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RESUMO

O gerenciamento dos recursos de pastagem do Cazaquistdo Ocidental € complicado devido a
deterioragéo dos parametros fisico-quimicos dos solos, manifestando degradacgao e alcalinizagdo como resultado
de pastoreio intensivo. A pesquisa teve como objetivo estudar a tecnologia de pastejo de gado para preservar os
parametros fisico-quimicos dos solos e aumentar a eficiéncia do uso de pastagens. A avaliagdo e analise
estatistica dos indicadores fisico-quimicos dos solos foram realizadas com métodos padronizados durante o
periodo de 2018 a 2019, o que permitiu identificar a melhor tecnologia de pastejo. Os resultados da pesquisa
mostraram que, sob a influéncia de pastoreio intensivo, os parametros fisico-quimicos pioraram, foi detectada
uma diminuicdo nas reservas de humus em 10,88-12,35%, o solo degradado até o terceiro grau e tornou-se
alcalino como resultado do aumento da permutabilidade. sédio a 1,65 cmol (equiv.)/kg. A tecnologia de pastejo
moderado afeta positivamente os parametros fisico-quimicos dos solos dos ecossistemas de pastagem. Os solos
castanhos das pastagens, onde foi aplicada tecnologia moderada de pastejo, permaneceram resistentes a
degradagéo e salinizagdo. Com essa tecnologia, o humus do solo foi preservado de forma confiavel no nivel de
1,15-2,50%, o fésforo moével estava dentro da faixa ideal de 0,87-1,60 mg/100g. Concluiu-se que € importante
usar a tecnologia de pastoreio moderado para melhorar o manejo dos recursos das pastagens, que € a novidade
cientifica da pesquisa.

Palavras-chave: solo castanho, indices, degradagéo, pastoreio, tecnologias.

ABSTRACT

Managing pasture resources of Western Kazakhstan is complicated due to the deterioration of the
physicochemical parameters of soils, manifesting degradation, and alkalinization as a result of intensive grazing.
The research has been aimed at studying the technology of cattle grazing for preserving the physicochemical
parameters of soils and increasing the efficiency of pasture use. The assessment and statistical analysis of
physicochemical indicators of soils were carried out with standard methods during 2018 — 2019, which allowed
identifying the most optimal grazing technology. The results of the research showed that under the influence of
intensive grazing, physicochemical parameters worsened, a decrease in the humus reserves by 10.88-12.35%
was detected, soil degraded to the third degree, and became alkaline as a result of the increase in exchangeable
sodium to 1.65 cmol (equiv.)/kg. The technology of moderate cattle grazing favorably affects the physicochemical
parameters of the soils of pasture ecosystems. The chestnut soils of the pastures, where moderate grazing
technology was applied, remained resistant to degradation and salinization. With this technology, the soil humus
was reliably preserved at the level of 1.15-2.50%, mobile phosphorus was within the optimal range of 0.87-1.60
mg/100g. It has been concluded that it is important to use the technology of moderate cattle grazing to improve
the management of pasture resources, which is the scientific novelty of the research.

Keywords: chestnut soil, indices, degradation, grazing, technologies.
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ABSTRACT

Mpouecc ynpaenennss nacTbuwHbiMM pecypcammn 3anagHoro KasaxctaHa YCrnoxHsieTcs u3-3a
yXyALeHNa PU3NKO-XMMUYECKMX NoKasaTenemn noys C NposiBfieHNEM NpoLLeccoB Aerpagaumm u CornoHLEeBaHns B
pesynbTate MHTEHCUBHOrO Bbinaca ckoTta. Llenbto nccnegosaHuii ABNSETCS U3ydeHne TEXHOMOrMKM Bbinaca C.x.
XMBOTHbIX [ONs1 COXPaHeHUst (PUINKO-XMMUYECKMX MNoKasaTenenm novs W NoBbiWeHUs 3hekTMBHOCTH
ncnonb3oBaHnst nactouwy,. NprMeHeHNe cTaHOAPTHLIX METOAOB OLEHKM M CTAaTUCTUYECKOro aHanm3a duamKo-
XUMUYECKNX MNokasaTtenen noys nposogunmcb ¢ 2018 no 2019 rogbl, YTO MO3BONMUIIO BbIAENUTL Haubonee
ONTUMAarnbHYID TEXHOMOrMK Bbinaca. PesynbTaTbl UCCNegoBaHWMWA MOKasanu, 4YTO No BO3OEeUCTBUEM
WHTEHCMBHOrO BbiNaca yxyawarTca hrn3nMKo-XMMUYECKNE NokasaTenu, BbIIBNIEHO CHDKEHNS 3anaca rymyca Ha
10,88-12,35%, B pesynbTarte yBennueHmsa obmeHHoro Hatpus go 1,65 cmol(equiv.)/kg noysa gerpagmposanach
00 3 cTeneHu M Mepelunia B KaTeropuio CONOHLEBATON. YMEepeHHasi TEXHONOMSI BbiMaca C.X. XXMBOTHbIX
GraronpuaTHO AencTByeT Ha (PU3MKO-XMMUYECKME Nokas3aTenu no4vs nactbuwHbix akocucteM. KawTaHoBble
noyBbl NacTouL, rae NPUMEHANUCL YMEePEHHas TEXHOMOMNS BbiNaca COXpaHanmM yCTOMYMBOCTb K Aerpagauuun un
OCOmnoHuUeBaHuIo. [pn TakoM TEXHONOrMM rymMyC MOYBbl AOCTOBEPHO COXpaHuncs Ha ypoBHe 1,15-2,50%,
NoABWXKHbBIN (POCHOp Haxoauncsa B onTuMmanbHbiX npegenax 0,87-1,60 mr/100r. B aton pabote 6bin caenaH

BbIBOJ,

nccrnegoBaHun.

YTO BaXHO WCMOMb30BaTb YMEPEHHYI TEXHONOMMI0 BbiNaca C.X. XXMBOTHbIX AN MNOBbIWEHUS
3(PPEKTUBHOCTN  yMNpaBneHuss nacTouLHbIMKM pecypcamu,

B 4YeM 3aKnw4yaetca U HayyYyHad HOBU3Ha

Keywords: KawmaHosebie nousbi, nokazamersnu, 0ezpadayusi, 8binac ckoma, mexHosoauu.

1. INTRODUCTION:

The global growth of the population (the
world's population in 2050 is expected to be about
9.2 billion people), the global climate changes and
their adverse effects on the agriculture, the
depletion of natural resources, which is of great
importance for the development of the world's
agriculture, food safety, and new ethical
requirements for the producers are the future
challenges associated with sustainable
management of natural resources, and
investments in food production and agriculture
(Kucera et al., 2020).

Grasslands, which constitute a significant
part of the global ecosystem, occupy 37 % of the
Earth's land area and contribute significantly to the
food security, providing the largest part of energy
and proteins required by ruminant animals for the
production of meat and milk. It is believed that
proper pasture management and improvement of
the state of degraded pastures can play a
fundamental role in mitigating the effect of
greenhouse gas emissions, especially concerning
carbon accumulation and absorption (Conant et
al., 2011; O'Mara, 2012; Nordborg and R&0s,
2016).

Multiple scientific studies and
developments of agricultural and biological
scientific institutions show that in order to maintain
the pastures' capability of constant seed and
vegetative regeneration and reproduction of the
required level of feed resources, they are to be

used within the environmental imperative. The first
environmental commandment for the rational use
of the pastures is the compliance with the principle
of matching their natural capacity with the number
of grazing animals. Multiyear scientific studies
performed in the second half of the 20th century
by the scientists from various countries show that,
without harm to the subsequent productivity of the
pastures, it is possible to withdraw 25 — 75 % of
the aboveground plant mass in various natural
zones. In the arid conditions of Russia and Central
Asia, 60 — 75 % of the annual plants' growth may
be withdrawn (Shamsutdinov, 2012; Nasiyev et
al., 2015; Gayevskaya and Krasnopolin, 2016;
Nasiyev, 2016; Baytkanov, 2017).

One of the essential levers for restoring
and preserving the pastures' biodiversity is grazing
management and ecological optimization of the
grazing load, which would also improve the
productivity of the pastures and ensure
environmental sustainability and economic
efficiency (Costas et al., 2015).

Among the agrotechnical methods of
increasing the pastures' productivity, providing
rest from grazing for medium- and highly-
degraded pastures is of paramount importance.
Even one year's rest will allow pastures to
significantly restore their sparse grass cover (Loris
et al., 2019).

Studies of the scientists from the USA and China
have shown reduced productivity and deteriorated
state of vegetation in the heavy grazing conditions
(Raiymbekov et al., 2017; Kubenkulov et al.,
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2019). For improving the state and the rational use
of pastures, monitoring the current state of pasture
soil resources is the priority task.

2. MATERIALS AND METHODS:

2.1 Study area

The research was conducted during 2018
and 2019 years at the initiative of the Ministry of
Agriculture in the territories of three zones of
Western Kazakhstan with different types of
chestnut soils for detecting changes in the
physicochemical parameters of the soil cover
under the influence of different technologies of
cattle grazing, and efficient managing pasture
resources.

Zone 1 was the dry-steppe zone with the
following coordinates of the reference plot and the
pastures: reference plot — 49°01'N; 018°27'103'E,
moderate  grazing pastures 50°57'N;
050°46'390"E, weak grazing pastures — 50°57'N;
050°48049"E, and intensive grazing pastures —
50059'N; E050°47223'E.

Zone 2 was the arid steppe zone with the
following coordinates of the reference plot and the
pastures: reference plot — 50°21'N; 051°00073'E,
moderate  grazing pastures 50019'N;
050°58091E, weak grazing pastures — 50°19N;
050°57064'E, and intensive grazing pastures —
50°20'N; E050°53225'E.

Zone 3 was the semi-desert zone with the
following coordinates of the reference plot and the
pastures: reference plot — 49°05'N; 049°08'101°E,
moderate  grazing pastures 49°08'N;
048°42'751'E, weak grazing pastures — 49°09'N;
E048°42'452'E, and intensive grazing pastures —
49908N; 048°41017°E.

Soil sampling. To determine the effect of
grazing on these indicators, soil samples were
taken at three farms with moderately, weakly, and
intensively used pastures located in three zones of
Western Kazakhstan with dark chestnut (Haplic,
Luvic), chestnut (Luvic Kastanozems) and Light
chestnut soils (Calcic Kastanozems) from the 0 —
10cm, 10 — 20 cm, and 20 — 30 cm layers. To
identify the changes in the soil parameters through
comparison, soil samples were taken from the
reference plots (without grazing) from the 0 —
10 cm, 10 — 20 cm, and 20 — 30 cm layers in each
zone. The experiment was repeated four times.

2.2 Physicochemical soil analysis

The changes in the physicochemical
parameters of pastures were detected both in the

field and in the laboratory environment with the
use of modern generally adopted methods.

Soil density was determined in the field
environment using cylinder bores by N.A.
Kachinsky. In the field, samples were taken from
the soil horizon with a cylinder bore with a volume
of about 500 cm?. At the same time, soil samples
were collected in weighing bottles to determine
moisture. In the laboratory, the soil was dried at
105°C to constant weight. Knowing the mass of
the weighing bottle with dried soil and the mass of
the empty weighing bottle, the mass of air-dry soil
was found. Then, dividing the mass of dry soil by
its volume (ring volume), the density of the soil was
established.

The structural state of the soil was
assessed by aggregate analysis using the dry
sieving method. According to the results of the
aggregate analysis, the structural coefficient (Cstr)
was calculated, which was understood as the ratio
of the number of aggregates from 0.25 to 10 mm
(in%) to the total content of aggregates less than
0.25 and more than 10 mm (in%). The more Cstr
was, the better the structure of the soil was. A
scale developed by S.I. Dolgov and P.U. Bakhtin
was used to assess the structural state of soils
(Gabdulov et al., 2018).

In the laboratory environment, the soil
content of humus, mobile phosphorus, and
exchangeable sodium was determined by the
analysis of soil samples.

The content of humus in the soil was
determined by the method of I.V. Tyurin based on
the oxidation of soil organic matter by chromic acid
until the release of carbon dioxide. A solution of
K2Cr20y7 in sulfuric acid was used as an oxidizing
agent.

Mobile phosphorus compounds were
determined by the photometric method of I.
Machigin based on the extraction of mobile
phosphorus and potassium compounds from the
soil with ammonium carbonate solution at a
concentration of 10 g/dm3 with soil to solution ratio
of 1:20 and the subsequent determination of
phosphorus in the form of a phosphorus-
molybdenum blue complex on photoelectric
colorimeter and of potassium on a flame
photometer (Gabdulov et al., 2018).

The content of exchangeable sodium in the
soil was established by the photometric method by
extracting exchangeable and soluble sodium with
ammonium acetate solution at a concentration of
1 mol/dm?® with soil sample mass to solution
volume ratio of 1:20 and the subsequent
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determination of sodium in the extract using a
flame photometer. At the same time, soluble
sodium in the aqueous extract was determined,
and the difference in sodium was calculated.
According to the content of the exchangeable
sodium in the cation exchange capacity, the
degree of soil alkalinization was established.

The degree of soil cover degradation was
established by the physical criteria for land
assessment approved by the Ministry of
Agriculture of the Republic of Kazakhstan (Order
No.185 of the Minister of Agriculture of the
Republic of Kazakhstan, 2017).

Statistical analysis. The results of the
studies were statistically processed following the
method of the analysis of variance (Dospekhov,
2015) in the Statistica 6.0 application. Two
individual samples were analyzed
nonparametrically using the Mann-Whitney U-test,
and statistical diagrams were made).

3. RESULTS AND DISCUSSION:

Agrochemical parameters of the pastures.
The dynamics of decreasing the humus content.
Studying the content and humus reserves in the
pastures of Western Kazakhstan is a prerequisite
for assessing their fertility and for addressing the
issues of the rational use of pasture ecosystems.
In the studies, the content and humus reserves
depended on the technology of farm animals’
grazing on the pastures. With that, more dynamic
changes in the humus content occurred on the
pastures with the arid climate of the third semi-
desert zone with light chestnut soils. In the
pastures with moderate grazing conditions in this
zone, the humus content in the 0 — 30 cm soil layer
reduced by 0.15 %, compared to the reference.
The humus reserves were 44.16 t/ha, which was
less by 7.19 %, compared to the reference. The
humus content in the pastures with weak grazing
conditions on light chestnut soils was 1.25 % with
the humus reserves of 46.50 t/ha.

In the territory of the third semi-desert
zone, the lowest humus content was found in the
pastures with intensive grazing conditions. With
the humus content of 0.83 %, the humus reserves
in the 0 — 30 cm soil layer were 34.36 t/ha.
Compared to the reference, the reduction of the
humus reserves amounted to 27.78 %. In terms of
the humus reserves, the soil in this plot degraded
to the second degree. Since grazing has a
significant effect on some ecosystem services
(e.g., retention of nutrients, water storage,
reduction of pollution), reduction of these

parameters may result in decreased soil fertility
and, consequently, land degradation (Mamontov
et al., 2012). According to the hypotheses of the
authors, a strong change in the content and
reserves of humus in the pastures of the third
semi-desert zone was the result of excessive
loads from farm animals’ grazing on the
background of the arid climate (Nasiyev et al.,
2015).

On dark chestnut and chestnut soils of the
pastures in zones 1 and 2 with the technology of
weak and moderate grazing, compared to the soil
in the reference plots, the humus content reduced
insignificantly (from 0.11 to 0.22 %), and the
humus reserves in the 0 — 30cm soil layer
amounted to 4.59 — 6.67 %. With a certain degree
of conditionality, it may be assumed that the
humus in the soil in these zones was as though
"preserved" under the influence of grazing,
accompanied by the reduced ingress of the live
and dead plant materials into the soil. It should be
noted that oxidation of the organic matter in the
soil does not occur in the pastures, i.e., the
phenomena resulting in the dehumification of the
arable land due to its annual plowing do not
manifest themselves; hummus is not consumed
there, and formation of plants biomass changes its
species composition and productivity under the
influence of failure (Tesla, 2016; Nasiyev and
Bekkaliyev, 2019).

In the case of intensive grazing, the content
of humus in chestnut and light chestnut soils
reduced by 0.35 - 0.42 %, while the humus
reserves reduced by 10.88 - 12.35 %. With that, in
terms of humus reserves, the soil degraded to the
first degree.

The results of the statistical analysis
confirmed the dependence of the humus content
on the intensity of the pasture use. The intensity of
the changes in the humus content was determined
by the type of soil and had a negative tendency.
This tendency was described by a linear
regression equation. The most significant
reduction in the percentage of humus with an
increase in the grazing intensity was observed in
light chestnut soils of the third semi-desert zone
(Figure 1).

The changes in the humus reserves also
occurred according to the linear function in all
types of soil. Regression analysis showed that the
highest rate of humus reserves reduction
depended on the type of soil and had a linear
tendency. The most intensive reduction of humus
content in the soil with increasing the intensity of
pasture use was observed on the light chestnut
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soils of the third semi-arid zone.

The content of mobile phosphorus and
exchangeable sodium. In chestnut soils, one of the
limiting elements of soil fertility is the content of
phosphorus (Barbara et al., 2016). In this regard,
it is important to maintain the content of mobile
phosphorus in chestnut soils in agricultural use.
According to the results of the studies, the grazing
of farm animals insignificantly changed the content
of mobile phosphorus in chestnut soils of the three
zones of Western Kazakhstan. In the zone of dark
chestnut soils, the reduction of mobile phosphorus
content ranged from 0.23 to 0.59 mg/100 g of soil,
compared to the reference. In chestnut soils of the
pastures in the second zone, the changes in the
content of mobile phosphorus from the reference
were 0.43 - 0.69 mg/100 g of soil. In the third zone
in the light chestnut soils, the content of mobile
phosphorus reduced from 0.10 to 0.41 mg/100 g
of soil, compared to the reference (Table 1).

The U-test showed the effect of the grazing
technology on the response of the effective index
of mobile phosphorus content. In the column with
the p-value in the table, the significance of the
effective index (F) response to the technology by
the soil zones takes the p-value < 0.05. The
exception is the technology of moderate grazing
for the third zone. Based on this indicator,
a conclusion may be drawn that all technologies in
the first, second, and third zones have a significant
effect on the content of mobile phosphorus.

The quantitative expression of this effect is
determined by the difference between the median
for the corresponding technology and the
technology without grazing.

On dark chestnut soils of the first zone, the
difference between the median values of
phosphorus in the case of the technology of weak
grazing, compared to that without grazing, was
0.24 mg/100 g, in the case of the technology of
moderate grazing, the difference was 0.41 mg/100
g, and in the case of the technology of intensive
grazing — 0.61 mg/100 g.

For chestnut soils in the second zone, the
difference between the median values of the
content of mobile phosphorus in the case of the
technology without grazing and that of weak
grazing was 0.45 mg/100 g, in the case of the
technology without grazing and that of moderate
grazing — 0.61 mg/100 g, and in the case of the
technology without grazing and that of intensive
grazing — 0.69 mg/100 g.

For light chestnut soils in the third zone, the
response to the grazing technologies was the

following: weak grazing — 0.1 mg/100 g and
intensive grazing — 0.41 mg/100 g, respectively.
By the significance level of the p-value, the
technology of moderate grazing in this sample did
not cause a significant response to the quantitative
indicator of mobile phosphorus content
(F, mg/100 g).

Thus, it was found that the content of
mobile phosphorus increased with increasing the
intensity of grazing in all types of soil, except for
the moderate grazing technology in the third zone
of light chestnut soils.

In turn, the deterioration of the
physicochemical properties resulted in the
increased content of metabolic sodium in the soil,
which was an indicator of salinity and increased
soil salinization (Nasiev, 2016). In chestnut soils of
pastures of the second zone, the content of
exchangeable sodium, depending on the grazing
technology, increased from 0.08 to 0.32 cmol
(equiv.)/kg, compared to the reference. In the soils
of the pastures, the content of exchangeable
sodium ranged from 4.98 to 5.92 % of the amount
of exchange bases, which corresponded to the
degree of weak alkalinity. In light chestnut soils in
the third zone, with the sum of exchange bases of
15.10 — 15.65 cmol (equiv.)/kg, the content of
exchangeable sodium was 1.41 — 1.65cmol
(equiv.)/kg, or 9.33 — 10.54 % of the cationic
exchange. By the content of exchangeable
sodium, the soil in the pastures with weak and
moderate grazing was weakly alkaline, and the soil
with intensive grazing was medium alkaline.

In dark chestnut soils, the content of
exchangeable sodium, depending on the grazing
technology, amounted to 0.36 — 0.61 cmol
(equiv.)kg, or 1.71 — 2.77 % of the total amount of
exchangeable bases. By the content of
exchangeable sodium, dark chestnut soils in the
first pasture zone were non-alkaline (Table 2).

The U-test showed the effect of the grazing
technology on the response of the effective index
of exchangeable sodium content. In the column
with the p-value in the table, the significance of the
effective index response to the technology by the
soil zones takes the p-value < 0.05. Therefore, all
technologies in the first, the second, and the third
zones had a significant effect on the content of
exchangeable sodium. The technology in this
sample caused a significant response to the
quantitative indicator of exchangeable sodium
content.

The quantitative expression of this effect
was determined by the difference between the
median for the corresponding technology and the
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technology without grazing.

In terms of the grazing technology on the
dark-chestnut soils in the first zone, the difference
between the median value of the exchange of
sodium in the case of the technology of weak
grazing and without grazing was 0.09 cmol
(equiv.)kg, in the case of the technology of
moderate grazing and without grazing
0.29 cmol (equiv.)kg, and in the case of the
technology of intensive grazing and without
grazing — 0.33 cmol (equiv.)/kg.

For chestnut soils in the second zone, the
difference between the median value for the
technology without grazing and weak grazing was
0.09 cmol (equiv.)/kg, for the technology without
grazing and that of moderate grazing — 0.29 cmol
(equiv.)/kg, and for the technology without grazing
and that of intensive grazing — 0.33 cmol
(equiv.)/kg.

For light chestnut soils in the third zone, the
responses to the grazing technologies were the
following: weak grazing — 0.10 cmol (equiv.)/kg,
moderate grazing — 0.19 cmol (equiv.)/kg, and
intensive grazing — 0.34 cmol (equiv.)/kg.

The tests confirmed the presence of a
statistical regularity of increasing the content of
exchangeable sodium in all types of soil with
increasing the intensity of grazing.

Agrophysical indicators. Soil density and
structural coefficient are the most important
indicators of its fertility. They do not provide the
required nutrients to plants, but they can influence
their growth and development. Therefore, the
knowledge of the soil physical characteristics and
the ability to adjust them are required for extended
reproduction of soil fertility (Nasiyev, 2014; Blanco
et al., 2016; Tesla, 2016).

Assessment of the density and the
structural coefficient of chestnut soils in Western
Kazakhstan by the main indicators, depending on
the grazing technology, showed their sensitivity to
trampling. The agrophysical properties of chestnut
soils depended on their types and grazing
technology. However, with the reduction of loads
by the use of weak and moderate grazing
technologies, the physical properties of the
pastures varied considerably compared to the
virgin areas, which could be explained mainly by
grass restoration processes in pastures and,
therefore, by solid soil phase properties and soil
structure stability. Therefore, in the case of weak
and moderate grazing, the deterioration of the
physicochemical properties of the pasture
ecosystems occurred less rapidly than in the case

of intensive grazing (Angassa, 2014; Tesla, 2016).

The analysis of the dynamics of the
structural-and-aggregate composition of dark
chestnut, chestnut, and light chestnut soils
showed certain deterioration in the soil structure
under the influence of prolonged pasture use and
the pronounced tendency to the restoration that
had been observed during the observation period.

Despite the certain deterioration of the
structure under the influence of grazing, the soil in
the pasture areas with weak and moderate grazing
conditions showed good content of agronomically
valuable aggregates and structure due to the
restoration of vegetation. For instance, on dark
chestnut soils with moderate and weak grazing,
the soil structure was 63.83 — 71.20 %, with a
structural coefficient of 1.80 — 2.48.

On chestnut soils in the case of weak
grazing, the soil structure was 65.57 % with the
structural coefficient of 2.73, while in the case of
moderate grazing, the structure was 65.57 % with
the structural coefficient of 1.92.

In the case of moderate grazing, the soil
structure of the pastures with light chestnut soils
(67.50 %), compared to the structural properties of
the soil of the reference plot (75.03 %), reduced by
7.53 %. The structural coefficient of the soil in this
pasture plot was 2.10.

In the case of moderate grazing, the
structural coefficient of the pastures on light
chestnut soils was 1.88, while the soil structure
was 64.41 %, which was 10.62 % less than in the
reference. In all the soil and climatic zones on the
pastures with weak and moderate grazing, the
state of the soil structure was "good".

Intensive grazing can change the soil
structure (Rehadek et al., 2017). In all the types of
chestnut soils with strong grazing, the soil
structure reduced to 53.06 — 60.57 % with the
structural coefficient of 1.22 — 1.50; the soil
structure and the  structural coefficient
corresponded to "satisfactory" (Table 3).

The U-test showed the effect of the grazing
technology on the response of the effective index
of agronomically valuable structural aggregates. In
the column with the p-value in Table 3, the
meaning of the response of the content of
agronomically valuable structural aggregates to
soil-zone technologies takes a p-value < 0.05. The
exception is the technology of weak grazing for the
second zone. Based on this indicator, it may be
concluded that all the technologies in the first, the
second, and the third zones have a significant
effect on the content of the agronomically valuable
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structural aggregates. The quantitative expression
of this effect is determined by the difference
between the corresponding technology median
and non-grazing technology.

On dark chestnut soils of the first zone, the
difference between the median values of structural
aggregates in the case of the technology of weak
grazing, compared to that without grazing, was
5.6 %, compared to that of moderate grazing —
12.95 %, and compared to that of intensive
grazing — 16.89 %.

For chestnut soils in the second zone, the
difference between the median values for the
technology without grazing and that of moderate
grazing was 10.46 %, for the technology without
grazing and that of intensive grazing — 21.2 %.
The technology of weak grazing in this sample did
not cause a significant response in the quantitative
indicator of the content of the agronomically
valuable structural aggregates.

For light chestnut soils in the third zone, the
response to the grazing technologies was the

following: weak grazing — 7.53 %, medium
grazing — 10.13 %, and intensive grazing —
21.97 %.

Based on the obtained results, it may be
concluded that there is a statistical regularity of
decreasing the content of agronomically valuable
structural aggregates with increasing the grazing
intensity for all types of soil, except for the
technology of weak grazing in the second zone of
chestnut soils.

Another fundamental property of the soil is
its density. In contrast to the soil structure, which
is a well-known regulator of the physical conditions
in it, and has only an indirect effect on plants, the
density of the soil directly influences the processes
of their life activity (Khadka et al., 2019).

Without knowing the soil density, it is
impossible to  perform  quantitative  soil
assessment. Therefore, the data about the density
of the soil layers and horizons necessarily
accompany a full description of the soil profile
(Wojciechowski et al., 2020).

Overgrazing may lead to soil degradation
and loss of the fertile topsoil, especially in the case
of little rainfall and significant evaporation (Khadka
et al., 2019). It was confirmed by the results of the
research studies. In the third semi-arid zone with
an arid climate, the soil in the pastures with
intensive grazing in terms of the density degraded
to the third degree, the soil density inthe 0 — 30 cm
soil layer was 1.38 g/lcm?3, or the level of light
chestnut soils density under the influence of

grazing was 13.11 %. Such high soil compaction
creates anaerobic-like conditions in the root layer
and changes the structure of the soil horizons
(Tesla, 2016; Lobanov et al., 2020).

The destructive effect of intensive grazing
on physical properties, especially on soil density,
was reported by many researchers (Nasiyev,
2014; Angassa, 2014; Blanco et al., 2016).

On light chestnut soils in the third zone, the
soil density in the reference plot in the 0 — 30 cm
horizon was 1.22 g/cm3. When grazing was
organized following the technology of weak
grazing, the density changes in the 0 — 30 cm soil
layer were insignificant (1.24 g/cm® or soil
compaction by 0.02 g/cm3®). In the case of
moderate grazing, slight soil compaction from 1.22
to 1.28 g/cms3, or by 4.91 %, was also observed.

The studies also revealed compaction of
chestnut and dark chestnut soils in the first and the
second zones upon the increased load on the
pastures. For instance, in the first dry steppe zone
of dark-chestnut soils with intensive grazing, the
soil was compacted, compared to the density of
the reference plot, by 5.38% (from 1.30 to
1.37 g/cm?3). In the second zone of arid steppes on
chestnut soils, in the case of intensive grazing, the
soil density increased from 1.23 g/cm? (reference)
to 1.30 g/cm3, or by 5.69 %. The soil of these
zones in the case of intensive grazing degraded to
the first degree.

The variation of physical conditions is one
of the factors for preserving and maintaining the
biodiversity, which is important ecological
component of any ecosystem, including the soil
one. Assessment of the parameters of linear
regression allowed concluding that light chestnut
soils had the greatest tendency toward
compaction under the influence of grazing. The
growth rate in the case of changing the technology
was 0.052 g/cm3. The degree of degradation was
the third one. In this regard, the study was very
relevant (Figure 2).

4. CONCLUSIONS:

1. The deterioration of physicochemical
indicators, soil degradation, and salinization
processes are the most common and significant
complications in the management of pasture
ecosystems in Western Kazakhstan, requiring for
the right decisions due to their environmental
impact, as well as reduction of the production rate
of safe livestock products.

2. Physicochemical indicators affect the
soil quality, which leads to deterioration of the
ecological situation in agrocenoses and the
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productivity and state of vegetation of pasture
ecosystems.

3. Technology of moderate cattle grazing is
necessary to solve the problems of qualitative and
efficient use of pastures.

4. The main principle of moderate grazing
technology implies the use of 65-75% of plants in
the grazing season, which, resulting from the vital
activity of plants, contributes to the improvement
of the physicochemical parameters of soils. This
hypothesis is confirmed by the data of standard
assessment methods and statistical analysis of
physicochemical parameters of chestnut soil types
of pasture ecosystems in the territories of three
zones of Western Kazakhstan.

5. The idea and research data serve as a
prerequisite for the development of conservation
measures for the efficient use of pasture
ecosystems outside Kazakhstan, in countries and
regions with similar pasture management
systems.

5. ACKNOWLEDGMENTS:

The work was carried out in the Zhangir
khan West Kazakhstan Agrarian-Technology
University within the framework of program-
targeted financing of the Ministry of Agriculture of
the Republic of Kazakhstan on the topic BR
06249365 “Creating highly productive pasture
lands in the context of North and West Kazakhstan
region and the sustainable use thereof”.

6. REFERENCES:

1. Angassa, A. (2014). Effects of grazing
intensity and bush encroachment on
herbaceous specie and rangeland
condition in southern Ethiopia. Land
Degradation and Development, 25,438-
451.

2. Barbara, F.; Krzysztof, P.; Elzbieta, J. B.;
Tomasz, M. G. (2016). Sheep and Horse
Grazing in a Large-Scale Protection Area
and its Positive Impact on Chemical and
Biological Soil Properties. Polish Journal of
Soil Science, 49(2), 111-123.

3. Baytkanov, K. A. (2017). Experience in the
development and use of salt in the dry
steppe and semi-desert zone. Fodder base
of livestock breeding. Moscow, 53-56.

4. Blanco, A.; Salazar, M. J.; Cid, C. V;
Pereyra, C.; Cavaglieri, L. R.; Becerra, A.
G.; Pignata, L. V.; Rodriquez, J. H. (2016).
Multidisciplinary study of chemical and
biological factors related to Pb
accumulation in sorghum crops grown in

10.

11.

12.

13.

14.

contaminated soils and their toxicological
implications. Journal of Geochemical
Exploration, 166, 18-26.

Conant, R. T.; Paustian, K.; Elliott, E. T.

(2011). Grassland management and
conversion into grassland: Effects on soil
carbon. Ecological Applications, 11(2),
343-355.

Costas, K.; Vassilis, D.; Mina, K.; Kate, K.;
Penny, V.; Luca, S. (2015). Exploring
Long-Term Impact of Grazing
Management on Land Degradation in the
Socio-Ecological System of Asteroussia
Mountains. Greece. Land, 4, 541-559.
Dospekhov, B. A. (2015). Methods of Field
Experimentation. Moscow, 72-90.
Gabdulov, M. A.; Vyurkov, V. V.; Archipkin,
V. G; Turganbayev, T. A
Rakhimgaliyeva, S. J.; Kushenbekova, A.
K.; Baymukanov, E. N. (2018). Methods of
field and laboratory research. Uralsk:
WKATU Zhangir Khan, 41.

Gayevskaya, L. S.; Krasnopolin, E. S.
(2016). Changes in the vegetative cover of
sheep pastures of the Clay desert and the
foothill desert of Central Asia. Botanical
Journal, 7, 156-168.

Khadka, D.; Lamichhane, S.; Bhantana, P.;
Timilsina, A. P.; Ansari, A. R.; Joshi, K. S.
S. (2019). Soil analysis gis-based fertility
assessment and mapping of agricultural
research station. Pakhribas, Dhankuta,
Nepal. Polish Journal of soil science, LII/1,
23-42.

Kubenkulov, K.; Naushabaev, A
Abdirahymoyv, N.; Rustemov, B.;
Bazarbaev, S. (2019). Particularities of

Forming Desert Pastures Near
Settlements of Southern  Balkhash
(Kazakhstan). Journal of Ecological

Engineering, 20(8), 129-134.

Kucera, J.; Podhrazska, J.; Karasek, P.;
Papaj, V. (2020). The Effect of Windbreak
Parameters on the Wind Erosion Risk
Assessment in Agricultural Landscape.
Journal of Ecological Engineering, 21(2),
150-156.

Lobanov, G. V.; Avramenko, M. V.
Protasova, A. P.; Drozdov, N. N. (2020).
Seasonal and long-term changes of
vegetation index of arable lands of Bryansk
region (Central Russia): regularities and
dynamics factors. Periodico Tche Quimica,
34(17), 745-753.

Loris, T.; Jianshuang, Wu.; Roberta, M;
Mauro, P.; Paolo, T. (2019). Estimating soil
degradation in montane grasslands of

Periodico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

199



15.

16.

17.

18.

19.

20.

North-eastern Italian Alps. Heliyon, 5(6),
18-25.

Nasiyev, B. N. (2016). The study of the
processes, degradation factors and the
selection of crops for the restoration of
bioresourses capacity of the grassland and
of semi-desert zones. Research Journal of
Pharmaceutical, Biological and Chemical
Sciences, 7, 2637-2646.

Nasiyev, B. N.; Bekkaliyev, A. K. (2019).
The Impact of Pasturing Technology on the
Current State of Pastures. Annals of Agri-
Bio Research, 24(2), 246-254.

Nasiyev, B. N.; Tulegenova, D,
Zhanatalapov, N.; Shamsutdinov, Z. Sh.
(2015). Studying the impact of grazing of
the current state of grassland in the semi-
desert zone. Biosciences biotechnology
research Asia, 12, 1735-1742.

Nasiyev, B. N. (2014). Innovative
techniques in production of fodder protein
in adaptive crop science of west

Kazakhstan. Life Science Journal, 11(3s),
150-153.

Nordborg, M.; R&6s, E. (2016). Holistic
management. A critical review of Allan
Savory’s grazing method. SLU: Swedish
University of Agricultural Sciences and
Chalmers, 5-15.

O'Mara, F. P. (2012). The role of
grasslands in food security and climate
change. Annals of Botany, 110(6), 1263-
1270.

3.0

[ ]

—Prre—

3
|
|

o

[ == T S

_ e kD b b2

o

[
e

Humus content, %
to

s
L= = ]

0.6 |
0.4 i |

; I %
0.2 5 i
0,0 :

Dark chestnut soils = 2.81-0.13*x

Chestnut soils = 2.17-0.100%x

Weak grazing

21.

22.

23.

24.

25.

26.

T Zone 3 Light chestnut soils

Pz Zone 1 Dark chestnut soils

R

Order No.185 of the Minister of Agriculture
of the Republic of Kazakhstan. (April 27,
2017). On approval of the Measuring
method to combat the degradation and
desertification of pastures, including arid
areas. Retrieved from:
https://tengrinews.kz/zakon/pravitelstvo_r
espublikikazahstan_premer_ministr_rk/sel
skoe_hozyaystvo/id-V1700015128/
Raiymbekov, B. A.; Orazbayev, S. A;
Seitkarimov, A.; Yancheva, Hr. G. (2017).
Promising species of artemisia in the
desert zone of Southern Kazakhstan.
Ecology, Environment and Conservation,
23(2), 1195-1201.

Rehasek, D.; Khel, T.; Kugera, J.;
Vopravill, J.; Petera, M. (2017). Effect of
Windbreaks on Wind Speed Reduction
and Soil Protection against Wind Erosion,
Soil and Water Res, 12(2), 128-135.
Shamsutdinov, Z. Sh. (2012). Long-term
pasture agrophytocenosis in the arid zone
of Uzbekistan. FAN UzR, 6, 45-57.

Tesla, A. B. (2016). Structure of common
black soils in High Volga region under
natural pastures. Vestnik OGU, 1, 310-
312.

Wojciechowski, T.; Mazur, A.; Przybylak,
A.; Piechowiak, J. (2020). Effect of Unitary
Soil Tillage Energy on Soil Aggregate
Structure and Erosion Vulnerability.
Journal of Ecological Engineering, 21(3),
180-185.

] Zone 2 Chestnut soils

| Light chestaut sdils = 1.55-0 18"

e |

it

Moderate grazing

Intensive grazing

Figure 1. The humus content in chestnut soils in the pastures of Western Kazakhstan, depending on

the grazing technology

Periodico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°35)
Downloaded from www.periodico.tchequimica.com

200



Table 1. The content of mobile phosphorus in chestnut soils of the pastures in Western Kazakhstan,
depending on the grazing technology, in the 0 — 30 cm soil layer, mg/100 g

Grazing technology

Zone 1

Dark chestnut soils

Zone 2

Chestnut soils

Zone 3

Light chestnut soils

No grazing 2.00 + 0.047 1.54 £ 0.023 1.05 £ 0.008
Weak grazing 1.77 £ 0.016 1.11+£0.015 0.95 + 0.009
Moderate grazing 1.60 £ 0.018 0.94 + 0.009 0.87 £ 0.093
Intensive grazing 1.41 £ 0.030 0.85 + 0.007 0.64 + 0.004

Table 2. Exchange sodium content in the 0 — 30 cm soil layer of chestnut soils in the pastures of
Western Kazakhstan, depending on the grazing technology, cmol (equiv.)/kg

Grazing technology Zone 1 Zone 2 Zone 3

Dark chestnut soils Chestnut soils Light chestnut soils
No grazing 0.29 + 0.011 0.92 + 0,014 1.30 £ 0.010
Weak grazing 0.36 + 0.005 1.00 £ 0,015 1.41 £ 0.004
Moderate grazing 0.57 £ 0.007 1.20 £ 0.013 1.50 £ 0.015
Intensive grazing 0.61 £ 0.015 1.24 £ 0.012 1.65 £ 0.015

Table 3. The content of agronomically valuable structural aggregates and the structural coefficient of
chestnut soils in the pastures of Western Kazakhstan, depending on the grazing technology in the 0 —
30 cm soil layer, %

Grazing technology Zone 1 Zone 2 Zone 3

Dark chestnut soils Chestnut soils Light chestnut soils
No grazing 77.10 £ 1.30 76.00 £ 1.09 75.03 £ 0.43
Weak grazing 71.20 £ 0.21 71.89+1.05 67.50 £ 0.72
Moderate grazing 63.83 £ 0.24 65.57 £ 0.42 64.91+1.10
Intensive grazing 60.57 £ 0.89 54.82 £ 0.50 53.06 £ 1.31
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