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INNOVATIVE TECHNOLOGIES OF SOYBEAN CULTIVATION

Abstract. The effectiveness of innovative soybean technology solutions in solving ecological problems of the
agroecosystem is reduced, which reduces the environmental burden on the environment in the scale of the cultivated
crop. The ecological aspects of the application of mineral fertilizers in combination with the inoculation of soybean
seeds, taking into account their biological characteristics, are described as one of the techniques of resource-saving
technology aimed at maintaining the stability of the agroecosystem and increasing the productivity of soy. The
possibility of replacing the main dump cultivation with fine planing (Mini-till), which provides a reliable restoration
and preservation of the fertility of the soil resource, has been revealed. The obtained results indicate that mineral
fertilizers contribute directly to the maximum height of soybean standing and the accumulation of dry matter. The
introduction of mineral fertilizers in a dose of P K3y provides an increase in linear growth of plants by 11-16% and
with an increase in the dose to N3oRgK39 — by 21%. Rational use of the bioenergetic resource and biological poten-
tial of the culture studied, due to the ability of nitrogen fixation to bind atmospheric nitrogen, as a result of which the
dose of nitrogen fertilizers used decreases, the norm of nitrogen fertilizer can be reduced, which contributes to the
protection of the environment and the resource saving of the agroecosystem.

Keywords: agroecosystem, soybean, innovative technology, inoculation, Mini-till, recovery, productivity.

Introduction. In certain ecosystems its interaction with environment causes many negative con-
sequences, changes in parameters, non-balancing of biogeochemical cycles, elements and level of soil
fertility [1]. This refers to the agrarian sphere since agriculture takes a special place in ensuring balanced
conditions for ecosystem’s normal existence [2, 3]. According to Rattan Lal (2007), world agriculture has
never met with such serious problems as in the first decades of the 21st century [4, 5]. These problems are
caused by 7.6 billion population in 2017 and its expected increase from 9.6 to 13.2 billion by 2050 [6].

The constant and unceasing growth of the world's population creates an increasing need for food. To
meet this demand, agrarians need to develop and implement more advanced and sophisticated innovative
farming technologies that allow to obtain more yields per unit of area [7]. The role of agricultural
production in providing the country with food, increasing employment and economic development of the
republic unambiguously dominates [8, 9].

Therefore, agro-industrial complex faces an important current agroecological problem, connected
with achieving goal of the industrial program for development of agro-industrial complex (AIC) of the
Republic of Kazakhstan until 2020 [10, 11]. The tasks should be aimed at increasing the yield, acreage,
introduction of techniques for intensive crop cultivation. But, at the moment, as a result of increasing
frequency and re-occurrence of droughts and increasing aridity on territories of a number of agricultural
zones of the republic, productivity of this production will probably decrease sharply. In regard to this, new
innovative technologies in agriculture and diversification of crop production are needed to solve these
problems.

It should be noted that development of innovative environmental technologies is one of the key
conditions for sustainable economic growth, ensuring the competitiveness of its products on world
markets. Also it’s one of the most pressing issues currently being discussed in the world community. With
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innovative new technology, production costs are reduced, it is possible to achieve great success in
obtaining economic profit [12, 13]. That is why scientists are so interested in issues of continuous
modernization and introduction of new perspective and innovative technologies. In context of our study,
under environmentalization of agroecosystem’s environment, the priority of scientific research is towards
ensuring sustainable production of high-quality biological products, effective use of natural bioenergetic
potential of cultivated crop and restoration of soil and energy resources.

According to the results of our research, this technology reduces ecological burden on the
environment within the scope of cultivated crop, which is especially beneficial (from the economic point
of view) for the agricultural enterprises themselves. The less fuel, energy, fertilizers, seeds, man-hours
and other resources are expended on the production of a single unit, the lower its cost and the higher the
profit from its sale.

Therefore, when developing techniques of innovative soybean technology, resource-saving optimal
parameters for application of mineral fertilizers were identified, taking into account the biological
characteristics of soybean. We studied the influence of P4K30 and N3oPgK3¢ aimed at improving environ-
mental situation, maintaining the stability of agroecosystem and increasing productivity of soy.

This article highlights the effectiveness of innovative soybean technology - use of mineral fertilizers
in combination with soybean seeds inoculation taking into account their biological characteristics. The
possibility of replacing the main dump moldboard tillage with fine flat-cut tillage (Mini-till) can provide:
firstly, the restoration of agrophysical indices of soil fertility, and secondly cost reduction of total energy
(fuel consumption) by 21.8-28.4%, and production cost when applying resource-saving techniques of
innovative technology in foothill zone conditions of southeast of Kazakhstan.

Methods and objects of research. The object of research is a unique leguminous crop — soybean
(Eureka variety), short-rotational crop tillage. The traditional technology of soybean cultivation was used
as a control in experiments, in accordance with recommendations of the System of Agriculture of Almaty
oblast [14]. The classical techniques of field observations and experiments have been used [15, 16]. Field
experiments were made in training and experimental farm "Agrouniversitet" in foothill zone conditions of
southeast of Kazakhstan.

The experimental field’s soil is resembled as onion-chestnut type of heavy mechanical composition.
The humus content in the plow horizon is 4.3%, which gradually decreases with depth. The content of
total nitrogen and total phosphorus is high - 0.258 and 0.211%, respectively [17]. The climate of the
region is characterized as sharply continental with low humidity, plenty of sunlight, short, but cold winter.

Results of the research and discussions. The effectiveness of innovative methods of soybean
technology, such as use of mineral fertilizers in combination with soybean seeds inoculation has been
studied taking into account their biological characteristics. Various methods of cultivation technology
such as the timing of sowing, depth and methods of seeding, inoculation of seeds, basic and presowing
soil formation, etc. have a tremendous impact on activity of microorganisms, soil aeration and crop
quality. And this, in turn, affects speed of nitrogen fixation.

During the study of resource-saving techniques of innovative technology, we tested two options for
application of mineral fertilizers - PsoK3¢ and - N3oPsoK30 when treating seeds with nitragin and without
treatment. To determine the influence and dosage of the studied variants and mineral fertilizers and study
inoculation on activity of nodule formation and determining the optimum seeding rate, we studied 3
seeding rates of 400, 600 and 800 thousand pcs / ha with a row spacing of 30 cm.

In order to make a comparative evaluation of the studied norms of mineral fertilizers, inoculation and
the rate of seeding we took as control - St soybean seeding without fertilizers with traditional technology.

To determine the influence of studied variants of mineral fertilizers’ norms and inoculation on the
activity of forming nodules, we studied 3 seeding rates of 400, 600 and 800 thousand pieces / ha. Studied
variants of techniques have impact on growth and development of soybeans along with the aboveground
part and the underground part of the culture. The main indicator of the effectiveness of symbiosis of
plants and nodule bacteria is their number and mass.

Observations and calculations of the amount of formed nodules and their mass under traditional
technology in studied seeding rate variants without inoculation showed that very few nodules of 9.7- 12.4
pieces per plant were formed on the roots of soy. Their number increases in case of seed inoculation with
nitragin. In variants with nitragin inoculation but without fertilizers, the number of nodules increases
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depending on the seeding rate from 16.2 pcs. up to 21.0 pieces on one plant. When NeoP;50Kgo mineral
fertilizers were applied in recommended dose on the control variant of traditional technology, the
formation of nitrogen-fixing nodules increases up to 27.7 and 29.5 pc/plant, while the weight of dry
nodules is 124.6-137.1 mg/plant.

Under resource-saving technology seed inoculation with nitragin has a significant positive effect on
formation of nodules where the number of nodules increases to 24.5-29.1 pcs/plant, depending on the seed
sowing rate. When applying PesKj0 — 35.1-38.0, when applying N3oPsK; fertilizers this pattern of
dependence of nodule formation is maintained and makes 39.4-47.6 pcs/plant (in case of resource-saving
Mini-tillage on depth of 16-18 cm). And, the mass of nodules increases in the same sequence as the
number of nodules in the variants. The increase of these indicators proves the rational use of bioenergetic
resource and the biological potential of studied culture, due to the ability of nitrogen fixation to bind
atmospheric nitrogen, which decreases the dose of used nitrogen fertilizers (thereby reducing the nitrogen
fertilizer rate by 25-50%), which contributes to environmental protection and resource saving agro-
ecosystem.

In interpreting obtained experimental data, we noted that advantages of resource-saving methods of
innovative technologies are: - a reduction in the number of technological operations for soil processing, -
restoring, maintaining and increasing soil fertility, - improving the ecology of the ecosystem and reducing
current costs.

In existing traditional system, which is adopted for the control variant, a number of tillage methods
are performed in a certain sequence. As a result, environmental problems arise, such as excessive soil
spraying and drying, deterioration of soil resources indicators, increase in financial and energy costs. The
share of tillage accounts for 30-40 percent of all costs. Therefore, it is necessary to focus on effective and
environmentally friendly innovative methods of cultivation technologies, such as minimal tillage.

The results of soil fertility monitoring in studying the effect of minimal soil cultivation on soil
resources (soil fertility) made it possible to give a comparative assessment of the arable layer and soil
composition and structure comparing to traditional and resource-saving technologies. In traditional
technologies system of dump moldboard tillage processing, the arable layer is characterized by a more
loose composition with a high total porosity and degree of aeration, which is not desirable.

According to many researches the density leaves an imprint on the whole complex of soil’s physical
conditions, on its hydro, aerial, thermal regimes and, consequently, on conditions of agroecosystem’s
biological activity. When soy is cultivated, optimal aeration of the upper soil layer is very important, in
which the root system of plants and nodule nitrogen-fixing bacteria normally function. Therefore, at
present, both domestic and foreign scientists study the soil treatment system in terms of regulating soil
density.

Under the conditions of our research, composition of arable layer of soil has been studied in
dynamics over the phases of soybean development. During the initial period of plant development, soil
density under traditional cultivation technology is much lower. In period of soybean sowing associated
with the preparation of soil for sowing, the bulk mass of the soil is within the limits of 0.89 and 0.95
g/cm’. The arable layer has a loose constitution with a large porosity, which causes an accelerated
physical evaporation of soil moisture, after that the water regime of the root-forming layer of nodule
formation decreases.

In this variant of traditional technology, the bulk mass of the soil increases in the developmental
phases from 0.95 to 1.19 g/cm’. The average density of soil during the vegetation period of soy is 1.06 g/cm’.

With application of minimal tillage variants, the soil density becomes 1.14-1.15 g/cm’. During the
vegetative period, the regularity in structure of arable layer of soil is characterized by minimal tillage
variant of study. During the periods of growth and development of soybean, the density of the soil is
characterized by the bulk increase of mass with flat-cut soil tillage for the depth of 16-18 cm from 1.16
g/cm’ (sprouting phase) to 1.24 g/cm’ (ripening), where average density in vegetation is 1.20 g/cm’.

In case of a minimal flat-cut tillage for the depth of 12-14 cm, composition of arable layer has a more
dense build-up, the bulk mass of the soil increases from 1.17 g/cm’ (sprouting phase) to 1.27 g/cm’
(ripening), where the average density for vegetation is 1.22 g/cm’.

It should be noted that under resource-saving technology, minimization of soil cultivation has
resulted in a reliable preservation and restoration of soil fertility indicators due to changes of arable soil

— ] —



Uszeecmus Hayuonanvuot Akademuu nayk Pecnybnuku Kazaxcman

layer’s composition. In variants with minimal (Mini-Till) technology of tillage, the soil density is
optimized in comparison with the traditional treatment, the volume mass of the arable layer increases by
0.14-0.16 g/cm’, optimal density approaches the equilibrium of 1.20-1.22 g/cm’ of soil, where develop
favorable environmental conditions for growth and development of soybean plants (table 1).

Table 1 — The influence of the mini-till technology on the structure of the arable layer and the structural properties of soil
in terms of density, g/cm’ (average over 2015-2017)

Structural properties of the arable (0-20 cm) soil layer
. Soil density over the phases of soya development, g/em’® | Macro- | X of water | Coef-
Tech- Vgr}ar}ts Y P Y P £ struc- | stable soil | ficient
nology of mini-tillage . tured- | aggregates, | of structu-
Sow-| Shoo- | Bran- | Flowe- | Bean Ripe- | Ave- | jecs % redness
ing | ting | ching | ring |formation | ning | rage %!
Tradi- Plowing to the
tional depth 0f 20-22 cm 0.89| 095 | 1.02 1.08 1.12 1.19 | 1.06 | 32.1 23.5 0.63
Tilling the soil
to the depth 114 116 | 1.19 | 120 | 122 | 124 | 120 | 432 38.1 0.84
of 16-18 cm
Resource- | Wwithout ploughing
saving Tilling the soil
to the depth 115|117 | 120 | 121 | 125 | 127 | 122 517 39.2 0.89
of 12-14 cm
without ploughing

Along with optimization of arable soil layer’s structure the techniques of resource-saving technology
have a significant effect on aggregate composition and structure of soil. As can be seen from the table, in
comparison to traditional technology with dump plowing, the sum of macroaggregates of the arable layer
of soil is 32.1%, and the sum of water-resistant aggregates is 23.5%, with a structural coefficient only
0.63. The results of agrophysical indices of this technology characterize the deterioration of the soil
structure. Decrease in these indicators greatly reduces the most important processes occurring in the soil,
primarily aerial, hydro and thermo regimes, and this leads to a decrease in growth and development of
soy. It is especially important to ensure optimum parameters of soil porosity during the flowering phase -
the bean formation, when the symbiotic soybean apparatus reaches its maximum development and the
lack of air during this period can lead to low nitrogen uptake and, as a consequence, shortage of harvest.
Minimal tillage of the soil resulted in a reliable preservation and increase of agrophysical indicators of
soil fertility. Comparing to resource-saving technology, flat-cut minimal-tillage (Mini-Till) showed that
the sum of soil macroaggregates rises from 32.1% to 43.2 - 51.7%, and the sum of water-resistant aggre-
gates from 23.5%, to 38.1 — 39.2% and the structural coefficient from 0.63 to 0.84 - 0.89.

Decreasing the number of mechanical influences by 2 times with the minimum (Mini-Till)
technology of soil cultivation provides an increase of aggregates’ water resistance which is especially
important in soybeans cultivation in irrigation conditions. Since the symbiotrophic process is acrobic, the
optimization of air regime in the active root layer has particular importance

The aggregate composition improves, soil structure restores and air regime of agroecosystem
becomes optimized in cases where large nodules of nitrogen-fixing bacteria are formed on soybean roots.

Based on the results obtained, it is proved that the application of minimal (Mini-Till) soil cultivation
increases the stability of soil’s ecological condition, ensures stabilization of arable soil structure for
optimal growth and development of soybean in southeast of Kazakhstan.

The obtained results indicate that mineral fertilizers contribute directly to the maximum height of
soybean standing and accumulation of dry matter. The introduction of mineral fertilizers in a dose of
PsoK30 provide an increase in linear growth of plants by 11-16%, and dose increase to N3oReKs0 - by 21%
and accumulation of solids increases at appropriate doses within 9% and 12%, which is associated with
improved supply of food elements with nutrients. The height of plants during the years of research varied
between 47.3 and 70.7. It grew with increasing seeding rate.
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In regular soybean sowing with a width of 30 cm, the smallest plant height of 40.3 cm was noted in
the variants with the lowest seeding rate, and with an increase of up to 800 thousand pieces/ha, it reached
63.5 cm. This is due to the fact that light regime improvement stimulates an increase in plant height. The
height of lower beans’ attachment directly depended on the height of the plants and changed with it. The
average number of grains in soya beans varied from 1.6 to 2.5 per year, the weight of 1000 seeds varied
from 104.8 to 142.4 g.

The use of nitragin has a symbiotic effect, increases the number and weight of nodules on the roots of
soybean plants, which improve the nitrogen nutrition of crops, with the subsequent increase in the pro-
ductivity of the crop (table 2).

Table 2 — Productivity of soybean depending on use of mineral fertilizers
with inoculation during the years of research, centner/ha

Variants Yield during years of research, c/ha Average Increase in
Technology of using fertilizers yield,c/ha | ¢c/ha | %
2015 2016 2017
W/t fertilizers 18.1 20.0 21.2 19.8 St -
Traditional Nitragin 18.9 23.1 23.8 21.9 2.1 | 10.6
NeoP180Ko0 23.0 26.8 28.2 26.0 6.2 |31.3
Resourse- saving Nitragin 22.0 22.4 23.7 22.7 29 | 14.6
flat-cut tillage PsoK3 22.7 27.7 26.1 25.5 57 | 287
for depth of 16-18 em | N, p Ks, 243 28.9 275 26.9 7.1 | 358
Resourse- saving Nitragin 23.5 24.6 23.9 24.0 42 | 212
flat-cut tillage PsoKs3o 25.8 25.1 26.2 25.7 5.9 |29.7
for depth of 12-14 em | N, p) Ks, 27.2 243 27.4 26.3 6.5 | 328
HCPys, centners/ha = 1.85 2.15 2.3
Sy, % = 2.75 3.06 3.87

Under resource-saving technology on the background of phosphate-potassium fertilizer (PgKso), the
yield of soybeans rises to 25.5 c/ha, which is 28.7%, providing an increase in yield of 5.7 c/ha and full
fertilization (N3oRe0K30) provides 26.9 c/ha (35.8%) and an additional yield of up to 7.1 c/ha.

A comparative assessment of soybean responsiveness to the level of mineral nutrition showed that,
due to its physiological characteristics, the soybean reacts distinctly to changes in the nutrient regime of
soil. Introduction of phosphorus and potassium fertilizers against the background of seed treatment with
nitragin increases the yield of soybeans to 25.7 c/ha (PsoK30) and to 26.3 c/ha (N3oR¢0K30).

The yield of soybean grain showed a higher yield increase from using mineral fertilizers with
inoculation: 6.5 - 7.1 c/ha compared to the control harvest.

Under traditional technology, seed inoculation provides a yield increase of 2.1 c/ha, while in case of
resource-saving technology this difference is 5.7-5.9 c/ha (at a dose of P¢K3o) and 6.5-7.1 c/ha (at a dose
of N3oRe0K30). Joint application of mineral fertilizers and inoculation with resource-saving technology
creates favorable conditions for the synthesis and accumulation of biomass. Moreover, a higher effect of
inoculation was observed in variants without fertilizers and with application of mineral fertilizers PgoKs.

Thus, it was revealed that in conditions of southeast of Kazakhstan primary scientifically justified
methods of increasing soil fertility and soybean yield are the application of optimal dose of mineral
fertilizers and inoculation of soybean seeds with use of resource-saving techniques of innovative
technologies that allow to quickly monitor agroecosystem’s ecological situation. Thus, they are among the
main methods for stabilizing soil, biological resources, providing energy and maintaining agroeco-
system’s resource saving.

Conclusion. The norms for introduction of mineral fertilizers (PsoK3¢) in combination with inocu-
lation of soybean seeds, by taking into account biological characteristics, are optimal, as one of the me-
thods of resource-saving technology and are aimed toards improving ecological situation, maintaining
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stability of agroecosystem (soil structure and water resistance of the aggregates are restored) and
increasing productivity (additional yield up to 7.1 centner/ha.) of soybeans.

The possibility of replacing the basic dump cultivation with fine flat-cut (Mini-till) tillage, where:

- firstly, the aggregate composition improves, the soil structure restores and the air regime of the
agroecosystem becomes optimized in case where large nodules of nitrogen-fixing bacteria are formed on
soybean roots;

- Secondly, it reduces the costs of aggregate energy (fuel consumption) by 21.8-28.4% and raises
yields while using resource-saving techniques of innovative technology in foothill zone of the southeast of
Kazakhstan.
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NHHOBAIIMOHHBIE TEXHOJIOTUH BO3JEJBIBAHUSA COU

AnnoTtaunus. OcssiieHa 3¢pGEeKTHBHOCTh TPUEMOB MHHOBAIIMOHHON TEXHOJIOTHH COM B PEIICHUH 3KOJOTHYEC-
KHX MPOOJIEM arpodKOCHCTEMBI, KOTOPBIE CHIDKAIOT 3KOJIOTMYECKYI0 HAarpy3Ky Ha OKPYXKAlOIIyI0 Cpeay B MacIl-
Tabax BO3JETBIBAEMOW KYJBTYpBL. M37I0KEHBI SKOJOTMYECKHE aCHeKThl NPUMEHEHUS] MUHEPAIbHBIX YA00peHHH B
COUYETaHUU C MHOKYJISIMEH CEMSH COU C YUYETOM UX OMOJIIOTHUYECKUX OCOOEHHOCTEH, KaK OJHMH W3 MPUEMOB PECYp-
cocOeperaromieii TeXHOJIOTHU HAlpaBJICHHbIE HA MOJJICPKAHHE CTAOMIBHOCTH arpo3KOCHUCTEMbI M IOBBIIICHHE
MPOAYKTUBHOCTH COH. BEISBIIEHO BO3MOXKHOCTH 3aMEHBI OCHOBHOW OTBaJbHON OOpAaOOTKH IMOYBHI C MEJIKOW IUIOC-
Kope3Ho# o0paborkoit (Mini-till), oOecrieynBaroue JOCTOBEPHOE BOCCTAHOBICHHUE M COXPAHEHHUE IUIOAOPOIUS
MMOYBEHHOTO pecypca. [lomydeHHbIe pe3ybTaThl CBUACTEILCTBYET O TOM, YTO MUHEPATBHBIC YI0OPEHHs HEOCPE-
CTBEHHO CITOCOOCTBYIOT JOCTIDKCHHIO HAMOOJBINEH BBICOTHI CTOSHHS COM M HAKOIUICHHIO CYXOTO BEIIECTBA.
Brecenne muHepansHBIX ynoOperuit B 1o3e P Ksy obecneunBaer yBenmueHne nuHEHOTO pocTa pacTeHuil Ha 11-
16% u ipu yBemumaeHn# 10361 10 N3oPgoKz0 — HA 21%.

PanmonanpHOE MCTIOIB30BaHUE OMOIHEPTETHUECKOTO pecypca W OMOJIOTHYECKOTO MOTEHIHala CaMOy M3ydae-
MOU KyJIbTYpbl, OJaroaaps ciocOOHOCTH a30T(UKCAIMHU CBSI3bIBATH aTMOC(HEPHBIN a30T, BCIEACTBUE YEro CHHKACT-
s 71033 IPUMEHIEMBIX a30THBIX Y0OPEHUI MO3BOJIAET YMEHBIIUTh HOPMY a30THOTO YAOOPEHHSI, YTO CIIOCOOCTBYET
3allIUTe OKPYKAIOLIEH CPebl U PecypcocOepexeH st arpO3KOCHCTEMBI.

KiroueBble ci1oBa: arpo3kocucTeMa, Cosi, HHHOBAI[MOHHAS TEXHOJIOTHs, MHOKYJISALUs, Mini-till, BoccTaHoBIe-
HUE, YPOKANHOCTE.
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'Kasak y/ITTBIK arpapisIK yHHBepcHTeTi, AnvaThl, Kasakcran,
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MAMBYPIIAK OCIPYIITH MHHOBAIUSIBIK TEXHOJIOT HSIJIAPBI

AnHoTanus. Makayaja arpo3K0oXXyHEeHIH SKOJIOTHSUIBIK MOCEIICIIEPiH HICHIyIe MaOypIaK JaKblUIbIH OCIpYIiH
WHHOBAIMSUIBIK TEXHOJIOTUSCHIHBIH THIMIUTITT OasHIaabl, OYJI eriCTiK OHIMAUIITIHE )KOHEe KOpIIaFaH OpTara dKo-
JIOTHSUIBIK JKaFIalblH JKaKcapTyFa, pecypcrapibl YHEMIeyre bIKIal ereii. MuHepanabl ThIHAUTKbIIITApIbl KOJI1a-
HYJBIH SKOJIOTHSUIBIK acIeKTiIepi oJapAblH OWOJIOTHSUIBIK CHIIATTaMajapbl ecKepiin, MaiOypmiak JoHIepiHiH
eryiMeH YIITacThIpa OTBIPHII, arpO3KOKYHEHIH TYPaKTBUIBIFBIH CaKTayFa *KoHe MalOypIlIaKk eHIMIUINiH apTThIpyFa
OarpITTAIIFAH pecypc YHEM/IEY TEXHOJIOTHSICBIHBIH Sici PeTiH/e KapacThIpbuIaabl. TOMBIpaKThl MUHUMAIIAbI IBIFBIH-
MeH chIIpIpa KeIpTy (Mini-till) omiciMeH aybICTHIPYIBIH MaHBI3IBUTBIFBIH JOINIENIACYAC, arpodKOKYHEHIH THIMII
9KOJIOTHSUIBIK JKaFIaiiblH KaMTaMachl3 €TETiH, TONBIPAK PECypPCTapbIHBbIH KYHApJIBIFBIH KalllbIHA KENTipeli jkKoHe
cakTarl Kajaabl. AJBIHFaH HOTIDKeep OOWBIHINA MHUHEPAIIbI THIHAUTKBIIITAPABIH dcepi MaOypIITaKThIH OWIKTITiHE
JKOHEe KYpFak 3aTTapblH JKWHAKTAIybIHA TIKEIeH ocep eTeTiHi alkbiHmanabl. PgKso Memmepinmae MuHEepai sl ThI-
HAUTKBIIITApasl KOAaHy eciMAikTiH ecyiH 11-16%-ra xxone N3oPgK;) memmepae 21%-ra neiin apTTeIpyFa MyM-
KiHAiK Oepei. 3epTTeNiHill OThIpFaH MalOypIaK AaKbUIbIHA arpOdK0KYHECIHIH OHIMIUIINH apTThIpy MaKcaThIH/a
OMOPHEPTETHKAIIBIK PECYPCThI KOHE OMOJIOTHSUIBIK MOTCHIIHAABI PAllHOHANBIBI MalaaHy, a3oThuKcanus Kaoi-
neriHe OailylaHbICTBl — aTMoc(epasblK a30TThl OalJIaHBICTBIPAJIbl, COHBIH CaJIAapbIHAH KOJaHOAJIbl a30TThl Thl-
HAWTKBIITApABIH J03ackl a3as/bl, Oy KOpLIaraH OpTaHbl KOPFayFa jKoHE arpOdKOXKYHEHIH PecypCThIK YHEMIEYiHe
BIKIIAJI ETEe.

Tyiiin ce3mep: arposkoxyiie, MailOypIIaKk, HHHOBAMSJIBIK TEXHOJIOTHSIAP, WHOKYJsIuUs, Mini-till, kanmeiHa
KeNTipy, OHIMALITIK.
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EFFECT OF COMMON BUNT INFECTION
ON AGRONOMIC TRAITS AND RESISTANCE
IN WINTER WHEAT LINES

Abstract. Common bunt (7illetia caries) is a seed transmitted fungal disease in wheat. The resistance cultivars
and lines of wheat should use to control this type of diseases in organic farming. A set of 75 wheat cultivars and
lines from IWWIP of Turkey used. During the period 2016-2017, an experiment was carried out at the Kazakh
Research Institute of Agriculture and Growing in an artificially inoculated nursery. The susceptible check, GEREK
79, had a high level of susceptibility to common bunt with 59.7% infected heads. The high mean disease incidence
in the nursery was 74.4%. The sixteen genotypes were resistant to disease under artificial inoculation. The forty-two
wheat genotypes (56% of all genotypes) expressed moderate resistance, which infected around 2.0-27.3% of ears.
The wheat lines had different levels of agronomic traits under artificial inoculation of common bunt. The pro-
ductivity of wheat genotypes under artificial infection ranged from 1.13 to 7.29 t/ha. The expected strong positive
correlation was detected between the grain number and grain weight (r = 0.7), between the grain weight and TKW (r
= 0.75) and the grain weight and total grain weight (r = 0.79). The negative correlation was found between the
bunted ears and all agronomic traits. Identified resistance genotypes will be useful for breeding programs to forming
resistance cultivars to common bunt in Kazakhstan.

Keywords: wheat, wheat cultivars, wheat lines, common bunt, resistance, productivity.

The Kazakhstan is one of the major wheat producers in the world. The climatic conditions on the
north are very favorable to cultivate cereals crops. The total area planted to wheat in the country repre-
sents over 85% of total cereal production. Currently Kazakhstan produces 18-20 million tons of wheat
grain, but output is highly dependent on weather and in recent years has fluctuated between 10 and 17
million tons. Kazakhstan is a major exporter of wheat and plays an important role in the food security of
Central Asia [1]. However, diseases and pests also play an important role in yield reduction in Kazakh-
stan. Common bunt, caused by Tilletiatritici (Bjerk.) G. Wint. /In Rabenh. [syn. 7. caries (DC.) Tul. & C.
Tul.) and 7. laevis Kuhn in Rabenh. (syn. T. foetida (Wallr.) Liro.], has occurred in all wheat-growing
countries of the world [2, 3]. The diseaseis largely spread in all wheat-growing regions [4]. The spores
which are left on the surface of the contaminated seeds are systematically developing and multiplying,
year by year, inside the growing wheat plants, when the plant reaches maturity, they transform the core of
the wheat kernels into toxic fungus spores. In case of heavy incidence it is not possible to use the seed as
food or feed. It causes yield loss in common wheat [5, 6] and reduces grain quality [7]. Already low doses
of the spores represent a problem for seed sales and multiplication. The spores contain trimethylamine
causing an unpleasant odour. Although chemical seed treatments can effectively control these diseases,
especially common bunt, resistant cultivars remain desirable for bunt management in developing countries
[8], for organic production of wheat, and as a lower-cost alternative to chemical treatment [9]. Although
the chemical treatment of wheat seed for the control of common bunt is widely used, genetic resistance of
wheat is an important part of the bunt control in many countries, especially on organic farms. Resistant
varieties may reduce the losses due to bunt infection [10]. The most economic and effective way of
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controlling common bunt of wheat is using bunt resistance cultivars [11-13]. It is important to identify
sources of wheat resistance to common bunt in order to use resistant varieties and to develop resistant
cultivars through breeding effort. Testing for resistance to Tilletia spp. and identification of new sources
of resistance are necessary especially under organic farming conditions [14]. Estimating the level of
common bunt resistance is time consuming due to the need to wait until the symptoms are expressed.
Symptoms happen when the grain filling period is nearly complete. The symptoms sometimes are only
expressed on the last spikes formed, and the symptoms often are only expressed in a few of the florets
[11]. So, understanding the effect of the common bunt on earlier agronomic traits would help in
identifying the trait associated with the resistance and hence the ability to select resistant genotypes earlier
rather than waiting until plant maturity. For example, it was reported that common bunt has an effect on
plant height, number of heads and root length of heads [15].

Our aim of this study was to evaluate agronomic traits and resistance of wheat cultivars and lines to
common bunt under artificial infection. The approach of this study was to study the effect of common
bunt infection on some easily measured agronomic traits in a set of seventy-five International common
bunt nursery’s winter wheat genotypes. Also identification resistant and susceptiblegenotypes to know if
there are differences in the response of theagronomic traits to the disease in order to determine if we can
use anagronomic trait as an indicator for the level of resistance to common bunt.

Materials and methods. A set of 75 winter wheat lines from Common Bunt Resistant Nursery
(CBUNT- RN 2015-2016) were used to study effect of common bunt on some important agronomic traits.
This nursery was performed and distributed by the International Winter Wheat Improvement Program of
Turkey and combined different type of germplasm resistant to common bunt (75 wheat genotypes from 7
countries —Turkey, Iran, Kazakhstan, Mexico, Romania, Russia, and USA). The experiments of artificial
inoculation with spores of common bunt were organized in the field, in the agricultural research blocks of
Kazakh Research Institute of Agriculture and Growing, Almalybak, Almaty region, Kazakhstan, in the
period 2016-2017. The experiments were carried out in randomized complete blocks with three
repetitions. After inoculation, approximately 150 seeds have sown from each germplasm. Artificial inocu-
lation of the seeds with spores has done by methods A.I. Borrgardt-Anpilogova [16], using a mixture of
isolates of southeast part of Kazakhstan. The spores were obtained sampling natural infected plants from
the field, from Scientific Research Institute for Biological Safety Problems, Otar, Kazakhstan. The doses
of spores used for inoculation vary a lot [17]. In order to provide a total infection, the wheat cultivars and
lines were treated separately with a higher inoculation dose of 0.08 g spores/150 seeds [18]. A winter
wheat resistant (MUFITBEY and NACIBEY) and susceptible checks (GEREK79) were included to
confirm the effectiveness of the common bunt inoculation protocol. The seeds were sown in the autumn
and in the next year, at the heading stage, the disease could be detected in the field. The specific symp-
toms were evaluated at the heading stage by the visual inspection of the spikes in the month of June, when
we could observe, at the infected plants, the dark coloured spikes, the spreading of the glumes and, at the
maturity, the grains content transformed into a mass of dark coloured spores. The evaluation tests
provided by scale Krivchenko, level of percent (%) of infected ears [19]. The resistance evaluation have
done by reporting the number of susceptible plants to the total number of plants. The plant height was
measured during ripening stage as the height of the plant from the ground to the tip of the plant. The
length of the head was measured from the base of the head to the tip after the plants completely emerged.
Number of spike was measured by counting of all spikes in one plant. The number of grain per spike was
measured by counting all the grains in one general spike. The grain weight per spike, 1000 kernel weight
and total grain weight were measured on mature plants that had not been watered for seven days as the
average grain weight, weight of 1000 grains and weight of all grains, respectively. Statistical and corre-
lation analysis were provided using Excel 2010.

Results and discussion. Resistance to common bunt. A mixture of common bunt teliospores from
races for field in southeast part of Kazakhstan induced a different reaction on wheat lines of International
CBUNT Nursery. The winter susceptible check, GEREK 79, had a high level of susceptibility to common
bunt with 59.7% infected heads (table). This high level of infection in the susceptible check on cultivar
GEREK 79 confirmed that the common bunt infection was successful. Goates (1996) [3] suggested that
common bunt resistance evaluation should be considered valid when a susceptible check had more than
50% infected heads. The two resistance winter genotypes, MUFITBEY and NACIBEY, had similar
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degrees of resistance with 10.1 and 2.0% infected heads, respectively. The high mean disease incidencein
the nursery was 74.4%. Among 75 lines tested genotypes from CBUNT International nursery, 16 geno-
types were resistant to disease under artificial inoculation:

PBW343*2/KUKUNA//ATAY/CALVEZ/3/ATAY/GALVEZ87, ORKINOS-1/SUNR23//SONMEZ,
ATAY/GALVEZ87/6/TAST/SPRW/4/ROM-TAST/BON/3/DIDO//SU92/C113645/5/F130L.12,
MADSEN/MALCOLM//ZARGANA-9/3/BURBOT-6, RINA-6/ORKINOS-7, DE9//MERGAN-2,
ORKINOS-1*2/3/AUS GS50AT34/SUNCO//CUNNINGHAM, KS902709-B-5-1/BURBOT-4, RANA96/
GANSU-3, RINA-6/BEZ/NAD//KZM(ES85.24)/3/F900K, ALMT*3/7/VEE/CMH77A.917//VEE/6/
CMH79A.955/4/AGA/3/SN64*4/CNO67//INIA66/5/NAC, BEZOSTAYA/AE.CYLINDRICA,
BEZOSTAYA/TR.MILITINAE//TR.MILITINAE-6, BEZOSTAYA/TR.MILITINAE// TR MILITINAE-
4,CV.RODINA/AE/SPELTOIDES(10 KR) and OSTROV. It is 21.3% of all studied wheat genotypes. The
other 42 wheat genotypes (56% of all genotypes) expressed moderate resistance, which infected around
2.0-27.3% of ears. Ten wheat lines were susceptible (31.4-48.2% infected ears) and seven lines were very
susceptible(up to 50% infected ears) to common bunt infection.

Common bunt resistance and agronomic traits of wheat genotypes

Plant | Head | Spike | Grain | Grain 1000 Total % | Grain
height, [length,| num- |number/ | weight/ | kernel | grain |bunte- | yield,

# Name of wheat lines Cm Cm | ber | Spike | spike, | weight, | weight, | dears | t/ha
g g g

1 2 3 4 5 6 7 8 9 10 11

1 | MUFITBEY (resistant check) 120,0 | 12,0 | 25,0 | 83,0 3,8 45,7 30,5 10.1 | 6.08

2 | NACIBEY (resistant check) 105,0 | 10,0 | 19,0 | 61,0 1,8 29,5 16,6 2,0 | 2,17

3 | GEREKY79 (susceptible check) 116,0 | 9,0 | 19,0 | 47,0 0,7 14,8 12,7 | 39,7 | 2,63

4 2?%%;?3555%?//ATAY/CALVEZ 85,0 | 11,0 | 21,0 | 56,0 1,0 17,8 14,3 0,0 | 3,68

5 1%1—;1{%1536/?;—(’5}%5{2328/%2?1%5#26/ 85,0 | 11,0 | 25,0 | 80,0 2,7 33,7 18,5 57,2 | 4,44

6 | ORKINOS-1/SUNR23//SONMEZ 115,0 | 13,0 | 23,0 | 79,0 3,5 443 22,2 0,0 | 4,50
ATAY/GALVEZ87/6/TAST/SPRW/4/R

7 | OM-TAST/BON/3/DIDO//SU92/ 125,0 | 14,0 | 23,0 | 79,0 3,7 46,8 28,7 0,0 | 3,35
CI13645/5/F130L.12

8 g//I;S;BD[SJl}E{I}\;/CI)\/_[ééJCOLM//ZARGANA- 130,0 | 12,0 | 21,0 | 52,0 2,0 384 12,5 0,0 | 4,17

9 | RINA-6/ORKINOS-7 1150 | 12,0 | 25,0 | 64,0 24 37,5 15,0 0,0 | 2,58

10 | SAULESKU#44/TR810200//GRISET-4 100,1 | 12,0 | 21,0 | 73,0 2,2 30,1 20,0 57,2 | 7,29

ATTILA/BABAX//PASTOR/4/TAST/SP
11 RW/ZAR/3/ATAY/GALVEZS7 90,1 | 12,0 | 23,0 78,0 2,9 37,1 22,0 | 47,8 | 2,77

12 | BURBOT-4/3/OMBUL/ALAMO/MV11 | 100,1 | 12,0 | 23,0 | 71,0 2,4 33,8 19,0 6,1 | 2,12

FRTL//AGRI//NAC/3/BONITO-

13 | 36/4/ERIT58-87//KS82W409/SPN/3/ 105,1 | 10,0 | 19,0 | 50,0 1,7 340 | 102 | 11,9 | 1,92
KRC66/SERI

14 | GUN91/MNCH*2//T-2003 1051 ] 11,0 | 21,0 | 67,0 2,6 390 | 21,0 | 154 | 3,63

15 | KRASNODAR/FRTL/6NGDALA6/4/Y 115 1 | 110 | 250 | 840 35 41,6 | 256 | 11,1 | 6,24

MN/TOB//MCD/3/LIRA/5/F130L.12

TIB368-251/BUC//SMUT1590-
16 | 165/3/KS7866-15/0RS8425/4/ 125,1 | 13,0 | 23,0 71,0 32 45,0 24,5 4,6 | 1,80
NE87U119/CHAM//1D13.1/MKT

SHARK/F44105W2.1//AUS4930.7/2*PA
17 STOR/3/ORKINOS.-1 100,1 | 10,0 | 21,0 78,0 2,3 29,4 19,1 26,5 | 6,08

GANSU-1/3/AUS GS50AT34/SUNCO//
18 | CUNNINGHAMA4/ORKINOS. 95,1 | 12,0 | 21,0 | 63,0 2.8 444 | 272 | 42 | 483

19 | BURBOT-4/3/OMBUL/ALAMO/MV11 | 95,1 | 11,0 | 21,0 | 60,0 1,5 25,0 17,0 9,3 | 4,81

20 | KUPAVA/BURBOT-4//PYN/2*BAU 902 | 12,0 | 21,0 | 57,0 22 385 | 16,0 | 54,8 | 3,05

21 | DE9/MERGAN-2 125,2 | 14,0 | 21,0 59,0 2,5 423 21,0 0,0 | 2,12
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Continuation of table
1 2 3 4 | s 6 7 8 9 0 | 1
KRASNODAR/FRTL/6/NGDA 146/4/Y
22 | MN/TOB//MCD/3/LIRA/S/F130L.12 125211120 1 23,0 | 700 | 28 | 400 | 218 | 86 ) 617
362K2.111/TX71A1039.VI*3/AMI/3/ES
23 | e 1202 110 | 210 | 740 | 20 | 270 | 186 | 100 | 520
24 | SELYNKA/MERGAN-1 1252 ] 100 | 190 | 500 | 1.8 | 360 | 152 | 231 | 1.70
25 | 91-142 A 61/KATIA1//GRIZET-4 1202 | 110 | 210 | 650 | 2.6 | 400 | 182 | 100 | 470
26 | KUPAVA/BURBOT-4//PYN/2*BAU 1002 | 11,0 | 190 | 500 | 13 | 260 | 165 | 314 | 5.67
KRASNODAR/FRTL/6/NGDA 146/4/Y
27 | e e 1152 110 | 230 | 650 | 27 | 415 | 160 | 345 | 425
ORKINOS-1*2/3/AUS
28 | S aOA T SO CUNNINGHAM | 1352 [ 120 | 230 | 570 | 24 | 421 | 192 | 00 | 435
87-461 a 63-555/4/ERIT5S-
29 | 87//KS82W409//SPN/3/KRC66/SERI 11021 13,0 | 23,0 | 570 | 25 | 438 | 193 | 325 | 1.55
30 | SAULESKU#44/TR810200//ZGI 1153 | 120 | 210 | 570 | 21 | 368 | 195 | 500 | 450
KRASNODAR/FRTL/6/NGDA 146/4/Y
3 OB M AL IR A 1301 s 1153 120 [ 250 | 630 | 27 | 428 | 215 | 154 | 5.50
TAM200/KAUZ/4/CHAMG//1D13.1/ML
32 | e s ey 803 | 130 | 230 | 800 | 33 | 412 | 188 | 212 | 2.8
33 E}i‘;l_{ll(/ FA410SW2.1//ICHARAB/MER | 1603 | 100 | 210 | 650 | 24 | 370 | 176 | 156 | 3.98
*
34 2)LPU/ VRSOSIWARFM201/23*2/GS30 | 1053 | 100 | 230 | 620 | 20 | 322 | 164 | 250 | 3,73
35 | KS902709-B-5-1/BURBOT-4 1103 | 110 | 210 | 550 | 21 | 381 | 188 | 0.0 | 5.55
36 g\ﬁw EMU/DOVES/JGRATHR/SBO | o5 3| 116 | 210 | 800 | 22 | 275 | 180 | 129 | 320
BATERA//KEA/TOW/3/ TAM200/4/494]
T N 1053 ] 100 | 210 | 550 | 1.6 | 200 | 128 | 61 | 270
BATERA/KEA/TOW/3/TAM200/4/494]
38 | 6 1 1/TRAP#I/BOW/5/TX96V2427 953 | 12,0 1 21,01 63,0 | 20 | 3L7 | 151 59 | 527
ORKINOS-1/4/JING411//
39 | oA o] 1253 | 140 | 250 | 760 | 3.1 | 407 | 258 | 154 | 2.12
GRIZET-4/3/ID#840335//PIN39/
40 | GREIHAIDIS 1204 | 130 | 230 | 900 | 28 | 311 | 178 | 179 | 455
41 | KAMBARA1/ZANDER-17 954 | 140 | 250 | 720 | 21 | 2901 | 187 | 273 | 2.20
ADMIS/5/SMB/HN4//SPN/3/WTS/YM
a2 | NS 1004 | 110 | 210 | 660 | 23 | 348 | 208 | 177 | 645
43 | RANA96/GANSU-3 1254 | 120 | 230 | 740 | 3.1 | 418 | 212 | 00 | 5.05
RINA-6/BEZ/NAD//
44| INESSS 24)/3/PI00K 1104 | 110 | 220 | 490 | 21 | 428 | 143 | 00 | 535
VORONA/3/TOB*2/7C//BUC/4/CHAM
45 | 6/1D13.1/MLT/3/SHI4414/CROW 110,490 | 21,01 580 | 2,0 | 344 | 150 | 53 | 483
Son64/4/Wr51/mida//Nt.h/K117/5/Anza/
46 | 3 pNorlHold) Sefd 1204 | 110 | 190 | 580 | 28 | 482 | 234 | 200 | 524
*
47 ’S\LD/ SNB/ZARRINS/YACO/Z*PARU | o6 4 | 90 | 100 | 720 | 28 | 388 | 187 | 333 | 193
SPN/MCD//CAMA/3/NZR/4/ALD/SNB*
a8 | S oy 754 [ 110 | 210 | 610 | 13 | 213 | 78 | 65 | 278
SPN/MCD//CAMA/3/NZR/4/ALD/SNB*
a9 | S ey 654 | 100 | 200 | 550 | 13 | 236 | 115 | 59 | 258
CMIHT79A.955/4/AGA/3/4*SN64/CNOGT
50 | //INIA66/S/NAC/6/CMHS3.25/RSH/8/Z | 80,5 | 110 | 230 | 720 | 22 | 277 | 181 | 217 | 2.85
RN
CMI79A.955/4/AGA/3/4*SN64/CNOGT
51 | //INIA66/S/NAC/6/CMHS3.25/RSH/8/Z | 905 | 120 | 23.0 | 830 | 25 | 301 | 180 | 139 | 278
RN
CMIT79A.955/4/AGA/3/4*SN64/CNOG7
52 | J/INIAG6/5/NAC/6/CMHS3.25/RSH/S/Z | 855 | 120 | 210 | 640 | 1.8 | 281 | 160 | 175 | 2.65
RN
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Continuation of table
1 2 3 4 5 6 7 8 9 10 11
53 | QUDS*3/MV17 95,5 | 11,0 | 21,0 | 67,0 2,0 28,3 16,2 | 48,2 | 2,63
ALMT*3/7/VEE/CMH77A.917//VEE/6/
54 | CMH79A.955/4/AGA/3/SN64*4/CNO67 | 80,6 | 10,0 | 21,0 | 53,0 1,8 34,0 14,0 0,0 | 4,83
//INIA66/5/NAC
55 iROC—l/AE'SQUARROSA(224)/OPAT 80,5 | 12,0 | 19,0 | 52,0 1,8 35,7 14,7 | 20,6 | 3,50
56 | SANZAR-8/KKTS 90,5 | 11,0 | 21,0 | 72,0 2,0 30,5 16,7 | 41,9 | 3,68
INTENSIVNAYA//PBW343*2//
57 TUKURU 90,5 | 12,0 | 19,0 | 64,0 2,0 29,6 14,5 | 234 | 2,83
58 | TSAPKI/FARMEC 90,5 | 11,0 | 21,0 | 71,0 2,0 26,7 20,1 57,2 | 6,47
AMCEL/KS970274/3/KS91048L-2-1/
59 CM112793(CHL)/2*STARYHWK 1064-6 95,5 | 12,0 | 19,0 | 56,0 2,3 41,0 19,2 2,2 | 2,53
60 | DORADE-5/KS980512 100,6 | 12,0 | 23,0 | 92,0 3,5 38,0 21,0 | 23,8 | 6,35
61 | OR 943576/KS920709 95,6 | 13,0 | 23,0 | 85,0 1,8 21,1 17,0 59 | 3,47
MRS/CI14482//YMH/HY S/3/RONDEZV
62 | OUS/4/ABI 86%3414X84W063-9939- 90,6 | 13,0 | 21,0 | 60,0 1,8 30,0 20,0 | 44,5 | 4,15
2//KARL92
63 | KS92WGRC-25 110,6 | 11,0 | 19,0 | 49,0 1,5 30,6 13,0 | 38,5 | 4,73
64 | BEZOSTAYA/AE.CYLINDRICA 120,6 | 14,0 | 29,0 | 81,0 3,0 37,0 25,3 0,0 | 4,51
65 BEZOSTAYA/TR.MILITINAE//TR.MIL 140.6 | 160 | 240 | 97,0 3.0 30,0 20,5 0.0 | 1.55
ITINAE-6
66 BEZOSTAYA/TR.MILITINAE//TR.MIL 1405 | 140 | 240 | 49,0 1.8 367 207 0.0 | 3.68
ITINAE-4
CV.RODINA/AE/SPELTOIDES(10
67 KR)/S.CEREALE(1.OKR) 140,4 | 14,0 | 24,0 | 62,0 1,8 29,0 16,8 | 20,0 | 3,60
CV.RODINA/AE/SPELTOIDES(10
68 KR)/S.CEREALE(1.OKR) 140,0 | 14,0 | 24,0 | 59,0 2,0 33,8 18,7 54 | 4,37
69 | CV.RODINA/AE/SPELTOIDES(10 KR) | 140,7 | 14,0 | 24,0 | 71,0 2,6 36,6 20,2 0,0 | 5,68
70 | FO6393GP10 70,7 | 10,0 | 22,0 | 63,0 1,8 28,5 16,7 | 25,8 | 0,87
71 | F08034Gl 75,7 | 10,0 | 22,0 | 62,0 2,2 354 17,3 | 34,5 | 443
72 | FO8347G8 75,8 | 11,0 | 22,0 | 74,0 3,0 39,1 19,0 89 | 1,13
73 | OSTROV 75,7 | 11,0 | 20,0 | 79,0 2,7 34,1 17,0 0,0 | 2,32
74 | F07270G2 100,9 | 10,0 | 18,0 | 44,0 1,8 41,0 16,3 | 74,4 | 4,17
75 | F00628G34-1 80,7 | 10,0 | 18,0 | 80,0 3,1 38,7 24,1 49 | 3,53

Agronomic evaluation. In the present work 9 traits were assessed on 75 winter wheat lines through 2
years grown under artificial infection of common bunt. The wheat lines had different levels of agronomic
traits under artificial inoculation of common bunt. The plant and spike height were 70.4-140.7 cm and
9.0-14.0 cm, respectively. The number of spike per plant ranged from 18 to 25 spikes. The grain weight
per spike was 0.7-3.8 gram. The 1000 kernel weight and total grain weight were showed different level of
productivity, 14.8-48.2 gram and 7.8-30.5 gram, respectively. The productivity of wheat genotypes under
artificial infection ranged from 1.13 to 7.29 t/ha.

Correlation analysis. The correlations among the nine traits were mostly similar, but in some cases,
the strength of the correlations was different. The correlation coefficients were found to be highly
significant at the 0.05 probability level. The moderately positive correlation was detected between the
plant height and head length (r = 0.51), between the head length and number of spike (r = 0.62). Also,
moderately positive correlation was found between grain number and total grain weight (r = 0.53). The
expected strong positive correlation was detected between the grain number and grain weight (r = 0.7),
between the grain weight and TKW (r = 0.75) (figures 1, 2).
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Figure 1 — The correlation coefficient of the between grain number and grain weight per spike
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Figure 2 — The correlation coefficient of the between grain weight per spike and TKW
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Figure 3 — The correlation coefficient of the between grain weight per spike and total grain weight per plant
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Also, strong positive correlation was found between grain weight and total grain weight (r = 0.79)
(figure 3). The negative correlation was found between the bunted ears and all agronomic traits, but these
correlations were no so high, fromr=0.1 tor + 0.29.

Conclusion. In conclusion, the common bunt infection was found to decrease the productivity and
biological yield in the tested genotypes. Artificial inoculation tests for common bunt resistance showed
that a large number of resistance genotypes is available in disease condition of southeast part of Kazakh-
stan. On base this study sixteen genotypes from the CBUNT Nursery of IWWIP can be considered as
valuable resistance sources to common bunt. Identified resistance genotypes will be useful for breeding
programs to forming resistance cultivars to common bunt in Kazakhstan.
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K. K. TafaeBI, A. W. MOprHOBZ, M. A. Ech6eKOBa3, A. . A6yraJmeBa3, I'. O. BasiansioBa '

'Kasak y/ITTBIK arpapiislk yHHBEpCHTeTi, AnMaThl, Kazakcran,
“Kyrepi Men Guaaii bl KaKcapTy XaabiKapanbik opranssl (CHMMUT), Ankapa, Typkus,
Kazak eriHmimik skoHe oCiMIiK MapyaiIbUIbFbl FHUIBIMH-38PTTeY HHCTHTYTHI,
Anmanei6ak, Anmatel 001bICE, Kazakcran

KATTBI KAPAKYIE AYPYBIHBIH KY3IIK BUJAN JTMHYSIJIA PEIHBIH
ATPOHOMMSIIIBIK BEJITLTEPIMEH TO3IM/ILTITTHE OCEPI

Annorauus. Karter xapakyiie (7illetia caries) TyKbIM apKbUIBI OepifieTiH OMmaiAbIH CaHBIpayKyIaK aypyia-
pbiHbIH Oipi. OpraHuKalbIK aybUIIIAPYallbUIBIFBIHIA aypY/IbIH alIblH ay YIIiH aypyFa Te3imii Ouaail» copTrapsl
MEH JIMHUSUIApBIH ecipy KaxeT. 3eprrey skymbichinaa TypkusiHbiH «Ky3aik Oupaiins! xakcapTy OOMBIHIIA XalbIK-
apanbik opTanbiky(IWWIP) KypraH xaibIKapaliblK KaTThl Kapakyiie ToMiMOarbIHbIH 75 OuIail TMHUSIIAD YKUBIHTHIFBI
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KOJNIaHBUIIBL. 3epTTey >KyMbIchl 2016-2017 xpurmapel Kaszak eriHmimik xoHe eciMmik mapyambuibiEsl F3U1-HeH
JKacaHIbl MHPEKIIITBIK TamiMOarbiHaa Kyprizingi. Cesimran 6akpuiay Hyckackl GEREK 79 renorumi 59,7% macak
KaTTBl KapaKYHEeMEH aybIpPHII, Ce3IMTaIIbUIBIKTHIH KOFAphl AeHrerine ue 0o0nmpl. OH aiaThl TeHOTHIT KAaCaHIbl MH-
(hexums asCBIHAA aypyFa TO3IMIUTIK TaHBITTHL. AypyIBIH €H JKOFaphl AeHreri 59,7%-ra meliH mMacakTapsl 3aiai-
JaHFaH OMaai TMHUSICHIHIA Tipkeami. 42 ounai renoruii 2.0-27.3% mamachliHaa KaTThl KApaKyHEMEH 3aJIallIaHblIII,
oprama Te3iMAl aem TaHBUIABL JKacaHABI JKargaima KaTThl Kapakyde aypysl OMITAiilbIH arpOHOMHUSUIIBIK KOpCeT-
KIIITepiHe OpTYpii ocep erTi. bumai NuHMsUIAPBIHBIH OHIMIUTIK AeHreri 1,13 t/ra-gan 7,29 T/ra-ra neiiH aybIT-
KbLIbl. boypkaM jkacasblHFaH KOFapbl OH Koppesiius koddduimeHTi 1oH caHbl MeH JoH canMarbl (r = 0,7), noH
canmarbl MeH 1000 nonHiH canmarsl (r = 0,75) jxoHe 1 MacakTarbl JIoH cajMarbl MEH Kbl 1oH canMmarsl (r = 0,79)
apacelHIa OalKamabl. ANl Tepic KOppelsims aypyMeH 3ajallaHFaH Macakrap CaHbl MeH 0acka arpOHOMUSUITBIK
KOPCETKIIITEePIiH apackiHAa Oadkanmel. MneHTHUKausanFaH Te3iMIai reHotunTep KasakcTaHmarbl KaTThI
Kapakyiere Te3imii BHI[BAPI COPTTaphIH KYypyFa apHAIFaH CEICKIMUIBIK Oarmapiamanapia KoJIIaHy YIIiH KYHIbI
OOJIBI TaObIIAEL.

Tyiiin ce3nep: Oumaii, Ommall TUHUATIAPHI, KATTHI Kapakyiie, TO3IMIUIIK, OHIMALIIK, arpOHOMHUSIIBIK KOPCeT-
Kimrep.

K. K. Taraes', A. I. MOprHOBz, M. A. EcumbexoBa’, A. H. A6yraJmeBa3, I. O. Basiuiosa'

'Kasaxckuii HalMoHabHbIH arpapHblil yHHBepcHTeT, AnMarsl, Kazaxcras,
*MesxIyHapOIHbIil LIEHTp yiIydlleHus KyKypy3sl i mueruus (CUMMUT), Arkapa, Typius,
*KasaxcKuii Hay4HO-HCCIIeI0BATeIbCKUIT HHCTHTYT 3eMIIE/IC/IHs H PACTCHHEBO/ICTBA,
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BJIMSIHUE TBEPJIOM I'OJIOBHU HA ATPOHOMHUYECKHE ITOKA3ATEJIN
U YCTOMYHUBOCTD JIMHUU O3UMOM NINEHULBI

AnnoTtauus. Tepnas ronoBHs (7illetiacaries) siBnsieTcss HamOoliee OMACHBIM TPUOKOBBIM 3a00JIEBAHUEM
neHunbl. Y3 cuctemMbl MeponpuaTuid o 60ps0e ¢ TBEpAoi rojoBHEW Hanbosee paauKaaTbHOW SBISETCS CO3aHe
YCTOWYMBBIX COPTOB M JIMHUHW MUICHHUIBL. B naHHO# paboTe MCIob30BaHbl 75 COPTOB M JIMHUM MIIEHHUIIBI, CO31aH-
Hble B « MeXIyHapOoAHOM LIEHTPE 0 YJIydlleHnto o3uMoit mmeHunsn (IWWIP), Typrus. DxciepuMeHT NpoBECH B
20162017 rr. B nHpeKkunoHHOM cranuoHape Ka3axckoro Hay4HO-MCCIIENOBATEIbCKOTO MHCTUTYTA 3EMIICIENUS U
pacreHueBozcTBa. Bocnpunmunseiii koutposns, GEREK 79, mokazana BocnpunmuuBocTh (59,7% NOBpexIeHHBIX
kosiockeB). Camasi BEICOKasl ypoBeHb 0o0j1e3HM coctaBisiia 74,4% nopakeHHbIX KojockeB. lllecTHaaaTh reHOTUIIOB
OBUTM yCTOWYHMBBIMU B YCJIOBHSIX HCKYCCTBEHHOTO MH(UIIMpoBaHHs. COPOK J1Ba T€HOTHIIOB IMIIEHHUIB! OBIIIM yMEpEH-
HO-YCTOMYMBBIMH, HX KOJIOCHSI ITOpaXkallkch TojoBHeH ot 2,0% 1o 27,3%. ArpoHOMHUYecKHe OKa3aTeN! B YCIOBUAX
HCKYCCTBEHHOTO MH(HUINPOBAHUS KOJIEOAIHCH MO-Pa3HOMY 110 CPABHEHHIO C KOHTPOJIEM. Y PO’KaifHOCTh TEHOTHIIOB
mIeHuI B! Konebdanock ot 1,13 mo 7,29 1/ra. OxxumgaeMast BBICOKas IOJIOKUTEIbHAS KOPPEILIUSA 00HAPYKESHA MEKIY
9HCII0 3epeH U Maccoi 3epHa (r = 0,7), mexay Maccoit 3epHa 1 Maccoit 1000 3epen (r = 0,75), a Takxke MEXIy Mac-
COM 3epHa ¢ IJIABHOTO KoJI0ca U 00mIei Maccoif 3epHa ¢ pactenus (r = 0,79). OtpunarensHas Koppensius o0Hapy-
’KEeHa MEeX[Y KOJIOChEB MOPAXKEHHBII TBEPO FOJIOBHEH U APYIrMMHU arpOHOMHUYECKHMU MpU3HAKaMH. M neHTuduim-
POBaHHBIE YCTOWYMBBIE T€HOTUIIBI Oy/AyT LIEHHBIMU B CEJIEKLMOHHBIX Mporpammax Kazaxcrana aist hopMupoBaHust
YCTOWUYUBBIX COPTOB MIIEHULIBI K TBEPIOM I'OJIOBHE.

KiioueBsle cjioBa: MIIEHNIA, IMHUYU MIICHULB], TBEPAAs TOJOBHS, YCTOMUYUBOCTh, IPOAYKTUBHOCTh, arPOHO-
MUYECKUE IPU3HAKH.
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ESTIMATION OF THE EFFICIENT LAND USE IN THE LIMITS
OF LAND PLOTS OF ACTING AGRI BUSINESSES

Abstract. This article examines the methodology of determining the efficiency of agricultural land use in terms
of a multistructural economy, taking into account structural and resource indicators. The necessity of improving the
system of land relations of peasant (private) farms with the purpose of optimizing their perspective activity is consi-
dered. The need to achieve optimal sizes of land plots in the process of increasing the profitability of agribusiness is
justified. Studies have shown that the methodology of assessing the economic efficiency of land use should be
simple in application to any business entity. One of the important moments is that all value indicators used in any
methodology of assessing the economic efficiency of land use should be considered in terms of inflation and risk. It
is necessary to make adjustments to prices as well, because the value of sold products is calculated taking into
account purchase prices to determine the total income of the enterprise.

Key words: agribusinesses, efficiency, gross agricultural output, rational use of farmland, optimal land use.

Introduction. In conditions of agricultural production development, the issues of regulation of land
relations are of special importance, where the formation of land plots of optimal size in various forms of
business plays the most important role [1].

Currently the solution of the tasks of effective land use requires the organization of accounting and
assessment of soil fertility on soil bonitet in the frames of land use. It is known that even in the case of
one land plot, the economic land fertility differs from the main group of soils in terms of low bonitet
score, which affects the production results [2].

As a rule by actual gross output or its value per 1 ha or 100 ha of land one can judge on the level of
farmland use.

Analysis of the land use structure of agribusinesses for the period from 1995 to 2016 in Kazakhstan
showed that the share of peasant farms (96.3%) is prevailing in their total number, whilethe number of
agricultural enterprises in 2016 is only 6.9 thous. [3].

The average sizes of land use are also differentiated. The LLPs and agricultural enterprises have the
largest land areas. At present, the tendency of reduction of the number of agricultural production
cooperatives is observed despite more democratic form of management.

Results and discussion. Efficiency of agricultural land use is also different and varies according to
the periods and categories of farms due to the increasing level of inflation and prices for agricultural
products (table 1).

The main reasons for the disintegration of production co-operatives into LLPs and peasant farms and,
accordingly, the size of land use are as follows: incompliance with democratic management principles,
exclusion of land holders from management, non-transparency of profit distribution, small amounts of
dividends, preferential taxation of peasant farms, which are the main factor of their mass organization.
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Table 1 — Tendencies of changes in the number, sizes of various forms of businesses and efficient use of agricultural lands
in the Republic of Kazakhstan for 1995-2016

Farm category 1995 2000 2010 2015 2016
Number of agribusinesses

Agri enterprises 5787 5345 5702 6906 12310

Peasant farms 30785 95460 193435 216567 219759
Average sizes of agribusinesses, ha

Agri enterprises 15602 10680 5780 5701 3312

Peasant farms 412 260 233 270 273
Gross output production per 100 ha of agricultural plots, mln. Tenge

Agri enterprises 100,4 249,7 495,5 2123 312,1

Peasant farms 136,5 461,8 612,8 177,1 2734

The most efficient production and land use has been achieved in large-scale agribusinesses, where
high-performance machinery is used, crop rotations are being observed, and there is greater accessibility
to loans, subsidies, and leasing.

On the basis of the land of production cooperatives, the process of organization of LLPs andPF is
taking place, which average size of land use over the past 2 years has stabilized, whilethere are peasant
farms with small land plots in the southern region (table 2).

Table 2 — Grouping of land use sizes of small peasant farms by composition of farmland and arable land
in the regions of the southern Kazakhstan

Region, Number of PF with Up to 50 ha Number of PF with Up to 50 ha
area ag.plots, thous.ha thous. share % arable lands, thous. thous. share %
Republic of Kazakhstan 1489 94,4 63,4 119,7 97,2 81,2
Southern region 108,5 88,4 81,5 98,1 90,7 95,5
Almaty region 41,3 31,3 75,8 35,3 32,2 91,2
Zhamby] region 16,3 12,0 73,6 14,6 12,4 84,9
Kyzylorda region 2,3 0,6 26,1 0,9 0,5 55,6
South Kazakhstan 48,6 44,5 91,6 47,3 45,6 96,4
Note. Calculations were performed on the basis of data from the Committee on Statistics of the RK. Col. "Agriculture,
Forestry and Fisheries in the Republic of Kazakhstan" for 2016.

Monitoring data of the Statistics Committee of RK as of 1.01.2016 show that 93.7% of peasant and
private farms have land area of up to 500 ha. To the greatest extent, small-scale peasant farms became
widespread in the southern region, where the share in the total number of plots of 50 ha is 90.1%, while in
the northern region only 8.1%, central - 3.9%, western - 11 , 3%. Most of them have narrow specializa-
tion, many of them are natural and semi-natural farms [4].

Small-scale type of production does not allow to manage agricultural production on an intensive
basis, to ensure full use of material, labor and other resources, to comply with environmental require-
ments. Small and even medium private and peasant farms due to the lack of financial resources don't have
the opportunity to introduce new technologies in the development of their production.

Small-scale agricultural production is not attractive for outside investors. Like investors, loan and
bank organizations don't make investments to small-scale farms, which is one of the main reasons for the
reduction of production volumes and failures in timely logistical support. The main condition for the
investors is the possibility to have complete influence on product output, using modern production means
and technologies. And this can be achieved only if the business has sufficient scale and size. As a result,
the main source of financing is a significant public support of the entrepreneurs who have small share of
own funds.
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At present, the issue of organizing effective land use aimed at the rational use of land which aims at
the development of crop rotations, a new moisture-resource-saving technology, and the use of more
productive machinery is very relevant.

One of the main directions in solving the problem of peasant farms with small land plots is the
development of cooperation, unification into single crop rotation areas. The study of cooperative pro-
cesses in agricultural sector has shown that three main directions can be distinguished here.

The first direction is co-operation of agricultural entitiesby production: the cultivation of labor-
intensive crops (fruit and vegetable specialization), fattening and raising livestock, etc. This is a produc-
tion cooperation where the shareholders and labor team are the same people.

The second direction is cooperation (unification) in the sphere of material and technical services.
This form of cooperation can be spread due to the lack of financial and material resources and under-
development of the service sector. The first and the second direction can have a mixed character, since the
purpose of these co-operations is the production of agricultural products, and it is extremely difficult to
differentiate them as a pure type.

The third direction is establishing of cooperatives on processing and selling products based on joint
funds and material and technical resources by peasant farms and personal subsidiary farms.

We see the solution of this problem not only in view of enlarging the land areas, but also providing
public support, especially to small peasant farms, since they play an important role in production of gross
agricultural - they produce 25% of the value of the gross agricultural output of the republic.

The economic efficiency of a particular form of management depends on increasing labor
productivity, strengthening saving regime, increasing production intensification, using internal reserves
and possibilities of agricultural production, and, especially, rational use of land.

With regard to land use, rationality assumes the expediency of productive and non-productive use of
land by applying both intensive and extensive factors that ensure a constant increase of soil fertility. But
the use of intensive factors should not lead to the decrease in land fertility and their withdrawal from
agricultural production.

At the present stage, in the conditions of intensive farming, new peculiar problems arise in land use
including the decrease of humus concentration in soil which is the basis of its fertility is of a particularly
concern. The experience of world land cultivation also confirms that one of the indicators of the eva-
luation of land cultivation system is the level of humus concentration in soil. Soils with high humus
concentration have more favorable water-physical and other properties. They are less susceptible to side
effects of pesticides, and mineral fertilizers are more effectively used on such soils. In connection with
this, the level of humus concentration in soil is one of the most important indicators of the rational land
use, reproduction of soil fertility.

The formation of farms according to the area depends on the nature of the land plots, i.e. their
structure (size of arable land, hayfields, pastures); specifics of particular sectors; zonal conditions. Ratio-
nal land use excludes monocrops, because the seasonal character of agricultural production determines the
need for full employment of labor forces during the year. To regulate these processes, a rational
combination of crop production and livestock production sectors is necessary. Foreign and domestic
experience shows the rational combination of crop production and livestock production sectors in the ratio
of 60:40 and 50:50.

Another criterion for establishing optimal land use sizes for the farms is the output of agricultural
products per 100 ha of farmland (arable land); net profit per 100 ha of farmland (arable land); level of
own commodity production; the level of application of innovative technologies, the process of diver-
sification, the maintenance of an optimal livestock population; cost of fixed production assets; number of
permanent employees, availability of own working capital and high level of creditworthiness, level of
profitability [5].

This issue is closely related to land turnover, especially in view of small farms that are unable to use
crop rotation and high-performance machinery. The cancellation of sublease caused significant damage in
the formation of optimal parameters of land use. Therefore, the main mechanism governing the para-
meters of enterprises is the organization of simple partnerships and the development of horizontal
cooperation.

— 0 ——
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The effective agriculture directly depends on the ongoing activities on land reclamation. In this
regard, the State policy on maintaining the quality of irrigated lands should be developed and imple-
mented in comprehensive and close interaction with other agricultural activities.

Let's consider the state of land use by different categories in the Enbekshikazakh district of Almaty
region (table 3).

Table 3 — Availability of land and its distribution by categories in Enbekshikazakh district of Almaty region for 2016

including:
Name of categories of land, Arab(lheal)ands Perennial plantations (ha)
landowners and land users Total Hay | b ciures
(possession and temporary use) area (ha) | (oral | OFthem | iy Of them: fields (ha)
(ha) irrigated (ha) Orchards | vineyar | (ha)
(ha) ds (ha)
Agricultural lands 394351 | 85487 | 77527 9164 5338 3716 15118 | 278197
Land of citizens for farming 315803 63130 57781 5170 4194 976 13057 | 233988
Averagesize of 1 PF 23,1 4,6 5,3 0,4 0,3 0,07 0,9 17,1
Lands of economic partnerships and | 50359 | 17298 | 15310 | 2563 34 2529 | 1556 | 31594
joint-stock companies
Average size of 1 LLP and JSC 367,0 108,8 166,4 16,1 0,2 15,9 9,8 198,7
Land of agricultural cooperatives 17285 4181 3565 368 167 201 505 12181
Average size of 1 cooperative 480,1 116,1 169,8 10,2 4.6 5,6 14,0 3384
Note. Compiled by the authors according to the data of the Land Relations Department of Enbekshikazakh district, for
2016.

In the structure of agricultural land use, the largest share belongs to peasant farms - 80.1%, LLP and
JSC - 14.8%, and PC - 4.4%. The average size per one PF -23.1 ha, which indicates the small land area,
and the average size per cooperative - 480.1 ha which is higher than one LLP and JSC. Land users (PF,
LLP, PC) in the district are highly specialized, and there is no rational combination of sectors.

Specialization is represented by a diversified structure. In the structure of the sown area, specific
weight is as follows: 40.2% - cereals, 15.4% - oilseeds, and 5.4% - perennial plants. In addition, a large
share in production have fruits and berries. Of the total production volume of fruits and berries, 5.3% are
stone fruit and pome fruits.

The main criterion characterizing the marginal (minimal) size of peasant farms is its annual turno-
ver - gross production of goods (gross income) in monetary terms, which determines the level of compe-
titiveness. The level of intensity and efficiency of land use is determined by the index of gross (sold)
production per 100 ha of farmland (table 4).

The gross output of agriculture increased by 9.1% per year.

For example, LLP "Fresh Fruit Kazakhstan" has a land area of 60 ha. Agricultural land - 60 ha,
including perennial plantations - 40 ha. Irrigated - 40 ha, of which stone fruits- 10 ha, pome - 30 ha. The
annual profit, total - 803 thous. Tenge.

Table 4 — Comparative indicators of the efficient use of farmland in Enbekshikazakh district for 2015- 2016, mln Tenge

Index 2015 2016 2016 to 2015., %

Gross agricultural production, million tenge 72414,7 79209,4 109%
Area of agricultural land, thousand hectares 785787 785798 100%
Area of arable land, thousand hectares 164993 170096 103%
per 100 hectares of farmland, million tenge 921,6 1008,0 109%
per 100 hectares of arable land 413 465,7 113%
Note. Compiled by the authors according to the data of the Land Relations Department of Enbekshikazakh district for
2015-2016.
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LLP JSC "Issyk Wine Plant" -agricultural land is 350 ha, including perennial plantations - 280 ha, of
which 280 ha are irrigated. The annual profit, total - 1079 thous. tenge.

By group of peasant farms of Enbekshikazakh district the indicators are as follows: PF "Rafikov" -
the area from 11 to 20 h, PF "Aldazharova" from 41 to 50 ha were accepted, the "Shimgambaev" farm-
from 51 to 100 ha, "Aidarbaev" farm over 100 ha.

Analysis of the financial situation of the PFof Enbekshikazakh district shows that the medium-sized
farms (from 31 to 40 ha) have the most high profit which is 5286 thous. Tenge and large (over 40 ha) -
5931 thous. tenge.

In a number of certain territories, as a result of heavy soil exploitation, due to the severe anthro-
pogenic impact in recent years, there is the depletion of soils, a sharp drop in soil fertility, which is
irrational, since fertility can be restored very slowly.

Processes and phenomena that reduce soil fertility, destroying land resources of the country can be
divided into 4 groups:

- natural processes, the adverse effect of which on soil surface cannot be prevented. These are
earthquakes, mudflows, floods, etc.;

- natural processes that a person can prevent to some extent or reduce the negative impact on soil. For
example, soil wind and water erosion, salinization of soils due to the lack of engineering structures
associated with functioning of drainage system, flushing and erosion of soils on slopes due to improper
tillage of crop rotation fields;

- natural processes, the intensive manifestation of which is due to unreasonable human economic
activity. This is the degradation of land due to the high pressure of livestock, desertification of the
territory, due to deforestation, intensive flushing and erosion of soil surface runoff of temporary water
flows, salinization of soil associated with excessive irrigation;

- phenomena entirely related to human economic activity.

Information and advisory services and scientific provision, training and upgrading courses of
farmersare very important for the further development of peasant farms. In order to meet the needs of
peasant farms, cooperatives and other agricultural producers in information and advisory services, it is
necessary to establish a single information and advisory service, including sectoral and regional centers
with a network of district consultants, as well as relevant units in the government bodies of the agro-
industrial complex. The information and advisory service should assist in mastering the achievements of
science and technology, advanced production technologies, in marketing, economics of cooperation,
social and legal protection [6].

Agricultural research institutions will expand studies on economic, legal, technological and social
problems of farming and development of agricultural cooperation, they should develop optimal models of
peasant farms and cooperatives of different production specialization, taking into account the natural and
economic zones. It is important to expand training and professional development of farmers and
cooperative workers, including loan and insurance cooperatives.

Conclusions. The assessment of the efficient land use in small peasant farms of fruit and vegetable
specialization using the index method has made it possible to identify groups that can withstand a
sufficient level of competitiveness in case of the use of innovative technologies in irrigated lands and
increase of government support measures.

The index of the efficient land use, labor productivity, technical equipment in all groups, recom-
mended peasant farms is approximate or equal to 1. Thus, these peasant farms can withstand competition
if public support measures will be increased and, first of all, subsidies for drip irrigation, mineral ferti-
lizers, plant protection, as well as providing preferential loans for leasing of machinery and equipment [7].

Many cost types are determined comprehensively for the whole farm (fuel and lubricants, depre-
ciation and current repair of machinery, etc.), and are transferred in respective shares for each crop.

In this regard, priority tasks include conservation of productive agricultural lands, optimization of
arable land and sown areas by quantitative and qualitative characteristics of land.

The solution of these tasks is related to the improvement of technologies of maintaining and in-
creasing bioproductivity of agricultural lands, the development of technologies of rational land mana-
gement, land use and land protection, establishing the effective organizational and legal mechanisms of
agricultural land management, and the development of public monitoring of agricultural lands.

—— Y ——
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1Ka3al< VITTBHIK arpapiiblK YHUBEpCUTETi, AaMarel, KazakcraH,
*Kaszax arpapiiblk-eHEpKICIITiK KeleHiHiH YKOHOMHUKACHI KOHE aYbIUIIBIK aYMAKTapIbl JAMBITY
FBUIBIMU-3€pPTTEY UHCTUTYTHI, AnMmatsl, Ka3akcraH,
*Anekcanap CTysrunckuc yausepenrerti, Kaynac, Jiutsa

’KYMBIC ICTEII TYPFAH ATPOKYPBLIBIMJIAPJBIH
'KEP TTANJIATIAHY AYMAFBIHJA
'KEPII MAVJAJIAHY TUIMALIITIH BAFAJIAY

AHHoTanusi. Makanazna KypbUIbIM/IBIK JKOHE PECYPCTHIK KOPCETKIIITEP/Ii eCenKe aja OThIPbII, KOI CEKTOPIIbI
HKOHOMUKAJIAa aybUl IIapyallbUIbIK JKEpJepiH THIMII NaijanaHybplH aHbIKTay daicteMeci Kapactelpbuiibl. [llapya
KO>KaJIBIKTApbIHBIH 0OJIalIaKTaFbl XYMBICHIH OHTAMJIaHIBIPY MaKCcaThIHAA JKEP KaThIHACTAaphl KYHECIH KeTUIHipy
Ka@XKETTUIr KapacThIpbUIazbl. ArpapiblK OW3HECTIH OHIMIIK THIMIUIITIH apTThIPY YAEpiCiHIE XKep ydacKelepiHiH
OHTAMIBI MOJIIEPIHE KETy KKETTUIIr HeTi3IeNreH. 3epTTeyliep KOPCeTKeHICH, Kep i maiJalaHyIblH YKOHOMIU-
KaJIBIK THIMJIUTITIH OaFanay ojicTeMeci Ke3 KeJTeH KOCIIKEpIIiK cyOBeKTICiHe maijananya eTe KapanaibiM OOTysI
kepek. CoHpaii-ak, skepli THIMII MaiIanaHyIbIH Ke3 KEITeH ONICTepiHAe 3KOHOMHUKAJBIK OaranayiblH OapiibIK
KYH/IBIK KOpCETKImTepiHiH O0ipAeH O0ip MaHBI3IBI K€3€HI OOJBII, OJNAPIBIH TOYEKENILUTIT kKoHEe HH(ISAIISICH apKbLUTBI
KapacTHIPBUTYHI THIC. baranmapriHa e3repic eHTi3y KaXKeT, OMTKEeHi CaThUIFaH OHIMHIH 0aFachl KOCIIOPBIHHBIH KB
KipiCiH aHBIKTay YIIIiH CATHIII JILIHFaH O0ara eceOiMeH ecenTemNeni.

TyiliH ce3aep: arpoKypsUIBIMAAD, THIMIUIIT, aybUl MIapyaIlbUTBIFBIHBIH JKaJIIbl ©HIMI, aybUl MIapyarlbUIbFGl
MaKCaTBIHIAFbI JKeP/Ii YTHIMABI MTaiiiaany, *KepAl OHTANIIbI aiiianany.
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'Kasaxckuii HAIMOHANBHBII arpapHbIi yHHBepcHTeT, AnMathl, Kasaxcran,
*KasHHMU skonomukn AITK 1 pa3BUTHS CeTbCKHMX TeppUTOpHit, AnMatsl, KazaxcraH,
*Yunepcurer Anexcanapa Crynbrunckuca, Kaynac, JTutsa

OIIEHKA Y®®EKTHBHOCTH UCIIOJIb30BAHUSI 3EME.JIb
B TPAHUIIAX 3EMJIEIIOJIb30BAHUM
JNENUCTBYIOILIUX ATPO®OPMUPOBAHUI

AnHotanus. B crartee paccMorpeHa mMeToauka ornpenencHus 3Q(EeKTHBHOCTH HCIOJIb30BaHUS 3€MeJb CEellb-
CKOXO3SIIICTBEHHOI'O HA3HA4YE€HUsI B YCJIOBHMAX MHOIOYKJIAJHOW HKOHOMUKH C YYETOM CTPYKTYPHBIX M PECYPCHBIX
nokasatesied. PaccMoTpeHa HE0OXOIMMOCTh COBEPILICHCTBOBAHMSI CHCTEMBI 3€MEJIbHBIX OTHOIIEHUI KPECThSIHCKUX
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(bepMepckrx) XO3SICTB B MENAX ONTHMH3ALIUU X NEATENFHOCTH Ha mepcnekTuBy. OO0CHOBaHa HEOOXOIMMOCTH
JOCTWDKEHUsI ONTHMAIIBHBIX Pa3MEpOB 3eMENBHBIX IUIOIIANeld B MpoLecce pocTa JOXOMHOCTH arpapHOro OusHeca.
HccrenoBanus MOKa3alld, YTO METOAMKA OLEHKU SKOHOMHYECKOH 3((PEKTHBHOCTH HCIIOIb30BaHUS 3€MJIH JOJDKHA
OBITH TOCTATOYHO IPOCTa B NPHUMEHEHUHM K JIIOOBIM XO3SHCTBYIOIIMM CyOBeKTOM. Takxke OZHUM M3 Ba)KHBIX
MOMEHTOB SBJIETCS TO, YTO BCE CTOMMOCTHBIC IIOKA3aTeNH, MCIIONb3yeMbIe B JIIOOBIX METOAMKAX OLEHKH 3KO-
HOMHYECKOH 3(()EKTHBHOCTH HCIIOIb30BAHUS 3€MJIH, MOJDKHBI PACCMATPHUBATHCS C Y4eTOM HMHMIAMU M PHCKA.
HeO6XO[lI/IMO BHOCHUTH KOPPEKTUBLI B ILICHLBI, T.K. CTOUMOCTb peaJ'II/BOBaHHOﬁ MMPOAYKIIUN PACCUUTBIBACTCA C YUYETOM
3aKYIIOYHBIX HEH JIs ONPECACICHUSA O6U.lel"0 JA0XoJa MpeaAnpusAaTu.

KaroueBbie ciioBa: arpodopmupoBanus, 3Q(HeKTHBHOCTh, BaJIOBasi MPOIYKIHUS CEILCKOTO XO3HCTBa, paluo-
HaJIbHOE UCIIOJIb30BaHHUE CEIbX03yTOUH, ONITUMAIBHOE 3eMJICTIONb30BaHHE.
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IMMUNE-PHYTOPATHOLOGICAL ASSESSMENT
OF RESISTANCE OF SPRING WHEAT VARIETIES
TO STEM RUST IN THE NORTHERN, WESTERN
AND SOUTH-EASTERN REGIONS OF QAZAQSTAN

Abstract. Stem rust is the most common and dangerous disease of wheat. Despite comprehensive studies of
stem rust, protection of wheat from this disease is still relevant. In order to determine resistance to stem rust under
field and laboratory conditions, phenologic, phytopathological were conducted on 90 varieties of spring wheat
varieties. The paper also presents biological features and harmfulness of stem rust (Puccinia graminis Pers). In
addition, farmers and agricultural organizations are informed that the new virulent Ug99 stem rust race found in
Uganda is now rapidly spreading, creating devastating epiphytoties on wheat, which is dangerous for the Central
Asian region, including Kazakhstan. A long time ago, stem rust has been of particular concern to scientists. The
rapid spread of new strain of the pathogenic agent may endanger the world's grain reserves. For many years, linear
stem rust has been of particular concern to scientists. Kazakhstan farmers should also remember about stem rust.

Keywords: phytopathogen, wheat, monitoring, stem rust, inoculum, resistance.

Introduction. We know that not so long ago stem rust was an example of how the selection science
has “killed” an extremely dangerous disease of cereals. It would seem that by the 1970s, the pathogen,
which in the first half of the twentieth century had resulted in serious crop losses, was killed by spreading
new resistant varieties around the globe.

However, in fact, in 30 years of silence, the fungus mutated into a new extremely aggressive race and
in 1999 struck the crops of the North African state of Uganda. Thus, its name and that of the strain
justifies itself: stem rust of wheat (Puccinia graminis f., tritici) has the ability to transform crops that look
quite healthy a few weeks before harvest, into tangled black stems with wrinkled grains by the time of
harvest. Under certain conditions, a loss of 70% or more of the crop is possible. In recent years, the close
attention of breeders to stem rust of wheat has been caused by concern about the high aggressiveness of
this pathogen. A characteristic feature of this type of rust, in contrast to brown and yellow rust, is that it
affects stems, leaves and ears of wheat, and can almost completely destroy wheat crops. It is no accident
that during the Cold War this pathogen was considered a biological weapon. Before 2004-2005, the
struggle against stem rust was cited as a classic example of effective and long-term genetic protection of
plants. For the last 30 years, the presence of the Sr31 gene in many cultivated wheat varieties provided
protection of wheat against diseases (Shamanin et al., 2012). In 1999, in Uganda, the affection of
genotypes with the Sr31 gene with stem rustwas first noted, which up to that time had been practically
unaffected with stem rust. This single incident alerted the world about the appearance of new stem rust
race called Ug 99. It took only a few years for the new race to spread in the wheat sowing regions of
Kenya and Ethiopia. Already in 2005-2006, the cultivation of wheat in these countries without chemical
treatment was almost impossible (Singeetal., 2008).
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Sh. S. Rsaliev, M. Koishibaev noted the foci with the moderate and strong development of stem rust
on spring wheat crops in the Kostanay and North Kazakhstan regions. The spread of the disease varied in
the range of 20-40%, while in some fields this indicator reached 90-100%. However, the degree of
damage to plants did not exceed 10%, and only in rare cases it was 25%.

Materials and methods. The studies were conducted in 2014-2017 based on stationary experiments
of the Kazakh Research Institute of Agriculture and Plant Growing, in the Kazakh Research Institute for
Plant Protection and Quarantine named after Jh. Zhiembaev and in the CIMMY T-Turkey greenhouse.

The resistance of wheat varieties and samples was evaluated by the dominant types of rust. The
resistance of wheat lines to stem rust was evaluated in points at the stages of earing and milky ripeness of
grain.
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Figure 6 — Scales of resistance of wheat to stem rust:
A - photographs of types of damage; B - scoring scale from 0 to 4 points, where X is a heterogeneous reaction;
C - unified scoring scale, D - scalefrom 0 to 9 points, E - qualitative damage reactions: resistance (R) and susceptibility (S)

In Turkey, 90 samples of the seeds of the 17FISYNT-OMSK-LIST farm were sown in a greenhouse
in one row of 1 meter long. There was one replication. On an artificial infection background of stem rust
(P. graminisPers.f. sp.Triticieeriks and E. hernn), the collection of synthetic wheat for resistance to
diseases was evaluated. Inoculation was conducted to assess stem rust in greenhouse conditions. Samples
of rust uredopustule were collected during the milky-wax stage in the greenhouse by artificial means
using a special apparatus. Reproduction of the inoculum was carried out under the greenhouse conditions
on the Demir universally susceptible wheat variety. Shoots were inoculated into a 2-3-leaf stage. The
incubation period of the disease depends on the room temperature. For brown rust at a temperature of 26-
28 °C the incubation period was 7-8 days, for the yellow rust pathogen, the optimum temperature for
infection of plants and the development of the disease was in the range of 15-20 °C.

The manifestation of the disease was taken into account after 14 days on the Mackintosh scale (figu-
re 1, 2).

The study of cereals in the greenhouse conditions is shown in figures 1, 2, 4.
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Figure 2 — Collection of stem rust spores for artificial inoculation

In the spring, in the tillering stage, the crops of spring wheat were infected with uredospores of stem
rust. For infection, only the local fungus population, or the races (pathotypes) with a certain virulence
were used. The inoculum taken for infection was activated at a temperature of 37-40 °C for 30 minutes,
followed by watering in a moist chamber at a temperature of 18-22 °C for 2-4 hours. The infectious
material was applied to the plants by spraying with an aqueous spore suspension from 0.001% Tween 80
according to E.E. Geshele, or by powdering a mixture of spores with talc (at a ratio of 1: 300) according
to G.S. Turov et al.. The plants were infected in the evening in windless weather after preliminary wate-
ring and moistening of leaves of plants of experimental crops. The spore infectious load was 20 mg/m’.
After the infection, the plots were covered with a polyethylene film for 16-18 hours to create high
humidity (figure 3).

Figure 3 — Establishment of the field experiment on creating an infection background of stem rust of wheat
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Results. After the manifestation of diseases on susceptible control varieties, the resistance of plants
to rust types according to the established scales was assessed 2 to 3 times (figures 4).
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Figure 4 — A - Assessment of resistance of wheat varieties to stem rust in the greenhouse
B - Assessment of resistance of wheat varieties to stem rust in the field

According to the results of the research from the 17F1SYNT-OMSK-LIST farm, 90 lines were
identified. 8 of them were resistant varieties, entry no 69, 71,72, 74,75,77,78,89. 16 varieties were
moderately resistant to stem rust, 26 varieties were moderately susceptible, 19 varieties were susceptible,
and 1 varieties possessed the R-S reaction type - SY ROWYN, 20 varieties possessed the MR-MS
reaction type (table 1, figure 6).

Table 1 — Damage to nursery 17F1SYNT-OMSK-LIST to stem rust
in the northern, western and south-eastern regions of Qazaqgstan

Defeat, score
Entry Variety or breeding line Origin Almaty WKO Shortandy
no. 17.08.17 | 08.08.17 | 19.08.17 | 28.08.17
SR SR SR SR
1 2 3 4 5 6 7
1 SERI KAZ I MR I MR 5 MR 50S
2> | STEPNAYATS KAZ 10 MR 5 MR 20 MS 60S
3 | STEPNAYAI414 KAZ 10 MR 5 MR 20 MS 80S
4 | GVK2055-1 KAZ 30 MS 5MS 20 MS 80S
5 | LUTESTSENS2 KAZ 30 MS 5MS 20 MS 808
6 | LINE-C-19SB KAZ I MR I MR IMR | 10MRMS
7 | KARABALYKSKAYA 20 KAZ 30 MR 10 MS 40 MS 1008
8 | FANTAZIYA KAZ 30 MR 5 MR 30 MS 1008
9 | BOSTANDYK KAZ 10 MR 5MS 20 MS 808
10 | LUTESCENS 30 69/97 KAZ 30 MS 5MS 20 MS 80S
11 | KARAGANDINSKAYA 30 KAZ 10 MR 5MS 30 MS 80S
12 | KARAGANDINSKAYA 31 KAZ 30 MR 20 MS 80'S 80S
13 %‘é&f;&fgﬁYA KAZ 30 MS 5MS 80'S 1008
14 | KONDITERSKAYA YAROVAYA KAZ 5 MR 5 MR 5MS 15MRMS
15 | FITONC-50SB KAZ 10 MR 5 MR 5MS 10MRMS
16 | FITONS2 KAZ 30 MR 10 MR I5MS | 30MRMS
17 | FITON-C-54SB KAZ 30 MS 5MS 10 MS 40MS
18 | EKADAI148 KAZ 30 MS 5MS 30 MS 40MS
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Continuation of table 1

1 2 3 4 5 6 7

19 EKADA 113 KAZ 10 MR 5 MR 15 MS 30MRMS
20 LYUBAVA KAZ 5 MR 5SMR 15 MS 40MS
21 FITON 41 KAZ 30 MS 10 MS 60 S 80S
22 FITON 204 KAZ 40 S 5 MR 60 S 80S
23 VLADIMIR KAZ 30 MS 10 MS 40 S 80S
24 TSELINASO KAZ 40 S 5MR 508 80S
25 TSELINNAYA NIVA KAZ 10 MS 5MR 508 80S
26 ASYLSAPA KAZ 30 MS 10 MS 40 S 80S
27 AKMOLA 2 KAZ 40 S 5MR 40 S 100S
28 AK ORDA KAZ 30 MS 10 MS 40 S 80S
29 SHORTANDINSKAYA 2012 KAZ 408 5MS 60 S 100S
30 TSELINNAYA 3S KAZ 30 MS 10 MS 50S 80S

31 ASTANA KAZ 40 S 5MS 40 S 80S
32 ALTAISKAYA70 RUS 30 MS 5MR 40 S 80S
33 ALTAISKAYAI110 RUS 30 MS 5MS 40 S 80S
34 TOBOLSKAYA RUS 10 MS 20 MS 40 S 100S
35 ALTAYSKAYA ZHNITSA RUS 10 MS 20 MS 508 80S
36 STEPNAYA VOLNA RUS 40 S 20 MS 30 MS 80S
37 APASOVKA RUS 30 MS 10 MR 30 MS 80S
38 LUTENSCENS89-06 RUS 30 MS 20 MS 40 S 80S
39 DUET RUS 30 MS 10 MR 40 S 80S
40 PAVLOGRADKA RUS 10 MS 5MS 60 S 80S

41 LUTESCENS29-12 RUS I MR 5MR I MR 10OMRMS
42 LUTESCENS106-11 RUS 5 MR 1 MR 1 MR 10MRMS
43 TULAIKOVSKAYA110 RUS 10 MR 5 MR 10 MS 20MRMS
44 LUTESCENS916 RUS 10 MR 1 MR 5MR 20MRMS
45 GRECUM1003 RUS 10 MR 1 MR 5MR 30MS
46 LUTESCENS1062 RUS 10 MR 5 MR 5 MR 20MRMS
47 LUTESCENSS89-06 RUS 10 MR 1 MR 1 MR 20MRMS
48 ERITROSPERMUMS5-08 RUS 10 MR 1 MR 1 MR 20MRMS
49 SEREBRISTAYA RUS 20 MS 20 MS 508 60S
50 SERI RUS 1 MR 1 MR 5 MR SMR
51 BOEVCHANKA RUS 10 MR 5MS 20 MS 50MS
52 OMSKAYA 37 RUS 5 MR 5SMR 5 MR 20MRMS
53 LUTESTSENS7-04-4 RUS 5 MR 5MR 10 MR 20MRMS
54 LUTESTSENS197-04-7 RUS 5 MR 5 MR 20 MS 30MRMS
55 LUTESTSENS220-03-45 RUS 5MS 5MS 30 MS 40MS
56 TULAIKOVSKAYA 10 RUS 10 MR 5MR 30 MS 40MS
57 TULAIKOVSKAYA ZOLOTISTAYA RUS 10 MR 10 MR 408 60S
58 TULAIKOVSK 100 RUS 5MS 5MS 15 MS 40MS
59 GREKUM 650 RUS 5MS 5 MR 15 MS 40MS
60 LUTESCENS 920 RUS 5MR 5SMR 10 MR 40MS
61 EKADA 121 RUS 40 S 10 MS 30 MS 80S
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Continuation of table 1

1 2 3 4 5 6 7

62 CIMMYT RUS 30 MR 10 MS 10 MS 40MS
63 P-23-17 RUS 30 MR 10 MR 60 S 80S
64 PAMYATI RUBA RUS 10 MS 20 MS 60 S 80S
65 CHELYABA 75 RUS 5 MR 5 MR 10 MR 1SMRMS
66 ERITROSPERMUM 23707 RUS 30 MS 10 MS 40 S 60S
67 SY TYRA US-SYN 10 MR 1 MR 1 MR SMRMS
68 SY GOLIAD US-SYN 5MR 5 MR 5MR ISMRMS
69 SY SOREN US-SYN 5 MR 5 MR IR SMR
70 SY ROWYN US-SYN 5 MR 10 MR 60 S IMR-80S
71 SY INGMAR US-SYN R 1 MR R IR

72 SELECT US-SDSU 1 MR IR 1 MR IR

73 FORE FRONT US-SDSU 1 MR 1 MR 1 MR SMR
74 PREVAIL US-SDSU 1 MR IR 1 MR SMR
75 ADVANCE US-SDSU 1 MR IR R SMR
76 BRICK US-SDSU 10 MR 5MR
77 CARBERRY CAN I MR IR I MR IR
78 MUCHMORE CAN 1 MR 1 MR I MR SMR
79 URALOSYBIRSKAYA RUS 5 MR 5 MR 1 MR 20MRMS
80 TORNADO 22 KAZ 20 MS 10 MS 50 S 508

81 LYUTESTSENS 1012 RUS 30 MS 20 MS 50 S 80S
82 LYUTESTSENS 7-04-10 RUS 10 MR 5 MR 10 MR 20MRMS
83 LYUTESTSENS 208-08-4 RUS 5 MR 5 MR 15 MS 30MRMS
84 LYUTESTSENS 27-12 RUS 10 MS 5MR 208 40MS
85 ERITROSPERMUM 85-08 RUS 10 MR 5SMR 15 MS 20MRMS
86 LYUTESTSENS 6-04-4 RUS 5 MR 5SMR 15 MR 20MRMS
87 LYUTESTSENS 186-04-61 RUS 10 MS 20 MS 20 MS 60S

88 CHEBARKULSKAYA 3 RUS 20 MS 5MS 40 MS 80S

89 LINE D 25 RUS 1 MR 5MR I MR SMR
90 LINE 654 RUS 10 MR 5MR 10 MS 30MS

Based on the results of the statistical processing of the data obtained on the productivity of the ear,
the best samples were identified, which showed the maximum grain mass index from the ear in
comparison with the standards, the length and density of the ear, and also the mass of 1,000 grains, by
which they exceeded the standard Kazakhstanskaya 10.Samples No. 87, 41, 56, 20, 81, 30 and 53, 80, 65,
37, 62, 19, 22, 54, 21, 64, 40, 32 exceeded the standard by weight of grain from the ear, all samples
except for CYMMIT (7 cm) were by 2 cm less in length of the ear, and many synthetics were not inferior
to the standard by weight of 1,000 grains (table 2).

In samples No. 87, 41, 20, 30, 37, 62, 19, 54, 40, 32, the weight of 1,000 grains was higher than that
of the standard variety. From 97 varieties and lines, one variety - Altaiskaya 70 -had the same yield-
compared with the standard, 18 varieties exceeded the standard, and the remaining varieties showed lower
yields than Kazakhstanskaya 10. This, apparently, was due to higher productive bushiness in the local
variety, while the samples of synthetic wheat studied were less bushy. The obtained data are preliminary;
the splitting of hereditary traits must be studied in subsequent generations (see table2).

— N =
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Table 2 — Yields of varieties and wheat lines in comparison with the standard variety

o[ vy, [ [ Ee e e [ T
’ total |productive| oy pes. | from 1 ear, pes. | from 1 ear, g. | grains, g c/hectare

87 Lyutestsens 186-04-61 2.8 1.5 11 19 34.2 3.063 36.98 61.26
41 Lutescens29-12 2.5 1.2 12.5 20 36 2.854 35.59 57.08
56 Tulaikovskaya 10 2.5 1.2 12 20 36 2.613 34.24 52.26
20 Lyubava 2.5 1.2 12 21 35.8 2.563 34.12 51.26
81 Lyutestsens 1012 2.7 1.4 11 20 36 2.523 34.58 50.46
30 Tselinnaya 3s 2.7 1.4 11.6 17 30.6 2.296 32.1 45.92
53 Lutestsens7-04-4 2.8 1.5 11 19 34.2 2.292 32.54 45.84
80 Tornado 22 2.7 1.4 12.8 20 36 2.271 31.3 45.42
65 Chelyaba 75 2.6 1.3 11.5 18 324 2.251 31.06 45.02
37 Apasovka 2.5 1.2 11.5 19 34.2 2.242 33.23 44.84
62 Cimmyt 2.6 1.3 7 17 30.6 2.21 33.02 44.20
19 Ekada 113 2.6 1.3 11.5 18 324 2.153 32.45 43.06
22 Fiton 204 2.8 1.5 12 20 36 2.106 31.12 42.12
54 Lutestsens197-04-7 2.5 1.2 11 19 34.2 2.071 32.56 41.42
21 Fiton 41 2.6 1.3 12 21 33.8 2.024 31.84 40.48
64 Pamyati ruba 2.6 1.3 12 18 324 1.978 31.0 39.56
40 Pavlogradka 2.7 1.4 10 18 324 1.939 33.09 38.78
32 Altaiskaya70 2.5 1.2 11.5 18 324 1.896 31.37 37.92
Kazakhstanskaya 10 2.8 1.2 9 18 324 1.896 30.1 37.92

Conclusion. In the field, as a result of phenological observation, 11 varieties of Seri, Pamyatiruba,
Sytyra, Sygoliad, Sysoren, Syrowyn, Sylngmar, Select, Carberry, Muchmore proved to be the fastest-
growing ones.

Of the tested varieties and lines there are no the varieties absolutely resistant to stem rust, but at the
same time they differ in stability and susceptibility.

According to V.N. Tishenko and N. M. Chekalin (Tishenko, Chekalin, 2005) [18], the size of the
crop depends on the mass of the grain from one ear and productive bushiness. Reduction of these
indicators occurs due to losses of plants and their vegetation stems. The elements of the crop pattern of
wheat selection lines are unstable in terms of sowing years and times due to the extreme variability of the
trait - the number of ears per 1 m”.
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3. Amanreikbibl’, A. C. Kouopos®, Azus Kapakaii®

'Kasak y/ITTBIK arpaplislk yHHBEpCHTeTi, AnMaThl, Kazakcran,
AL Bapaes aTeiamars! acTeIK mapyamsuibFsHEH FOO" JKIIC, Acrana, Kazakcran,
3 AHKapa YHHUBEPCHUTETI, aybUI IIAPyalIbUIbIFb (haKyJIbTEeTi, oCiMIiK Kopray Oesimi, Jpikani, Aukapa, Typkust

KA3AKCTAHHBIH COJITYCTIK, BATBIC )KOHE OHTYCTIK-IIbIFbIC AVMAKTAPBIHJIAFBI
KA31bIK BUJIAU COPTTAPBIHBIH CABAK TATBIHA TO3IMAJIITTH
NUMMYHIbI-OUTOMMATOJIOTUAJIBIK TYPEFBIJIA BAFAJIAY

Annoranus. Cabax TaT aypysl OUIaiIbIH KeH TaparaH *KoHE KayinTi aypybsl 00ibIn TaObUIa el brunaiin cabak
TaTTaH KOpFay, OCHI aypy.Ibl OapibIK KBIPBIHAH 3epTTEYyiHEe KapaMacTaH, ©3eKTi Mocele OOBIT OThIp. JanabiK sKoHe
3epTXaHaBIK JKaFmaiina cabak TaTka TO3IMAUTIKTI aHBIKTay MakcaTeliHOa 90 Ka3melK Ommail coprrapbiHa (eHo-
JOTHSUTBIK, (PUTOMATONOTHSIIBIK 3epTreyiiep Kyprisingi. CoHbIMEH KaTap, JKYMbICTa cabak TaTeIHBIH (Puccinia
qraminis Pers) 3MSTHOBUIBIFBI MEH OMOJIOTHSIIBIK €peKIIeTikTepi KapacTeipputrad. Coman 0acka, aybll MapyanIbiIbIK
opranuapsl MeH Qepmepiiep aiTyblHIIa, Yrangana cabak TaThIHBIH jkaHa BepylsieHTTIK paca Ug99 tabbuiraH, Ou-
naiina snuduToTHs Ke3eHiH TyabipraH, OpTaiblk A3usFa alMakTapblHa Kayilnl TOHIIpyne, coHbiMeH Karap Kazak-
cranra. FaneiMaara kenteH Oepi cabak TaThl epekile anaHJaylIbUIbIK TyIbIpyna. XKaHa mramm aypy KO3IbIPFbI-
IIBIHBIH TE3 TapajJybl QJIEMIIIK acThIK pe3epBTepiHe Kayin TeHAipyl MyMKiH. KemerereH xbuigap OOkl FajmbiMuap
ca0ak TaTbl aypyblHa epekule Hazap aynapyna. Kasakcranislk ¢epmeprneplin cadak TaThlH €CTEH IIbIFapMaraHbl
JIYPBIC.

Tyiiin ce3nep: ¢puronaroreH, Ouaaid, MOHUTOPHUHT, cabaK TaT, HHOKYIYM, TO3IMII.

3. Amanreamukbisl’, A. C. Kouyopos?®, Azus Kapakaii®

'Ka3axckuii HalMOHABHBIH arpapHsIil yHuBepcuTeT, Anvarsl, Kazaxcras,
2«HUU cenbckoro xossiicta uM. A. U. Bbapaesa», Acrana, Kazaxcran,
3 YHuBepcuTeT AHKaphI, PaKyIbTET CEIBCKOr0 X035AHCTBA, OTACH 3alUThl pacTeHuil, Jlpimkansl, Aakapa, Typims

HMMYHHO-®UTONATOJIOI'HYECKAS OHEHKA YCTOMYUBOCTHU
COPTOB APOBOU NIIEHUIIBI K CTEBJIEBOU P’ KABUHUHE B CEBEPHOM, 3ATIA/ITHOM
N IOI'0O-BOCTOYHOM PEIT'MOHAX KA3AXCTAHA

Annoranus. CrebneBas pkaB4MHA 0CO0O OMACHBIA M paclpacTpaHEHHBIN 00Je3b MIICHUIBL. 3a4nTa IIIie-
HHILBI OT CTEOJIEBOM prKaBYMHE, HE CMOTPS Ha TO, YTO OH M3y4as 0OJIe3Hb BO BCEX OTHOLICHHMSX, IPOOJIeBa OCTACTCSL.
B pabore nmpeacTaBiieHbl pe3yIbTaThl (PUTONATONIOTMYECKHE H (PEHOJIOTHYECKUE OLICHKH COPTOB SPOBOH MIIECHHIBI B
koimgecTBe 90 oOpas3IoB APOBOH MIIEHUIBI. A Takke, B paboTe MPUBOAITCS JTaHHbIE OMOIOTHYECKHEe OCOOCHHOCTH
W BPEIIOHOCHOCTH CcTeOJeBoi pxkaBumHbl (Puccinia qraminis Pers). Kpome Toro, undopmupyrotcst pepmepst U c/x
OpraHM3alyM, 4To oOHapy)KeHHas B YTaH/e HOBas BHPYJIEHTHas paca creOsieBod pxkaBunHbl Ug99, B HacTosiee
BpeMsi OBICTPO pacipoCTpaHsIeTCsl, CO3AaBasi pa3pylINTeIbHbIe SUU(GUTOTHN HA IIIEHHLIE, YTO TPEJICTABISET ONac-
HOCTh Ut LleHTpanbpHO-A3MaTCKOrO pernoHa, B ToM uuciie u Juia Kazaxcrana. Yike naBHO cTebiieBas prkaBuMHA
BBI3BIBAET 0CO00E OECIOKOMCTBO Y4eHBIX. BBICTpoe pacripocTpaHeHHe HOBOTO HITaMMa BO30OYAMTENs 3a001eBaHMs
MOXET TIOCTAaBHUThH 10/ YIpo3y MHpPOBBIC 3arachl 3epHa. Yke Oojiee MHOTO JieT cTebJieBas p)KaBUMHA BBI3BIBACT
ocoboe OecrokoicTBO yueHbIX. [IoMHHUTB 0 cTeOJIeBOI prkaBUMHE CIIEAYET M Ka3aXCTaHCKUM (epMepam.
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THE LEVEL OF HELMINTHS INVASION
OF DIGESTIVE TRACT OF CATTLE AND SAIGAS
IN WEST KAZAKHSTAN REGION

Abstract. Helminth fauna commonness at cattle and saigas was noticed in West Kazakhstan region. The results
of helminthoovoscopic researches of animals' excrements by Fulleborn have shown that cattle and saigas are infested
with Trichostrongylidae family (Strongylata suborder) strongyloides of digestive tract from Nematodirus, Ostertagia,
Cooperia, Haemonchus, Trichostrongylus, Marshallagia genus, and also with Moniezia genus cestodes. Invasion
extensiveness of cattle with digestive tract strongyloides was 31,3% on the average, and moniesia - 16,4%. Invasion
extensiveness of saigas was 88,8% and 7,4%, respectively. Besides, similarity of seasonal and age dynamics of
digestive tract strongyloides was observed at cattle and saigas. In winter, invasion extensiveness of animals decrea-
ses, and the peak of invasion falls on summer period. Thus, animals during the whole year is infested with digestive
tract strongyloides. Invasiveness decreases with age of animals. Contacts of saigas and cattle in pasturable territories
bring to the commonness of helminths composition. Saigas are natural tank and constant source of helminths
invasion for domestic ruminants in West Kazakhstan region. Therefore, when planning treatment-and-prophylactic
actions against helminthoses it is necessary to consider this factor.

Key words: cattle, saigas, helminthoses, invasion extensiveness, seasonal and age dynamics, West Kazakhstan
region.

Introduction. Cattle breeding in West Kazakhstan region is one of the leading branches of livestock
production. However, extensive economic damage is caused to it by helminthic diseases. The data on
specific composition of helminths, epizootology, seasonal and age dynamics in different regions is
necessary for the development of fight measures against cattle helminthoses. K.I. Skryabin has for the
first time conducted researches on studying of helminth fauna of cattle in the territory of Kazakhstan. [1].
He and his students organized over 30 helminthological expeditions which have collected the big material
characterizing specific composition of cattle helminths. New data on cattle helminths fauna in Kazakhstan
was obtained by G.I. Dikov, etc. [2]. Cattle helminth fauna in Kazakhstan was studied by K.I. Skryabin,
R.S. Schultz [1], S.N. Boev, etc. [3], E.I. Pryadko [4], B.M. Shonov [5], K.M. Erbolatov [6], V.S. Petrov
[7], M.Zh. Suleymenov [8], V.T. Ramazanov [9] and others. 35 types of helminths from trematode,
cestode and nematode classes were registered at cattle in the territory of West Kazakhstan. For last years,
specific composition of cattle helminths could undergo considerably changes owing to various factors.
One of such factors is wild animals living in the territory of West Kazakhstan region. The most numerous
of them are saigas.
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Saiga (lat. Saiga tatarica) - is an artiodactyl mammal from antelope subfamily. It is rather small
artiodactyl animal, length of body is 110-146 cm, height in withers is 60-79 cm, weight is 23-40 kg,
extended trunk on thin, rather short legs.

According to "Kazakhstan Today Media Group (2015), the number of saigas in 2014 has reached
about 260 thousand individuals relating to Saiga tatarica tatarica subspecies and living in Russia and three
areas of Kazakhstan [10,11,12]. By data of K.K. Baytursinov [13] it was determined that natural seasonal
migrations of saigas make one of ecological features of their adaptations. Seasonal location on natural
zones is distinctly expressed at animals. Saiga herds during migration are grazed generally on the same
pastures as sheep. However, saigas constantly replace sites of pastures.

Commonness of saiga and domestic sheep parasites is 50-100%. However, a part of these parasites is
more specific to saiga, such as A.centripunctata, S.ovis and N.gazellae. Undoubtedly, saiga plays a
significant role in the distribution and infection of pets. On the contrary, sheep are more intensively
infested with taenia F.granulosus and T.hydatigena. Dogs play active role in the distribution of these
parasites. Invasion extensiveness of saigas with these cysts during researches were rather high. The third
group of parasites is nematodes which invasive elements are adapted to life in dry landscapes. They are
Marshallagia and Nematodirus nematodes. Both groups of animals to the same extent participate in the
circulation of these parasites in nature. But depending on the number of populations, density of pasture
load by wild and domestic hoofed animals, the role of separate group of the specified nematodes in
distribution can strongly vary.

A.G. Bannikov [14] notes that 55 species of endoparasites and about 10 ectoparasites were revealed
in Caspian Sea region and in Kazakhstan at saigas. They are species of parasitic protozoa, cestodes,
nematodes. The coefficient of helminths commonness of farm animals and saigas in Kazakhstan makes
67-84,7%; analogous situation was noted in Caspian Sea region.

According to M.Yu. Treus [15], etc. the structure of saigas helminth fauna in Askania-Nova includes
6 types of strongylidae — digestive tract helminths and 1 species of cestode (Moniezia expansa).
Interesting observations on the formation of parasite fauna of saiga herd were made here.

Contacts of wild and domestic ruminants in pasturable territories bring to the composition common-
ness of helminths that is found at autopsy and scatological researches. It is known that wild hoofed
animals are subject to various parasitic diseases which often terminate in a lethal outcome or loss of
valuable trade qualities that causes extensive economic damage and reduces prestige of national parks and
reserves. Although adult animals can be less infected than young growth, they are an important source of
invasion distribution and promote developing of epizooty. The threat of invasion transfer from wild to
domestic animals and to human is possible at wide expansion of parasitic diseases. Various measures of
fight against parasitic diseases of farm and wild animals were proposed, including control of livestock
number, destruction of corpses of animals, change of pastures, rational placement of biotechnical objects
and other veterinary sanitary and general economy actions [16].

Comparisons of saigas and sheep helminth fauna were given in literature. However, there are no data
on comparison of helminth fauna of saigas and cattle. There are no researches of seasonal and age
dynamics of cattle and saigas invasion with helminths in comparative aspect.

The purpose of our researches is to determine specific structure, invasion degree, seasonal and age
dynamics of main helminthoses of digestive tract in an organism of cattle and saigas in conditions of West
Kazakhstan region.

Materials and methods. The work was performed within AP05136002 project on the subject
"Development of measures of fight against main helminthoses of cattle in steppe, semi-desert and desert
zones of West Kazakhstan region depending on weather conditions".

Invasion of cattle was defined in country farms in steppe, semi-desert and desert zones of West
Kazakhstan region. Invasion of saigas was determined in the Center of preservation of biodiversity of
wild animals, Zhangir Khan West Kazakhstan Agrarian Technical University located in the territory of
Taskalinsky area of West Kazakhstan region where saigas are kept in captivity [17, 18]. Species
composition, invasiveness degree, seasonal and age dynamics of main helminthoses of digestive tract of
animals were studied. For this purpose, samples of excrements of cattle and saigas were taken. Researches
of excrements were conducted by Fulleborn in the laboratory of research institute of biotechnology and
environmental management at Zhangir Khan West Kazakhstan Agrarian Technical University. Scatolo-
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gical researches of 319 samples of excrements from cattle and from 28 species of saigas were done.
Calculation of helminths eggs amount in 1 gram of excrements was carried out with the use of VIGIS
calculating camera. [19]. Samples of excrements at animals were taken in the morning, per rectum.
Helminthoscopic and larvaescopic methods of excrements research were used for studying of seasonal
dynamics of contamination of cattle and saigas with main types of digestive tract helminths. Researches
were conducted quarterly, during different seasons. Invasiveness of various age groups of cattle and
saigas was studied - below one year, 1-3 years, 4-5 years, 6-9 years, 10 years and more. The genus of
helminths was determined by invasive larvae by P.A. Polyakov [20]. Excrements of animals were kept in
the thermostat at the temperature of 25-30°C in Petri dishes within 7 days for larvae cultivation.
Excrements were daily humidified and aerated. The method of helminthological autopsy by K.I. Skryabin
was used to determine species composition of digestive tract helminths of saigas [21]. For this purpose,
helminthological research of fore stomachs, maw and intestines of five killed saigas were done. The
contents of bodies were washed out 2-3 times, the deposit was poured out in sacks of mill gas. The sacks
were tied and rinsed in water before complete cessation of dregs separation. Then, the content was studied
by parts by means of microscope in Petri dish; selection of helminths was made by brush or microscopic
needle. Identification of helminths was carried out by determinants of K.I. Skryabin, N.P. Shikhobalova,
R.S. Schultz, etc. "Determinant of parasitic nematodes. V.3 Strongylata" [22]. Parenchymatous organs
(liver and lungs) were investigated for studying of larvae echinococcosis dynamics.

Results of researches and their discussion. As a result of the conducted researches it was
determined that cattle was infested with digestive tract strongyloides of Trichostrongylidae family
(Strongylata suborder) from Nematodirus, Ostertagia, Cooperia, Haemonchus, Trichostrongylus genuses.
Invasion extensiveness of animals with strongyloides has averaged 31,3%, and invasion intensity -
98,848,9 eggs in 1 gram of excrements (table 1). Cattle was infested with cestodes from Moniezia genus,
M. benedeni species. Invasion extensiveness of animals with moniezia has averaged 16,4%, and invasion
intensity - 114,5+ 10,4 eggs in 1 gram of excrements.

Table 1 — Infectiousness of cattle digestive tract helminths according to excrement researches

# Helminths Animals studied | Animals infected Inyas1on . Average amount of cess.
extensiveness, % in 1 gram of excrements, specimen

1 Strongylata 319 100 31,3 98,8+8,9

2 M. benedeni. 319 52 16,4 114,5+ 10,4

Helminthooscopic researches of excrements from saigas have shown that animals were infested with
digestive tract strongyloides from Trichostrongylidae family (Strongylata suborder), Nematodirus, Oster-
tagia, Marshallagia, Trichostrongylus genuses and also with cestodes from Moniezia genus, Moniezia
expansa species.

Invasion extensiveness of saigas with strongyloides has averaged 88,8%, and invasion intensity -
152,4+13,8 eggs in 1 gram of excrements (table 2). Invasion extensiveness of animals with moniezia has
averaged 7,4%, and invasion intensity - 76,2+6,9 eggs in 1 gram of excrements.

Table 2 — Infectiousness of saigas with digestive tract helminths according to excrement researches

# Helminths Animals studied | Animals infected Inyaswn . Average amount of cess
extensiveness, % in 1 gram of excrements, specimen

1 Strongylata 28 16 57,1 152,4+13,8

2 M. expansa 28 2 7,4 76,2+6,9

The analysis of the received results of helminthological autopsy of digestive tract of five saigas has
shown that all animals were infested with helminths from Nematoda class. Existence of 5 types of
helminths relating to 5 genuses of Nematodirus spathiger was noticed (invasion extensiveness — 80%,
invasion intensity —35,243,2 specimen), Ostertagia ostertagi (invasion extensiveness — 40%, invasion
intensity — 18,2+1,6 specimen), Trichostrongylus colubriformis (invasion extensiveness — 60%, invasion
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intensity - 12,8+1,1 specimen), Marshallagia marshalli (invasion extensiveness — 80%, invasion intensity
— 17,3£1,5 specimen), Haemonchus contortus (invasion extensiveness — 20%, invasion intensity -
11,8+1,07). Invasion extensiveness has averaged 56%, and invasion intensity - 19,1£1,7. All found
parasites are geohelminths (table 3, figure 1).

The difference of invasion extensiveness with helminths at saigas between data of candling and
autopsy is insignificant. Therefore, it is possible to be based on the data of candling.

By the results of researches, seasonal dynamics of digestive tract strongyloides in an organism of
cattle in West Kazakhstan region varies considerably. In winter, invasion extensiveness of animals has
decreased to 22,1%. During the spring period, cattle infectiousness was 24,6%. In summer — 40,2%, and
in autumn — 38,7%. Average per year, invasion extensiveness of animals has averaged 31,4%. The peak of
invasion falls on summer period, and minimum - on winter (table 4). Thus, cattle during the whole year is
infested with digestive tract strongyloides.

Table 3 — Infectiousness of saigas with digestive tract helminths according to helminthological autopsy

" Type of helminths Animals Animals Inyasion Invasion .intensity,
studied infected extensiveness, % specimen
1 N. spathiger (Railliet, 1896) 5 4 80 35,2432
2 O. ostertagi (Stiles, 1892) 5 2 40 18,2+1,6
3 T. colubriformis (Giles, 1892) 5 3 60 12,8+1,1
4 M. marshalli (Ransom, 1907) 5 4 80 17,3£1,5
5 H. contortus (Rudolphi, 1803) 5 1 20 11,8+ 1,07
Average 56 19,1+1,7

Table 4 — Seasonal dynamics of digestive tract strongyloides at cattle in West Kazakhstan region

Season Animals studied Animals infected Invasion extensiveness, %
Spring 318 78 24,6
Summer 320 128 40,2
Autumn 321 120 38,7
Winter 319 70 22,1
Average 31,4

Helminthooscopic researches of excrements from cattle have shown that invasion extensiveness with
digestive tract strongyloides of animals decreases with age. At young growth of cattle aged below one
year it has made 27,4%, at the age of 1-3 years - 51,2%, at cattle at the age of 4-5 years - 32,7%, at
animals at the age of 6-9 years - 22,5%, 10 years and more - 19,2%. Invasion extensiveness has averaged
30,6% (table 5).

Table 5 — Age dynamics of cattle invasiveness with digestive tract strongyloides

Age of animals Animals studied Animals infected Invasion extensiveness, %

Below one year 58 13 274
1-3 years 43 22 51,2
4-5 years 85 26 32,7
6-9 years 71 16 22,5
More than 10 years 66 19 19,2
In total 323 96

On average: 30,6
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[¢ d

Figure 1 — Nematodirus spathiger.: a - tail end of female, b - female with eggs of different stage of development,
¢ - tail end of male, d - vulva area of female. Increased by 60 times. Original. Author's photo.

Studied seasonal dynamics of saigas' invasiveness. The researches results are presented in table 6.
During the spring period, invasiveness of saigas was 49,7%. In summer — 77,6%, and in autumn — 51,4%.
In winter, invasion extensiveness of animals has decreased to 48,5%. Average per year, invasion
extensiveness of animals has averaged 56,8%. The peak of invasion falls on the summer period, and
minimum - on winter. Thus, saigas are infected with digestive tract strongyloides during the whole year.

Table 6 — Seasonal dynamics of digestive tract strongyloides at saigas in West Kazakhstan region

Season Animals studied Animals infected Invasion extensiveness, %
Spring 28 14 49,7
Summer 32 25 77,6
Autumn 32 16 51,4
Winter 31 15 48,5
Average 56,8

Helminthooscopic researches of excrements from saigas have shown that invasion extensiveness with
digestive tract strongyloides of animals decreases with age. At young growth of saigas aged about one
year it has made 71,4%, at the age of 1-3 years - 58,5%, more than 4 years - 41,1%. Invasion exten-
siveness has averaged 57,0% (table 7).

Table 7 — Age dynamics of invasiveness of saigas with digestive tract strongyloides

Age of animals Animals studied Animals infected Invasion extensiveness, %
Below one year 14 10 71,4
1-3 years 8 4 58,5
More than 4 years 6 2 41,1
In total 28 16
On average: 57,0




Uszsecmus Hayuonanvhot Akademuu nayk Pecnybauku Kazaxcman

Conclusion. Thus, cattle, and saigas in West Kazakhstan region is infested with helminths from
Trichostrongylidae family (Strongylata suborder) of genus, but with different invasion extensiveness.
From figures 2 and 3 it is visible that cattle and saigas have similar seasonal and age invasion dynamics.
That is cattle and saigas are infested during all seasons of year with digestive tract strongyloides. Invasi-
veness of animals decreases with age. Saigas are natural tank and constant source of helminths invasion in
West Kazakhstan region. Therefore, when planning treatment-and-prophylactic actions against helmin-
thoses of domestic ruminants it is necessary to consider this factor.

y ~

Spring Summer Autumn Winter

m Cattle ™ Saiga

Figure 2 — Seasonal dynamics of invasion extensiveness with digestive tract strongyloides of cattle and saigas

IE,%

>

Belowl 1-3 years 4-5years 6-9years More than
year 10 years

B Cattle ™ Saiga

Figure 3 — Age dynamics of invasion extensiveness of digestive tract strongyloides of cattle and saigas
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Conclusions.

1. Commonness of helminth fauna at cattle and saigas was noted in West Kazakhstan region.

2. All animal are infested with helminths from Nematoda class.

3. Nematodes from Nematodirus, Ostertagia, Marshallagia, Trichostrongylus, Cooperia, Haemonchus
genuses and cestodes from Moniezia genus were found in cattle and saigas.

4. Invasion extensiveness with digestive tract strongyloides at cattle is 31,3%, at saigas - 57,1%.

5. Invasion extensiveness with moniezia at cattle is 16,4%, at saigas - 7,4%.

6. Cattle and saigas during all seasons of year are infested with digestive tract strongyloides.

7. Invasiveness of animals decreases with age.
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AnHotanus. B 3amagHo-Kazaxcranckoil 0b61acT y KpyImHOTO POTraToro CKOTa M CalrakoB OTMedeHa OOmI-
HOCTh TI'€JIbMUHTO(AYHbI. Pe3ynbTaThl reJbMUHTOOBOCKOIIMUECKHX HCCIIENOBaHUN (eKanuii )HUBOTHBIX 1o Droj-
ne0OpHY IOKa3ajM, YTO KPYMHBIA pOraThlii CKOT M CalWrakd MHBA3UPOBaHbI CTPOHTHIISITAMH IMHUILIEBAPUTEIHLHOTO
Tpakta cemeiictBa Trichostrongylidae (momotpsin Strongylata) u3 pomoB Nematodirus, Ostertagia, Cooperia,
Haemonchus, Trichostrongylus, Marshallagia, a tak ke necrogamMu u3 pona Moniezia. DKCTEHCUBHOCTh MHBA3UH
KPYITHOTO POTaTOro CKOTa CTPOHTWIIATAMH NHIIEBAPUTEIHHOTO TpakTa B cpenHeM coctaBmia 31,3%, a MoHUE3MsI-
MU - 16,4%. DKCTEeHCUBHOCTh MHBa3uu caiirakoB 88,8% u 7,4%, cooTBercTBeHHO. Kpome TOrO, ¥ KpymHOTO pora-
TOT0 CKOTA U CalTrakoB HAOJIOIAETCSI CXOXKECTh CE30HHOM M BO3PACTHOM JMHAMUKH CTPOHTHIIST MHUILEBAPUTEILHOTO
TpakTa. 3UMOW AKCTEHCUBHOCTh WHBA3MU JKUBOTHBIX CHIDKAETCS, a MUK WHBA3MU MPUXOJUTCS HA JIETHUH MEPHOI.
TakuM 00pa3oM, )KMBOTHBIE B TEUEHHE BCErO rojia MHBa3UPOBAHBI CTPOHTWIISATAMH MHIIEBapUTEIbHOrO TpakTa. C
BO3pPacTOM JKMBOTHBIX MHBa3HPOBAaHHOCTh CHMIKaeTCs. KOHTAaKThI caiirakoB W KPYIHOTO POraToro CKOTa Ha MacT-
OMIHBIX TEPPUTOPUSIX MPHUBOIAT K OOLIHOCTH COCTaBa refibMUHTOB. Caifraku sIBISIOTCS MPUPOIAHBIM pe3epBYapoOM
M MOCTOSTHHBIM MCTOYHHUKOM WHBA3WMHU T'eJIbMUHTaMHU JUIsS IOMAIIHUX XBa4YHbIX B 3anaaHo-KazaxcraHckoil obnactu.
[TosTOoMy mpHW TUIAHUPOBAHUHU JI€YEOHO-NIPOPUITAKTHUECKUX MEPONPUITHI HPOTHUB TEIbMUHTO30B HEOOXOIMMO
YUUTBIBATH 3TOT (hakTop.

KaroueBble cjioBa: KpymHHbId poraTelii CKOT, Cailraku, TeJIbMHUHTO3bI, SKCTEHCUBHOCTh MHBAa3UU, CE30HHAS U
BO3pacTHas nuHamuKka, 3amagHo-Kazaxcranckas 061acTh.

. C. Kapmasues', B. II. KpOTeHKOBz, K. T. Ycenos',
M. Axmeaenos', b. M. Cuauxos', B. E. AﬁTyFaHOBl,
0. EpT.]'leyOBal, . E. Faﬁayﬂ.mml, C. X. BekeroBa'

P
K.
b.
'KeAK «Kourip xau areiaiars! batsic KazakcTan arpapiiblk TeXHUKAJIBIK YHHBEPCHTETI,

Opau, Kazakcras,
2CMOJICHCK MEMJICKETTIK ayblJ LIapyalbUIbIK akajgemuscel, CMoneHck, Peceii

BATBIC KABAKCTAH OBJIBICBIHJIATBI IPI KAPA MAJIBI MEH AKBOKEHJIEP/IITH
A3BIK KOPBITY TPAKTICIHIH 'EJIbMUHTTEPIMEH UHBA3USIJIAHY bI

Annoranusi. bateic Ka3akcran o0ibIChIHIA ipl Kapa Majibl MEH akOeKeH iepAe reabMUHTO(ayHAHbIH Ke3/1ecyi
opTak Oaiikasiran. JKanyapiapasiH HoxiciH DroueOopH 9/ici O0MbIHILIA TeIbBMUHTOOBOCKOIHSUIBIK 3€PTTEY Ke3iHIe
ipi kapa mansl MeH akbOexenaep Trichostrongylidae (Strongylata tynmrapmarbl) TykbiMaachiHbiH Nematodirus,
Ostertagia, Cooperia, Haemonchus, Trichostrongylus, Marshallagia TybicTapbiMeH, COHBIMEH KaTap LECTOATAp
KaTapblHaH Moniezia TybICbIMEH 3apapiianfaH. JKaHyapiapblH a3blK KOPBITY TPAKTICIHIH CTPOHIHJISTTApBIMEH
3apapiiaHy SKcteHcuBTiIiri oprama 31,3% kypaca, an MoHe3usiMeH - 16,4% kypazabl. AKOOKeHaepie UHBa3Us IKC-
TEHCUBTLIIT colikeciHie 88,8% xone 7,4%. byran Koca, a3bIK KOPBITY TPAKTICl CTPOHTMIISTTAPBIHBIH MayChIMABIK
’KOHE JKACTBIK JaMybl ipi Kapa Malibl MeH akOOKeHAep/ie YKcac ekeHi Oaiikanaibl. KpICKbI Ke3eH ie MHBa3Us IKCTEH-
CHUBTLJIIrI a3aiblm, xa3rbl KedeHe keoeieni. Con cebenti skaHyapiiap b1 OOWbl a3bIK KOPBITY TPAKTiCI CTPOHTH-
JSTTaphIMEH 3apapiiaHajipl. JKaHyaprapplH jKackl apTKaH CaliblH MHBa3WsIMEH 3apapiiaHy KepceTkiu aszasjsl. Ipi
Kapa Majbl MeH aKOeKeHIep/e >KalbUIBIMABIK ayMakTapla OpTaK OoJybl I'eIbMHUHTTEPAIH OPTaKTHIFbIHA AJIbII
kenesi. AkOekennep barbic KazakcTan oONbICHIHAA TEIbBMUHTTEP/IH Ta0UFH pe3epByapbl )KOHE YHEMI TapaTylibl
ke31 0oJ1bIn TabbuIaabl. COHABIKTaH/IA eMAIK-AIBIH ally HIapaiapblH )KocHapiaraHia ocbl (pakTopbl eCKepy Kaxer.
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Tyiiin ce3aep: ipi Kapa Mabl, KHIKTEp, T€IbMUHTO3/1ap, HHBA3USI IKCTEHCUBTLIIT, MayChIM/BIK KOHE HKACTHIK
namysl, bateic KazakcTan 00ibICH.
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ANALYSIS OF RESISTANCE TO SEPTORIA GLYCINES
IN SOYBEAN WORLD COLLECTION HARVESTED
IN SOUTH-EASTERN KAZAKHSTAN

Abstract. The increase of soybean area, yield losses, leads to the search resistant genotypes to common fungal
diseases, one of which is brown spot, caused by Sepforia glycines. In this regard, the analysis of the resistance of the
world soybean collection to this disease on the natural infectious background in the conditions of the south-east of
Kazakhstan was carried out. The soybean collection consisted from 182 cultivars and lines of different origin from
five regions of the world.

As a result of the analysis was shown that 79.3% of the collection is highly resistant and resistant to brown
spot. The share of susceptible and highly susceptible samples was 12.1%. The studied collection was also divided
into 6 maturity groups depending on the length of vegetation period. The results of a comparative analysis between
maturity groups on the basis of resistance revealed that ultra-ripening accessions were more susceptible to brown
spot than late-ripening accessions.

The structural analysis identified the economically valuable soybean cultivars and lines. Based on plant height,
eighteen accessions that suitable for optimal parameters 95-105 cm were identified. Cultivars Supra, Slavia, Vega
were with high yield from maturity group I and registered as the group of highly resistant accessions to brown spot.

Statistical analysis showed a negative correlation between the main economically valuable traits and the
resistance to brown spot. The correlations of resistance with plant height and number of fertile nodes were most sig-
nificant ones. Obtained results are important for breeding program in development of high-yielding soybean
cultivars with resistance to brown spot.

Key words: soybean, brown spot, resistance, world collection.

Introduction. Soybean (Glycine max (L.) Merrill.) is an important food, feed (protein-oil), technical
culture in the world and in Kazakhstan [1]. In the Republic of Kazakhstan according to the program for
diversification of agricultural crops, soybean area will expanded to 400,000 hectares by 2020, which
should ensure the production of soybeans in the country to 1 million tons [2].

One of the main problems in the cultivation of soybean is fungal diseases [3]. The relationship bet-
ween resistance to fungal diseases and yield components depends on the level of disease infection, which
in turn depends on the species of pathogens in certain agro-climatic zones, the resistance of cultivated
lines, agricultural technology and the influence of environmental factors. Some years, the death of the
plant can reach practically 100% and the seedlings 37-43% [4, 5].

One of the most common fungal diseases is brown spot, which affects the leaf surface of soybean,
covering with brown spots with a yellow band. This fungal disease is common in soybean cultivation area
around the world [3, 6]. The causative agent is a fungus from the genus of anamorphic sphaeropsidales
fungi-deuteromycetes - Septoria glycines Hemmi. At the beginning, small brown spots develop on leaves
in the lower tier and then progress up the plant as the season progresses, rising to the middle, and then
upper tier. Individual spots may coalesce, and the surrounding tissue becomes chlorotic, with occurrence
of premature defoliation [7, 8, 9]. The yield losses associated with S. glycines infection ranged from 12 to
17% in fields with a simulated infectious background, and from 1 to 8% on a natural infectious back-
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ground [8, 10, 11]. Cooper R.L. et.al [12] described a decrease of yield by 40% in irrigated fields in 1980.
This trend is associated with an increase in humidity, which is a favorable condition for the spread of
fungal diseases [13]. However, sometimes brown spot is considered a non-dangerous disease, with a
limited impact on yields [12]. In the United States, yield losses ranging from 0.6 to 2.6% of the total yield
were attributed to brown spot during 1999 to 2003 and 2005 [14]. The highest losses reported were in
2004 in the states of lowa and Illinois, approximately 305.7 thousand tons and 223.8 thousand tons,
respectively [14]. The assessment of the level of yield losses is in the range of 8 to 15% and occurs when
25-50% of the leaves fall prematurely. The level of damage by the disease at the stage R6 (full seed),
gives a preliminary forecast for yield. The presence of large brown spots on the leaves is usually
accompanied by a decrease in the size of the soybean seeds, which in turn affects to the yield [15, 16].

Material and methods. The studied soybean collection consisted from 182 cultivars and lines from
the countries of Eastern and Western Europe, North America, East Asia and Kazakhstan (figure 1).

Belarus
Kazakhstan Russia

1%
18% 32%

Switzerland 0,6%
0,6%

0,6% Bulgaria
0,6%
OBelarus @ Russia OUkraine OPoland @ Serbia
O Czech Republic W Bulgaria OBelgium B Moldova @ Switzerland
OSweden OFrance B Canada B USA @Japan

Figure 1 — The collection by the origin country

Plants were grown in 1 meter long rows with 30 cm distance between adjacent rows and 5 cm space
between plants within rows [17].

The development of the disease in the field is recorded during the emergence, flowering, beginning
and ripening of the seeds. The level of damage or the percentage of development of the disease, is
characterized by the number of spots, ulcers, plaque on the affected organs. Quantitative scales for
evaluation of the resistance in the field conditions were used. These scales were used both natural and
simulated infectious backgrounds. According to the, The internationally recognized classifiers and
parameters have as shown in table 1 were applied (figure 2) [18].

Table 1 — Scale of level of damage and resistance to fungal diseases

Degree of defeat Score on a 9-point scale Percentage of damage Letter designation of resistance
absent or very weak 1 0-5% RR - highly resistant
weak 3 5-19% R - resistant
medium 5 20-49% MR - medium resistant
strong 7 50-79% S - susceptible
very strong 9 < 80% SS - highly susceptible
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Figure 2 — Scale of soybean resistance to brown spot

Cultivar Vilana from the breeding of the All-Russian Research Institute of Oilseeds was used as a
control as it was a highly resistant to brown spot. For comparison of economic-valuable traits, the
Zhansaja cultivar (breeding of the KazSRIAP), which was regionalized in the Almaty region, was taken as
the standard.

Structural analysis was conducted using methodological guidelines of the State Commission of the
Republic of Kazakhstan [19]. During the maturity time, before harvesting the plots, a structural sheaf was
selected from the registration sites. In the laboratory analysis the following components of yield were
taken into account: plant height, cm - length of stem from the root to the top; number of fertile nodes,
pcs. — number of nodes bearing seeds when maturing; number of seeds per plant, pcs. - number of seeds
from the plant; yield per plant, g — weight of seeds from one plant; thousands seeds weight, g — weight of
thousands seed without any selection [20].

Statistical analysis of the obtained data was carried out using the computer program SPSS16.0
(www.ibm.com/analytics/spss-statistics-software).

Results and discussion. Analysis of resistance to brown spot was carried out in the experimental
sites of KazSRIAP on a natural infectious background. Response to lesions causative agents of the disease
made it possible to reveal the diversity in the studied collection. Most accessions of the collection have
shown themselves to be highly resistant (RR) and resistant (R) (Figure 3, Table 2). A small number of
samples showed themselves as susceptible and highly susceptible. The first symptoms of the lesion were
observed in stage R1 (budding time). Mass infection of plants was observed at the stage of full seeds (R6).

60% 7 53.9%
50% -
40% -
30% - 25.4%

20% -

8.6%
10% - ° 7.1% 5.0%

o | B N e

RR R MR S SS

Figure 3 — Diagram of resistance of the world soybean collection accessions to brown spot

During the growth and development of plants, the collection was characterized and divided into
maturity groups depending on the length of the vegetation time (Table 3). The most representative was
the maturity group OO (57 accessions), the smallest number of accessions (7) was in late maturity
group (III).
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Table 2 — The world soybean collection by groups of resistance to brown spot

Resistance Name of cultivars and lines
Jasel'da, Pripjat', Emerson, Supra, Maple Ridge, Mapleglen, Mapleamber, KG 20, AC Brant, Harbin, LMF,
Lidija, Luchezarnaja, Zlata, Vega, Zakat, Zernica, Niva 70, Garmonija, Romantika, Belgorodskaja 6, Daksoy,
Dawson, Terek, Horol, Jug 30, Estofita, Podjaka, Viktorina, Sepia, Amphor, Toury, Turijskaja masnaja, Oyachi
Ne2, 209/1, 350/1, 362/2, 371/2, Roza, Misula, Almaty, Evans, Lambert, Mc call, Parker, Dekabig, Jachynes
RR Brond, Lara, OAO Wallace, GEO, Buster, SL 01 26, SI 02 25, RCAT Persian, Enterprise, Voevodzhina, Ana,
Nikko, Sava, Venera, Protina, Sponsor, Isidor, Shama, Santana, Lada, Vesta, Vilana, Del'ta, Lan', Runo, Astra,
Slavija, Biser 291, Iskra, Zhansaja, Vita, Bolashak, Sabira, Pamjat' JuGK, Jevrika, Sulamit, Kazahstanskaja
2309, Akku, Radost', Nadezhda, Xinjiang a don 1, Xinjiang heihe 38, Xinjiang D09-676, Xinjiang D10-51,
Xinjiang D10-130, XinjiangD10-135, Xinjiang D11-252, Lybid', Cheremosh, Korsak, Tanais, Desna
R-73-3, Maplearrow, Gaillard, Chabem Wekoju, Kollekcyina, Hejhek 14, Severnaja 5, Soer 3491, Omskaja 4,
VNIIS-1, Soer-4, Bara, Zolotistaja, Mageva, Soer-5, Okskaja, Maleta, Svapa, Vejdelevskaja 17, Jantarnaja, Sib
R NIISHOZ 6, Belor, Gribskaja Kormovaja, Prikarpat'ska 81, Chernovickaja 7, Ustja, Fvour, 186/1, 404/2, 370/2,
Zara, Zhalpaksaj, Agassiz, Wilstar 194, Elgin 141, Cobb 266, Zen, Safrfna, Lira, Bystrica 2, Renta, Bukurija,
Zispida 641, Perizat, Danaja, Lastochka
MR OAC Vision, Maplepresto, Rassvet, Nadezhda, VNIIS 2, Luch nadezhdy, Lancetnaja, Soer 345, USHI 6,
Kalmit, Rana, Fiskeby III, 173/1
S Nawiko, Warsawska, Amurskaja 401, Soer-3, Brjanskaja, Sibniik 315, Sonata, Sibirjachka, Jel'dorado, PJeP 26,
Krasivaja mechta, Carola, Spritna, Annushka, 422/1, 407/2
SS Arctic, Kasatka, Smena, Svetlaja, Altom, Fiskeby V, 308/1, 126/1, 261/1
Table 3 — The world soybean collection by maturity groups
Maturity Veget_atlon Name of cultivars and lines
group period
000 79-85 days Svetlaja, Sogr 5, Kollekcyina, Kasatka, Svapa, SibNIISHZ 6, Nawiko, Zolotistaja, Mageva,
Maleta, Zernica
Hejhek 14, LMF, Severnaja 5, Okskaja, Maplepresto, Arctic, Smena, Sibniik315, Sonata, Zakat,
Sibirjachka, Jel'dorado, PJeP 26, Annushka, Rana, Fiskeby v, 308/1, Warsawska, Luch
nadezhdy, Lancetnaja, Omskaja 4, Brjanskaja, Krasivaja mechta, 350/1, Soer 3, Soer 4, Zlata,
00 86-95 days Soer 345, 173/1, Chabem Wekoju, Rassvet, Amurskaja 401, Chernovickaja 7, Soer 3491, 126/1,
261/1, OAC Vision, Maple Ridge, Lidija, Bara, Altom, Mapleamber, VNIIS 2, Niva 70, USHI 6,
186/1, 209/1, Gaillard, VNIIS-1, Garmonija, Vejdelevskaja 17, Jantarnaja, Belor, Prikorpat'ska
81, JuG 30, 422/1 (Ivushka), Tanais
Nadezhda, Luchezarnaja, Ustja, Kalmit, Fiskeby III, KG20, Oyachi Ne2, Pripjat', R-73-3,
o 96-105 davs Romantika, Gribskaja kormovaja, Viktorina, Turijskaja masnaja, Mc call, Carola, Daksoy, Lada,
) Y Jasel'da, AC Brant, Protina, Belgorodskaja 6, Spritna, Xinjiang a don 1, Toury, Cobb 266,
Xinjiang heihe 38, Estofita, 370/2
Emerson, Harbin, Podjaka, Vega, Horol, Sepia, 407/2, Lybid', GEO, Renta, Cheremosh, Agassiz,
I 106-115 davs SL 01 26, Slavija, Desna, Supra, Maplearrow, Mapleglen, Buster, Terek, Amphor, 362/2, 404/2,
¥ Evans, Enterprise, Bystrica 2, Vilana, Del'ta, Dawson, Lambert, Lira, Iskra, Pamjat' JuGK,
Misula, Nikko, Almaty, 371/2, Lan'
Zara, OAO Wallace, SL 02 25, Xinjiang D10-51, Amour, Isidor, Safrfna, Xinjiang D11-252,
Korsak, Zen, Zhalpaksaj, Elgin 141, Astra, Bolashak, Xinjiang D10-135, Dekabig, Sava, Shama,
11 116-125 days | Biser 291, Danaja, Xinjiang D10-130, Jachynes Brond, Wilstar 194, Perizat, RCAT Persian,
Venera, Vita, Xinjiang D09-676, Roza, Voevodzhanka, Vesta, Runo, Parker, Sponsor, Zispida
641, Zhansaja, Lara, Ana, Santana, Bukurija, Sabira
I 126-135 days | Radost', Nadezhda, Sulamit, Kazahstanskaja 2309, Lastochka, Akku, Jevrika

As a result of the analysis of the relationship between the vegetative period and the resistance to
brown spot, it was established that early maturity lines are more susceptible to brown spot damage
compared with late maturity lines (figure 4). This trend may be related to the climatic conditions of the
region, since the temperature regime and the period of vegetation of early maturity lines of the OOO and
OO groups are much favorable for the infection by brown spot.
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Figure 4 — Resistance to brown spot depending on maturity group

The world collection was studied by morphometric and economically valuable traits. One of the main
traits is the plant height. We found that the optimal height at which the best yields showed in the Almaty
region is 95-105 cm, since low-growth cultivars are characterized by low attachment of the seeds, and tall
ones are prone to lodging, which in both cases leads to a loss of yield when harvesting by combine. Thus,
the most optimal plants for this trait were cultivars with medium plant height.

Figure 5 shows the average of plant height by maturity group, as well as the data of the most
prominent lines. According to the optimal plant height parameters, 10 samples from the maturity group I
were identified with an average plant height of 101.2 cm (figure 5). The list of these cultivars and lines
included Nikko, 362/2, Slavia, Buster, Iskra, Delta, Evans, Vilana, Lyra, Podyaka. From the maturity
group II, seven samples were selected mainly from Chinese breeding (Santana, Zen, Zara, Xinjiang D10-
130, Xinjiang D09-676, Xinjiang D10-135, Xinjiang D11-252), and one cultivar from Kazakhstan
breeding (Lastochka) from the maturity group III. It is important to note that there are no accessions
suitable for optimum plant height from ultra-maturity groups OOO, OO and O.

140
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Figure 5 - Characteristics of cultivars and lines of soybean of different maturity groups
in the South-East of Kazakhstan in terms of plant height
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The number of fertile nodes varied according to the average data from 12.5 pcs from ultra-maturity
group (OOO) accessions to 19.8 pcs in the maturity group III accessions (Table 4), with the highest rate
for the Supra cultivar - 29.0 pcs, which included in maturity group II. In the standard Zhansai cultivar this
trait was 16.1pcs.

On the basis of the number of seeds per plant, the average data varied from 25.8 to 45.3 pcs, depen-
ding on the maturity group. The highest rate was in the Slavia cultivar of Russian breeding, 93.7 pcs,
which was twice as high as the standard (42.5 pcs).

Average data on the yield per plant varied from 7.5 to 13.2 g. In the Zhansai standard it was 12.1 g.
The Canadian cultivar Supra showed the highest result - 23.0 g, which is two time larger than the
standard. The smallest result showed the PEP26 (Russia) - 2.5 g, which is 5 times less than the standard.

The thousands seeds weight varied from 150.3 to 175.2 g. This trait characterizes the performance of
seeds. In the standard Zhansai cultivar, it was 159.4 g. The lowest result was shown by the cultivar
Bystrica 2 (Russia) 90.0 g, the highest result for the cultivar Vega (Russia) 243.0 g.

Table 4 — Structural analysis of economical valuable traits by maturity groups

Maturity Number Plant height, | Number of fertile | Number of seeds Yield Thousands
group of accessions, pcs cm nodes, pcs per plant, pcs per plant, g | seeds weight, g
000 11 36.7+6.7 12.5+3.0 25.8+7.5 7.9+£2.4 171.0+16.4

00 57 47.1£10.8 12.7£2.9 26.3+6.4 7.5£2.3 171.7£20.5
(0] 28 61.9+12.3 15.3£3.4 32.8+£6.7 9.94+2.6 177.1+£23.8
I 38 88.7+15.7 17.443.7 40.5+11.7 12.243.6 175.2421.9
I 41 106.1+14.3 17.7+3.1 44.1£10.3 13.242.6 165.1+18.1
11T 7 112.4+8.3 19.844.1 45.3£7.0 12.242.1 150.3+28.7

The study of the relationship with the main economic-valuable traits revealed a significant negative
correlation with the plant height, the number of fertile nodes and the thousands seeds weight. This
correlation based on the thousand seeds weight was noted in previous works [15] on the analysis of
resistance to brown spot. At the same time, correlations with the number of seeds per plant and the yield
per plant traits were not significant (table 5).

Table 5 — Correlation analysis of economic-valuable traits with resistance to brown spot

Traits Plgnt Nu.mber of Number of Yield per Thousaqu Resistance
height fertile nodes seeds per plant plant seeds weight | to brown spot
Plant height 1 0.591** 0.684** 0.648** -0.194%* -0.164%*
Number of fertile nodes 0.591** 1 0.813** 0.766** -0.049 -0.156**
Number of seeds per plant 0.684** 0.813** 1 0.848%* -0.173%* -0.094
Yield per plant 0.648** 0.766%* 0.848%** 1 0.036 -0.083
Thousands seeds weight -0.194%* -0.049 -0.173%%* 0.036 1 -0.127*
Resistance to brown spot -0.164** -0.156%** -0.094 -0.083 -0.127* 1
**Correlation significant P < 0.01, *correlation significant P < 0.05.

It is interesting to note that all values of economically valuable traits correlated positively with each
other, except for the thousands seeds weight, which, on the contrary, showed a negative correlation.

Conclusion. In the course of the research carried out on the resistance to brown spot, it was
determined that 53.9% of the studied collection (98 accessions from 182 studied) are highly resistant to
the disease, from this group it is possible to distinguish the cultivars Iskra, Zhansaja and Sabira, local
breeding, on which there were practically no symptoms of disease. Resistant accessions were 25.4% of
the collection (46 accessions), 8.6% showed themselves as medium-resistant, which amounted to
16 accessions. The number of susceptible and highly susceptible was 7.1% (13 accessions) and 5%
(9 accessions), respectively.
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The studied collection was divided into maturity groups. Comparative analysis between maturity
groups on the basis of resistance to brown spot revealed a relationship between resistance and maturity.
Accessions from ultra-maturity groups are more susceptible to brown spot than late maturity.

Carrying out a structural analysis of the main economic-valuable traits made it possible to identify
high-yielding and economically valuable lines. On the basis of plant height, the most optimal parameters
were in 10 accessions of maturity group I, 7 accessions of maturity group II, and one accession of matu-
rity group III in the range of 95-105 cm. The cultivar Supra from Canada showed highest number of
fertile nodes and yield per plant. The cultivar Slavia (Ukraine) showed the highest number of seeds per
plant. The cultivar Vega (Russia) showed highest thousands seeds weight value. All of these cultivars
belong to the maturity group I and are highly resistant to brown spot.

Correlation analysis revealed a negative relationship between economically valuable traits and
resistance to brown spot. The most significant traits were the plant height and the number of fertile nodes.

Cultivars Iskra, Zhansaja, Sabira, Supra, Slavia and Vega are promising for use in breeding for
resistance to brown spot, and carry a variety of genes controlling this trait.

The article is prepared within the framework of the project AP05131592 "A genomic investigation of
associations of resistance to fungal diseases of soybean in Kazakhstan", funded by the Ministry of
Education and Science of the Republic of Kazakhstan.
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! WHCcTHTYT OHONOTHU M OMOTEXHOJIOTHU pacTeHul, Anmarsl, Ka3zaxcraH,
*Kazaxckuil HAMOHAIbHBII arpapHblil yHHBepcHTeT, AnMaThl, Kazaxcraw,
’Kazaxckuit HaydHO-UCCIIeI0BATEIbCKH HHCTHTYT 3eMIIe/Ie/Hs M PACTEHHEBOACTBA, 11. AnMansibak, Kasaxcran

AHAJIA3 YCTOMYUBOCTU MUPOBOM KOJJIEKIIUA COU K CEITOPHO3Y
B YCJIOBUSAX IOI'O-BOCTOKA KA3AXCTAHA

AHHOTAUMA. YBEIMYEHUE MOCEBHBIX IJIOMIAAEH COU, MOTEPU YPOXKas, MPUBOAAT K HEOOXOAMMOCTH TMOHUCKA
TCHOTHIIOB, YCTOWYUBBIX K PACIPOCTPAHCHHBIM I'PHOKOBBIM OOJIE3HSIM, OJHOH M3 KOTOPBIX SIBISICTCS CENTOPHO3,
BbI3bIBa€MBIN Septoria glycines. B cBS3U ¢ 3THM MPOBENICH aHAIN3 YCTOMYMBOCTH MUPOBOH KOJUIEKIIMU COM K JIaH-
HOW OOJIe3HH HAa €CTCCTBEHHOM HWH(EKIIMOHHOM (OHE B YCIOBHSX IOro-BocToka Kasaxcrana. Kommiekmms cowu
cocrosiia u3 182 copToB U JTUHUIA PA3IMYHOTO MPOUCXOXKIEHUS U3 5 PETHOHOB MUpA.

B pesynbrate aHanusza yCTaHOBJIEHO, YTO 79,3% KOJJIEKUMU SBJISIOTCS BBICOKOYCTOMUYMBBIMU M yCTOMYHUBBIMU
K cenrtopro3y. [Ipr 3TOM 107151 BOCIPUMMYHBBIX M CHIIBHO BOCTIPHMMYHBBIX 00pa3moB coctasmia 12,1%. N3yqaemas
KOJUICKIMSI OBbIIa TakKe pa3feieHa Ha O TPYIIl CIENOCTH B 3aBUCHMOCTH OT JTMHBI BETETAIMOHHOTO IIEPHOAA.
Pe3ynbpTaThl CpaBHUTEIBHOTO aHaIM3a MEXKIY IpylIamMHu CIEJOCTH IO NPU3HAKY YCTOMYMBOCTH BBISBHMIIM, UYTO
yJIbTpacKkopocrenbie 00pasipl OblIi 0o0jiee BOCHPUMMYHMBBIMU K MOPAXKECHUIO CENTOPHO30M, YEM MO3JHECIHebIe
00pa3Iibl.

CTpyKTYpHBIH aHATH3 UICHTH(OUIIUPOBAI XO3IHCTBCHHO-IICHHBIC COpTa U JIMHUK coH. [10 MpH3HAKY BBICOTHI
pacteHus uaeHTU(GUIUPOBAHEI 18 00pa3IoB, MOAXOIAIKE IO ONTUMANIBHBIC TTapameTpsl 95-105 cm. [1o ocHOBHBIM
KOMIIOHEHTaM YpO>KalfHOCTH BBIAENMINCH copTa Supra, CnaBus, Bera u3 rpynns! cnenoctu I. OHu OTHOCSTCS K
TPYIIIE BEICOKOYCTOHYMBBIX K CETOPHO3Y 00Pa3IioB.

CraTtucTu4ecKuil aHanu3 MO3BOJMI BBISIBUTh OTPULATENEHYIO KOPPEISILIMIO MEX]Ty OCHOBHBIMU XO3SIICTBEHHO-
[EHHBIMY MTPU3HAKAMHA U YCTOHYHUBOCTEIO K cenTopuo3y. Hanbomnee 3HAYMMBIME OBUTH KOPPEISAIHMH YCTOMIYUBOCTH H
1) BBICOTHI pacTeHUs W 2) KOJMYECTBA NMPOAYKTUBHBIX Y3IIOB. B TO ke Bpemsi HaONIOMAIN MOIOKUTEIHHYIO KOp-
PEISILIMIO MEXILy XO3MCTBEHHO-LIEHHBIMU NPU3HAKAMH, KPOME MPHU3HAKa MAacChl ThICSYM ceMsH. [loiydyeHHble pe-
3yJbTAaThl BAXKHBI JIS1 CEJIEKLIMU C LEJIbIO CO3aHUS OTEUECTBEHHBIX YCTOMUUBBIX U BBICOKOYPOXKAHBIX COPTOB COH.

KiroueBbie cjioBa: cost, CENTOPUO3, yCTOMIUBOCTE, MUPOBAs KOJUIEKITHUS.
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! OcimuikTep iy OUOJIOTHS XKOHEe OMOTEXHOJIOTUS HHCTUTYTHI, AnMathl, KazakcraH,
’Kasak yITTHIK arpapiibIK yHHBepcHTeT, AnMaThl, Kazakcran,
?'Kasak eriH skoHe oCiMIIK MAPyaLIbLIBIFb] FHITBIMH-38pPTTey HHCTUTYTHI, AManbioak, Kazakcran

KA3AKCTAHHBIH OHTYCTIK-IIBIFBIC KAFJAWBIHIA
COSIHBIH, 9JEMJIK TONNTAMACBIHBIH CENTOPUO3FA TO3IMUILIITTH TAJJAAYDBI

Annotanusi. Cosi ericTik ankaObIHBIH YJIFAWTYbl, OHIMHIH a3aliblybl, CaHbIpAYKYJIaK aypyJapblHbIH Tapara-
HBbIHA TO3IMJII FEHOTHUNTEP/IH i3/ieyiHe Tajam eTeli, ojapiblH Oipi cenropuos, Sepforia glycines 3aKbIMIaupbl.
Ocpiran OainanblcTbl Ka3akCcTaHHBIH OHTYCTIK-LIBIFBIC JKaFAalibIH/A COSIHBIH QJIEMJIIK TONTAaMaChIHBIH OCHI aypyFa
TO3IMIUTIK Tayaaysl Taburu MHMeKIraiblK GoHaa eTki3unai. Cost TonTamachl dJIeMHIH OpTYpil 5 aliMarblHaH LIBIK-
KaH 182 copT »koHe AaKkblIapAad TYP/bL.
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Tangay HOTIKeCiHIE, TonTaMaHbH 79,3% cenTopro3ra eTe Te3iMIi jKoHe Te3iMIIi OOINBIT aHBIKTAaNABL. by
peTTe Te3iMci3 jKoHe KaTTHl Te3IMci3 HakpuImapAsH yieci 12,1% kypampl. 3epTTeNreH KOMUIEKIUS COHIal-akK, Be-
TeTalUsUIBIK Ke3CHHIH Y3BIHABIFEI OOMBIHINA, Ticim skeTinreH 6 Tomka Oeminai. [licim->keTiry TonmTap apachHIArbl
Te3IMIiTIK Oesrinepi OOMbIHIIA OTKI3UINeH CAIBICTHIPMAIIBI TAJIIay HOTHIKENIEPl apachlH/a, Kl MICeTiH JaKbuIapra
KaparaHZa yJIbTPAIiCeTiH JaKbUIIapAbIH CeNTOPHO30€H 3aKbIMIaTybIHa ThIM TO3IMCI3 eKeHi aHbIKTaJIBL.

KypbUIBIMIBIK Talay COSIHBIH IIApyallbUIBIK-KYHIBI COPTTapbl MEH NaKbULIApbIH aHBIKTaIbl. OCIMIIKTIH
OmikTiri OOMBbIHIIA OHTAMIIBI apameTpiepre Jablk 95-105cM coiikectenaipiiren 18 ynrinepi aHbIKTangbsl. OHIM-
JUTIKTIH HETi3ri KoMIoHeHTTepi OoibiHIIA | micinm sxeTinetiH ToObIHBIH Supra, CnaBus, Bera coprrapsl OesniHin
wbIKThL. ONlap cenTopuo3ra eTe Te31MIl JaKbULIaPbIHBIH TOOBIHA YKAaTa/Ibl.

CraTUCTUKANIBIK TaJIay HETi3rl IMapyallblUIbIK-KYHIbl Oeiriiepi MeH CenTopHo3fa Te3IMALTIIrT apachlHAAFrbl
JKaFBIMCBI3 KOPPEJSIIMSHBI aHBIKTayFa MYMKIHAIK Oepai. HerypibiM MaHBI3IBI KOpPEIALUs TO3IMIUIIKICH JKoHE
1) ecimuik OMIKTIri *oHe 2) eHIMII TopanTtap caHbl OoiibiHIIa Oonasl. CoHnai-ak, MBIH TYKbIM Macca OelnriciHeH
Oacka, mIapyarmbUIBIK-Oaranbl Oenrinepi apachIHAAFBl KAFBIMABI KOPPEJIus OaiKamapl. AIBIHFAH HOTHXKEIED,
OTaHZBIK TO3IMII JKOHE ©TE OHIMII COPTTAPBIHBIH ATy MaKCAThIH/IA, CETICKIIHS YIIiH MaHBI3 IBL.

Tyiiin ce3aep: cos, CenTopro3, TOIMILTIK, dJIEMIIK TONTaMa.
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PRODUCTIVITY OF SUGAR BEET DEPENDING
ON APPLICATION OF EXTRAORDINARY SUB-CODE
AND IRRIGATION REGIME ON FLOUR SEEDS
OF SOUTH KAZAKHSTAN

Abstract. The article summarizes the results of 3-year scientific research works (2015-2017) and a modern
solution to the problems of sugar beet yield increase based on application of basic and foliar top dressing and
irrigation regime in meadow gray soils of the South of Kazakhstan.

Key words: sugar beet, basic, foliar top dressing. Liquid fertilizer, kas, novosil, humate, application dose,
irrigation regime, yield of root crops, collection of sugar.

Introduction. One of the priority technical crops for the South and South of the East of the Republic
is sugar beet, which has a high potential for productivity. This Culture is the only source of local raw
materials for sugar production in Kazakhstan. An analysis of the current situation with the production of
sugar beet has shown that the crop of this crop in recent years is at a level of 150-240 c / ha. This testifies
to the extremely inadequate realization of the potential of this valuable culture, the low level of
technology for its cultivation, the insufficient application of agro-technological and chemical measures to
combat weed vegetation.

In the context of a decline in the cropping economy, a reduction in the volume of use against the
backdrop of shortage of working capital and capital investments, the authors suggest creating a favorable
and, first of all, reviving crop rotations, with a short rotation, with a set of priority crops for the regions,
taking as a basis new agrotechnologies in highly productive varieties and means of plant protection and
are new farms of fertilizers and plant growth regulators.

The choice of fertilizer from the commercially available assortment should be reduced to the
definition of such a form, the use of which will be cheaper compared to others and at the same time to
ensure the greatest possible increase in yield.

The novelty and practical significance of the work consists in the fact that in the Zhambyl region, in
the meadow-gray soils with close groundwater occurrence in short rotary beet crop rotations, the influence
of liquid forms of fertilizers (karabamide-ammonium nitrate) CAS and regulators of the plant company
(PPP) novosilogamat and irrigation regime for the yield and sugar content of sugar beet. The growth
regulator, regardless of the chemical composition, has a close mechanism of action at the level of
physiological reactions, activates plant growth, increases the accumulation of biomass due to more active
growth of the leaf apparatus by optimizing the irrigation regime.

Conditions and methods of research. The humus content in the plow layer is 1.40-1.59%, total
nitrogen 0.106%, and the total phosphorus 0.135-0.153%. The content of nitrates (NOs) is 22.1; mobile
phosphorus (P,0s) - 29.3 and exchangeable potassium (K,0) - 302.6 mg / kg soil.
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According to the classification of NA. Kachinsky this soil belongs to medium loams. The bulk
density is 1.30-1.50 g / cm’, the specific gravity is 2.50-2.57 g / cm’, the limiting moisture capacity (PPV)
is 18.6-19.5%. The reaction of the soil solution is slightly alkaline, pH is 7.2-7.3.

Field experiments on the use of new forms of liquid fertilizers and biopreparations of a new gene-
ration in order to obtain optimal yields of sugar beet were carried out by meadow-serozem soils. The level
of occurrence of groundwater to a depth of 100-120 cm.

Table 1 — Scheme of experience

# 1 2 3 4 5 6 7
Without Nis0P120R90 KAC - KAC - KAC - Hosocui - Hogocu -
Options Fertilizers (fon) 0,51/ha 0,71/ha 1,01/ ha 201/ ha 401/ ha
(control-1) (control-2) 3 times 3 times 3 times 3 times 3 times
# 14 13 12 11 10 9 8
fon + ['ymat fon + HoBocun fon +Kac- Gumat- Gumat- Gumat- Hosocwun-
Options 40 g/ha 40 g/ha -0,7g/ha 80 g/ha 40 g/ ha 20 g/ha 60 g/ha
3 times 3 times 3 times 3 times 3 times 3 times 3 times

The experiment is laid down in the above scheme in 3-fold repetition (table 1). The plot size is 100 m’,
the total area is 1 hectare. Sowing variety of sugar beet of French selection. Avantage. In carrying out the
field experiment, they were guided by methodological provisions [1] and P.N. Konstantinova, B.A. Armor
"method of research on sugar beet VNISS" [2]. Agrotechnical experience on the recommendation of 1976,
1988, 1994 adopted [3-5].

Aqueous solutions of biostimulators were prepared immediately before their use. Spraying of sugar
beet plants was carried out with a backpack sprayer with a rate of application of working fluid of
250 liters / ha.

The first treatment with regulators was carried out by closing the beet leaves in rows, the second
before closing the leaves in interrow rows, the third before harvesting (30 days prior to harvesting).

Results of the study and their discussion. Growth of plants is a complex and at the same time a well-
organized and harmonious process. Back in 1880, Sachs proposed the existence of "chemical mes-
sengers", which coordinates the growth between different parts of the plant. A real springboard to the
identifications of these messengers, which were called phytohormones (from the Greek phyton-plant
hormoo-induce) was the book Darwin (1881) "The power of movement in plants".

Natural growth regulators are produced by the plants themselves, these are the so-called endogenous
phytohormones. In very small concentrations, they stimulate or inhibit growth processes. This was known
more than 100 years ago. At the beginning of the last century, D.N. Nalyubov discovered the compound -
ethylene, which inhibited the growth of plants. In the mid-20-ies Academician N.G. Cold in Germany
published a work on plant regulation. [6].

And artificially it is possible to create preparations of complex action, which in some cases show
useful qualities of several groups of phytohormones [7].

In the North-Caucasian branch of VNIS (1982-1984), the effectiveness of HCS on foliar top dressing
of sugar beet was studied. Studies have shown that the most effective was a two-fold feeding of beets with
an aqueous HCA solution in a ratio of 1: 1 with a working fluid flow rate of 100 liters/ha. The sugar
content of the root crop increased on average over three years - by 0.7%, an increase in the yield of
2.1 tons / ha, and the collection of sugar by -0.62 tons / ha. [8].

The highest yields against microfertilizers were noted in the conditions of the Vinitsa region of
Ukraine - 51.5 t/ha with a sugar content of 18.3% [9].

According to the data of [10] in Russia only humic preparations of albite, novosil, biosil, larixin,
milivalikatsin, epin, zircon are widely used from the whole range of registered PPPs. Humates are sodium
or potassium salts of humic acids, which are isolated from humic substances of natural organic biocose
formations such as chernozem, peat, coal, sapropel, slate.
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The movement of water and nutrients from the root system to the aerial organs and plastic substances
coming from the root system into the above-ground organs and plastic substances moving from the leaves
to the root system occurs through the root crop. Therefore, in the first year of life, as the root crop
develops, it has an increasing influence on the nature and intensity of metabolism in both directions.

Moving from the root system, the water completely saturates the tissues of the root crop, and then the
above-ground organs. Therefore, the root crop adapts to increased water supply and nutrition, so that it
tolerates even the smallest dehydration of tissues. When drought, the growth of the root crop stops, and it
intensively draws water and plastic substances from the above-ground organs. With a lack of water, the
juicy tissues of the root crop begin to lignify before the temporary drying of the leaf mass and a decrease
in the photosynthetic potential.

Therefore, during cultivation it is very important to maintain uninterrupted moistening of the soil.

Proceeding from the above stated, the optimal irrigation regimes for the growing season of sugar
beets were constantly adhered to. With this irrigation regime, inter-row cultivation during the growing
season is no longer [3,4] when sowing on the width of the rows of 60 and 45 cm, but only cutting irri-
gation furrows for the first and second irrigation of sugar beet.

Therefore, the number of irrigation was increased to 12 times, so that before irrigating soil moisture
during the vegetation period was maintained at a level of 75.0-80% of PPV. The inter-irrigation period at
the beginning of the vegetation period was 10-12 days, in the middle of 8-9 days and at the end of 10-
12 days. The irrigation norm was 550-600, and the vegetable norm was 6600-7200 m*/ha (table 2).

Table 2 — Regime of irrigation of sugar beet during the vegetative period on experimental crops,
depending on the maximum field moisture capacity of the soil

Number of irrigation
1 2 3 4 5 6 7 8 9 10 11 12

Timing of watering

1. Timing of watering

10.06 | 19.06 | 29.06 | 08.07 | 18.07 | 26.07 | 04.08 | 15.08 | 26.08 | 07.09 | 18.09 | 02.10
(day of the month)

2. Pre-irrigation soil moisture
(h-30 cm), %

3. Maximum field humidity
(PWV), %

148 | 150 | 155 | 158 | 157 | 158 | 16,0 | 16,0 | 156 | 156 | 156 | 156

75,8 | 76,9 | 79,5 | 81,0 | 80,5 | 81,0 | 82,5 | 82,5 | 80,0 | 80,0 | 80,0 | 80,0

Note: Inter-row cultivation of the soil during the vegetation period was not carried out, but only cutting of irrigation
furrows was performed before the first and second irrigation.

Such irrigation regimes of sugar beet in Kazakhstan are given in the works "Irrigation of sugar beet
in Kazakhstan" [11].

Sowing of sugar beet was carried out from 3 May with an inter-row spacing of 60 cm. The duration
of the seed-sprouting period is 12-14. According to the variants of the experiment, the first, second and
third pairs of leaves were noted on May 17-21-26 with fluctuations 2-3 days earlier than between variants
with fertilized and background compared to without fertilization.

The number of plants after hollow shoots was in the range of 6 to 9 plants per 1 linear meter of row,
and after formation the number of plants varied from 4-5 plants 1 linear meter row.

The first period of vegetation (01.07.), The maximum mass of sugar beet leaves was noted for
variants von + humate 40 g / ha, background + cass - 0.7 1 / ha, and background + novosil - 40 g / ha.
accordingly was 855; 850 and 843 g/ plant, and on the control - 2 (N150P120P90) - 810 g/ plant. On the
variant (without fertilizers), only foliar top dressing of humate-40 g / ha, ca.-0.7 1/ ha. novosil - 40 g / ha.
respectively, amounted to 750, 700 and 710 gr / plants, and on control - without outside the root feeding -
650 gr. 1 plant.

The maximum growth of leaf mass in the second vegetative period (01.08) was noted in the variants
with foliar top dressing of ca. 0.7 1/ ha, novosil-40 g / ha, humate-40 g / ha, and background + 0,7 1/ ha,
Background + humate - 40 g / ha, iphone + novosil-40 g / ha, accordingly was 736; 728; 850; 1030; 1040
and 1020 g/ plant.
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In the third (01.09) and in the fourth (01.10) term, the total weight of plant leaves gradually decreases
in all variants of the experiment, and the increase in the above variants increases during the vegetation
period, mainly, respectively, 490; 460; 500; 695; 680 and 710 gr. 1 plant or leaf growth, respectively,
16.7;9.5; 19.0; 21.9; 24,6 and 19,3% more than from control - 1 and 2 (table 3).

Table 3 — Dynamics of the increase in the mass of sugar beet leaves, depending on the use of KAS and biopreparations of a new
generation (average from 1 plant gr.)

Date of sampling, + Dynamics of accumulation ct)ri?(r)rlls

# Options

b 01.07 | 01.08 gr;’;th 01.09 gr;’;th 01)'1 gr;’;th D | %
1 | Besymobp. K- 1 650 710 +60 477 233 420 -57 - -
2 | M150°120%90 (dpon) K-2 810 940 +130 890 -50 570 -320 150 | 35,7
3 | KAC-0,5w/ra 660 715 +55 551 -164 | 484 -67 64 | 152
4 | KAC-0,7 n/ra. 3 times 700 736 +36 570 -166 | 490 -80 70 | 16,7
5 | KAC-11/ha 680 720 +40 580 -140 | 460 -120 40 | 10,7
6 | Novosil - 20 g/ha, 3 times 670 726 +64 558 -168 446 -112 26 | 62
7 | Novosil - 40 g/ha 3 times 685 728 +43 575 -153 460 -115 40 | 95
8 | Novosil - 60 g/ha 3 times 710 750 +40 583 167 456 -127 36 | 86
9 | Gumat - 20 g/ha 3 times 720 800 +80 594 206 | 466 -128 46 | 10,9
10 | Gumat - 40 g/ha 3 times 750 850 +100 586 264 500 -86 80 | 19,0
11 | Gumat - 80 g/ha 3 times 755 863 +108 580 283 510 -70 90 | 21,0
12 | Fon+KAC - 0,7 lg/ha. 850 1030 +180 969 -61 695 -174 125 | 21,9
13 | Fon + Novosil - 40 g/ha 3 times | 843 1020 +177 950 -70 680 -270 110 | 193
14 | Fon + Gumat - 40 g/ha 3 times 855 1040 +185 1010 -30 710 -300 140 | 24,6

The first period of vegetation (1-term 01.07), the largest mass of sugar beet root crops was noted for
variants (K-2) N150P120K90 + top dressing with a background rate + guum-40 g / ha, background +
CAS-0.7 1/ ha. And the background + novosil-40 g / ha. respectively 567; 576 and 550 gr. or the daily
increase was 12.5; 12,7 and 12,2 gr., And on a background without basic fertilizers on variants KAS-0,7 1
/ hectare. -40 g / ha. the root mass of 1 plant has 293; 283 and 293 gr., And the daily increment of 1 root is
equal to 6.5; 6,3 and 6,5 gr., And on the control-245 and 5,4 gr. respectively.

It should be noted that both the leaf mass (Table 3) and the root mass in the second period (01.08) of
the vegetation of sugar beet reaches a maximum of 40 g/ ha in von + humate, background-CAS-0.7 1/ ha.
and background + novosil-40 g / ha. the mass of 1 root crop reaches 1087; 1024 and 1090 grams. or the
daily increase was 17.3; 14.9 and 15.0 grams. and on the control - 668 and 13.3 gr. respectively, and
subsequent terms (01.09 and 01.10) of the determination of the root growth are gradually reduced in the
variants of background + humate, background + CAS and background + novosil 5.0-2.7; 4,0-2,8 and 4,3-
2,7 gr. per day, and on variants without basic fertilizers KAS-0,7 1/ ha, novosil-40gr / ha and Humat-40 g
/ ha. and was 4.0-1.8; 3,2 and 1,8 and 3,0 - 1,7 gr. per day, and at the control 2: 8 and 1.8; 3,5 and 2,0 gr.
per day, respectively (K-2 and K-1) (Table 4).

So, as against the background of mineral fertilizers, the root mass of 1 root vegetable with foliar top
dressing 3 times for humate 40 g/ ha. 1 novosil-40 g.ha and KAS-0.7 1/ ha, the increase was 234; 131 and
96 gr. or 20.1; 11.9 and 8.3%, and on the basis of the above-mentioned options, the increase was 113; 121
and 150 gr. or 18.3; 19.8 and 24.6%, respectively, compared to the control of K-2 and K-1.

One of the most important directions for the further rise of agricultural production in beet-growing
agro-formations is a scientifically-based fertilizer system developed taking into account local soil-climatic
conditions, as well as ecological features of culture.

An effective way to increase the productivity of sugar beet, which is widely used at present, is
carrying out foliar top dressing by plant growth regulators.
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Humaton - sodium and potassium salts of humic acids. Humaton and humic acids are the chemical
basis of humus. Humic acids in a place with carbon dioxide dissolve minerals and contribute to the release
of nutrients. The composition of the CAS includes a mixture of carbamide - 35.4%, ammonium nitrate -
44.3%, water 19.4%, ammonia water - 0.5%.

Average for the period 2015-2017gg. the density of standing of plants for harvesting in variants
treated with PPP was 3.1-4.3 thousand plants more than that of control, and was in the variants with
KAS-0.51/ha -63.9, novosil 60 g/ ha. - 64.9; humate-40 g / ha. - 67,6 thousand plants per hectare.

Table 4 — Dynamics of the increase in the mass of root crops of sugar beet, depending
on the use of CAS and biopreparations (per plant gr.)

Date of sampling, + Dynamics of accumulation
. Addition and
# Options o
+- + . control of gr. %
01.07 | 01.08 arowth 01.09 arowth 01.10 growth
Without fertilizer. 245 200 105 60
1 K-1 54 445 7.1 550 3.5 610 2.0 - -
N7 2 P1~0K
1507120790 268 400 850 55
2 K2 6.1 668 13.3 1,068 2.6 1,153 1.8 540 89,0
- 303 250 95 55
3 | KAC-0,5 n/ra. 3 times 6.7 553 8.3 658 32 713 1.8 103 16,9
: 293 292 121 54
4 | KAC-0,7 n/ra 3 times 6.5 585 9.7 706 4.0 760 1.8 150 24,6
KAC - 1 n/ra 287 303 110 58
5 3 times 6.4 590 10.1 700 3.7 758 1.9 148 24,5
- . 316 270 95 50
6 | Novosil - 20 g/ha 3 times 48 586 9.0 681 32 731 1.7 121 19,8
- 283 300 95 53
7 | Novosil - 40 g/ha 3 paza 6.3 583 10,0 678 32 731 1.8 121 19,8
. . 280 290 96 50
8 | Novosil - 60 g/ha 3 times 6.2 576 9.7 672 32 722 17 112 18,4
: 270 300 95 45
9 | Gumat - 20 g/ha 3 times 6.0 570 10,0 665 32 710 15 100 16,4
. 293 290 90 50
10 | Gumat - 40 g/ha 3 times 6.5 583 9.7 673 3.0 723 17 113 18,3
. 291 300 95 53
11 | Gumat - 80 g/ha 3 times 6.5 591 9.7 686 32 739 1.8 129 21,7
376 120
Fon + KAC pyna 438 Y 85
12 0.7 Iha 3 times 12,7 1024 14.9 1144 4,0 1249 28 96 8,3
Fon + Novosil + 40 g/ha 550 500 130 70
13 3 times 12.2 1090 15.0 1220 43 1,290 23 13,7 11,9
Fon + Gumat - 40 g/ha 567 520 150 1,387 80
14 3 times 12,5 1087 17,3 1237 5,0 1,307 2,7 234 20,1
Note. In the denominator is a monthly increase, and the numerator is the daily increase in root crop, gr.

On the yield of root crops and sugar sugar beet harvest, plant growth regulators also had a significant
effect. The highest yield and collection of sugar were obtained in variants with processing plants by
growth regulators humate - 40 g / ha, novosil - 40 g / ha. and carbamide ammonium mixture - 0.7 1 / ha
along the background of mineral fertilizers 77.1; and 12.0; 71.0, 11.1; 69.8 and 10.9 t / ha or an increase
of 12.9 and 2.0, respectively; 6.8 and 1.1 and 5.6 and 0.9 t / ha or 20.0; 11.0 and 9.0% more than the
control variant (K-2), and on humate-40 g / ha, novosil-40 g / ha. and ca. 0.7 1 / ha. on without basic
backgrounds the yield of root crops was obtained and the collection of sugar 52.9 and 8.1; 51.5 and 8.0
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and 48.7 and 7.6 t / ha, i.e. The increase in the yield of root crops and the collection of sugar amounted to
12.5 and 2.2; 11.9 and 2.1 and 9.3 and 1.7 tons / ha. or 30.9 and 36.7, respectively; 30.7 and 35.6; 23.6
and 28.8% more than in comparison with control-1 (table 5).

Table 5 — The productivity of sugar beet and the collection of sugar, depending
on the use of liquid forms of fertilizers and biopreparations. (Data for 2015-2017)

: Addition to
Densny. Root Suga- | Sugar -
. of the planting. . Harvest, | ". . collection
# Options weight, riness | collection |  root crop
thousand t/ha o of sugar
eces/ha gr. % t/ ha.
preces/ha. t/ha| % |t/ha| %
| Without fertilizer. 1.60,6 65,3 39,4 15,0 5,9 - - - -
Control 1 2.64,5* 62,5 40,4 | 14,85 6,0 - - - -
N7 20P1HK
150712090
2 Control 2 63,1 1,017 64,2 15,5 10,0 589 | 4,0
3 KA.C_O’S Vha 63,9 698 44,6 15,5 6,9 52 | 132 | 1,0 | 16,9
3 times
4 | KACO7Vha 63,7 765 | 487 | 156 | 7.6 | 93 | 236 | 17 | 288
3 times
5 KA.C_I V/ha 62,0 768 47,6 15,6 7,4 82 1205 | 1,5 | 254
3 times
6 | Novosil - 20 g/ha 3 times 63,1 748 50,5 15,4 7.8 11,1 | 21,2 | 1,9 | 322
7 | Novosil —40 g/ha. 3 times 63,6 809 51,5 15,5 8,0 11,9 | 30,7 2,1 35,6
8 | Novosil — 60 g/ha. 3 times 64,9 798 51,8 15,4 7,8 124 | 31,4 1,9 32,2
9 | * Gumat- — 20 g/ha 3 times 64,4 717 47,6 15,3 7,3 72 | 17,8 | 1,3 | 21,7
10 | * Gumat- — 40 g/ha 3 times 67,6 782 52,9 15,3 8,1 12,5 | 30,9 | 2,2 | 36,7
11 | * Gumat- — 80 g/ha 3 times 66,8 739 494 15,3 7,6 9,0 22,3 1,6 26,7
12 | Fon +KAC- 0,7 I/ha 3 times 66,5 1,050 69,8 15,6 10,9 5,6 8,7 0,9 9,0
13 | Font+ Novosil -40 g/ha 3 times 65.2 1,089 71,0 15,6 11,1 6,8 | 10,6 | 1,1 11,0
14 | ®out+ Gumat— 40 g/ha 3 times 64,1 1,203 77,1 15,6 12,0 12,9 | 20,1 | 2,0 | 20,0
*Average data for two years.

Thus, the highest increase in the yield of root crops and the collection of sugar was obtained on the
variants of foliar dressing of plants by the growth regulators of humate-401 / ha, novosila-40l / ha and
carbamide-ammonium mixture-0.71 / ha on the background of mineral fertilizers respectively amounted to
129 and 2,0 6.8 and 1.1 and 5.6 and 0.9 t / ha, or 20.1 and 20.0; 10,6 and 11,0 and 8,7 and 9,0% more
than from control-2, and in variants without basic fertilizers, the yield of root crops was increased and the
collection of sugar accordingly was 12.5 and 2.2; 11.9 and 2.1 and 9.3 and 1.7 tons / ha. or by 30.9 and
36.7;30.7 and 35.6; 23.6 and 28.8% higher than from control without fertilizers.

Conclusions. Optimum supply of irrigation water during the vegetative period of sugar beet within
the limits of 70-80-70% of PPV, on fertilized and without fertilized background application of foliar top
dressing of HCS and growth regulators provided high yields of root crops and sugar intake from 69.8 and
10.9and to 77, 1 and 12.0 t / ha. and 48.7 and 7.6 to 52.9 and 8.1 t / ha. respectively.
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THE BIOLOGICAL EFFICIENCY OF CROP ROTATIONS
AND GREEN MANURES TO IMPROVE THE PRODUCTIVITY
OF IRRIGATED LANDS

Abstract. The results of studies on improving the basic conditions for the reproduction of soil fertility, in-
creasing the productivity of irrigated lands and obtaining ecologically clean products in the system of biologized
crop rotations are presented.

Key words: biologized crop rotations, green fertilizers, soil, humus, productivity agricultural crops.

The emergence of new concepts and requirements in the sustainable development of the world
economy could not but affect such an important sector as agriculture, which directly depends on nature
and causes no small environmental damage [1].

In the structure of world agricultural production today, there are obviously several directions that are
the most promising for its development. One such area is organic farming.

Organic agriculture is a complex system of production management, oriented to improving the
agroecosystem as a whole, as well as to maintain biodiversity, biological cycles and biological activity of
the soil. Priority in it is given not to additives imported from outside, but to agrotechnical methods, taking
into account the fact that local conditions require systems adapted to them. This is achieved by applying
cultivation, biological and mechanical methods instead of using synthetic substances to implement any
function within the system [2, 3].

The Republic of Kazakhstan has various natural and climatic, including soil and land resources.
However, the scale of anthropogenic impact is such that a significant part of the land, including
agricultural land (the total area of arable land is 26 million hectares), is in an unsatisfactory state due to
various negative processes and phenomena [4].

The concept of the transition of the Republic of Kazakhstan to a "green economy" lays the foun-
dations for profound systemic transformations with a view to shifting to the economy of a new formation
by improving the welfare of the people, the quality of life of the population of Kazakhstan and entering
the country among the 30 most developed countries of the world, and degradation of natural resources [5].

Agricultural production current stage of development, requires systematic and widespread increase in
the fertility of Kazakhstan's irrigated lands.

The current environmental problems that have arisen as a result of anthropogenic overload and
irrational use of natural resources have undoubtedly affected the state of the soil cover of the territory of
Kazakhstan. The destabilization of the ecological situation has led to the degradation of the soil cover in
all natural zones of the republic. As you know, Kazakhstan is one of the ten largest countries in the world
with the largest area, and the population is on the 80th place in terms of population. Compiling 0.3 world
population, Kazakhstan occupies 2% of the globe [6]. Territory of Kazakhstan according to aerospace
survey and expert assessment, consist of medium-degraded soils are 35%, heavily-degraded soils - up to
15%. The solution of ecological problems of the soil cover of Kazakhstan now requires urgent measures.
Moreover, both for the sake of the security of our state, and for preserving the healthy population of the
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country as a whole. Already today, about 60% of the soil cover of the Republic of Kazakhstan refers to
degraded to varying degrees, depending on the nature of the natural conditions and their economic use.
Recently, according to scientists, in the republic there is a significant deterioration of soil-meliorative and
soil-ecological status, intensive decline of soil fertility, development of water and wind erosion, and
secondary salinization. As a result, the yields of agricultural crops in our country are noticeably behind
the level of the countries that are with us in similar natural and climatic conditions. Therefore, the issues
of improving the ecological situation in modern agro landscapes, maintaining and reproducing soil
fertility and increasing crop productivity have become especially urgent at the present time. There was a
need to create not only environmentally sustainable and safe technologies and techniques, but also the
management of farming systems in general.

In this connection, we set ourselves the task of studying the influence of biologisation means and
scientifically based selection of crops in the system of biologized crop rotations for the reproduction and
conservation of soil fertility, increasing the productivity of irrigated lands and obtaining environmentally
friendly products.

Research material and methods. The study of the effect of various biologic means and crops on the
fertility and biochemical properties of light chestnut soils was carried out in the green manure link of the
8-field grass-grazing (winter wheat + alfalfa, alfalfa 2 years of life, alfalfa 3 years of life, winter wheat
(used NgoPsoK40; green manure -8.9 t / ha, manure-20 t / ha), sugar beet, soybeans, sugar beet, corn) and
3-hollow grain-crop rotations (winter wheat + siderates, sugar beet, soybeans).

In 8-field grassy-grained rotation, organic and mineral fertilizers were added to the sugar beets sown
after winter wheat by the turnover of the alfalfa layer of 3 years of standing. In the experiment, variants
were studied with the application of manure, the calculated dose of mineral fertilizers (by 500 centners /
ha of root crops), as well as the sedimentation of the green manure (peas) of their action and aftereffect
under the crops most productive use of the vegetative period for maximum accumulation of organic
matter. The first control is a variant without applying fertilizers. The second option is the option of adding
mineral fertilizers for sugar beet in doses calculated by the balance method. The principle of calculation of
fertilizer doses was as follows: the average yield over a number of years of crop yields obtained with the
application of recommended fertilizer doses, further increase in yield was determined by additional
application of fertilizers.

In the 3-hollow grain-crop rotation after winter wheat, a vetch mixture (green manure) was grown,
and then it’s green plant mass, in an amount of 10 tons / ha, was plowed into the soil.

The activity of humic enzymes (polyphenol oxidase and peroxidase) was determined by the method
of K.A. Mikhailovskaya and L.A. Karyaginoy on the photoelectric calorimeter (FEC). The humus content
was determined by the method of [.V. Tyurin.

In the experiments, agricultural technology recommended for the irrigated zone of the southeast of
Kazakhstan was used.

Research results and discussion. The activity of enzymes reflects the genetic features of soil
processes. One of the sources of enzymes are soil microorganisms. With a significant level of metabolism,
they release into the environment a large number of active enzymes. Enzymes are released from the cells
of microorganisms during their autolysis and pass into the soil. High activity of enzymes indicates the
vigorous activity of microflora and the activity of biological processes occurring in soils. Therefore,
enzymatic activity can be considered as an important indicator of biological activity of soils and their
productive capacity [7].

Humification of organic substances, which are basis of soil formation and soil fertility, is carried out
by bacteria, fungi, actinomycetes and is accompanied by the manifestation of a high activity of pheno-
loxidases, in particular polyphenol oxidase, which favors polymerization reactions and the formation of
polysaccharides, amino acids, polyphenols and other substances. Peroxidase activates the mineralization
reaction, so that the soil is enriched with mineral substances necessary for the growth and development of
plants. To characterize the dynamics of humus accumulation in soils, the ratio of polyphenol oxidase
activity to peroxidase activity is used, expressed as a percentage and conventionally called the coefficient
of humus accumulation. The data indicate that, on average, during vegetation, the activity of polyphenol
oxidase in the soil of the control variant is 3.7 mg of benzoquinone in 30 minutes incubation, peroxidase -
4.8 mg. The coefficient of humus accumulation does not exceed 77%. When organic fertilizers are
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introduced into the soil for sugar beets, the processes of transformation of humic substances are activated.
The highest activity of polyphenol oxidase was observed in the soil of the variant, where green fertilizer
was added-5.5 mg. In this variant, the process of mineralization of humus is the most vigorous - 5.7 mg.
However, on average, during the vegetation the coefficient of humus accumulation is high - 96%.

The cultivation of soybeans after sugar beet contributes to the intensification of processes of poly-
merization and utilization of humic substances. According to the parameters of enzyme activity in the soil
of the control variant, the polyphenol oxidase activity varies during the vegetation from 4.1 to 5.2 mg,
peroxidase activity varies from 4.7 mg to 6.2 mg, and the humus accumulation coefficient ranges from 68
to 87%. A similar pattern has been established also in the soil of a variant of the aftereffect of mineral
fertilizers. For two years, the positive effect of organic fertilizers on the processes of formation of humus
components persists, especially in the variant where the green mass of peas was harrowed. The processes
of mineralization of humus are reduced. The coefficient of humus accumulation during the soybean
vegetation in the soil of these variants varies from 114% to 130% and from 92% to 113% (respectively
aftereffects of mineral fertilizers and manure).

For the third year after the introduction of fertilizers, their effect on the accumulation of humus in the
soil is reduced. The cultivation of sugar beet after soybeans, on average for vegetation according to
options, provides the activity of polyphenol oxidase from 3.7 to 4.8 mg, peroxidase from 3.5 to 5.6 mg.
The coefficient of humus accumulation is from 80 to 109%. It should be noted that only in the soil of the
variant, where the aftereffect of manure was taken into account, and the intensity of the processes of
humus transformation is much lower. The activity of polyphenol oxidase does not exceed 3.0-4.0 mg,
peroxidase 3.4-3.6 mg, but the coefficient of humus accumulation is greatest. During the entire growing
season, it varies from 86 to 117%.

In the 3-field crop rotation, the introduction of a large amount of plant residues of winter wheat into
the soil and the easily hydrolyzed vico oatmeal mixture sharply activated the processes of humus
formation and mineralization of organic matter. In autumn, the activity of polyphenol oxidase and
peroxidase increases to 4.6-4.8 mg. Humus accumulation during the growing season was 98-111%.

Under sugar beet, the activity of polyphenol oxidase and peroxidase gradually increased from sowing
to harvesting of root crops. However, in the soil of the control variant, the processes of mineralization of
humus are more active. The activity of peroxidase exceeds the intensity of polymerization processes by
0.2 mg. The accumulation coefficient of humus is 89-90%.

Under the soybeans, which go after sugar beet, an intensive process of humus formation and a
moderate process of its mineralization, especially in summer and autumn, are evidently connected with
the active release of soybean exudates and the beginning of mineralization of nodules, litter and dead
roots rich in nitrogen.

The highest activity of polyphenol oxidase (4.2 mg) was noted in the soil after the action of the green
manure. The stock of legume-cereal grass mix for sugar beet for two years provides favorable conditions
for accumulation of humus and stabilization of soil fertility in 3-grain grain-crop rotation.

Analysis of the values of the correlation coefficients shows that the activity of polyphenol oxidase
and peroxidase positively correlates with the yield of sugar beet (r = 0.73; 0.77) only when cultivated
without fertilization, which indicates intensive use of humus to create a crop.

In the case of applying mineral fertilizers and 20 tons of manure for sugar beet, a negative correlation
was established between the activity of humic enzymes and the number of all physiological and taxo-
nomic groups in the micropower population of the soil (r =-0.66; 1.0). In the soil of these options, the
entire microbiocenosis involved in the transformation of plant and mineral compounds works to provide
plants with basic nutrients.

When the green fertilizer is primed, the activity of polyphenol oxidase and peroxidase positively
correlates (r = 0.65; 0.99) with the total biological activity of the soil. Consequently, the use of green
manure contributes to an increase in the content of humus and the general level of soil fertility.

Reproduction of fertility of arable soils is one of the primary problems of modern agriculture. On
irrigated lands in the south and southeast of Kazakhstan, this is accomplished through a three-year
cultivation of alfalfa. The increase in humus content under perennial grasses is primarily due to the
orientation in the soil of processes that ensure the restoration of the disturbed balance between the intake
of organic matter and its decomposition. In the absence of intensive mechanical treatments on crops of

— 2 ——
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perennial grasses, the supply of organic matter to the soil prevails over its decomposition, which is deter-
mined by an increase in the activity of biochemical processes toward optimal modes of humus formation.

In our experiments, the state of soils under perennial grasses was close to the above conditions. So, in
the spring period there was a combination of favorable moistening of the soil with temperature regimes,
then in June there comes a period of moisture deficit, followed by July precipitation, followed by the
August drought and all this is evident against the background of the compacted state of the soil. In the
fields, multiple mechanical treatments, increasing soil aeration, intensified aerobic processes that destroy
organic compounds involved in humus formation.

As our studies have shown, the dynamics of humus content in the soil in different years, and also
during one growing season, varies continuously, depending on the complex of meteorological conditions
and agro-practices that develop.

The initial content of humus before laying down the experience of 8-field crop rotation was 1.96%.
After plowing 3-year-old alfalfa, the humus increased by 0.8-0.9%, that is, it amounted to 2.0%. When
sowing winter wheat, which goes along the layer of perennial grasses, an increase in humus is observed
up to 2.1%. That is, in the first link there is an increase in the humus content in the soil. (data of the
department of agroecology of soils).

The introduction of organic and mineral fertilizers after harvesting winter wheat influenced the
humus content of the soil in different ways. With siderates, a considerable amount of fresh organic matter
enters the soil and a significant activation of humus occurs. With the biomass of green fertilizer, 132 kg / ha
of nitrogen, 52.9 kg / ha of phosphorus and 176 kg / ha of potassium enter the soil.

In the course of its decomposition, these nutrients replenish the soil fund of nutrients, which provides
additional nutrition for subsequent crops of crop rotation.

So, the aftereffect of the pea-seed mixture provided an increase in humus in subsequent sugar beet
crops to 2.2%. The same result was obtained from the application of 20 tons per hectare of manure.

After sugar beet on soybean crops, the content of humus in the soil varied depending on the afteref-
fect of fertilizers 2.0-2.3%. These tables indicate the effectiveness of cultivation of legumes (in this case -
soybeans). Soybean in this indicator of soil fertility is a good predecessor for other crops.

The obtained results indicate that in the 8-field grass-and-grained rotate crop rotation, a positive net
balance of humus in the soil is formed for soil rotation. This is achieved, mainly due to the cultivation of
alfalfa in the first link, the smell of organic fertilizers and soybeans before the culminating crops of crop
rotation.

In the rotation with a short rotation (3-fold), the more frequent green manure and the cultivation of
soybeans-legumes also contributed to the increase in the humus potential of the light chestnut soils
studied. The priming of the vetch mixture allowed maintaining the optimum humus content in the soil for
two years, especially in 2005, which was characterized by dry spring, which probably contributed to the
strengthening of humification processes in the soil.

The humus content in the soil is largely determined by the cultivated crop and its predecessor, and its
dynamics and seasonal balance by the climatic conditions of the year.

The obtained results indicate that on irrigated light chestnut soils humus potential is maintained by
cultivation of alfalfa, soybean and using biologic means. Alfalfa provides a higher content of humus in the
soil, which favorably affects the sown crops by its formation and turnover.

In the 8-hollow and 3-hollow biologized crop rotations, a positive humus balance was formed for
rotation. This allows us to conclude that the use of green manure in the system: soil - organic fertilizers -
the plant can provide a non - deficit balance of organic matter in irrigated agriculture.

So, on the basis of the data obtained, it is obvious that biologization means in crop rotations are eco-
nomically and environmentally justified. But, despite the positive scientific results obtained, for
Kazakhstan organic farming and production of organic products is still a "young sector", since there is no
single concept and for the widespread introduction of the organic system in production it is necessary to
solve the following tasks in the crop, livestock and processing industry:

— In the field of crop production: wide diversification, increased production of agricultural products,
improvement of the basic conditions for reproduction of soil fertility, increased productivity of irrigated
land and production of ecologically clean products, involve-ment in the agricultural turnover of currently
unused lands and 6.8 million hectares of reserve land; restoration of 600 thousand hectares of previously
used irrigated land;
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— In the livestock sector: building up the export potential of meat, developing transhumant livestock,
developing feed production, restoring and watering degraded pastures. It is planned to water 20 million
hectares of pastures from 63 million hectares;

— In the sphere of processing: transition to international quality standards, technical and technological
re-equipment of production, etc.

Conclusion.

1. Organic fertilizers (green mass of peas -11,7 t / ha, manure -20 t / ha), introduced under the sugar
beet of the first link of 8-field crop rotation, enable the polymerisation processes and the formation of
humic components in the soil. The activity of polyphenol oxidase increased from 3.7 to 5.5 mg, the
activity of peroxidase does not exceed 5.7 mg. The coefficient of humus accumulation in the arable soil
horizon of these variants ranges from 92 to 123%, the humus content increases from 1.9 to 2.0%.

2. In 3-rotary crop rotation, synthesis processes humus mineralization are less intensive, but more
balanced. The vetch of the mixture improves the activity of polyphenol oxidase to 3.9 mg, reduces the
activity of peroxidase to 3.8 mg, increases the humus content of 107%, and maintains the humus content
in the soil at 1.82% until the end of rotation.
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Kazak eriHminik koHe eCiMAIK IapyallbUIbIFbl FEUIBIMU-3€PTTEY HHCTUTYTHI, AnMaibsioak, Kazakcran

CYAPMAJIBI KEPJIEPATH OHIMALIITTH APTTBIPY YIITH BAOJIOTUSLJIBIK AYBICITAJIBI ETICTIH
7KOHE KACBIJ TBIHAUTKBIIITAPABIH TUIMALIITT

AnHoTanus. TonbIpak KyHapIIBUIBIFBIH KANIIBIHA KENTIPY, CyapMallbl KepIIepAiH OHIMALTITIH apTTHIPY JKoHE OHOJIOTHSIIBIK
ayBICTIANBI eTICTIK )XYHEeCiHIe SKOJIOTHSUIBIK Ta3a OHIMAEP/l alyIbIH HeTi3ri MmapTTapblH KeTUNipy OOHBIHINA 3epTTeyiIep MEH
HOTIDKEJIEp KeNTIpUIreH.

Tyiiin ce3aep: GHOIOTMSUIBIK aybICIAJIbl eTIHIIIIIK, KaChUT THIHAWTKBIIITAD, TONBIPAK, KYHAPJIBIK, aybUIapyambUIbK qa-
KbLIIap/AbIH OHIM/ILIITI.
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Kazaxckmit Hay‘{HO-I/ICCJIeILOBaTeIIBCKI/Iﬁ HWHCTUTYT 3€MJICACIUA U paCTCHUEBOJICTBA, AIIMa.HI)I6aK, Kazaxcran

3®PEKTABHOCTH BUOJIOTA3APOBAHHBIX CEBOOBOPOTOB 1 3EJIEHBIX VIOBPEHHUI
JJIS1 HOBBIINEHUSA ITPOAYKTUBHOCTH OPOINAEMBIX 3EMEJIb

AnHoTanus. [IpencTaBneHsl pe3ynbTaThl HCCIEA0BAHNUN MO YIIYYIIEHHIO OCHOBHBIX yCIOBHI BOCHPOM3BOACTBA ILIOJOPO-
JHS TI0YB, MOBBIICHNS TPOJLYKTHBHOCTH OPOIIAEMBIX 3€MEb M MONyYeHHE HKOJIOTHIECKH YUCTON MPOIYKIHH B CHCTEME OHO-
JIOTU3UPOBAHHBIX CEBOOOOPOTOB.

KnioueBble ci10Ba: GMOJIOTH3UPOBAHHBIE CEBOOOOPOTHI, 3eJ€HOe YAOOpeHNs, MT0YBa, TII0AOPOAHS, YPOXKAIHOCTD CEITBCKO-
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STUDY OF WHEY AND WHEY-BASED DRINKS

Abstract. The aim of the study is enhancement of efficiency of the applying of secondary dairy product whey
by developing whey-based drinks. About 50% of milk solids, as well as vitamins A, C, E, nicotine acid, choline,
biotin, a complete set of vitamins of group B remains in the whey. The yield of whey from 1 ton of milk spent for
the production of high-protein products is from 65% to 82%. Such a large volume of secondary dairy products poses
the problem of studying the properties of whey and finding the best ways of its processing. An effective technology
for producing fruit and whey drinks has been developed by the study of perspective methods of processing of whey.
Experimental samples of apple-whey and pear-whey drinks were obtained. On the basis of sensory analysis, the
optimal formulations of apple-whey and pear-whey drinks were determined. The optimal ratio of whey and fruit
juice for apple and whey juice is 60:40, for pear and whey is 55: 45. In the laboratory, physical and chemical
parameters and mineral composition of whey, apple-whey and pear-whey drinks were determined. It was found that
the whey is dominated by mineral elements such as sodium (~20%), phosphorus (11.6%), potassium (44.7%), sulfur
(2.09%), and magnesium (1.78%). In contrast to the serum, in the pear and whey drink the content of potassium
(75.2%), magnesium (2.99%) is increased significantly and the amount of phosphorus (11.53%) and calcium
(10.15%) is decreased. In apple and whey drink the content of potassium (76.94%), magnesium (2.80%) is also
significantly raised, and the amount of phosphorus (8.83%) and calcium (11.22%) is lowered. Overall, there are also
elements such as manganese, iron, cobalt, copper, zinc, strontium, molybdenum, etc. in developed drinks. Low fat in
the fruit-whey beverages can attribute them to the category of dietary ones.

Keywords: whey, drink, technology, composition, fruit, secondary product, dairy.

Introduction. The production of milk and dairy products is one of the most important sectors of the
food industry in Kazakhstan. The consumption of milk and dairy products directly affects the state of
health of the nation: it is well known that milk is one of the basic food products, an important component
of a healthy diet of people of all ages. The urgency of an issue of the processing of secondary products
grows up annually with increased volume of dairy production in Kazakhstan [1].

Milk whey is a by-product in the production of protein-fat products such as cheese, cottage cheese,
casein. About 50% of milk solids, as well as vitamins A, C, E, nicotine acid, choline, biotin, a complete
set of vitamins of group B remains in the whey. Whey proteins are the most full-fledged among all studied
food proteins, they have the highest rate of degradation in the digestive tract and digestibility is 98 %. The
most valuable are the so-called "native" ones, i.e. undenatured, whey proteins with immunomodulatory
properties [2].

It is known that the yield of whey from 1 ton of milk sent to the production of high-protein products,
ranging from 65% to 82%: natural cheese — 80%; skimmed cheese — 65%; low—fat cheese — 65%; cheese
— 65%:; cottage cheese — 80%; technical casein — 75%; food casein -82% [2].

Such a large volume of secondary dairy products poses the problem of studying the properties of
whey and finding the best ways of its processing.

Various methods of whey processing, such as separation, concentration, preservation, membrane
technologies, biological methods have been developed and successfully applied in the world practice [3].
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In the food industry, whey is used in the production of bakery, confectionery and dairy products [4,5]. The
most interesting is the development of functional beverages based on whey, assigned to compensate
micronutrients and sports nutrition [6-8].

To preserve the whey before the main processing, it must be subjected to heat or preservation. Heat
treatment of whey is carried out at a threshold temperature of denaturation of whey proteins, followed by
cooling. After such treatment, the whey can be stored for 2 days. In addition, various preservatives are
used: solutions of hydrogen peroxide, formaldehyde, sodium chloride.

Membrane technologies allow concentrating and fractionating the main components of whey, and,
consequently, increase the volume of processed raw materials and the range of its applying. Depending on
the pore size, the following types of membrane processes are distinguished: microfiltration, ultrafiltration,
nanofiltration and reverse osmosis [9]. By treating curd whey with nanofiltration, it is possible to achieve
the level of demineralization of 25-27% and the level of deoxidation — 15-18 % [10, 11]. The undeniable
advantage of membrane processes is that they are carried out at low temperatures (8-10°C), which allows
you to save the useful substances of whey.

To reduce the sour taste of curd whey obtained by nanofiltration, the minimum values of its
neutralization level were studied and justified [12].

Voronova N. S. and Ovcharov V. D. developed a technology of functional drink based on whey with
vegetable fillers, which are taken as puree Jerusalem artichoke, beets and carrots [6]. The whey was
deoxidized to pH=6,2-6,6 by adding 5% sodium bicarbonate solution. Vegetable puree was added into the
neutralized whey, the mixture was pasteurized, cooled and a concentrate of bifidobacteria was introduced
for souring of the resulting mixture. The addition of vegetable mixture to the drink enhances its probiotic
effect and symbiotic properties.

Zhaylaubaev Zh.D. et al. developed a composition of low-calorie diet fermented milk cocktail based
on a milk mixture of milk and whey, mass.% [13]:

Milk mixture of skimmed milk and whey 71.5

Inoculum consisting of bacterial cultures (Streptococcus thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus) 5.0

A colloidal solution of gelatin 2.0

Chicory root extract 6.5

Fruit syrup 15.0

Shepochkina Y. A. proposed a method of producing a beverage from whey, providing heating the
whey up to 95-96°C, holding at this temperature for 0.8 to 1.2 min, cooling with rate of at least 7.5°C/min
up to 5-10°C, filtering, applying the filtrate flavorings, sugar syrup [14]. In the filtered whey as a
flavoring additive, a watermelon peel is brought, pretreated with steam at a temperature of 90-120°C and
rubbed in a puree, or pretreated watermelon peel and watermelon juice in an amount of 1-25% and 5-10%,
respectively, from the mass of the filtered whey with subsequent mixing. The finished drink has no taste
and smell of whey.

Employment of whey in the production of functional products, in particular, beverages with additives
is some of great interest. As additives, it is advisable to use fruit crops. For this purpose, drinks from whey
with fruit base were developed. The fruit base harmonizes the taste of the drink, giving it a pleasant fruit
flavor with a sour shade. Initially, different types of raw materials were tested as a vegetable basis: cherry,
raspberry, watermelon, melon, etc. The best sensory characteristics of the drink were achieved by adding
apple and pear juices. Therefore, it was decided to develop a composition of drinks from whey with apple
and pear juices.

The purpose of the study is to increase the efficiency of the use of secondary milk raw material and
fruit crops by developing technology and formulations of fruit drinks based on whey.

Methods. The pilot study included:

- development of technology and composition of whey-based drinks.

- study of physical, chemical and mineral composition of whey and finished drinks.

The following devices were used to determine the physical, chemical and mineral composition:

- milk analyzer "Clever-2" - for determination of temperature, density, solids content;

- mass spectrometer with inductively coupled plasma with quadrupole mass analyzer MS-820 Varian.
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Determination of temperature, density, solids content using the device '"Clever-2. Milk ana-
lyser». The analyzer "Clever-2" is made in the form of two blocks, in the cases of which are placed:

- the power supply with voltage 12.6 V;

- in the measuring unit is an ultrasonic measuring cell, as well as the electronic circuit of the device.
The measuring cell includes a sample receiver with a heating and thermo stabilization system, a source of
ultrasonic vibrations, a detector and an amplifier. The control microprocessor unit provides registration of
the ultrasonic signal, its processing according to the algorithm and the output of the data on the display.

The analyzer "Clever-2" is a device with direct indication in a compact splash-proof housing made of
impact-resistant plastic (figure 1).

sample receiver
display

| measuring unit

| power supply

Figure 1 — General view of the analyzer "Clever-2"

The principle of operation of the analyzer is based on the measurement of the characteristics of
ultrasound passing through the sample, depending on the concentration of substances and the temperature
of the sample. The samples are poured directly into the probe of the device. The analyzer operation is
controlled by a microprocessor. Measurement and results are automatically generated.

Samples saturated with gases are pre-degassed. To remove the air, it is necessary to degass the
sample: heat it to a temperature (45 — 50)°C, hold at this temperature for 5 minutes, mix and cool to a
temperature (254+2)°C .

The sample should be uniform. In the presence of a settled layer of fat (cream), the milk sample is
heated in a water bath to (40-45)°C, mixed, cooled to a temperature of (25+2)°C and mixed again. In
order to obtain the most accurate result, the temperature of the sample at the time of pouring it into the
analyzer is maintained at the level (20+£2)°C.

The physical and chemical parameters of whey and whey-based fruit drinks (apple and pear) were
studied on the analyzer "Clever - 2".

Determination of macro- and microelements by the inductively coupled plasma spectrometer
with mass spectroscopy by ST RK ISO 17294-2-2006. The content of macro-and microelements in the
studied raw materials was determined by mass spectroscopy (ISP-MS) by means of dry mineralization of
the product. For this purpose, a mass spectrometer with inductively coupled plasma with quadrupole mass
analyzer MS-820 Varian (figure 2) was used. In a result of analysis, 35 elements were found, among
which phosphorus, potassium, sodium, magnesium and calcium were found in a larger number.

Generally, the studied solution is fed by a peristaltic pump to a spray gun, in which by the argon
stream it is converted into an aerosol. The aerosol through the central channel of the plasma burner enters
the plasma, where under the influence of high temperature (7000-8000 K) the substances contained in the
sample dissociate into atoms, which are then ionized. The resulting positively charged ions pass through
the ion optics system to the analyzer, where the ion filtration by mass and detection of the ion flux
intensity takes place. The received signal is transformed into the dependence of intensity on the value
of m/z.
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Figure 2 — Mass spectrometer with inductively coupled plasma quadrupole mass analyzer with MS-820 Varian

Results. The technological scheme for obtaining a fruit and whey beverage includes technological
operations of preparation of whey and fruit juice, which are then mixed in the right proportions, then the
mixture is pasteurized, bottled, sealed, the product is cooled and stored in a cooled state. Preparation of
the whey includes its filtration, heating and cooling. Filtration of whey is required for the separation of
proteins that make serum taste, create muddiness, and reduce the resistance during storage. The filtered
whey was heated to 60 °C for 25-30 minutes to preserve its properties. Then the whey is cooled to a
temperature of 4-6 °C. After cooling, such serum can be stored for up to 2 days. In the first variant,
filtered apple juice was added to the curd whey. In the second variant, filtered pear juice was added to the
curd whey.

Because pears and apples are seeded fruits, pear-whey and apple-whey beverages production tech-
nology are identical.

Apples and pears must be sorted out; fruits affected by diseases and pests or with mechanical damage
are removed. Then the fruits are sorted by size, washed with running water.

The grinding process is a necessary operation in the preparation of apples and pears for pressing.
From the degree of grinding, i.e. the number of destroyed cells depends on the output of the juice during
pressing. The crushed mass is pressed to separate the juice. The squeezing, i.e. remains of pressing should
be dry. The resulting juice was filtered.

The juice was heated at a temperature of 40-50°C with holding for 60 seconds for clarification. The
resulting juice is cooled for clarification. When the juice is cooled, the structure of protein molecules
changes, protein coagulation and sedimentation occurs. The solids content in apple juice is10,0%.

The pasteurization temperature of the beverage is in the range of 8743 °C, process duration is 30-45
sec. Technological scheme of production of whey beverage is shown in figure 2.

These regimes are necessary and sufficient to achieve the objectives.

The finished product was poured in hot view into prepared glass jars and sealed. Banks were cooled
to 4-6 °C and stored at a temperature of air 6 °C and a relative humidity of air no more than 75%. The
resulting drinks had good sensory characteristics (table 2).

With the help of sensory analysis, the optimal formulations of fruit and whey drinks were established
(table 1).

Table 1 — Formulations of fruit and whey drinks

The name of the drink, its composition Ratio of components, %
Apple and whey drink:

- curd whey 60

- apple juice 40
Pear and whey drink:

- curd whey 55

- pear juice 45
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Table 2 — Sensory characteristics of fruit-whey drinks

Sensory indicators
Product ;
colour smell taste consistency
Apple and whey drink Yellowish with greenish tint | Peculiar to apple | Sweetish and sour | Homogeneous liquid mass
Pear and whey drink Light yellow Peculiar to pear | Sweetish and sour | Homogeneous liquid mass

Physico-chemical parameters of the beverages are shown in table 3.

Table 3 — Physical and chemical parameters of whey and fruit and whey drinks

Experimental data
Defined component - -
whey apple and whey drink pear and whey drink
DSMR*, % 7.29 % - -
Solids, % - 10.74 10.86
Fats, % 0.19% 0.11% 0.13%
Proteins, % 2.69% 3.96 4.01
Density, kg/m’ 1027.00 1041.31 1041.00
* DSMR - dry skim milk residue.

The results of studies of curd whey and fruit and whey drinks on the content of macro-and micro-
elements by mass spectrometry with inductively coupled plasma are shown in table 4.

Reception of apple/ pear

Sorting

Desintegration

A 4

Pressing (juice extraction)

A 4

Filtration

A 4

Heating (40-50 °C, 60 sec)

\ 4

Cooling ( 4-6 °C)

Reception of whey

A 4

Filtration

v

Heating (87+3 °C)

\4

Cooling ( 4-6 °C)

A7
=
.
=

7

Pasteurization (8743 °C, 30-45 sec)

v

Bottling in containers

A 4

Sealing

v

Cooling and storage (4-6 °C)

Figure 2 — Technological scheme of fruit and whey drink
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Table 4 — Content of micro- and macronutrients in curd whey,
determined by inductively coupled plasma mass spectrometer with quadrupole mass analyzer MS-820 Varian

. . Concentration of elements in pg / dm®
Name of micro-and macronutrients
whey apple and whey drink pear and whey drink

Be9 0.0000 0 0
Na23 117831.2000

Mg24 10582.3333 2.802941114 2.532099814
Al27 20.8031 0.006061966 0.019261433
Si29 0.0000

P31 68822.3333 8.837428828 9.410853545
S34 12353.1633

K39 264376.1333 76.94413687 73.04560334
Cad4 115828.1667 11.22404332 14.09385706
Ti47 175.4627 0.020135315 0.025408716
V51 0.4406 0 0

Cr53 15.0477 0 0.003521109
Mn55 0.9744 0.007318822 0.003804626
Fe57 1054.6133 0.013221087 0.062276864
Co59 0.2383 0.000149051 0.000104736
Ni60 28.8537 0 0.000391624
Cu63 27.3765 0.023565797 0.001244589
Zn66 29.4742 0.033216951 0.0082742276
As75 1.2498 0 0

Se78 5.9151 0 0
Rb85 202.1753 0.037185066 0.055609824
Sr88 50.0379 0.027559103 0.018577346
Mo95 10.7986 0.002152212 0.01796118
Agl07 0.1737 0 0.0001068
Snl118 0.2538 0 0
Sb121 0.0497 0 0
Cs133 1.2163 0 0.000112787
Bal37 ppb 5.8537 0.020645657 0.689618655
W182 ppb 0.1285

Pb208 ppb 13.3806

U238 ppb 0.0106

Discussion. The ready drinks were characterized by a pleasant sourish-sweet taste and moderate
aroma. The taste of the fruit base is quite clearly expressed.

Apple-whey drink had a yellowish color with a green tint, liquid consistency, sweetish and sour taste.
Ready pear-whey drink had a light yellow color, liquid consistency, sweetish and sour taste. Compare to
the whey, the color of the drink has changed from weak green to light yellow, the taste became sweetish-
sour, there was a distinct pear smell.

As can be seen from table 3, drinks are characterized by a sufficiently high protein content (from
3.94 to 4.01%) and low fat content, which characterizes them as products that can be used in dietary
nutrition.

As can be seen from table 4, the whey is dominated by mineral elements such as sodium (~20%),
phosphorus (11.6%), potassium (44.7%), sulfur (2.09%), magnesium (1.78%).

— 70 ——
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Ash content of pear-whey beverage was 0.80 %. In contrast to the whey, in the pear-whey drink the
content of potassium (75.2%), magnesium (2.99%) is significantly increased and the amount of
phosphorus (11.53%) and calcium (10.15%) is decreased.

Ash content of apple-whey beverage was 0.26 %. As in the pear-whey drink, content of potassium
(76.94%), magnesium (2.80%) into apple-whey drink was significantly raised, and amount of phosphorus
(8.83%) and calcium (11.22%) was lowered. Generally, there are also elements such as manganese, iron,
cobalt, copper, zinc, strontium, molybdenum, etc in the developed drinks.

The fruit base harmonizes the taste of the drink, giving it a pleasant fruit flavor with a sour shade.

Overall, producing drinks from whey fruit base seems promising way to recycle the last one.
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CYT CAPBICYBIH )KOHE OHBIH HEI'I3IHAETT CYCBIHAAPABI 3BEPTTEY

AnHoTanms. XXyMBICTBIH MaKcaTbl OyJI capbiCy Heri3iHAe CyCBHIHIAp.bl )Kacail OTBIPHIN KaifTalamMa CYT OHIM-
HiH nakanany THIMAUITIH XXOFapbuiaTy OOJBIIN TaO0bUIa/IbL.

CyrTi capbicynblH Kypambinaa mamamen 50% Kyprak 3arrap, conuaii-ak A, C, E nopymenzaepi, HUKOTUH KblIIlI-
KbUIbI, XOJIMH, OMOTHH XoHE B TOOBI 1opyMeHIepiHiH TOJIBIK )KUHAFBI Kajlabl. AKYbI3 MOJIIIEPi KOFapbl OHIMIEPIiH
eHJipiciHe ibepiyeTiH 1 TOHHA CYTTEH capbICy IbIH MIBbIFY Meepi 65-82% kypaiiabl. Kalitanama cyT eHiMaepiHiH
MYH/ail YIIKeH KeJIeMi CYTTi capbICyIbIH KaCHETTEPiH 3epTTey JKOHE OHBI THIMI OHJIEY XKOJIJaphlH i37€y MaKCaThIH
Kosiztbl. CYTTI CapbICYAbIH THIMJII OHJEY TICUIIEPiH 3epTTey HEri3iHIe jKeMic MeH capbiCy KOCBUIFaH CYCBhIHIApAbIH
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THIMA1 TEXHOJOTHACH KYPACTHIPBUIALL. ATTMa MEH CaphICy, aJIMYpPT IIEH CaphICy CYyCHIHIAPBIHBIH TOXipHOe Ky3iHIe
yorinepi anprHael. OpraHOIENTHKAIBIK capanTaMa HETi3iHIe alMa MEH CapbICy, aIMYPT IIeH CapbICy CYCHIHIAPBIHBIH
THIMAI perenTtypanapbl aHbIKTanabl. Cappicy MEH JKeMIC IIBIPBIHBIH THIMAI KAaTBIHACTApBL: ajJMa MEH CapbICy
cycheiabiHa — 60:40, anMypT TIeH capbICy CYChIHBIHA — 55:45. 3epTXaHaibIK XKaFaaiiIapaa capbicy, alMa MEH CaphICy,
QIMYPT IIeH capbiCy CYCHIHAAPBIHBIH (PU3MKa-XUMUSIIBIK KOPCETKIIITepl MEH MHHEpaIbl KypaMbl aHBIKTAJIABL.
Capricy Kypambeiaa Hatpuil (~20%), docdop (11,6%), xammit (44,7%), kykipt (2,09%), maranit (1,78%) cuIKTHI
MHUHEpaJIJIbl JIEeMEHTTEp 0achIM eKeHIITT aHbIKTa bl CapbiCyFa KaparaHjia, aIMypT [IE€H CapbICy CYChIHBIHIIA Kl
(75,2%), maruuii (2,99%) memnmepiepi ecti, an dpocdop (11,53%) xone kambimii (10,15%) Mesmepiepi ToMeHISI.
Anma mieH capbICy CYChIHBIHIA Ja Kanui (76,94%) men marauiiniy (2,80%) memiepiepi ecTi, an gocdop (8,83%)
MeH Kanbiuimiz (11,22%) memmuepnepi Toemenaeni. JKanrsl, skacalblHFaH CyChIHAAp/a MapraHell, TeMip, KoOabT,
MBIC, MBIPBIII, CTPOHIMH, MOJTMOAEH XaHe T.0. ayIeMeHTTep Kezneceni. JalfblHnanFan KeMic TIeH capbiCy CYChIHBIH-
Jlap/Aarbl MaiIbIH TOMEH MOJIIIEPi oJlap/Abl AUETaJbIK OHIMECPAIH KaTapblHa XKaTKbI3yFa MyMKIHIIK Oepeti.
Tyiiin ce3aep: capbICy, CYChIH, TEXHOJOTHS, KYpaMBbI, )KEMICTep, eKiHIII OHiM, CYT OHIMIEPi.
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UCCJEJJOBAHUE MOJIOYHOM CBIBOPOTKH U HAITUTKOB HA EE OCHOBE

Annoranus. Llempio wuccrnemoBaHHWs SABISETCS MOBBIMIEHHE 3()()EKTUBHOCTH HCIIONB30BAHUAS BTOPHUYHOTO
MOJIOYHOTO MPOIYKTa — CHIBOPOTKH ITyTeM pa3pabOTKH HAIMTKOB Ha €e OCHOBE. B MOJOYHOI CBIBOPOTKE OcTaeTcs
okoJo 50% cyxuX BEIIECTB MOJIOKa, a Takke BUTaMHuHBEI A, C, E, HUKOTHHOBAas KHCJIOTa, XOJIWH, OMOTHH, TTOJHBIN
Habop BUTAaMHHOB Tpynnsl B. BBIX0J MONOYHOW CHIBOPOTKH M3 1 T MOJIOKa, HAampaBIsIeMOTO Ha MPOM3BOJICTBO
BBICOKOOEIKOBBIX MPOAYKTOB, COCTaBIseT 0T 65% 10 82%. Takoil 3HAUYNTENBHBI 00BEM BTOPHYHBIX MOJIOYHBIX
MIPOAYKTOB CTaBHUT 3aJady HCCIEIOBAHUS CBOICTB MOJIOYHON CHIBOPOTKH M IIOMCKA ONTHMANBHBIX IyTeH ee mepe-
pabotku. Ha ocHOBe M3y4eHus! EPCIEeKTUBHBIX CIIOCOOO0B IepepabOTKU MOJIOYHOH CHIBOPOTKH pazpaboTana 3 dex-
TUBHAsT TEXHOJIOTHsS IOJIy4eHUS! (PYKTOBO-CBIBOPOTOUHBIX HANUTKOB. [lojydeHbI OIBITHBIE 00Opasipbl si0JI0YHO-
CBIBOPOTOYHOTO M TPYIIEBO-CHIBOPOTOYHOIO HANUTKOB. Ha OCHOBE OpraHOJIENITUYECKOrO aHalik3a OIpeiesIeHBI
ONTHUMAJIbHBIE PELENTYPHI S0JI0YHO-CHIBOPOTOUHOTO U I'PYIIEBO-CHIBOPOTOUYHOTO HAMUTKOB. ONTHMAaIbHOE COOTHO-
IIEHHE CBIBOPOTKH M (PYKTOBOTO COKa JUIs SIOJIOYHO-CHIBOPOTOYHOTO coka cocrasisier 60:40, mist rpymieBo-
CBIBOPOTOYHOTO — 55:45. B mabopaTopHBIX YCIOBHSAX OINpEAeeHb! (PH3UKO-XMMUYECKHE MOKa3aTeIn U MUHEpallb-
HBIA COCTaB CHIBOPOTKH, SIOJIOYHO-CHIBOPOTOYHOTO W TPYIIEBO-CBIBOPOTOYHOTO HAmUTKOB. OOHAPYKEHO, YTO B CHI-
BOPOTKE MPe00IaqaoT TaKue MUHEPAJIbHBIE 3IEMEHTHI, Kak HaTpuit (~20%), pocdop (11,6%), kanuii (44,7%), cepa
(2,09%), marnwmii (1,78%). B oiimume OT CBHIBOPOTKH, B TPYIICBO-CHIBOPOTOYHOM HAIMTKE 3HAYMTEIHFHO MOBBICH-
nock cozepxanue kanus (75,2%), maraus (2,99%), a konuuectBo docdopa (11,53%) u kansuust (10,15%) nonusu-
J0Ch. B s16J109HO-CHIBOPOTOYHOM HAITUTKE TAKXKE 3HAYMTENILHO MOBBICHIOCH cojiepikanue kanus (76,94%), Maruus
(2,80%), 1 monm3miock KosmuectBo Gocdopa (8,83%) u xampuums (11,22%). B uenom, B pa3paboTaHHBIX HAIMTKAX
BCTPEYAIOTCSl TAK)KE TaKHWe DJIEMEHTHI, KaK Maprasell, jkelie30, KoOallbT, Me/ib, [IMHK, CTPOHLUI, MOIUOAEH U Ap.
Huskuii ypoBeHb XHpa B MOJIYYEHHBIX ()PYKTOBO-CHIBOPOTOYHBIX HAIMMTKAX MO3BOJISIET OTHECTH MX K KaTErOpUH
JIMETHYECKHX.

Ki1ioueBble ¢j10Ba: CHIBOPOTKA, HAIIUTOK, TEXHOJIOTHSI, COCTaB, (PPYKTHI, BTOPUYHBIN ITPOIYKT, MOJIOYHBIE IIPO-
JIYKTBIL.
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STAGE VACUUM DRYING OF CAMEL MILK AND SHUBAT

Abstract. Processing of national dairy drinks in order to obtain long-lived commodities keeping own native
properties is a topical issue of Kazakhstan food industry. A composition and medicinal properties of camel milk and
national dairy drink “Shubat” is reported in the article. Drying till powder-like condition is the best preservation
method.

At spray drying losses of dry product with outgoing drying agent (i.e. hot air) and its overheating are possible.
In comparison to other drying methods vacuum-sublimation one requires high energy consumption. At vacuum-
sublimation drying a liquid product is preliminary subjected to freezing because it is thought that drying of liquid
milk or dairy product in vacuum is impossible due to its foaming and kicking over a capacity. Experimental data
confirm that at definite vacuum level and heating temperatures phenomenon similar to camel milk boiling is obser-
ved. Especially strongly this phenomenon is observed at drying of Shubat that is explained by presence carbonic gas
into it. Drying of dairy products into vacuum medium without preliminary freezing will increase intensity of
dehydration process and decrease energy demands.

A technology of stage vacuum drying of camel milk and Shubat without their freezing has been developed.
Mode of camel milk vacuum drying consists of four stages and is carried out at vacuum level (3-6) kPa and heating
temperature (18-20) °C. Mode of Shubat vacuum drying is more complex because of presence of carbonic gas in it
and consists of six stages, vacuum level (3-10) kPa and heating temperature is the same. A construction of expe-
rimental vacuum dryer has been presented. The optimal regimes of vacuum drying of these products have been
defined. Ready powders of camel milk and Shubat have good sensory indicators and rehydrated properties.

Keywords: vacuum, drying, stage, dryer, camel milk, shubat.

Introduction. In Kazakhstan camel milk and its dairy drink “Shubat” are widely used in food. Camel
milk is different by high content of fats, proteins, mineral substances and other valuable elements
therefore it is considered as a high-nutritious food. Usually camel milk has pure white colour, flattish-
sweet or sweetish-salty taste depending on camel feeding, dense consistency, at pouring-over it is strongly
foamed. Mal and Pathak (2010) thoroughly described camel milk composition and products obtained from
it in India. Grigor'yants (1954) compared chemical compositions of camel milk and Chal (Turkman
analog of Shubat). Dikhanbayeva (2010) investigated a chemical composition of milk of Almaty region
(Kazakhstan's district) camels of Camelus dromedaries breed in every year season.

Shyngissov and Nurseitova (2013) found out the presence of such macro- and microelements as
titanium, strontium, argentums, tellurium, stannic, niobium, tantalum, etc. in a mineral composition of
milk and Shubat from camels of South Kazakhstan.

Camel milk and Shubat possess by many medicinal properties. Camel milk is used for treating
dropsy, jaundice, spleen ailments, tuberculosis, asthma, anemia and piles (Rao et al. 1970). The patients
suffering from chronic hepatitis had improved liver functions after drinking of camel milk (Sharmanov et
al. 1978). Yagil (1982) suggested that camel milk contains protective proteins which may have possible
role for enhancing immune defense mechanism. Camel milk also contains higher amount of zinc. The
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rapidly dividing cells of the immune system are sensitive to zinc deficiency. The role of Zn in the
development and maintenance of a normally functioning immune system has been well established
(Hansen et al. 1982). Antibacterial and antiviral activities of these proteins of camel milk were studied
(El-Agamy et al. 1992). Lysozyme of camel milk showed a higher lysis value towards Salmonella
typhimurium compared to egg white and bovine milk lysozymes. The inhibition of pathogenic bacteria by
camel’s milk was also observed (Barbour et al. 1984). Camel milk has insulin like activity, regulatory and
immunomodulatory functions on f cells (Breitling, 2002).

Camel milk exhibits hypoglycemic effect when given as an adjunctive therapy, which might be due
to presence of insulin like protein in it (Agrawal et al. 2003) and possesses beneficial effect in the
treatment of diabetic patients. Camel milk has been used for the treatment of autism (Shabo and Yagil,
2005a) and food allergies (Shabo et al. 2005b). Camel milk can be used for the treatment of different
types of tuberculosis (Mal et al. 2000, 2001 and 2006). Camel milk possesses medicinal properties to treat
different ailments such as multiple sclerosis, psoriasis, lupus, allergies-asthma (Wernery, 2006). Camel
milk drinking has shown a good effect for treating crohn’s disease (Shabo et al. 2008). Shubat promotes
curing of tuberculosis and gastric ulcer, normalizes the activity of sweetbread, stomach, liver and
enhances organism resistance to infectious diseases (Sharmanov, 1991).

All of these medicinal properties are peculiar to fresh camel milk. But it was found that camel milk
does not sour at temperatures below 10°C and this for up to 72 hours. At 30°C the milk sours in
approximately 8 hours. Shubat sours after a day. At temperature below 5°C it is possible to elongate shelf
life of Shubat that is impossible without a refrigerator.

Therefore processing of national dairy drinks in order to obtain long-lived commodities keeping own
native properties is a topical issue of Kazakhstan food industry. It is thought that drying till powder-like
condition is the best preservation method. There are many Kazakhstani scientists have been investigating
dairy drying. Their investigations are related to modernization of spraying and vacuum-sublimation
drying methods. So, Omaralieva, Chomanov and Shyngissov (1999) have created optimal design of
atomizing disk and defined its position in a drying chamber in order to provide high monodisperse degree
of dry products. Seitov developed the method of vacuum-sublimation drying of mare's milk and kumiss -
fermented mare's milk (1997).

At spray drying losses of dry product with outgoing drying agent (i.e. hot air) and its overheating are
possible. In comparison to other drying methods vacuum-sublimation one requires high energy
consumption. It is known that at vacuum-sublimation drying a liquid product is preliminary subjected to
freezing because it is thought that drying of liquid milk or dairy product in vacuum is impossible due to its
foaming and kicking over a capacity. Actually, experimental data confirm that at definite vacuum level
and heating temperatures phenomenon similar to camel milk boiling is observed. Especially strongly this
phenomenon is observed at drying of Shubat that is explained by presence carbonic gas into it. Mean-
while, drying of dairy products into vacuum medium without preliminary freezing will increase intensity
of dehydration process and decrease energy demands.

Taking into account above mentioned facts, experimental vacuum drying installation and technology
of stage vacuum drying of camel milk and Shubat (Khanzharov et al.2011) in unfrozen view have been
created.

Methods. Investigations have been carried out on the developed experimental vacuum drying
installation as shown on the figure 1. The installation is based on vacuum chamber 1 made in view cylin-
der capacity with hermetically closed lid. There are shelves 2 installed into the chamber for placing drying
material. Vacuum pump 3 connects to vacuum chamber and allows keeping necessary meaning of atmo-
sphere pressure into it. Degree of vacuum is regulated by valve 4. Refrigerating system is included in the
scheme in order to most effective removing evaporated moisture from a product. Refrigerating agent is
Freon. Refrigerating system consists of single-stage compressor 8, refrigeration condenser 12 with free air
circulation, filter-drier 11, expansion device 10 in view capillary tube and evaporator apparatus 7. Evapo-
rator apparatus is connected with freeze-out device 5 which services to freeze out moisture evaporated
from dried material. Frozen out moisture is periodically defrosted and poured out through valve 9 into
condenser capacity 13. Refrigerating agent boils in serpentine pipe installed into inner tube of freeze-out
device. At boiling a refrigerating agent takes away heat from coolant which circulates in tubular annulus.
Circulation of coolant between evaporator apparatus and freeze-out device is carried out by the means of
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fluid pump 6. Coolant (antifreeze A-40) is given into inner tube of freeze-out device. It removes heat of
condensation and crystallization of evaporated steam from a product which is located in tubular annulus.
External surface of these heat exchangers are covered by heat-insulation material - foamed polyurethane
in order to prevent heat penetration from environment.

The drying installation is equipped by measuring devices to register indications of pressure and
temperature in basic dryers' elements, electric potential and current intensity in electrical gauges and
support devices. Atmosphere pressure in vacuum chamber is measured at low vacuum by pointer vacuum
gauge 14 and at high vacuum — by ionization-thermocouple vacuum gage 15.

Temperature in chamber is measured by wiry resistance thermometer 23. Secondary instrument at
indication vacuum chamber by temperature is universal measuring device 24. Temperature of conden-
sation and crystallization moisture in freeze-out device and temperature of boiling of refrigerating agent in
evaporator apparatus is measured by copper-constantan thermocouple 28 stacked up of corresponded heat
exchanger. Ends of thermocouples are immersed in melted ice into glass thermos flask 26. All of
thermocouples through position switch 27 are connected with digital millivoltmeter 25. Current intensity
and electric potential indications are measured by the means of pointer amperemeter 20 and voltmeter 21.
Automation system controls temperature of heating of chamber's body by the means of contact
thermometer 17 and at given temperature it cuts off electrical heaters 16. Contact thermometer and
electric transformer 19 are plugged in power lines through regulating starting arrangement 18.
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Figure 1. Vacuum dryer

Experimental investigations are carried out in the following order.

1. 30 minutes before starting experiment in order to prepare drying installation the compressor and
electrical heaters are run. Necessary temperature of boiling of refrigerating agent (-15;-10;-4°C) is set by
regulation of expansion device. Atmosphere temperature in vacuum chamber is regulated in the limit
(35+45) °C by changing current intensity giving to electrical heaters by laboratory current transformer.

2. Prepared material (camel milk or Shubat) is put in preliminary dried glass capacities by the
diameters 3-5 cm and height 12 cm. Material thickness of layer is 1.7-2.0 cm.

3. Mass of material is weighted on analytic balance with on accuracy 0.001g.

4. Capacities are placed on shelves into vacuum chamber. Lid is closed compactly.

5. Vacuum pump is gone on. Vacuum level in the chamber (2; 4; 6; 8; 10 kPa) is set up by expansion
valve. Moment of beginning of an experiment is fixed after achieving necessary level of vacuum.
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6. Time interval between measurements of mass of dried material is 60 minutes. At that amount of
evaporated moisture is defined. At first by the means of expansion valve vacuum level in the chamber is
decreased till 0.08 atm; then vacuum pump is switched off and lid is opened.

7. Moisture content in the material is calculated by the formula:

o="0""2 100, %,
m,
where w — material moisture content relative to its initial mass, %; m; and m, — initial and final material
masses, g.

8. Weighted material is placed in vacuum chamber and dried again.

Camel milk of summer yield from camels of South Kazakhstan has been investigated in the work.
Shubat is prepared from this milk. Initial moisture content in camel milk is 87.5%, Shubat — 88.5%. Final
moisture content in camel milk and Shubat is 4%.

Results. At carrying out the investigations in contrast to vacuum-sublimation drying vacuum level in
the chamber was in the limit (3-10 kPa) that is be classified as low and medium vacuum [Shumsky et al.
1967, Novikov et al. 1971]. It has been found that foaming and kicking off milk and Shubat from a
capacity is observed at the moment of making vacuum and their heating. Therefore it was solved to not
increase heating temperature above environment one and to maintain at the level (18-20)°C. This
temperature level allows not only keep vitamins but useful microorganisms of Shubat which at drying is
transferred into anabiotic state.
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Discussion. It was defined that it is possible to control foaming and kicking of milk or Shubat by
selecting temperature and changing pressure level. At this the mode of moderate “boiling” of milk is
created. Similar method by excluding foaming of product has been developed by Komyakov et al. (1989)
for sublimation drying of concentrated liquid food products. In order to intensify drying a pressure into a
chamber is increased at the rate of 50-70 Pa/sec till 200-2500 Pa and following holding during 20-30 sec.

When during drying humidity of milk is decreased and at given vacuum level moderate “boiling” is
stopped it is possible to increase vacuum level, achieving previous hydrodynamic mode of milk state. So,
vacuum drying may be carried out in several stages. Every following stage is carried out at more high
vacuum level then previous one. In comparison to constant vacuum meaning it is possible to intensify
drying process by stage-by-stage increasing vacuum level. Cyclical increasing of vacuum level is used at
drying of disperse materials (Labutin et al. 1987). There are technological schemes of stage vacuum
drying of camel milk and Shubat developed on the base of investigation results (figures 2 and 3). Opera-
tions of milk and Shubat processing before and after drying are traditional ones and include such
operations as receipt, filtering, pasteurization, ripening, mixing, packing in hermetical containers etc.

Mode of camel milk vacuum drying consists of four stages and is carried out at vacuum level (3-6)
kPa and heating temperature (18-20) °C. Mode of Shubat vacuum drying is more complex because of
presence of carbonic gas in it and consists of six stages, vacuum level (3-10) kPa and heating temperature
is the same. The same vacuum level is used by Shabetnik (1999) at first period of cold vacuum drying of
liquid-viscous materials.

It is found that duration of stage vacuum drying of camel milk and Shubat is about 4 hours (Khan-
zharov et al. 2011). Drying curves of camel milk and Shubat are shown on the figure 4. Ready powders of
camel milk and Shubat have good organoleptic indicators and possess by good rehydration properties.




Uszeecmus Hayuonanvuot Akademuu nayk Pecnybnuku Kazaxcman

Figure 4. Curves of camel milk and Shubat stage vacuum drying

100
90
80
70
60
50 =

40

NS
30 m_
20 \\
10 \.-—.

0

material moisture content, %

0 1 2 3 4 5 6

duration of drying, hours

=@ camel milk =M= Shubat

Stage technology of vacuum drying compare to existing analogs allows not only keep good quality of
dried milk products but significantly intensify drying process and pull down energy consumption.
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3TAN BAKYYMHOM CYHIKH BEPBJIOKBEIO MOJIOKA U IIIYBATA

AnHoTanus. IlepepaboTka HAIIMOHAJIBHBIX HAMHUTKOB U MOJYYCHUS NMPOLYKTOB JUIUTEIFHOTO XPAHEHUS C
COXpaHEHHEM IPUPOIHBIX CBONCTB SIBIIICTCS aKTyaJIbHOM MPOOIeMO IS MUIIEBOH MpoMbIIuIeHHoCcTH Ka3axcrana.
B cratee coobmiaercst 0 coctaBe W JIe4eOHBIX CBOMCTBax BEPOJIOKBETO0 MOJIOKA M HALMOHAJIBHOTO MOJIOYHOTO
HanuTKa nryoar. Cymika 0 MopoIkooOpa3HOro COCTOSHUS SIBISIETCS JTyYLIMM METOJ0M KOHCEPBAIIHH.

[Ipy pacnbIMTENBEHOM CyIIKE BO3MOXKHBI ITOTEPU CyXOT'O MPOAYKTA C OTXOASIINM CYIIMJIBHBIM areHToM (T.e.
TOpSTYMM BO3JIyXOM) U ero neperpes. [1o cpaBHeHHUIO ¢ APYTMMHU METOAAMH CYLIKH BaKyyMHasi cyoiaumanus Tpedyer
Oounbimx sHepro3arpar. [Ipu BakyyMHO-CyOnMManMoOHHOM CyIIKe >KHIKUI MTPOAYKT ITPEABAPUTEIILHO TT0IBEPraeTCs
3aMOpaXKUBaHUIO, TAK KaK CUMUTAETCS, YTO CYIIKA KHIKOTO MOJIOKA WIH MOJIOYHOTO NMPOAYKTa B BaKyyMe HEBO3-
MOJKHA M3-3a €r0 BCICHWBAaHUS W BBIOpOCA HAll EMKOCTBIO. DKCIIEPUMEHTAIBHBIC JaHHBIC TOATBEPIKIAIOT, YTO MPH
OTIpE/ICIICHHOM YPOBHE BaKyyMa M TeMIIepaTypax HarpeBa HaONIOmaeTcs sSBICHHE, aHANIOTUYHOE KHUIICHUIO Bep-
6moxpero Mosoka. OcoOEHHO CHIIBHO 3TO ABJICHHE HAOIIOAAETCS MPH CyIIKe IIy0aTa, 9YTO OOBSICHACTCS MPHUCYT-
CTBHEM B HEM YTJIEKHCIIOro Tra3a. CyIka MOJIOYHBIX MPOAYKTOB B BaKyyMHOH cpene 0e3 MperIBapuTeIbHOrO 3aMo-
PaXMBaHU MMOBBICUT HHTEHCUBHOCTH MpoIiecca 00€3BOKUBAHISI X CHU3HUT YHEPro3aTpaThl.

Pa3paboTana TeXHOJIOTHS CTyNEHYaTOH BaKyyMHOW CYNIKH BEpOJIIOXKbEro MOJIOKa U Irybara 0e3 ux 3amopa-
KHMBaHHA. PexuM BakyyMHOH CyIIKH BepOJIIOKBET0 MOJIOKa COCTOMT M3 YETHIPEX ITallOB M OCYILECTBIISAETCS Ha
ypoBHe Bakyyma (3-6) xlla u Temnepatypsl Harpesa (18-20) OC. Pexxum BaKyyMHOM CYIIKH Iiry0ata 0ojiee ClIoKeH
n3-32 HAJIMYMS B HEM YIVIEKUCIIOTO ra3a M COCTOMT M3 LIECTH CTyIeHeH, ypoBeHb Bakyyma (3-10) klla u anamoruy-
Hasl Temreparypa Harpesa. [IpeacraBieHa KOHCTPYKIHMS SKCIEPUMEHTAIBHONH BaKyyMHOH cymmiku. OrpeznesneHs
ONTHUMAJIbHBIE PEKUMBI BAKyYMHOW CYIIKH 3THX IPOAYKTOB. ['0TOBBIE MOPOIIKK 13 BepOIIIOKBEr0 MOJIOKA U IIyOaTa
00J1a1a10T XOPOIIIMMHU OPTaHOJIETITHISCKAMHE ITOKA3aTeISIMHI U PErHAPaTAIIHOHHBIMHA CBOMCTBAM.

KiroueBble cjioBa: BaKkyyM, CYIIIKa, CTaINs, CYIIMIKA, BEPOIFOKBE MOJIOKO, ITy0aT.
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TYUE CYTI MEH IIYBATTBI BAKYYM/IBIK KEINITIPY KE3EH]

Annoranus. Kazakctan Tamak eHepKociOiHIH almblHOa TYpFaH OacThl MOCENeCi — ON YITTHIK CYCHIHIAPIIBI
OHJIEY HOTIDKECOHIE TaOMFU KACHETTEpi CAKTAIBIHFaH JKOHE CaKTay Mep3iMi Y3apThUIFaH eHIMIEpIi ary OOJBII




Uszeecmus Hayuonanvuot Akademuu nayk Pecnybnuku Kazaxcman

TaObUTagBl. Makamaaa Tyiie cyTi MeH IIy0aT YITTHIK CYCHIHBIHBIH KypaMbl MEH MK KaCHEeTTepi Typalbl alTHUIFaH.
YHTaK TYpiHe JeHiH KenTipy KOHCEPBUICYIiH €H THIMII TICiNIi OOJBI TaObITaabL.

[ManrerpaTKeII KeNTipyAe KypFak eHIMHBIH OipimamMachl KaWTapbUIATHIH KENTIPTill areHTHeH (SFHHU, BICTHIK
aya) JKOFaJIblI, aca KbI3bIll KeTy MyMKiH. KenTipy/iH Oacka TociiaepiHe KaparaHaa BakyyMIbIK CyOnnmanus sora-
PBI SHEPrHs WIBIFBIHAAPBIH KaXeT eTell. BakyyM-CcyOnMManusiblK KenTipyae CYHWbIK eHIM alblH-ajla MY3IaThl-
nael, cedebi KaiiHay MEH mambipay/ibiH ce0e0iHeH CYHMbIK OHIMII BaKyyM/Ja KeNTipyre MyMKiH eMec el ecerre-
nineni. Toxipube Mmonimertepi OOMBbIHILIA, BAKyyM MEH TeMIlepaTypaHblH OeNriii JeHreWiHne Tyle CyTiHiH Kaid-
HayblHa YKCAaHTBIH KYOBIIBIC OPBIH ajiaJbl. Ocipece, Oy KyObUIBIC IIy0aTThl KENTIpye KaTThl Oaiikanazpl, cebedi
OHBIH KypaMbIHJa KOMIPKBILIKBUI I'a3bl 0ap. Bakyym oprackiHAa CYT ©HIMEPIHIH aj/blH ajla My3/aTiai KenTipinyi
BIIFAJICBI3IaHy TPOLIECIHIH KaPKBIHIBUIBIFBIH KOFAPBUIATHII, SHEPTUS IIBIFBIHAAPHIH TOMEHIETE .

Tyite cyTi MeH 1IyOaTThIH CaThIIbl BAKYYM/BIK KENTIpY TEXHOJIOTHACH KypacThIpbliraH. Tyiie CyTiHIH BakyyM-
JIBIK KeHTipy PexHMi TOpT caTbiiaH Typanbl xkoHe (3-6) klla Bakyym nemreitinne (18-20) °C temmeparypachinma
oteni. Tyiie CYTiHIH BaKyyMIBIK KENTipy PEKUMi KOMipPKBIIIKBII TA3bIHBIH OapibIFbIHAH KYpJeli OOJNBIN, O aJIThI
caThIHBI Kypaiinsr xoHe (3-10) x[la BakyyM AeHreriHae xKoHe YKcac TeMIIepaTypachIHIa OTe .

BakyyMIpeIK KenTiprimTiH ToXipuOe Ky3iHIe KOMTAHBUIATHIH KYPBUTBICHI YCBIHBUIAABL. ATanraH eHIMICPHiH
TUIMJIII BaKyyMJIbIK KENTIpy pexuMIepi aHblKTanzpl. Tyiie cyTi MEH HIyOaTThIH YHTaKTaphl )KaKChl OPraHONEHTH-
KaJIBIK JKOHE PEerHApaTalysIbIK KaCHSTTepiHe He.

Tyiiin ce3nep: BakyyM, KenTipy, Ke3eH, KeNnTiprill, Tyie cyTi, myobar.
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MONITORING DATA OF THE EXISTING SYSTEM
OF ORGANIZATION OF THE SELECTIVE PROCESS
IN THE DAIRY CATTLE BREEDING
OF THE REPUBLIC OF KAZAKHSTAN

Abstract. Scientific research has been carried out to monitor the existing system of organizing the selective
process in dairy cattle breeding in the Republic of Kazakhstan.

It is proposed to implement the following measures in the management system of the selective process: the
development of an automated place of researcher and classificator in the information analytical system (IAS) so that
they could not only enter the data, but also monitor the entire course of zootechnical events in the IAS; the develop-
ment in IAS of the program of integration with dairy laboratories on automatic entering the analysis data directly to
the IAS so that the data on productivity of animals contain indicators not only on milk, but also on its quality; the
development of a mobile application for the linear evaluation of the body type with the automatic recording of these
data in the IAS; the data entry into the IAS database on animal genealogy; the formation of groups of heifers and
lactating first-calf cows during the first 3 months - this age of the breeding stock is justified by the creation of a new
IAS database controlled by researchers, the milk yield is predetermined by the purpose of organizing breeding work
with dairy cattle from ground zero; monthly check milking with milk sampling, analysis of its quality in independent
dairy laboratories and all data entry into the IAS program - for selection of cows on the basis of the entered selection
traits in the IAS; carrying out a linear estimation of the cows' appearances and assigning to each animal a classifi-
cation rating for the body type - to complement the estimation of the breeding value of animals; formation of cattle-
breeding groups - to select highly productive cows for the purpose of custom mating; drawing up a plan and conduc-
ting custom mating - to get the bull-calves, whose fathers will be outstanding servicing bulls with high genetic cha-
racteristics; to conduct a genomic estimation of bull-calves obtained from custom mating.

Keywords: dairy cattle breeding, monitoring, selective process, management, productivity.

Introduction. In dairy cattle breeding of the Republic of Kazakhstan, the main task is further inten-
sification of the industry aimed at increasing the genetic potential of the productive qualities of domestic
breeds and the extent of its implementation. The advancement of molecular biology, population genetics,
biotechnology, the development and implementation of large-scale breeding, the use of computer prog-
rams for the analysis of breeding information enriched the arsenal of tools for studying biological patterns
and management of animals heredity, and breed formation processes [1].

The research trend is the study of intrabreed structures, in particular breeding herds according to
selective and genetic indicators in dynamics, on a certain ecological background will allow to evaluate the
gene pool of the breed and to provide a theoretical justification for its qualitative improvement, to avoid
the "selective plateau", to maintain the required level of variability of traits with simultaneous increase in
the productivity of herds [2].

F.F. Eisner [3] considered individual selection in breeding herds as the most important element in the
selective work. Recognizing the role of modern programs based on methods of population genetics, he
repeatedly emphasized that the greatest effect in improving the inherited qualities of dairy cattle can be
achieved with a reasonable combination of large-scale and in-depth individual selection.
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Of the same opinion are L.K. Ernst et al. [4]. They consider it necessary to persevere further search
for ways to speed up the selective process in accordance with the requirements of scientific and techno-
logical progress, the development of new high performance technologies that promote the greatest reali-
zation of the genetic potential of animals. The search should go both in the direction of increasing the
effectiveness of individual methods of breeding and in the development of better organizational forms of
breeding work. It is a work for the future, and it should be conducted on the basis of clear scientific
developments and long-term forecasts.

The theoretical fundamental of modern breeding is population genetics, based on the combinative
variability of traits and the knowledge of the patterns of their inheritance. Over the past decades,
significant potential has been accumulated in this area, the use of which allows us to work in the right
direction, to predict the effect of breeding programs, simulating them with an accurate calculation to the
average for cows of the same age as a whole for the breed [5].

Aim of the research. To monitor the existing system of organizing the selective process in dairy
cattle breeding. To form the groups of heifers and first-calf heifers (Alatau, Simmental, Holstein, and
Black-and-motley) of basic farms with the study of their genealogy and productive qualities of ancestors.

Materials and methods. Objects of the research were breeding stock, as well as the servicing bulls-
producers. Materials for the research were the documents of primary zootechnical and breeding accoun-
ting (from the IAS system), as well as the results of experimental studies, visual assessment, weighing,
measurements, control milking of animals. In addition, biochemical studies of milk were carried out. For
the analysis of dairy productivity, live weight and genealogy, the data of brood and zootechnical accoun-
ting of the economy were used. All animals were in the same conditions of feeding and maintenance.
Cows were fed with the fodder taken in the farm.

Results of the research. In the light of current tasks on the accelerated improvement of breeds of
agricultural animals, the breeder should not be limited to breeding work only with individual animals and
their related groups. It is necessary to analyze the changes in the entire breeding herd and a fairly accurate
assessment of its phenotypic and genetic parameters of the main breeding features. Estimation of the
genetic indicators of stud stocks allows in a more substantiated way to plan the further improvement of
the breed. Necessary conditions for fairly objective assessments are the reliability of the primary docu-
mentation and the accuracy of controlling the dairy productivity, especially milk and fat and protein
content [6, 7].

Currently, in the Republic of Kazakhstan, the Republican Chamber for Dairy Cattle has been
established, in which 7 breeds of dairy and dairy-meat directions of productivity are registered: Alatau,
Aulieata, Black-and-motley, Red Steppe, Simmental breeds of domestic selection and Holstein Friesian
breed with Swiss world selection. Also, the subjects of the selective process are breeding farms for cattle
of the mentioned breeds, as well as scientific research organizations (SRO). Besides, in the breeding
process, there are involved laboratories for determining the quality of milk, information-analytical system
(IAS). The regional agricultural departments subordinated to the Ministry of Agriculture of the Republic
of Kazakhstan should manage the entire selective process.

Therefore, for the profitable functioning, the subjects of the selective process must be integrated into
a controllable system, which currently does not exist. For example, there are incorrect data on breeding or
productive indicators of animals in the IAS database. Based on these incorrect data, the Republican
Chamber for Dairy Cattle produces an unconfirmed pedigree status for these animals. In addition, to
control zootechnical events in the IAS, researchers do not have constant access to the IAS database. In
addition, the results of analysis of dairy laboratories must be entered manually in the IAS, which greatly
hampers the work of breeders. Also in our country, there are no cattle farms for growing bull-calves of
their own reproduction, which predetermines the import dependence on the genetic material of the world
gene pool.

In order to develop a management system for the selection process, it is necessary to carry out the
following measures:

- development in the [AS of an automated place for researcher and a classificator so that they could
only enter the data, but also monitor the entire course of zootechnical events in the IAS;

- development in the IAS of the program of integration with dairy laboratories on automatic entering
the analysis data directly into the IAS that the data on productivity of animals contain indicators not only
on milk, but also on its quality;

— 2 ——
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Genealogical affiliation of formed first-calf heifers and ancestral productivity

The nickname and number of the servicing Number qf first- Productivity of the Average productivity of the
bull (fathers) calf heifers mother of the bull, mothers of the formed groups
(daughters), heads kg (by the highest one), kg
Mezhdurechensk-Agro LLP
011HOO08385 MR Minister 1 10372 8400
011HO09497 Glen-Toctin Altaomax-ET 5 11400 7366
137722550 Brandt-View Altacognati-ET 4 11850 6900
011HO09688 DE-SU ALTASOLO-ET 2 15973 7541
011HO09898 Pine-Tree Altaosofine 12 12131 7131
011HOO00565 Sandy-Valley Altaxxx-Red-ET 1 16430 9611
NL385596512 RODERICK WH 2 14250 7813
USA 076HO00551 Solomon-ET 1 15720 7995
Mamed Farm
8027 Chili 1 11180 5206
68108976 Niagra 2 12450 5880
181455 Kilian 5 10500 5832
7643 Vazhniy 2 9870 5006
1 Wunder 4 13120 5724
2641 Melnik 5 11410 5446
Kamyshinskoe Farm
Benevola 66596063 21 12502 6320
HIDDEN-VALLEY-GARTHM100135646 28 16231 5960
Demokrat 100444050 24 14966 6085
Skaibak 100047673 38 9898 7015
Romanser 76HO0159 29 19227 6089
Lakemon 100490163 68 9835 5760
Rokin-red 133917657 34 12807 6096
Taylor-red 011HO00527 22 14449 6198
Integrated agricultural production company «Almaty breeding farm»
181329 EMORI 2 10450 4950
192878 JAG * 6 11254 5206
193926 JACK * 4 11500 5880
197821 Teddy 20 10147 5832
197970 KURS 19 13232 5006
470210067 ADAPTIC 36 12007 5724
68108976 Niagra 10 12986 5446
USA000000198986 Roseledge Style ET 6 13542 6320
Fame 76BS0909 8 13535 5960
Bestman 000193763 5 12986 6085
Aidarbayev Farm
470210067 ADAPTIC 1 12007 7015
197821 Teddy 1 10147 7632
193926 JACK 1 11500 7006
USA 076HO00551 Solomon-ET 5 15720 7463
Mozart 137668966 5 10623 7401
Lauraider 19 12455 6867
Kirova LLP
Mazda 136722780 54 12062 5980
Skaibak 100047673 72 9898 6047
Lakemon 100490163 24 9835 5970
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- development of the mobile application for conducting a linear assessment of the body type with the
automatic entry of these data in the IAS;

- the data entry into the IAS database on animal genealogy;

- the formation of groups of heifers and lactating first-calf cows during the first 3 months - this age
of the breeding stock is justified by the creation of a new IAS database controlled by researchers, the milk
yield is predetermined by the purpose of organizing breeding work with dairy cattle from ground zero;

- monthly check milking with milk sampling, analysis of its quality in independent dairy laboratories
and all data entry into the IAS program - for selection of cows on the basis of the entered selection traits
in the IAS;

- carrying out a linear estimation of the cows' appearances and assigning to each animal a
classification rating for the body type - to complement the estimation of the breeding value of animals;

- formation of cattle-breeding groups - to select highly productive cows for the purpose of custom
mating;

- drawing up a plan and conducting custom mating - to get the bull-calves, whose fathers will be
outstanding servicing bulls with high genetic characteristics;

- to conduct a genomic estimation of bull-calves obtained from custom mating.

When these measures are implemented in the IAS, the breeding value of animals will automatically
be calculated, which will predetermine the attribution of an animal to a certain category of breeding
animals, in addition, the bulls of domestic reproduction will have a genomic evaluation, and after the
production of their daughters, they will be estimated for the quality of the offspring. Recognized as
enhancers, they form an elite gene pool of both domestic selection and the world one, which neutralizes
import dependence on the world gene pool and creates a competitive environment among dairy breeds.

Formation of groups of heifers and first-calf-heifers

From 2015 to the present, work is constantly being carried out to form groups of first-calf heifers in
order to organize targeted breeding work with dairy cattle. Therefore, a monitoring of the breeding stock
of the basic farms of the SRO was conducted.

Information on the formed groups of 6 basic farms is presented in table.

As can be seen from table, a total of 609 cows were formed from 3 regions.

The genealogical structure of cattle of the listed farms is presented in table.

It was established that the dairy productivity of mothers for lactation of the formed groups has
significant fluctuations (4950...9611 kg), but the productivity of the mothers of their fathers is much
higher (9835...16231 kg), which predetermines the genetic potential of the cows of the formed groups.

Conclusion. Groups of first-calf heifers of different breeds were formed in 6 basic farms. In these
groups, bulls-fathers of all breeds have a sufficiently high genotype (12129...19,500 kg of milk from their
mothers), hence it follows that in the basic farms there is a purposeful work to improve the dairy
productivity of the herds. In addition, it was found that, in spite of the heterogeneity of the productivity of
the mothers of the formed groups (4535...7678 kg at the highest lactation), their genotype on average
corresponds to the growth in the dairy productivity of their daughters.
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H. b. Ceiinanues, E. K. Jlaaudaes, b. C. ’Kamauos, III. b. Myka

Kazak ManmapyalbiUibIFbl )KOHE KEMILOI OHIIPICl FhUIBIMU 3€PTTE€Y UHCTHTYTHI,
Anmarsl, Kazakcran

KA3AKCTAH PECITYBJIHUKACBIHIA KOJIJIAHBICTATBI
CYTTI IPI KAPA MAJI INAPYAIIBLUIBIKTAPBIHIA ACBUUIJAHABIPY
YJAEPICIH BAKBIUTIAY YIIIH FBIUIBIMU 3EPTTEYJIEP ) KYPI'I3IJLAI

AnHotanus. Ipikrey ypaiciH Oackapy KyheciHze Keleci ic-lapanapibl xy3ere acblpy ycbiabuians: ATXK-na
(akmapatThbl Tangay OpTalbIFbl) ABTOMATTAHABIPHUIFAH FBUIBIMH KbI3METKED MEH OOHHTEPIbIH OpHBI, OJlap TEK Jie-
pekTepi ka3bil KaHa Koimai, ATIK-arel 300TEeXHUKAIBIK OapIIbIK OKMFaIapblH OaKbUIAIl OTHIPA/Ibl; OCHI TAJAY bl
ATXK-na Tikenell aBTOMATTBI TYpJAE €HII3y Typajibl CYT 3€pTXaHajJapbIMeH HHTEerpaiusiay OaraapiiaMachlHbIH
ATXK-narbl xaHyapiaapAblH OHIMAUIII Typanbl IepeKTeplie CYTTiH FaHa eMec, COHJaii-aKk CYT calachlHbIH Kep-
cerkimi ne 6ap; ATXK-ga ockl mepekTepii aBTOMATTBI TYPIE CHI3BIKTHIK Oaranay YIIiH MOOWIIBAI KOCHIMILIAHBI
azipiey; kaHyapiapAblH reHeajsoruscbiHbiH gepekrepin ATXK 6a3aceiHa eHrisy; Kauiapiap MeH OIpiHII caybIMIaFb
CHUBIpIap/ bl ( aJFalliKbl YII aiijia) TONTapblH KaJbIITACTHIPY, aChUl TYKBIMIbI MAIJIBIH OCBHI JKacChl 3€pTTEYILIiIep
Oakpuaiitein ATXK jxaHa nepextep 6a3achlH KYpy apKbUIbl HETI3ACITeH, CYT «HOJIJEH» CYTTI ipi Kapa MaJIMeH achbul
TYKBIMJIBI )KYMBIC YHBIMJIACTBIPY MaKCaThIHAA aJJIbIH-aJla aHBIKTAJIFAaH; aif CaiibIH CYT IpiKTEYIMEH CYTIEH KamTa-
MAachI3 €Ty, TOYEeJICi3 CYT 3epTXaHalapbIH/la OHBIH canackiH Tanaay xoHe AT)K 6armapmamaceiHa OapibIK IepeKTepi
enrizy - ATX iuriHe eHri3iiret ipikTey eJieMAepiHiH Heri3iHIe CUbIPIap/Ibl TAaHJAY YIIiH; CUBIPABIH CHIPTKBI TYP-
JiepiHe CBI3BIKTHIK Oaranay »}yprisy xoHe opOip jkaHyapra KYPbUIBICTBIH TYP1 OOWBIHINA JKIKTEY PEHTHHTI - )KaHyap-
JIap/IbIH achll TYKBIMbI KYH/IBUIBIFBIH Oaraiay bl TOJBIKTHIPYFa; OHAIPYII OYKa CHBIP TONTAPBIH KAJIBIITACTHIPY -
IpIKTENreH JKOFapbl OHIMIII CUBIPIAPAbI TAICHIPBICIICH HIAFBUIBICTBIPY; OyKaiap ainy YIIiH - )KOCHap/bl KYpacThIpy
’KOHE TAICBIPBICIICH JKYITACThIPY, OKEJIEP/iH JKOFapbhl IeHETHKAJIBIK CUIaTTaMaliapbl 0ap TaHbIMall OyKa eHIIpY-
urijiepre Oykanap ajgy YIIiH; TipKeyJeH OTKEH TAaIlChIPHICIICH IIaFbUIBICY/IaH ajiblHFaH Oy3ayliapblH TeHOMJIBIK
GarachIH XYpri3y.

Tyiiin ce3aep: CyTTi MaJ LIapyallbUIbIFbl, MOHUTOPHUHT, aCbUIIAHABIPY YAEpici, 6ackapy, OHIMILTIK.

H. b. Ceiinanues, E. K. lanubaes, b. C. ’KamaJos, I1I. b. Myka

TOO «Ka3zaxckuii Hay4YHO-HCCIIEIOBATEILCKUI HHCTUTYT JXMBOTHOBOJICTBA M KOPMOIIPOU3BOJICTBAY,
Anmarsl, Kaszaxcran

PE3YJIbTATBI MOHUTOPUHT A CYIIECTBYIOIEN CUCTEMBI
OPI'AHU3AIIMU CEJEKIIMOHHOTI'O MTPOIECCA B MOJIOYHOM CKOTOBOJACTBE
PECITYBJIMKU KA3AXCTAH

AnHoTanus. IIpoBeneHs!l HaydHBIC MCCIEAOBAHUS 110 MOHHTOPHHTY CYIIECTBYIOIIEH CHCTEMbI OpraHU3alnu
CENIEKIIMOHHOTO TpOoIiecca B MOJIOYHOM CKOTOBoAcTBe PecmyOnukn Kaszaxcran. Ilpemiaraercst B cucreme ymnpasiie-
HUSI CEJIEKIMOHHBIM MPOLIECCOM OCYLIECTBHUTH CIEAYIOIINE MEPOIIPUATHA: pa3paboTka B MHPOPMAIIMOHHON aHaH-
tnaeckoit cucreme (MAC) aBTOMaTHUECKOT0 MecTa HAyYHOTO COTPYAHUKA M OOHUTEpa, YTOOBI OHW MOTJIH HE TOJb-
KO 3aHOCUTH JaHHBIC, HO W KOHTPOJHPOBATH BeCh X0i 300TexHmUYecknx coOweituii B MAC; paspabotka B UAC
MPOrpaMMbl MHTETPHPOBAHUS C MOJIOYHBIMH JIaOOpaTOpsIMH TI0 aBTOMAaTHYECKOMY BBEJCHHIO JIAHHBIX aHAIHM3a
HertocpeacTBeHHO B IAC, 4TOObI B JaHHBIX IO MPOLYKTUBHOCTH KUBOTHBIX OBLIH ITOKA3aTeNIN HE TOJIBKO I10 Y00,
HO M KayecTBY MOJIOKa; pa3pad0TKa MOOMIIBHOTO NPHIIOKEHHUS IO MPOBEICHUIO JIMHEWHON OIEHKH THIA TENOCIO-
JKEHHS C aBTOMATHYECKUM 3aHeceHrneM 3TuxX MaHHbIX B MAC; BBeneHne manHbX B 60a3y MAC maHHBIX 10 TeHeao-
THH JKUBOTHBIX; (hopMHpOBaHKE IPYIII HETENEH M JaKTUPYIONINX KOPOB-TIEPBOTEIIOK B MEpBBIE 3 Mecsa— JaHHBII
BO3pPacT MAaTOYHOTO MOTOJIOBBS OOOCHOBAH CO3AaHHEM KOHTPOIHMPYEMOW HAyYHBIMH COTPYIHHKAMH HOBOW 0a3bl
nmaaHelx MAC, ymoil mpemompenensercss IEnbl0 OPraHW3alUH CEJCKIIMOHHOW pPabOThl C MOJOYHBIM CKOTOM C
«HYJISI»; TIPOBE/ICHHUE €KEMECSIYHBIX KOHTPOJIBHBIX JOCHUH ¢ 0TOOPOM NpoO MOJIOKA, aHAIN30M €TO KauecTBa B HE3a-
BHCHMBIX MOJIOUHBIX JIAOOPATOPHSIX U BHECEHHEM BceX AaHHBIX B mporpammy MAC — mist ocymiecTBiieHns: oTO0pa
KOPOB Ha OCHOBE 3aHECEHHBIX MPU3HAKOB 0TOOpa B MAC; mpoBeneHne THHEHHON OLIEHKN YKCTephepa KOPOB H MPH-
CBOGHHME Ka)KIOMY JKHBOTHOMY KJIACCH(HMKALMOHHOM OLEHKH 32 THUI TEJOCIOXKEHHS — AJISI JOMOJHEHHS OLEHKU
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TUIEMEHHOM 1IEHHOCTH KUBOTHBIX; (hOPMUPOBaHUE OBIKOMPOU3BOASIIMX TPYIII KOPOB — Uil 0TOOPA BHICOKOTIPOIYK-
TUBHBIX KOPOB C IEJIBI0 TPOBEICHHS 3aKa3HOTO CIIApUBAHMSL, COCTaBICHHUE TUIaHA W TPOBEIECHHIE 3aKa3HOTO CIapu-
BaHUS — /IS TIOJTyYeHHsI OBIYKOB, OTIAMH KOTOPBIX OYAyT BBIAAIOUINECS OBIKU-TIPON3BOAMTENN C BHICOKHMHU TEHE-
TUYECKHMH XapaKTEPUCTUKAMHU; TPOBECTH T€HOMHYIO OIICHKY OBIUKOB, ITOJYYSHHBIX OT 3aKa3HOTO CIIAPUBAHHMS.

KiroueBble ca0Ba: MOJOYHOE CKOTOBOJCTBO, MOHUTOPHHT, CENIEKIIMOHHBINA INPOLECC, YIPaBICHHUE, MPOIAYK-
TUBHOCTb.
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FObunetHble Oamebl

IOJIJAIIBAEBY IOcynmxkany APpTBIKOBHYY —
60 ser

KonnextuB yueHsix ToBapuIleCTBO € OrpaHHYEHHON OTBETCTBEHHOCTHIO «Kazaxckuil HaydHoO-
HCCIIEZIOBATENbCKUI WHCTUTYT JXUBOTHOBOJCTBA M KOPMOIIPOM3BOJICTBA», TOBapHIECTBO C OTpaHH-
YEeHHOH OTBETCTBEHHOCThIO «HaydHO-MHHOBAIIMOHHBINA IIEHTP >KABOTHOBOJICTBA W BETEPUHAPHUN,
Hexommepueckoe akimmoHepHoe o0mecTBo «Kazaxckuwii HallMOHANBHBIA arpapHBId  YHUBEPCHTETY,
Hexommepueckoe akimoHepHoe o0mmecTBo «3amagHo-KazaxcTaHCKUH arpapHO-TEeXHUYECKHH YHUBEp-
cuteT uMeHH JKaHrup xaHa» CepAeYHO MO3JPaBISAIOT JOKTOpA CEIbCKOXO03SHCTBEHHBIX Hayk (1996),
npodeccopa (2001), unen-xkoppecnonaenta PAH (2016) IOcymxana ApteikoBuua FOmngambaesa ¢ 60
JIETHEM.

IOcymxkan ApteikoBud pomwics 9 okTsOps 1958 roma, cranmusa Yy JxamOymnckoi obiactu Pec-
myonmukn Kazaxcran. B 1981 1. ¢ oTiimuneM OKOHUYMI 300HMHKEHEPHBIN (PakyinbTeT MOCKOBCKOH Celb-
cKkoxo3siicTBeHHON akanemun uM. K. A.TumupsszeBa Mo CHEHUATBHOCTH «300TEXHUS». TpYydOBYIO
JIeATENILHOCTh Havajl C JOJKHOCTH 300TEXHHKA — TEXHOJIOTA, MIIQJIIIEr0 U CTapIIEero HayyHOro COTpya-
HUKa OTJeNla TeHeTHKH M pa3BeleHus Kapakyibckux oBel Kazaxckoro HMM kapakyneBoactBa (1981-
1986 1r.), ¢ 1987 1. Mo Mapt 1989 r. crapmmii HayuHBIi coTpyaHuk [IxamOynckoro ¢ummana [THUN
meperr. B 1989 r. mpuriamen Ha padoty B Y30ekckuit HM xuBOTHOBOICTBA | B Tekadpe TOTO ke Toja
MIPOIIIET 10 KOHKYPCY Ha TOJKHOCTH CTApIIero HayYHOTo COTpyAHHKa Kadenpsl oBueBoacTBa MCXA M.
K.A. Tumupszesa, ¢ 1996 rona Benymuii Hay4HBINH COTPYAHUK, ¢ 1999 1. noueHt, a ¢ 2000 roma mpodec-
cop kadenps! oBueBoacTsa, ¢ 2003 mo 2010 r.r. 3amecTHTENb NPOPEKTOpa MO HayyHOH paborte. C utons
2010 roga mo Hacrosiiee BpeMs OekaH (aKyJabTeTa 300T€XHHH W OMOJOTHMH, MO COBMECTHUTEIBLCTBY
npodeccop Kaeapbl YaCTHOH 300TEXHUH.

IOnmam6aes FO.A. BUgHBINA yUCHBINH — arpapuil B 00JIaCTH 300TEXHUW, BHECITUH OOJIBIION BKIIAT B
pa3BHUTHE OBIIEBOJCTBA M KO30BOJCTBA, CO3/IaHME HOBBIX CEIEKIMOHHBIX OCTW)KEHHH, pa3paboTKy
WHHOBAIIMOHHBIX TEXHOJOTHWH IPOW3BOACTBA WM TEPBUYHOI NepepadOTKe MPOIYKIMH OBIIEBOJICTBA U
KO30BOJICTBa, MOATOTOBKY KaapoB s ATIK.

IOnnam6aessim FO.A. nponenana Gompmas paboTa Mo U3YYEHUIO M THIIW3AIMH [IEPCTH OBEI] pa3HbIX
mopoJ, pasBoauMbix B Kazaxcrtane. KomrmiekcHble uccienoBanus, nposeneHusie FOmgamobaessm FO.A.,
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M0 THITM3AIlMU HIEPCTH TOHKOPYHHBIX OBEIl, ITOJIOKEHBI B OCHOBY CO3[aHHS KPYIHBIX MacCHBOB OBEIl C
JKeNaTeJIbHBIM THUIIOM IIEPCTHOTO MOKpoBa. Ha ocHOBe pa3paOOTaHHBIX METOIIOB BBHIBEICHBI ABa HOBBIX
BHYTPUIIOPOJHBIX TUIIA OBEL] IIOPO/bl F)KHOKA3AXCKUI MEPHUHOC — MEPKEHCKUI M KyIOKCKHil. M3yuenue
(U3MKO-MEXaHMUECKUX CBOWCTB OJHOPOJHOW W HEOTHOPOJHOM ImepcTu mo3Bosuno BrepBbie B CCCP
paspadorate 'OCT ¢ otmencHmeMm wacTeil pyHa, Tie yYTEHB W TIOJMydYeHHBIC MaHHBIE 10 30He HOra
Kazaxcrana. bonblioe mpakTtudeckoe 3HaAYCHUE MMEIOT HAy4YHbBIE TPY/BI MO COBEPIICHCTBOBAHHUIO TEX-
HOJIOTUH TIPOMBIBKH IIEPCTH; POMBIIIIICHHOH OLIEHKE U MepepaboTKe TOHKOM MIEPCTH YHCTOTIOPOAHBIX U
MOMECHBIX OBEI; CHCTeME ayKIHMOHHOH NpOJakl MIEPCTH MO cepTUHUKATaM; TEXHOJOTHH OTOCNKH
MO>KENITEBIICH MIEPCTH U HIEPCTH HUBIIUX COPTOB U TEXHOJOTHH XUMHUYECKOH JEMUTrMEHTAIMH [[BETHOU
HIepCTH.

B nacrosmee Bpems F0.A. FOngani6aeB mpoBOAUT HAYIHO-UCCIIEIOBATEIBCKYIO pabOTy C YICHBIMHU
Kanwmsitikoro HUU cenbckoro xo3s1cTBa 0 COBEPIICHCTBOBAHUIO KAJIIMBILIKON KypAOYHOMN TTOPOJIbI OBEI]
Y CO3/IaHUIO MSCHOTO THIIA KO3; CO3/IaHUI0 HOBBIX BHYTPHUIIOPOJHBIX THUIIOB KapaKyJbCKUX OBEL. A Takke
coBMecTHO ¢ coTpynHukamu BUXKa Benercs cenexnuonHast paboTa Mo CO3JaHUIO HOBOTO BHYTPHIIO-
PONHOTO THIIA IUIL0ACBCKON MOpoasl oBer B ycioBusax Hwmkaero IloBommkbes. B PecmyGmuke TriBa
NPOBOAMTCS PadOTa IO COBEPLICHCTBOBAHMIO NPOAYKTUBHBIX M IJIEMEHHBIX KayecTB TYBHHCKON
KOPOTKO’KHPHOXBOCTBIX OBEIl M KO3 COBETCKOH mIepcTHOM M MecTHOM mopoj. COBMECTHO € yYEHBIMU
PeciyOnuku  Kazaxctan mpogomkaercss padoTa MO H3YyYEHHIO XO3SHCTBEHHO-TIONE3HBIX NPH3HAKOB
rpyOOIIEPCTHBIX TIOPOJI OBEIl.

CeneKIMOHHO-TEXHOJIIOTHYECKE aCIeKThl Hay4dHoU nestenbHOocTH FOmmambaeBa O.A., peammso-
BaHBI B ampoOaIiyl CEeNEeKIMOHHBIX JOCTH)KEHHH: KYFOKCKOTO BHYTPHUIIOPOJHOTO THIIA;, CTEITHOTO H
TOPHOTO THUIA OBEI TYBUHCKOW KOPOTKOXHUPHOXBOCTOM IMOPOJIbI; KAJIMBIIIKOM KYpJIFOUHOW MOPOJIbI; 3a-
BOJICKOTO THIIa KapaKyJIbCKUX OBEIT YePHOH OKPACKH JKaKETHOTO CMYIITKOBOTO THIA «CelceHOalCKuiiy.

Baxnas gacte nestenpHocTH O.A. FOnmmamibaeBa — moaroroBka kampoB mist AIIK w msmanwme
y4eOHHKOB JUIs CTY/IEHTOB U aclupaHToOB arpapHbix BY3oB. B cocrase konnextusa FOmnnamobaes FO.A. 3a
CO3JlaHHE KOMIUIEKTa y4eOHUKOB, Y4EOHBIX MocoOuii u MoHorpaduil A MOArOTOBKH BBICOKOKBAJIH-
(UIMPOBAHHBIX CIIEIUATICTOB MO TEXHOJOTHH IPOW3BOJCTBA MPOAYKTOB YKMBOTHOBOJCTBA B CHUCTEME
arpapHoro oOpasoBaHus yaocToeH mnpemun IIpaBurensctBa Poccuiickoit ®enepaumu B obmactu
obpazopanus 3a 2008 rog.

Hayunas mkona mpogeccopa IOnmambaesa FO.A. momyunna npusHaHue Cpeal YUEHBIX M MPOH3-
BOJICTBEHHUKOB B Halllel cTpaHe M 3a pyOexkom. [lox ero pykoBOACTBOM 3aIlUIICHO 15 KaHAMIATCKUX,
3 IOKTOpCKHE ArccepTalny U oaHa AoKTopckas PhD.

IOcymxanom ApTheikoBHYEM OmyOIHKOBaHO 525 pabot, B ToM yncie 23 moHorpadwii, 35 yueOHUKOB
1 y49eOHBIX ocoomid, 20 yueOHO-METOAMIECKHUX ITOCOONH, 23 METOIUIECKUX PEKOMEHIAIINN U YKa3aHUH,
15 mporpamm u pexkomeHmanuidi. ABrop 10 maTeHTOB, 4 aBTOPCKUX CBHIETEILCTB M 17 CBUACTEIHCTB Ha
0a3y TaHHBIX.

0. A. IOnpambacB BBITONHSET OOJNBIIYIO OOIIECTBEHHYIO paboTy, SBISETCS 3aMECTUTEIIEM
npencenarens skcneptHoro copera BAK Muno6pHayku P® 1o 300T€XHUYECKHM U BETEpUHAPHBIM CIIe-
[UATBHOCTSAM, TpEAceNaTeIeM CEKIIMH OBIIEBOJICTBA OTICICHHS CEIbCKOXO3SHCTBEHHBIX Hayk PAH.
IOcymxan ApteikoBuusasisercs yieHoM HTC coBeTa no ceneKMoHHBIM JOCTHKEHUAM B OBLIEBOACTBE U
k030BoJcTBE MCX P®, skcniepTHOM KOMHUCCUU MO OlieHKe miueMeHHbIX oBerm MCX P®, HarmonansHoro
COI03a OBLEBOJOB, Komuccun 1o ompeneneHnio COOTBETCTBUSL TPEOOBaHMSIM, MPEIbABISIEMBIM K OIpe-
JISJICHHBIM BHJAM OPTaHU3aIUil 10 IIEMEHHOMY >KHBOTHOBOJCTBY IIpaBuTenscTBa MoCKBEI 1 MuHU-
CTEpPCTBA CENLCKOTO XO3SHCTBA U IPOJAOBOJILCTBUSL MOCKOBCKO# 00J1aCcTH.

10. A. IOnnambaeB siBiseTCS YWICHOM PEeNaKIUOHHON KOJUIETMH HayYHO-TIPOW3BOJICTBEHHBIX XKYp-
HajoB, pexkoMeHayemblx BAK Poccuiickoit ®enepauun: «W3Bectusi TUMHPS3EBCKOW CEIBCKOXO-
3sIMCTBEHHON akagemMum», «OBILbI, KO3bI, IIEPCTAHOE IENo», «ArpapHas Hayka», «ArpapHas Poccus»,
«['maBHbIN 300TexHUKY», «M3Bectusi OpenbOyprckoro 'AVYy, «Bectauk TyBunckoro I'Y» um «Axmenrit
xabapuibickl», «HoBoctn Haykn Kazaxcrana», «BecTHHUK HalnMOHANBbHOW akageMuW Hayk PecrryOnmku
Kazaxcran», «W3Bectuss HammonanmeHO# akamemmm Hayk Pecmyomukm Kazaxcran: Cepus arpapHbIX
HayK», a TaKXe WIeH ABYX auccepTaluoHHbIX coBeToB Ipu PIAY-MCXA umenn K.A.Tumwupszesa,
Hay4HO-TexHu4yeckoro copeta «llepcte» ['C PO.
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IOcymxan ApteikoBud HOnpambaer Jlaypear nmpemun [IpaBurensctBa PO B 00xact oOpa3oBaHus
(2009), ITou€rHerit paboTHHK 00pazoBanus Pecyonuku Kazaxcran (2010), 3acmykeHHBIN AeATENb HAYKU
Pecniy6muxu Kanmeikus (2014), ITouétabrit nokTop KbI3BIIIOPAMHCKOTO TOCYIapCTBEHHOTO YHHUBEPCUTETA
umenn Kopkeit -Ata (2012).

Harpaxnen meganeio «3a ycliexu B HaydHO-TeXHHYECKOM TBopuecTBe» (2009), mexampio «400 et
nmobOpoBosbHOTO TIpricoeanHenus Kamveikuu k Poccum» (2009), IlowerHoit rpamortoit MuHHCTEpCcTBa
MIPUPOTHBIX pecypcoB U dxonoruu PO (2012), [TouetHoit rpamoToit PACXH (2005), [ToueTHo# TpamoToii
[Ipesunenta PO (2016).

YBaxkaembrii FOcymkan ApteikoBud! B nmens Bammero ciaBroro robuies xemaem Bam Kpemkoro
3JIOpOBBSI, CHACTBS, MPOIBETAHMs, BCEro HawiIydmiero Bammm poaHbIM W OJHM3KKM, OJIaromoaydus u
TBOPYECKOTO JIOJITOJICTHS!

Konnexmus yuenvix Tosapuuecmao c ocpanuyenHol omeemcmseeHHOCHbIo
«Kazaxcrxuii hayuno-uccie0osamenbCKuil UHCMumym

JHCUBOMHOBOOCMBA U KOPMONPOUZB00CBAY,

Tosapuwecmso ¢ 0zparuyeHHOlU 0mMeemcmeeHHOCHbIO
«Hayuno-un1o8ayuoHHbIl YEHMP HCUBOMHOBOOCIBA U BEMEPUHAPUUY,
Hexommepueckoe akyuoneproe obuecmeo

«Kaszaxcxuil nayuonanousiti acpapuwiil yHugepcumemy,

Hexommepueckoe akyuoneproe obujecmao

«3anaono-Kazaxcmanckuil azpapro-mexHudecKuti

YHUBepcumem umenu Kauneup xanay
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