2 (mm 0<k3<N3 (33317%1, K3 /N, ps) T min, <k4 <N4 (333Pkk2, k4 + 333akk2, k4))
where 3 3 3 - ecological and economic costs of alternative agricultural tech-

nypsk1® k37 “nypkk2® k4> ~nyakk2® k4 . . ) ] )
nology, including the cost of performing agricultural technology operations with units from alter-

native sets of MTF; 3epsk1, i3 oo B 14 ar€ the costs that ensured the ecological and economic
effect, including environmental protection measures when the soil condition changes in the crop
rotation cycle (indices ps, k1, k3), respectively, when the soil condition changes when managing
the agrocenosis of the crop (indices pk, k2, k4) and when the state of the culture changes (indices
ak, k2, k4);, N, is the number of crop rotation periods.

We will consider functional transformations of the information flow in a predictive control sys-
tem from the standpoint of the elements of set theory. The information flow is represented by a set
of parameters of the form v = {v/I (?),..., vn (t)}, where vn (t) is an element of the set (parameter)
describing the state of the system at time t and having functional relations f with the set w: w = f°
{v}. In the general case, fis a functional (any mapping from an arbitrary set to an arbitrary one), an
operator is a mapping that associate a function with another function. Then the information flow
transformations can be described as follows:

a)a, b c dap,b , cp,dp,at,bt,ct,dt, where a, b are the sets of soil parameters that
ensure stability, fertility and ecology in the crop rotation cycle and season, respectively, c is the
state of the agrocenosis of the crop, d are climatic conditions, while the * p, * ¢ index determines
the predicted and current sets of parameters;

b) the set of parameters of agricultural technology for maintaining soil fertility alternatives k1
and agrocenosis of the culture £2 are determined, respectively, by the functionals, taking into ac-
count the set of MTP mip, , mip,,: AT, =fmps {a,b,c,d mwp }, AT, =f  {a b c d mip,},
the sets of unit parameters for technological operations are determined by the functionals mtp |, =
T mips {ATPS, . and Mo = f o {AT , .,}. The predicted sets of parameters of the state of the
object, yield and the parameter of stability and preservation of soil fertility are calculated by op-
erators:
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a :ATakl,kz(a’ b)’

bp:ATbkl,kZ(a’ b),

¢, = Ay (@ b, 0),
=ATCk1 kz(a b c)

W Ay AT AT ',

ps, k1° ps, k2

functionally interconnected with the param-
eters of agricultural technologies:

ATakl,kz f {AT\kl’AT }s

ak, k2

9

AT/’kl,kZ :fob{AT kl’AT

ak, k2

ATCkl,kZZfoc{A ps,kvATak, 1%
ATCkl,kZ =foc{ATs kl’A]:zk, kZ}’
ATow f {AT AT }

ak, k2

h
b

2

ps, k1?

The values of the sets of parameters of im-
pacts on the soil and soil ecology in the cycle of
crop rotation, season, agrocenosis and culture
ecology are determined, respectively, by the
functionals:

Up = AT 1)
U, = fodAT, .},
Un= ot AT 10 3
U™ Fuat AT o}
Uek_ fmk{ATk kz}

and the set of parameters of the units for the
implementation of technological operations in
the rotation cycle of crop rotation and season is
determined by the functionals:

mr]?pkl = fumtpv{ Ts kl} ! mtl?ka fumtak{A];k, k2}'

The listed set of functions and operators, us-
ing the systematic approach [5], can be repre-
sented as a hierarchical structure of the object
management system shown in the figure. Man-
agement is carried out by the following actions:

— for a given area-specific zone of an agrar-
ian landscape plot (agro-technological type and
type of land), type of crop rotation, sowing cul-
ture, predicted climatic conditions and a basic
set of MTF, a set of k1, k2 predicted functions
is synthesized. You can choose from the known
values corresponding to the functionals f aip I

ﬁlpb’ ‘](1;6.5" -fl;mtps’ f;ztak’ f;b’ ‘fl.lllk’ ﬁtek’ f;tmtpk’ ft;c’ Wthh

are also determined by the type of agricultural

technology (extensive, normal, intensive, high-
intensity), taking into account the state a con-
trol object determined by the set of parameters
a, b, ¢ d - MTF. At the same time, the neces-
sary set of functions is generated that connect
the output and input sets of parameters of this
functional,;

— many parameters of predicted agricultural
technologies for maintaining soil fertility in the
cycle of crop rotation AT, agrocenosis of the
AT, crop are calculated;

— transformation operators of a set of pa-
rameters are synthesized or selected from the
known ATak]’ k2 ATbk]’ k2 ATck[’ i, 8 set of param-
eters of the basic set of MTF mipp ,, mipp, .,
predicted to carry out the necessary operations
on the field;

— the predicted sets of parameters of soil fer-
tility and agrocenosis of the culture of the con-
trolled object a, b, ¢ are calculated by transfor-
mation operators;

— the conditions of soil fertility Wa and the
predicted yield C, are calculated;

— when the condition of the soil fertility
Wa > 0 is fulfilled, the ecological and economic
costs, the set of parameters of the units for the
implementation of technological operations
Umtm ok Ummk .» 1, and the value of the eco-
logical and economic criterion F according to
expression (2) are calculated;

— an alternative option k1, k2, k3, k4 of ag-
ricultural technologies is searched for, corre-
sponding to the maximum value of the ecologi-
cal and economic criterion F;

— the values of the set of parameters of im-
pacts on the soil and soil ecology in the cycle
of crop rotation, season and agrocenosis and the
ecology of culture are determined, respectively,
by the functional Umtpps, Ups, Ues, Upk, Uak,
Uek, Umtpak;

— the deviation of the predicted state of the
control object from the actual one is determined
in accordance with the control cycle. At the
same time, the actual value of the ecological
and economic criterion F is calculated and the
procedure for generating functions in the con-
trol system is adjusted to minimize deviations
in the next management cycle.
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Let us evaluate the possibility of implement-
ing the synthesized structure of the IMS with
forecasting (hereinafter IMS) by the known so-
lutions in the field of information technology
and mathematical modeling of agroecological
problems (see the figure). A review of informa-
tion sources*was carried out [6].

The management system based on heuris-
tic models includes, for example, a multilevel
model of intelligent control of an agro-techno-
logical process in a bio-production system [7].
It is based on heuristic correction of mathemati-
cal models of agroecosystems with heuristic
knowledge of farmers. The system "Eidos-X
++" is based on the system-cognitive statisti-
cal relationship of the required parameters for
the known set of implementations of the agro-
technological process. The application of this
system is limited by knowledge of the real sta-
tistics of the history of the application of ag-
ricultural technologies over a long period of
time [8]. In most cases, such information is not
available on farms.

Other well-known methods or mathemati-
cal models describe individual processes of an
agrobiosystem without describing their rela-
tionship. Such systems are the models for deter-
mining the optimal doses of fertilizers® and the
dynamics of humus [9], the automated bank of
fertility models “PLOMOD” ¢, in which the re-
lationship of crop rotation parameters with the
state of fertility and soil ecology is determined
mainly at the level of methodologies and be-
longs to the category of knowledge [10]. These
methods cannot be applied in the IMS without
finalizing the analytical description of the inter-

connection processes within the framework of
the compartment approach.

Mathematical models of processes that are
not related to the agrocenosis of a culture or
models for assessing results deserve attention.
These are the agrometeorological information
and forecasting system of the IPS of the All-
Russian Scientific Research Institute of Ag-
ricultural Meteorology (ARRIAM) based on
the synoptic-statistical method’, mathemati-
cal models and algorithms for predicting the
yield of grain crops using satellite data (EPIC
model)?, the assessment of the stability of soil
organic matter based on mathematical theory of
catastrophes [11, 12], optimization of the com-
position of MTF? [13, 14]. Such models can be
applied in the structure of the IMS system when
they are being finalized.

There are known systems for simulating bio-
physical processes based on functional (theo-
retical) dynamic simulation of agrobiosystem
processes within the framework of the compart-
ment approach. These are WOFOST'® (Nether-
lands), DSSAT - The Decision Support System
for Agrotechnology Transfer'!, DSSAT Crop-
ping System (CSM)'2, IBSNAT project (USA),
APSIM modeling system - Agricultural Produc-
tion Systems SIMulator'®, (Australia) and the
AGROTOOL crop productivity model (Russia)
[15]. These models are semi-empirical, have a
similar structure and differ mainly in the no-
menclature and details of the description of in-
dividual blocks. These systems are not control
systems, since they simulate the processes soil
- surface air layer - plant without taking into

“Khomyakov D.M., Iskandaryan R.A. Information technology and mathematical modeling in environmental management

tasks. URL: http://fadr.msu.ru/rin/ecol/model.htm

SArlantseva E.R. Mathematical support for decision-making to optimize the intensity of crop production: author. dis. PhD.
Economics: 08.00.13. Moscow Agricultural Academy in the name of K.A. Timiryazev, department of economic cybernetics. M.,

2008.

Frid A.S. Fertility Models Bank "PLOMOD”. URL.: http://www.esoil.ru/databases/bank.html
7 Lebedeva V.M. Synoptic-statistical forecasting method. URL: http://cxm.obninsk.ru/index.php?id=157

8 Bryksin V.M. Development of a mathematical model and software for assessing the yield of grain crops in the conditions of
Western Siberia: author. dis. PhD. in Engineering: 05.13.18. Barnaul, 2009. 22 p.

°Artemiev Yu.G. Improving the efficiency of agricultural production in the conditions of the Leningrad region by optimizing
resource provision and the composition of the machine and tractor fleet: author. dis. PhD. in Engineering: 05.20.01. St. Petersburg;

Pavlovsk, 2013, p. 19.

"Hadiya N., Kumar N., Mote B.M. Use of WOFOST model in agriculture-A review- URL: https://www.researchgate.net/
publication/327098320 Use of WOFOST model in_agriculture-A_review

"Jones J.W. Hoogenboom G., Porter C.H., Boote K.J., Batchelor W.D., Hunt L.A., Wilkens P.W., Singh U., Gijsman A.J.,
Ritchie J.T. The DSSAT cropping system model // European Journal of Agronomy. 2003. Ne 18 (3—4). C. 235-265.
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account the processes of adaptive management
with forecasting.

Let us consider the implementation of the
IMS structure, taking into account the model
of crop productivity AGROTOOL, which in-
cludes a description of the following processes
taking place in the system soil - vegetation cov-
er - surface air layer:

— soil compartment - dynamics of soil mois-
ture, dynamics of nitrogen compounds in the
soil, growth and development of the root sys-
tem;

— compartment of the surface layer of air -
modes of sowing, photosynthesis and photores-
piration, transpiration of plants and evaporation
of moisture from the soil surface, the choice of
norms and terms of irrigation in irrigated agri-
culture;

— plant compartment - moisture transfer
to the plant, plant growth and development
(aboveground organs), yield prediction (start-
ing from the earing phase).

Let us represent the IMS structure as a set
of compartments that analytically describe
the functional transformations of the informa-
tion flow: soil stability and fertility fatps, foa,
ATakl, k2, agrocenosis of the culture fatak, fob,
foc, foC, ATbkl, k2, ATckl, k2, ATCkI, k2, for-
mation of predicted parameters ap, bp, cp.

At the same time, the processes of agroceno-
sis of a culture and the predicted parameters of
soil, crops can be represented by similar com-
partments soil - vegetation cover - surface air
layer of the AGROTOOL system. The rest of
the processes of functional transformations of
the information flow in the IMS and the con-
ditions for the implementation of control have
no analogues in the compartment structure of
the AGROTOOL system. Therefore, the IMS
compartments should additionally contain an
analytical description of the following process-
es and conditions for the implementation of
management: - soil compartment - soil stabil-
ity and fertility, the formation of a predictable
set of soil parameters, the relationship of soil

parameters with the crop rotation cycle; - ad-
ditional compartment soil and plant ecology -
the relationship between the parameters of the
intensity of the planned agricultural technology
with the parameters of the soil. - conditions for
the implementation of management - the for-
mation of an alternative version of agricultural
technology, containing the planned operations
in the field and the composition of the MTF, can
be carried out in accordance with the federal
(regional) register of agricultural technologies.
The timing of the operation in the field, the
amount of fertilizers is determined by the re-
sults of running the mathematical models of the
IMS. Adaptation of management by the types
of crop rotation and the soil-climatic zone of
the agricultural landscape can be carried out by
adjusting the analytical content of the compart-
ments by the OM parameters.

CONCLUSION

As a result of the analysis of information
materials, it was found that the analytical de-
scription of the processes of the agrobiosystem
at the modern level is based on a compartment
approach using the methods of functional (the-
oretical) dynamic simulation. The use of em-
pirical models is unacceptable, since a change
in culture or natural-climatic zone requires the
development of a new model with the inclusion
of research and verification stages.

The synthesis of the structure of the informa-
tion management system was carried out with
the limitation of the area of management of a
plot of the agricultural landscape (field) with a
given system of crop rotation and the seasonal
nature of control actions. The seasonal nature
of the control actions and the change in the nat-
ural and climatic zone determine the class of
the information and control system as an adap-
tive control system with forecasting.

The information and control system has two
control loops: the first is the maintenance of
soil fertility and ecology in crop rotation, the
second is the agrocenosis of the culture, includ-

’Keating B.A. Modelling crops and cropping systems — Evolving purpose, practice and prospects. European Journal of

Agronomy. 2018. Vol. 100. P. 163-176.

BKeating B.A., Carberry P.S., Hammer G.L. An overview of APSIM, a model designed for farming systems simulation //

European journal of Agronomy. 2003. N 18. P. 267-288.
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ing changes in the state of the soil, the ecology
of crops.

Based on the functional transformation of
the information flow, a hierarchical structure of
the information management system has been
synthesized, the functional of which in terms
of describing the processes in the control ob-
ject can be represented in the form of compart-
ments. Based on the results of the information
review, the implementation of such an informa-
tion management system has not been identi-
fied. The possibility of implementing the devel-
oped structure of the information management
system, taking into account the systems for
simulating biophysical processes WOFOST,
DSSAT, DSSAT Cropping System (CSM),
APSIM and AGROTOOL, using the methods
of functional (theoretical) dynamic simulation
within the framework of the compartment ap-
proach is considered.

A comparative analysis of the composition
of the compartments necessary for the analyti-
cal description of the functionals of the pro-
cesses in the control object of the structure of
the information management system and the
AGROTOOL system is carried out. It has been
established that the processes of agrocenosis
of a crop and the predicted parameters of soil,
crops can be represented by similar compart-
ments soil - vegetation cover - surface air layer
of the AGROTOOL system. In this case, the
structure of the IMS system must additionally
contain, at least, an analytical description of
the following processes and conditions for the
implementation of management:

— compartment soil - soil stability and fer-
tility, the formation of a predictable set of soil
parameters, the relationship of soil parameters
with the crop rotation cycle;

— additional compartment soil and plant
ecology - the relationship of the parameters of
the intensity of the planned agricultural tech-
nology with the parameters of the soil;

— the conditions for the implementation of
control are determined by the algorithm for the
formation of an alternative version of agricul-
tural technology, containing the planned opera-
tions in the field, the amount of fertilizers and
the composition of the machine-tractor fleet,

and the algorithm for adapting the analytical
content of the compartments to the types of
crop rotation and the soil-climatic zone of the
agricultural landscape.
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[pencraBiensl pe3yabTaThl MEPBOTO dTAa UCCIIEIOBAHUS B PaAMKaX JUCCEPTAIIMOHHON paboThI
«I/ICCJIGI[OBaHI/Ie MCTOAOB 1 AJITOPUTMOB KOMITBIOTEPHOT'O 3PCHUSA B 06JIaCTI/I BBISIBIICHHS OOJIe3HEN
pactenuid». [IpoBeneH anamu3 paboT, CBA3aHHBIX C ABTOMATHYECKOM OLIEHKOW CTEIICHU MTOPAKECHUS
pacteHuii 0oNe3HsAMU. YCTaHOBICHO, YTO JUIsl PEICHUS 3a71a4 B JJAHHOM OOJIACTH MEepPCIeKTUBHBI-
MU METOAaMU ABJIAIOTCA CBEPTOYHBLIC HeﬁpOHHLIe CCTHU, KOTOPBIC B HACTOALIICC BPEMS 11O TOUHOCTHU
MIPEBOCXOJIAT KIIACCHYSCKHE METOJbI KOMIIBIOTEPHOTO 3peHus. i OlEHKH CTENEHH MOpaKeHUs
HCTIONB3YIOTCS KITaCCU(DUKAIIMOHHBIC M CEIMEHTAIIMOHHBIC apXUTEKTYPhl CBEPTOYHBIX HEUPOHHBIX
cereil. [Ipu 3ToM, KITacCU(pHUKAIIMOHHBIE aPXUTEKTYPbI CIIOCOOHBI YUUTHIBATh BU3yalbHbIEe 0COOCH-
HOCTH IIPU3HAKOB OO0JIC3HEH Ha Pa3HBIX CTAIUSAX 3a00JICBaHMsI, HO C UX ITOMOIIBIO HEJIB3S MOyYUTh
HHPOPMAIHIO 0 (aKTHYECKOW IMJIOIIAIN MOpaKeHHsl. PelieHns, OCHOBaHHBIC HA CErMEHTAI[MOH-
HBIX apXUTEKTypax, MO3BOJISIOT MONYYUTh HH(POPMAIUIO O IUIOIMIAAN TOPAKEHHS, HO HE TIPOBOJIST
rpajaluio CTEICHH TOPAKEHUS 10 BUAUMBIM MpU3HAKaM Ooie3Hu. Ha ocHOBaHMU MPOBEICHHOTO
aHaln3a CyIIeCTBYIONINX pa0OT, OCHOBAHHBIX HA TPUMEHEHNUHU CBEPTOUHBIX HEHPOHHBIX CETEH U Ba-
PHAHTOB MX UCTIOJIb30BAHUS, OTIPE/IeNICHA 11eJTh HACTOSIIErO UCCIIeIOBaHMs: pa3paboTarh aBTOMATH-
YECKYH0 CHUCTEMY, CIIOCOOHYIO OIPE/EeNATh IIOMIA/lb MOPAXKCHUS, & TAKIKE YUYUTHIBATh BU3yaIbHbBIC
0COOCHHOCTH MPHU3HAKOB 3a00JICBAHMS U THIT UMMYHOJIOTHUECKON pEaKkIMi PACTCHUS Ha PasHbIX
CTagusdaX pa3sBUTHA. HnaHpreTcsl IOCTPOUTH CUCTEMY HAa OCHOBC CeFMeHTaHHOHHOﬁ APXUTCKTYPbIL
CBEPTOYHON HEHPOHHOU CeTH, KoTopas OyJeT MPOU3BOAUTH MYJITHKIACCOBY CEIMEHTAIUI0 U30-
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The first stage results within the framework of the thesis “Investigation of computer vision meth-
ods and algorithms in the field of plant diseases detection” are presented. The analysis of the work
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related to the automatic assessment of plant disease severity was carried out. It was established that
for solving problems in this field, convolution neural networks are promising methods, which are
currently superior to classical methods of computer vision in terms of accuracy. To assess the sever-
ity degree, classification and segmentation architectures of convolutional neural networks are used.
Classification architectures are able to take into account disease visual features at different stages of
the disease development, but information about the actual affected area is unavailable. On the other
hand, solutions based on segmentation architectures provide actual data on the lesion area, but do
not grade severity levels according to disease visual features. Based on the result of the research into
the application of convolutional neural networks and options for their use, the goal of this study was
determined, which is to develop an automatic system capable of determining the lesion area, as well
as to take into account disease visual features and the type of immunological reaction of the plant at
different stages of disease progress. It is planned to build a system based on the segmentation archi-
tecture of a convolutional neural network, which will produce multi-class image segmentation. Such
a network is able to divide image pixels into several classes: background, healthy leaf area, affected
leaf area. In turn, the class "affected leaf area" will include several subclasses corresponding to the

disease visual features at different stages of disease progress.
Keywords: plants diseases, plant disease severity, computer vision, convolutional neural net-
works, classification, segmentation, dataset markup
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During 1980-2020 annual losses of the
world harvest due to diseases and pests ranged
from 20 to 40% [1]. With the current growth
of the world's population, due to the lack of
quality food, such trends can lead not only to a
deterioration in human health, but also become
a threat to the existence of mankind. Carrying
out timely control of the state of agricultural
crops and selection of plant varieties resistant
to various diseases will prevent these negative
consequences. In this regard, visual monitor-
ing of plants is required [2, 3]. Currently, such
monitoring is performed manually, its quality is
subjective and not always qualified by experts.
With the development of machine learning and
robotics technologies, the implementation of
these tasks is possible in the agricultural indus-
try using methods and algorithms of computer
vision, including convolutional neural net-
works (CNN) as artificial neural networks for
effective pattern recognition.

Convolutional neural networks are capable
of detecting diseases at various stages, as vis-

ible signs of disease change over time. It is ur-
gent to create a system capable of detecting a
disease throughout the entire cycle of its devel-
opment and classifying plant damage according
to its severity. The solution to this problem is
necessary for the early prevention of the devel-
opment of diseases, to determine the resistance
of the variety to pathogens, to maintain crop
yields.

The aim of the study is to develop an auto-
matic system for classifying the degree of plant
disease damage using convolutional neural net-
works, to assess the efficiency of the system.

Within the framework of the dissertation
research, it is planned to solve the following
tasks:

1) to analyze the existing algorithms of con-
volutional neural networks and options for their
use to solve the problems of classifying the de-
gree of damage to plants by diseases;

2) to develop an algorithm for marking up a
dataset on images of diseased and healthy plant
leaves;
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3) to develop a system based on convolution-
al neural networks for segmentation of diseased
plant areas and their classification according to
the degree of damage;

4) evaluate the effectiveness of the devel-
oped system according to the selected metrics
on various data sets.

At the first stage of the research, an analy-
sis of literature sources was carried out with a
description of systems for classifying plants ac-
cording to the degree of disease damage using
neural networks.

Computer vision is a set of methods and al-
gorithms that allow the detection, observation
and classification of objects, obtaining infor-
mation from images. There are two main direc-
tions in the field of computer vision:

1) classical methods;

2) deep learning'.

They differ in that classical methods involve
the selection of image features manually, by an
operator, while deep learning (neural networks)
does this automatically. There is a significant
difference in the accuracy of these approaches.
The best methods of classical computer vision
provide an accuracy of up to 80%, while deep
learning in some cases - 99% [4]. To ensure
high accuracy of the neural network opera-
tion, it is necessary to train it (teach to select
and generalize features) on a sufficient amount
of data. This is important to solve problems of
identifying plant diseases [4, 5].

Most of the research that is carried out in this
area is related to the identification of plants and
diseases. However, the disease in the process
of its development has various manifestations
and symptoms, which is not always taken into
account when developing systems based on the
CNN [6, 7]. To determine the degree of damage
to plants, two types of CNN architectures are
used: classification and segmentation [8]. Clas-
sification CNN establish the belonging of the
whole image to a certain class. To train them,
it is enough to annotate the images with sig-
natures, for example, with a certain degree of
defeat. In turn, the segmentation networks clas-

sify each pixel in the image, they need masks of
the affected areas for training.

The following are some of the existing ap-
proaches to assessing plant diseases by degree
of damage and methods of data preparation that
were used for training.

CNN classification architectures are used in
the works [9—12]. Annotation of the data was
carried out manually by specialists; a caption
was added to each image: a healthy organ, a
diseased organ at different stages of the sever-
ity (initial, medium and severe) [9—11]. The au-
thors of other works proposed to annotate im-
ages of leaves of various plants automatically
[12]. The background, leaf and affected areas
were highlighted using classical computer vi-
sion methods. The degree of severity was deter-
mined by counting the number of pixels of the
affected area relative to the number of pixels
of the entire leaf. As a result, as in the case of
manual marking, each sheet image was anno-
tated with a caption. Then, CNN were trained
on these data and the accuracy with which they
carried out the classification was assessed.

There are also studies based on segmenta-
tion architectures of neural networks. A sys-
tem for automatic assessment of the resistance
of wheat varieties to Fusarium head blight has
been developed and the efficiency of its work
has been evaluated [13]. The input data were
photographs of ears of wheat taken in the field.
The marking was done manually. In each image
of the ears, the affected area was highlighted.
The resulting masks and images were used to
train the CNN. As a result of the training, the
neural network generated masks, according to
which the degree of severity was determined by
calculating the area of the affected zone relative
to the area of the entire wheat ear. It was pro-
posed to segment the affected areas of cucum-
ber leaves with powdery mildew using CNN in
[14]. Preliminary processing (marking) of im-
ages was carried out using classical methods of
computer vision, as a result of which masks of
the affected areas were obtained. The efficiency
of the CNN was assessed.

'0’Mahony N., Campbell S., Carvalho A., Harapanahalli S., Hernandez G. V., Krpalkova L., Riordan D., Walsh J. Deep
Learning vs. Traditional Computer Vision // Proceedings of the 2019 Computer Vision Conference (CVC), 2019, vol. 1, pp.

128-144. DOI: 10.1007/978-3-030-17795-9_10.
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Classification architectures can take into ac-
count the visual features of signs of diseases at
different stages of the course of the disease, but
information on the actual area of the severity
is not available [9—14]. Segmentation architec-
tures allow us to solve the problem of determin-
ing the area of the severity, but do not take into
account the visual features of the signs of dis-
eases and the type of immunological reaction
(assessment of the degree of resistance) at dif-
ferent stages of development.

Within the framework of this study, the au-
thor plans to develop a system based on the CNN
segmentation architecture, which, in addition
to the affected area, will take into account the
visual signs of damage to wheat leaves. Mul-
ticlass segmentation of the leaves affected by
leaf rust images taken from a publicly available
dataset> will be performed. There is a known
scale for assessing the reaction and the degree
of leaf rust infestation of wheat varieties, divid-
ed into five gradations®:

1) healthy leaf;

2) resistance;

3) average resistance;

4) average susceptibility;

5) susceptibility.

Moreover, on each of them, except for the
first, the disease has the corresponding symp-
toms and the percentage of leaf damage. One
more class is added to these classes - the back-
ground. As a result, three classes were defined
for training CNN: background, healthy leaves
and leaves of four degrees of infestation. CNN
will allow you to distinguish both objects of
different classes (background, diseased leaf,
healthy leaf) and objects belonging to a specific
class. This will determine the degree of leaf rust
infestation on the leaves. This task is called In-
stance Segmentation [15]. To provide the neu-
ral network with training samples, software for
automated marking of dataset images will be
developed.

The analysis of the literature shows that the
issue of automatic classification of the degree

of damage to plants, taking into account their
visual characteristics and the type of immuno-
logical reaction (assessment of the degree of re-
sistance) is a promising area of research. In this
regard, a goal was determined and tasks were
set to be performed within the framework of the
author's dissertation work. Research results and
software products developed on their basis can
be used in environmental monitoring of crops
and in the development of optimal plant protec-
tion measures that reduce pesticide consump-
tion, improve product quality, and automate the
work of breeders to create resistant varieties of
plants.
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