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regime management using drip irrigation. The results of the study showed that ameliorative measures allowed
reducing soil density by 15-20%, which provided improvement of its structure and increased water permeability by
300-400%. This created conditions for a more uniform distribution of moisture in the root-inhabited layer, which
minimised surface run-off by 60-70% and prevented nutrient losses. The application of organic fertilizers increased
the humus content by 15-20%, which improved the chemical composition of the soil and increased its ability to
retain nutrients. Special attention was paid to the biological activity of the soil, which increased by 25-30% due
to the activation of microbial communities. These changes improved the decomposition of organic matter and
increased the availability of nitrogen, phosphorus, and potassium for plants. As a result of application of complex
measures,an increase in wheat and maize yields by 15-20% was observed, which confirmed the effectiveness of the
proposed approaches. The made conclusions demonstrate that the use of deep loosening, organic fertilisation and
drip irrigation in complex is an effective method of restoration of degraded grey soils. The results of the study have
significant practical value and can be recommended for implementation in agricultural production in arid regions

Keywords: land irrigation; soil fertility; crop yields; deep loosening; ecological technologies; agricultural

productivity; water permeability

INTRODUCTION

The relevance of this study is conditioned by the need
to improve the efficiency of land resources use in
Zhambyl oblast, where grey soils are characterised by
low natural fertility and high susceptibility to degrada-
tion processes. The arid climate of the region, limited
water resources and intensive farming lead to soil com-
paction, deterioration of soil structure and reduction of
wheat and maize yields. Ameliorative measures, includ-
ing deep loosening and application of organic fertiliz-
ers, allow not only to improve physical and mechanical
properties of soil, but also to increase its water perme-
ability, humus content and biological activity. This cre-
ates a basis for increasing soil productivity and sustain-
able development of the agrarian sector of the region,
which makes this area of research particularly relevant.

The problematics of the research is related to the
deterioration of grey soils caused by compaction, lack
of organic matter and low biological activity. These
factors lead to a decrease in water-holding capacity
and deterioration of plant access to nutrients, which in
the conditions of arid climate leads to significant yield
losses. The situation is aggravated by intensive tillage
methods and irrational irrigation, which contribute to
the leaching of nutrients, development of erosion pro-
cesses and deterioration of soil structure. Insufficient
study of the influence of complex melioration on fer-
tility of compacted grey soils in conditions of Zhambyl
oblast underlines the necessity of this research. Ana-
lysing the works of other authors, it can be noted that
A.Rau et al. (2023) justified the necessity of introducing
reclamation measures, such as deep loosening and ap-
plication of organic fertilizers, to increase water per-
meability and moisture retention in the soil. According
to the findings of A.T. Aimen et al. (2022) low humus
levels and soil compaction in Central Asia significantly
reduce crop yields.And emphasised that organic matter
application and water regulation effectively increase
soil biological activity. Researchers D. Raiymbekov et
al. (2023) indicate that agronomic measures such as

loosening and water table regulation help to reduce
soil density and prevent erosion.

As noted by S.Razanov et al. (2022), standard inten-
sive farming practices reduce soil fertility, but the in-
troduction of a systematic approach including improve-
ment of soil structure and chemical composition can
achieve significant results. In the studies of Y. Kenjaev
and A. Tursunkulova (2021), the authors draw atten-
tion to the fact that improper irrigation aggravates soil
compaction, but the introduction of drip irrigation and
reclamation measures contributes to the restoration
of soil fertility. According to N.S. Mustakimovna (2021),
the increase in the content of organic matter in the soil
contributes to the increase of its biological activity and
resistance to degradation, which confirms the need to
apply organic fertilizers.

As noted by A. Tadesse and W. Hailu (2024), land
degradation in arid regions requires an integrated ap-
proach,including physical and chemical methods of soil
restoration. As the results of |J. Roziyeva and K.U. Tura-
bayeva (2022),in irrigated soils, the reduction of biolog-
ical activity and nutrient deficiency are compensated by
organic matter application and improvement of water
regime. W.T. de Vries and I. Rudiarto (2023) empha-
sise successful soil rehabilitation strategies, including
measures to reduce compaction and increase humus
content, which is important for degraded soils. As in-
dicated by I. Plisko et al. (2021), the use of spatial diag-
nostics of soil degradation allows to accurately identify
problem areas and effectively plan reclamation meas-
ures, emphasising their importance for fertility restora-
tion. Authors V. Gamayunova et al. (2024) highlight the
key role of resource-saving technologies, including the
use of straw to improve soil fertility. Studies show that
the application of organic material contributes to hu-
mus recovery and increased yields, which confirms the
effectiveness of organic approaches to the reclamation
of grey soils. As noted by N.S. Kaya and O. Dengiz (2024)
soil quality assessment using neutrosophic logic and
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machine learning techniques can accurately identify
factors limiting agricultural land productivity. These
studies emphasise that rehabilitation of compacted
grey soils requires an integrated approach combining
traditional reclamation methods with innovative tech-
nologies and biological approaches.

Thus, the aim of the study was to justify reclamation
measures to improve the properties of compacted grey
soils in Zhambyl oblast and increase their productivity.

MATERIALS AND METHODS

The study was conducted in 2024 (June-August) on the
basis of experimental fields of Taraz Regional Univer-
sity named after M.Kh. Dulaty in Taraz city, Zhambyl
region. The study covered the summer period (vegeta-
tion period from 1 June to 31 August, 92 days), because
at this time the most active processes of soil forma-
tion, dynamics of moisture and temperature regime, as
well as the maximum vegetative activity of wheat and
maize are observed, which allows the most complete
assessment of the impact of reclamation measures.
The climate of the region was characterised by sharply
continental conditions, including hot and dry summers,
with daytime temperatures of +22-30°C and nighttime
temperatures of +15-18°C. The average annual precip-
itation was 120-200 mm, most of it falling in spring,
which required the use of effective moisture conserva-
tion methods to maintain wheat and maize productiv-
ity. The object of the study was compacted grey soils,
on which ameliorative measures were carried out to
improve their physical and chemical characteristics.

The soils of the experimental plot were typical grey
soils with low humus content (1.3-1.4%) and limited re-
serves of available nitrogen, phosphorus, and potassi-
um. Before the experiment, soil samples were analysed,
which revealed neutral acidity (pH 6.8-7) and low bio-
logical activity. The experiment was conducted on one
plot of 1 ha with the use of ameliorative measures, in-
cluding deep soil loosening (to a depth of 30-35 cm) in
combination with the application of organic fertilizers
(over-fermented cattle manure at a dosage of 30 t/ha).
The study was conducted in three repetitions. Watering
was carried out by drip irrigation for uniform moisture
distribution and prevention of erosion processes. Soil
water regime was evaluated by infiltration, water-hold-
ing capacity and evaporation. Infiltration rings were
used to measure water permeability, and field water re-
tention was determined based on the difference in soil
moisture immediately after irrigation and after a cer-
tain time interval. Moisture evaporation was monitored
by hydrometric methods. On the basis of the obtained
data, the influence of land reclamation on soil water
balance and its ability to maintain optimal moisture
level for plants was analysed.

Complex application of loosening and organic ferti-
lizers provided improvement of soil physical and chem-
ical properties. It was expected that loosening would
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reduce soil density, increase its aeration and water per-
meability, and the application of organic matter would
increase humus content, increase nutrient element
availability and soil water-holding capacity. The change
in the number of soil microorganisms was evaluated as
an indicator of soil biological activity. Numbers were
determined by culturing on selective nutrient media,
which made it possible to trace the dynamics of micro-
bial activity change. Measurements were carried out
during the vegetation period. Changes in soil physical
properties, dynamics of water regime, humus and nutri-
ent elements content, as well as activity of soil micro-
biota were analysed. The obtained data allowed objec-
tively assessing the efficiency of applied ameliorative
measures and their impact on soil fertility restoration.
Changes in soil physical properties were assessed by
measuring its density, porosity, and water permeability.
Density was determined by taking cylindrical samples,
which were weighed to calculate volumetric weight.
Water permeability was analysed using infiltration
rings to determine the rate of water infiltration into the
soil. Filtration coefficient was calculated using the Dar-
cy formula (1):

14

K== (1)
where K is the index of soil filtration capacity expressed
in centimetres per hour (cm/h); V is the total volume of
waterthat passed throughthe soil during the experiment
(cm?®); Fis the cross-sectional area of the infiltration ring
through which infiltration occurred (cm?); t is the dura-
tion of the infiltration process measured in hours (h).
Soil chemical condition was studied on the ba-
sis of organic matter, nitrogen, phosphorus, and po-
tassium content. The humus content was determined
by the Turen method (DSTU 4289:2004, 2005), ni-
trogen was estimated by the Kjeldahl method (DSTU
ISO 11261:2001, 2003), mobile forms of phosphorus
were analysed by the standard colorimetric meth-
od (DSTU 4729:2007, 2008), and potassium content
was determined by the flame photometric method
(DSTU 7863:2015, 2016). All data were processed sta-
tistically using analysis of variance. The results were
presented in the form of mean values with indication of
standard errors, which provided reliability of data inter-
pretation and allowed identifying reliable differences

between control and treated plots.

RESULTS

Changes in soil density and porosity before

and after melioration measures

Before the experiment, compacted grey soil showed
high density in the range of 1.45-1.6 g/cm?, which is
critical for plant growth. The pre-intervention soil den-
sity was 1.45-1.6 g/cm® and water permeability was ex-
tremely low (0.05-0.1 mm/min). A drip irrigation system
was applied to maintain a stable soil moisture level.




Such density values limited soil permeability for wa-
ter and air, creating unfavourable conditions for the
development of the root system of wheat and maize.
This problem was especially acute in areas with inten-
sive irrigation, where insufficient water permeability
led to stagnation and erosion processes (Yeraliyeva et
al., 2017). After reclamation measures, including deep
loosening, application of organic fertilizers, as well as
improvement of drainage system, soil density on the
studied plots decreased on average by 15-20%. Final
density values varied in the range of 1.2-1.35 g/cm?,
which corresponds to optimal conditions for most
wheat and maize cultivated under irrigated farming
conditions. This indicates a significant improvement of
soil agrophysical properties, which is confirmed by both
quantitative and qualitative indicators.

The decrease in soil density was accompanied by
an increase in porosity, which is important for water
and air permeability. Before reclamation, the total soil
porosity was about 40-42%, which is obviously insuf-
ficient to ensure a normal regime of moisture storage
and aeration. After the measures this indicator in-
creased up to 50-55%, and active porosity, responsi-
ble for gas exchange and water availability for plants,
increased by 25-30%. Particularly noticeable changes
occurred in the upper soil layer (0-30 cm), where the
bulk of plant roots are concentrated. This increase in
porosity contributes not only to a better supply of mois-
ture to plants, but also to an increase in the biological
activity of the soil.

Reduction of soil density also had a positive effect
on water permeability. Before reclamation measures,
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soil filtration coefficient was extremely low - from 0.05
to 0.1 mm/min, which led to frequent stagnation of wa-
ter on the surface and reduction of irrigation efficien-
cy. After the introduction of reclamation measures, this
indicator increased to 0.25-0.35 mm/min. This allowed
significantly improving moisture distribution over the
soil profile, reducing the volume of surface run-off and
minimising erosion risks. Moreover, the water-hold-
ing capacity of the soil increased, which is especially
important in the arid conditions of the region, where
regular moisture supply plays a key role for wheat and
maize growth (Kamzina et al., 2022).

The findings confirm that reducing soil density im-
proved the mechanical structure of the soil. Soil aggre-
gates with a diameter of 1-3 mm became more stable
and their number increased by 30%. Before the meas-
ures, the stability of aggregates was 30-35%, whereas
after reclamation this indicator increased to 50-55%.
Soil structure stability is an important factor, prevent-
ing reconsolidation and ensuring its stability under
mechanical impact such as tillage or irrigation (Fedo-
niuk et al., 2019; Panchenko et al., 2024). Changes in
soil density and structure resulted in improved condi-
tions for plant growth and higher yields. The reclaimed
plots showed an increase in wheat and maize yields by
15-20% compared to control plots. This is due to im-
proved water-air regime, increased availability of nu-
trients and creation of more favourable conditions for
root system development. In addition, the reduction in
soil density reduced energy inputs for mechanical culti-
vation of fields, which increased the overall profitability
of agricultural production (Table 1).

Table 1. Changes in soil density and porosity before and after reclamation activities

Parameter Before reclamation After reclamation Change (%)
Soil density (g/cm?) 1.45-1.6 1.2-1.35 -15-20
Total porosity (%) 40-42 50-55 +20-30
Filtration coefficient (mm/min) 0.05-0.1 0.25-0.35 +300-400
Aggregate stability (%) 30-35 50-55 +30-50
Yield (c/ha) 25-30 35-40 +15-20

Source:developed by the authors

These results demonstrate the significance of ap-
plication of complex reclamation for restoration and
improvement of physical and mechanical properties of
grey soils in conditions of irrigated farming in Zhambyl
oblast. The obtained data highlight the practical bene-
fits of measures aimed at reducing soil density, which
in the long term contributes to reducing the need for
fertilizers by improving the availability of nutrients, in-
creasing soil resistance to drought due to improved wa-
ter-holding capacity, as well as stabilising soil structure,
reducing its susceptibility to erosion and compaction.
These changes ensure sustainable development of the
region’s agricultural sector and increase the efficiency
of farming in an arid climate.

Change of soil water regime indicators before

and after reclamation measures

The results showed significant improvement of soil
physical characteristics, its water permeability and re-
sistance to erosion. Soil filtration coefficient increased
by 300-400%, which provided significant improvement
of water distribution in the soil profile. Before recla-
mation, the soil was characterised by extremely low
water permeability, due to which a significant part of
irrigation water remained on the surface, causing stag-
nation, water erosion and nutrient leaching. After the
introduction of measures, water began to penetrate
deeper, evenly distributed over the root layer, which
contributed to improved conditions for plant growth.

Scientific Horizons, 2025, Vol. 28, No. 3

71



72

Justification of the impact of complex melioration...

A 60-70% reduction in surface run-off was also a key
result. Before the measures, about 30-40% of irriga-
tion water was lost as run-off, carrying away fertile
topsoil and nutrients. After reclamation, this figure was
reduced to 10-15%, which significantly reduced mois-
ture losses and minimised soil degradation. Improved
water-holding capacity, which increased by 20-25%,
played an important role in stabilizing the water re-
gime. This allowed the soil to retain moisture longer
during dry periods, which was particularly important
for the agricultural sector in Zhambyl province, where
irrigated agriculture depended on the rational use of
water resources.

Total soil porosity increased by 20-25%, which im-
proved conditions for gas exchange and moisture re-
tention, promoting the development of plant root sys-
tems. This directly influenced the efficiency of irrigation
water use, allowing crops to receive moisture evenly
even at minimum irrigation volumes. This effect was
especially significant in conditions of intensive irriga-
tion, where excessive saturation of soil with water pre-
viously caused its compaction and reduced productivity.
Reduction of soil erosion losses by 70-80% was anoth-
er significant achievement. Before reclamation, annual
soil losses due to water erosion were 4.5-5 tonnes/ha,

which worsened its fertility. After implementation of
measures, this indicator decreased to 1-1.5 tonnes/ha.
This improvement was explained by increased soil re-
sistance to surface water flows due to improved soil
structure and increased organic matter content. Organ-
ic matter, the content of which increased by 15-20%,
contributed to the formation of water-resistant aggre-
gates, making the soil more resistant to erosion and
leaching. The 15-20% increase in wheat and maize
yields confirmed the positive impact of reclamation on
soil productivity. Improvement of water regime created
favourable conditions for plant growth, providing their
access to water and nutrients. Especially it was reflected
on grain crops yield, which increased from 25-30 c/ha
to 35-40 c/ha.

The increase in the number of soil microorganisms
by 25-30% also confirmed the positive impact of recla-
mation on the soil. Biological activity increased due to
improvement of its moisture and structure, which cre-
ated favourable conditions for microbiological activity.
Microorganisms played a key role in the processes of or-
ganic matter decomposition and transformation of nutri-
ents into forms available for plants. The growth of their
number contributed to the increase of natural fertility of
soil, making it more resistant to degradation (Table 2).

Table 2. Changes in soil water regime indicators before and after reclamation activities

Parameter Before After Change Notes
melioration melioration (%)
Filtration coefficient (mm/min) 0.05-0.1 0.25-0.35  +300-400 Improved infiltration and moisture redistribution
Surface run-off (% of volume) 30-40 10-15 -60-70 Reduction of water loss and erosion processes
Total porosity (%) 40-42 50-55 +20-25 Increasing pore volume for water and air
Water holding capacity (%) 18-20 23-25 +20-25 Preserving moisture during dry periods
Soil erosion losses (t/ha) 4.5-5 1-1.5 -70-80 Reducing the risk of fertile soil layer washout
Grain yield (c/ha) 25-30 35-40 +15-20  Improving conditions for plant growth and development
Organic matter content (%) 1.2-14 1.6-1.8 +15-20 Increasing the water-retaining properties of the soil
Number of soil microorganisms 2.5-3 3.8-4.2 +25-30 Increased activity due to optimal water regime

(thousand/g of soil)

Source: developed by the authors

The complex effect of reclamation measures was
manifested in the improvement of all key soil charac-
teristics. Increase in filtration coefficient, decrease in
surface run-off and erosion losses, increase in water re-
tention capacity and total porosity - all this contributed
to a significant increase in fertility of sierozem soils.
These results confirmed that integrated land reclama-
tion was an effective tool for improving soil physical
and chemical properties and an important factor for
sustainable development of the agricultural sector un-
der irrigated farming conditions.

Changes in organic matter and nutrient content

Before reclamation activities, the content of organic
matter in the soil was at a low level - on average 1.2-
1.4%. This limited the soil’s ability to retain moisture
and nutrients and reduced its biological activity. Low
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organic matter content also worsened the structural
characteristics of the soil, making it prone to compac-
tion and erosion. After the implementation of a set of
measures including organic fertilizers, siderates and
improved drainage system, the organic matter content
increased by 15-20%, reaching 1.6-1.8%. This signifi-
cant increase in organic matter improved the physical,
chemical and biological properties of the soil, making it
more resilient and more productive. The increase in or-
ganic matter content was accompanied by an increase
in available nutrient elements such as nitrogen, phos-
phorus, and potassium. Before reclamation, the level of
available nitrogen in the soil was about 40-50 mg/kg,
which was insufficient to ensure normal plant growth.
After the measures, this indicator increased by 25-30%,
reaching 60-65 mg/kg. Similar changes were recorded
for phosphorus: its content increased from 15-20 mg/kg




to 25-30 mg/kg. Potassium availability also increased
by 20-25%, which strengthened the overall nutrient
balance of the soil. These changes were related both to
the application of organic fertilizers and to the activa-
tion of soil microorganisms, which accelerated the de-
composition of organic matter and the transformation
of nutrient elements into available forms.

Chemical changes in the soil were also due to the
improvement of its structure and water regime. The in-
crease in organic matter content favoured the formation
of water-stable aggregates, which prevented the leach-
ing of nutrients and increased their availability to plants.
Due to this, the balance of nitrogen, phosphorus, and

igg Before reclamation
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potassium in the soil became more stable, which creat-
ed conditions for uniform nutrition of plants through-
out their vegetation period. The increase in available
nutrient elements directly contributed to higher yields,
which increased by 15-20% compared to control plots.
The research also revealed an increase in the number
of soil microorganisms, which is an indicator of soil bi-
ological activity. Their numbers increased by 25-30%,
which indicated the creation of favourable conditions
for microbiological processes such as mineralisation of
organic matter and nitrogen fixation. This growth addi-
tionally contributed to the increase of available nutri-
ents and strengthening of natural soil fertility (Fig. 1).

B After reclamation
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Figure 1. Changes in organic matter and nutrient content

Source: developed by the authors

The increase in the content of organic matter and
nutrient elements had a complex positive impact on the
ecological sustainability and productivity of the studied
soils.These changes made the soil more resistant to deg-
radation processes,such as compaction and erosion,and
improved its ability to withstand external stresses, in-
cluding intensive irrigation and mechanical cultivation.

Changes in the number of soil microorganisms

and their impact on soil parameters

Before reclamation, the number of microorganisms was
at low level - on average 2.5-3 thousand/g of soil. This
limited the processes of organic matter mineralisation
and worsened biological productivity of soil. The reason
for low activity was both insufficient moisture and avail-
ability of organic matter and compacted soil structure,
which prevented oxygen access. After a set of reclama-
tion measures, including deep loosening, application of
organic fertilizers and improvement of water regime,

the number of microorganisms increased by 25-30%,
reaching 3.8-4.2 thousand /g of soil. This increase was
attributed to improved conditions for microbial activi-
ty, including higher moisture levels, increased organic
matter content and improved gas exchange in the soil.

The restoration of soil biological activity was also
manifested in the acceleration of organic matter de-
composition processes. Increased microbial popula-
tions contributed to more efficient mineralisation,
making nutrients such as nitrogen, phosphorus, and
potassium available to plants. This in turn contribut-
ed to higher yields of wheat and maize. The increase
in soil biological activity also had a positive effect on
its resistance to degradation processes. The increase
in the number of microorganisms favoured the forma-
tion of water-stable aggregates, which increased the
structural stability of the soil. This reduced the risk of
compaction and erosion, especially under conditions of
intensive irrigation (Table 3).

Table 3. Changes in the number of soil microorganisms and their impact on soil parameters

Parameter Before reclamation After reclamation Change (%)
Number of microorganisms (thousand/g) 2.5-3 3.8-4.2 +25-30
Rate of organic decomposition (%) 50-55 65-70 +20-25
Humus content (%) 1.2-14 1.6-1.8 +15-20
Nitrogen availability (mg/kg) 45-50 60-65 +25-30
Soil structure stability (%) 30-35 50-55 +40-50

Source: developed by the authors

Scientific Horizons, 2025, Vol. 28, No. 3
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The restoration of biological activity played a key
role in maintaining ecological balance. Microorganisms,
decomposing organic matter, not only provided plants
with nutrients, but also contributed to the accumulation
of humus, which improved the physical and chemical
properties of the soil. The increase in the number of mi-
croorganisms confirmed the effectiveness of reclamation
measures in increasing the natural fertility of grey soils.

Distribution of yield before and after melioration
The results of the research showed that complex rec-
lamation significantly increased the yield of wheat and
maize on the studied plots. Before reclamation meas-
ures, grain yields were 25-30 kg/ha, which was below
the average level for irrigated farming conditions in
Zhambyl oblast. The main limiting factors were com-
pacted soil structure, low water permeability, weak bi-
ological activity and lack of available nutrients. After
reclamation measures, yields increased to 35-40 kg/ha,
which corresponded to an increase of 15-20%. Such in-
crease was explained by improvement of water regime,
chemical and biological properties of soil. Due to the
decrease in soil density and increase in its porosity, the
access of plant roots to water and air improved. In addi-
tion, the increased content of organic matter and avail-
able nutrients provided plants with everything they
needed for active growth and yield formation. The even
distribution of moisture throughout the soil profile
helped to minimise the risk of drought, which is particu-
larly important in a hot climate region. Increased water
permeability and reduced surface run-off helped to re-
duce water and nutrient losses, providing plants with
optimal nutritional conditions throughout the grow-
ing season. This played a key role in increasing yields.
An additional factor in yield growth was the acti-
vation of soil microflora. The increase in the number of
microorganisms improved the decomposition of organ-
ic matter, accelerated the transformation of nutrients
into available forms and contributed to the accumula-
tion of humus. All this created more favourable con-
ditions for root system growth and efficient resource
assimilation (Fig. 2).

Before reclamation

B After reclamation

Figure 2.Yield distribution before and after reclamation
Source: developed by the authors

As a result of reclamation measures, the efficiency
of crop cultivation has also increased. The increase in
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crop yields led to an increase in the profitability of agri-
cultural production, while the reduction of fertilizer and
irrigation costs due to improved soil properties allowed
optimizing costs. These results confirmed the feasibility
and efficiency of application of integrated land recla-
mation to increase the productivity of irrigated lands.

DISCUSSION

The results of the study showed that complex amelio-
rative measures effectively improve physical, chemical
and biological properties of compacted grey soils of
Zhambyl oblast. Reduction of soil density by 15-20%
after deep loosening was accompanied by a significant
increase in water permeability, which increased by 300-
400%. These changes ensured improvement of soil wa-
ter regime, promoted uniform distribution of moisture
in the root layer and reduced erosion risks. The applica-
tion of organic fertilizers increased the humus content
of the soil by 15-20%, which had a positive effect on
its fertility. Organic matter improved soil structure, in-
creased its water-holding capacity and provided nutri-
ents necessary for plant growth. The biological activity
of the soil also increased, as evidenced by a 25-30% in-
crease in the number of microorganisms. This indicates
the activation of microbiological processes that play
an important role in decomposition of organic matter
and increasing the availability of nutrient elements
(Kravchuk et al., 2024).

Studies by C. Kimani (2021) and L.M. Giuliani et
al. (2024) emphasise the need for an integrated ap-
proach to address soil degradation caused by intensive
land use and anthropogenic factors. C. Kimani notes that
increasing population density leads to increased pres-
sure on soil resources, which contributes to their com-
paction, loss of organic matter and reduction of overall
productivity. This creates additional difficulties for land
rehabilitation, especially under intensive farming condi-
tions. L.M. Giuliani et al. point out the importance of in-
troducing systematic monitoring of soil conditions. The
authors argue that regular monitoring of key character-
istics such as density, humus content and water perme-
ability allows timely identification of degradation zones
and the development of effective restoration strategies.
This study similarly demonstrates that reducing soil
density and improving its water regime play a crucial
role in restoring fertility. The use of reclamation meas-
ures such as deep loosening and organic enrichment
significantly improved soil physicochemical properties.

The works of T.S. Telles et al. (2022), and D.C. Re-
icosky and A. Kassam (2021) highlight conservation
agriculture as a key approach to the restoration of
degraded soils. T.S. Telles et al. emphasise that mini-
mum tillage and conservation of crop residues improve
soil structure, reduce erosion and increase resilience.
D.C. Reicosky and A. Kassam highlight maintaining car-
bon balance in the soil to improve its chemical prop-
erties and reduce carbon dioxide emissions. These




approaches focus on maintaining the natural balance
of the soil and minimizing its mechanical impact. The
present study also demonstrated the importance of soil
organic enrichment, but the approach taken was more
comprehensive. The use of deep loosening has signifi-
cantly improved the physical characteristics of the soil,
including its porosity and water-holding capacity. This
is particularly important in the arid climate of Zhambyl
Oblast, where soils are prone to compaction and mois-
ture loss. In contrast to methods based on minimum
tillage, in this study it was shown that deep loosening
in combination with organic fertilizers creates favoura-
ble conditions for soil regeneration.

A. Rivera et al. (2023) and R.G. César et al. (2021)
emphasise the influence of the surrounding landscape
and soil chemistry management on soil recovery. A. Ri-
vera et al. point out the application of microfertilizers
to improve soil chemical properties and productivity.
R.G. César et al. emphasise the role of vegetation cov-
er and landscape context in maintaining soil resilience
and preventing erosion, noting that the use of natural
mechanisms contributes to long-term land restoration.
This study shows that water management, including
drip irrigation, promotes even distribution of moisture,
which improves its availability to the plant root system
and prevents surface run-off. In contrast to the above
studies, the main focus is on internal soil changes, such
as reduction of density and improvement of structure,
which creates favourable conditions for microbiological
activity. The activation of microbial communities helps
to accelerate the decomposition of organic matter and
increase the availability of nutrient elements for plants
(Onopriienko et al.,2023). This approach makes the pro-
posed measures not only effective, but also adapted to
the conditions of intensive agricultural use, especially
in regions with arid climate.

In the studies of A. Kirci and F. Turkmen (2023) and
J.C. Nwite (2021), the authors emphasise on changes in
land use and their effects on soil physical and chem-
ical properties. A. Kirci and F. Tirkmen point out that
long-term land use without considering erosion factors
leads to loss of organic carbon and deterioration of soil
structure. The authors point out that soil restoration is
possible by improving organic matter management and
erosion control. J.C. Nwite, on the other hand, focuses
on the importance of nutrient replenishment through
fertilizer application to improve soil fertility and pro-
ductivity. In this study, as in these studies, it is demon-
strated that the application of organic fertilizers im-
proves soil chemical properties. However, unlike these
studies, here we additionally consider the impact of
reclamation measures on soil physical characteristics,
including reducing density and increasing water reten-
tion capacity, which makes the approach more compre-
hensive and effective for intensive agriculture.

In the works of S. Lieder and C. Schroter-
Schlaack (2021), and M. Jafari et al. (2022), the authors
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discuss modern approaches to soil management, in-
cluding the use of technology and vegetation to restore
soil properties. S. Lieder and C. Schroter-Schlaack
highlight smart farming as a tool to improve soil man-
agement accuracy, minimise water loss and improve
soil productivity. M. Jafari et al. emphasise the role of
vegetation cover in preventing erosion and restoring
degraded land. In this study, the use of drip irrigation
has effectively managed the water regime by provid-
ing uniform moisture distribution. However, the differ-
ence lies in the study of internal soil changes, such
as activation of biological processes and improvement
of its structure, which makes the proposed measures
more adapted to the conditions of arid climate and
intensive land use.

Studies by Y. Ulko (2022) and S. Laiskhanov et
al. (2023) focus on approaches to fertility restoration
and land reclamation. Y. Ulko emphasises that inno-
vative agro-ameliorative approaches, including soil
structure improvement and soil fertility management,
play an important role in improving the productivity of
agricultural land. S. Laiskhanov et al. consider the re-
habilitation of abandoned land through ecological and
reclamation measures, emphasizing the importance of
improving organic matter content. This study similarly
finds that a combination of deep loosening and organic
fertilizer application contributes to the restoration of
soil structure. However, additional attention is paid to
improving water regime and biological activity, which
makes the proposed measures more universal and
adapted for use in the conditions of Zhambyl oblast.

In the studies of S. Kaldybaev et al. (2022) and
Z. Mazhitova et al. (2022), the authors emphasise the
need for adaptive approaches to land reclamation in
Central Asia and Kazakhstan, taking into account the
ecological conditions of the region. S. Kaldybaev et
al. focus on landscape solutions, such as regulating
water flows and minimizing erosion, to rehabilitate de-
graded lands. Z. Mazhitova et al. analyse the environ-
mental impacts of virgin and fallow land development,
including soil degradation caused by intensive farming.
Both studies agree that restoration of soil structure and
chemical composition is the basis for sustainable land
use. This study supports these conclusions by demon-
strating that reclamation measures, including deep
loosening and application of organic fertilizers, effec-
tively restore soil structure, improve its water-holding
capacity and reduce erosion risks. However, the differ-
ence is that this study additionally considers biological
aspects, including the activation of microbial commu-
nities, making the approach more comprehensive and
versatile. S. Kaldybaev et al. also draw attention to the
importance of water management to prevent overuse.
This aspect echoes the results of this study, where the
use of drip irrigation reduced surface run-off and en-
sured uniform moisture distribution, contributing to the
restoration of the soil water regime.
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In studies by P. Smith et al. (2024) and F.B. Baloch et
al. (2024), the authors examined the influence of soil
characteristics on the sustainability of agricultural
ecosystems. P. Smith et al. emphasised the global state
of soils, stressing the importance of maintaining soil
structure and fertility to prevent degradation. At the
same time, F.B. Baloch et al. analysed the effects of vol-
atile organic compounds produced by rhizobacteria on
plant nutrition and soil health. Both studies confirmed
that active management of soil properties significantly
increased its productivity and tolerance to stress condi-
tions. This study similarly demonstrated that reclama-
tion improved the physical and chemical characteristics
of the soil, but additional attention was paid to its bio-
logical activity, including microbial abundance and its
role in organic matter decomposition.

New approaches to the study of soil stability were
presented in the works of G. Ntsomboh-Ntsefong et
al. (2024), Z. Haj-Amor et al. (2022) and W-P. Zhang et
al. (2024). G. Ntsomboh-Ntsefong et al. considered in-
novative technologies to improve soil productivity,
including conservation agriculture and biofertilizers.
Z.Haj-Amor et al. analysed the effect of salinity on mi-
crobial communities and yields, proving that high salt
concentration impaired soil regeneration capacity. W-
P.Zhang et al. studied agronomic systems with different
rooting strategies, confirming that integrated practices
increased water-holding capacity and improved soil
physical structure. This study supported the findings
of these works, demonstrating the significant effect of
reclamation on improving soil properties. However, the
main difference was the combination of mechanical
loosening with biological enrichment of soil with or-
ganic fertilizers, which provided sustainable results un-
der arid climate conditions. In contrast to W-P.Zhang et
al., not only the influence of agronomic strategies, but
also the dynamics of soil microorganisms involved in
organic matter decomposition were studied here.

Thus, these studies support the need for an inte-
grated approach combining landscape, chemical and
biological measures to restore degraded land. However,
the methods proposed in this study stand out for their
application and effectiveness in arid climate conditions.

CONCLUSIONS

The study was aimed at development and justifica-
tion of effective reclamation measures to improve the
condition of compacted grey soils of irrigated lands
in Zhambyl oblast. An integrated approach including
physical, chemical and biological methods of soil re-
habilitation allowed studying in detail the impact of
reclamation measures on its key properties. The main

focus was on reducing soil density, improving its water
regime, increasing the content of organic matter and
activating biological processes.

The results of the experiment showed that the
use of deep loosening reduced soil density by 15-20%,
which improved its porosity and promoted better air
and water penetration. Soil water permeability in-
creased by 300-400%, which was the basis for uniform
moisture distribution in the soil profile. This minimised
water losses through surface run-off by 60-70%, which
is particularly important for erosion prevention and
nutrient conservation. The application of organic ferti-
lizers provided a significant increase in humus content
by 15-20%, which improved the chemical composition
of the soil. The increase in organic matter improved
its water-holding capacity and the availability of key
nutrients such as nitrogen, phosphorus, and potassi-
um.These changes were directly reflected in improved
conditions for plant growth and productivity. Special
attention in the study was paid to the biological ac-
tivity of the soil. The analysis showed that the num-
ber of microorganisms increased by 25-30%, which
indicates the activation of microbiological processes.
This improved decomposition of organic matter and
increased availability of nutrient elements for plants,
which plays a key role in restoration of soil fertility.
Application of the proposed ameliorative measures
contributed to an increase in wheat and maize yields
by 15-20%. This confirms that an integrated approach
including deep loosening, organic enrichment and
water regime management is an effective method to
restore degraded soils.

Thus, the conducted study has demonstrated that
integrated reclamation measures allow not only to
improve physical and chemical properties of soil, but
also to activate its biological processes. These meth-
ods can be recommended for wide application in arid
regions, where rehabilitation of degraded lands is crit-
ical for sustainable agricultural production. Prospects
for further research include long-term monitoring of
changes in soil characteristics under the influence of
reclamation measures, as well as the study of optimal
dosages and types of organic fertilizers. Additionally, it
is necessary to assess the impact of land reclamation
on soil microbiological community and its relationship
with yield in long-term dynamics.

ACKNOWLEDGEMENTS
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES
[1] Aimen,AT.,Kuandykova,G.T.,Atasheva, D.0.,Sarbasova, G.A.,Moldasheva,A.B., Orynbaeva, U.A., Borkulakova, Z.,
& Kaldygozova, M.A. (2022). Soil reclamation and conservation in the river basins of Central Asia. International
Journal of Ecosystems & Ecology Sciences, 12(2), 441-450. doi: 10.31407/ijees12.216.

Scientific Horizons, 2025, Vol. 28, No. 3



https://doi.org/10.31407/ijees12.216

Kutymbek et al.

[2] Baloch, F.B.,Zeng, N., Gong, H.,Zhang, Z., Zhang, N., Baloch, S.B., Ali, S., & Li, B. (2024). Rhizobacterial volatile
organic compounds: Implications for agricultural ecosystems’ nutrient cycling and soil health. Heliyon, 10(23),
article number e40522. doi: 10.1016/j.heliyon.2024.e40522.

[3] Cesar, R.G., Moreno, V., Coletta, G.D., Schweizer, D., Chazdon, R.L., Barlow, J., Ferraz, S., Crouzeilles, R., &
Brancalion, P. (2021). It is not just about time: Agricultural practices and surrounding forest cover affect
secondary forest recovery in agricultural landscapes. Biotropica, 53(2), 496-508. doi: 10.1111/btp.12893.

[4] de Vries,W.T., & Rudiarto, |. (2023). Testing and enhancing the 8R framework of responsible land management
with documented strategies and effects of land reclamation projects in Indonesia. Land, 12(1), article
number 208. doi: 10.3390/land12010208.

[5] DSTU 4289:2004.(2005). Soil quality. Methods for determination of organic matter. Retrieved from https://online.
budstandart.com/ua/catalog/doc-page.html?id_doc=56400.

[6] DSTU 4729:2007.(2008). Soil quality. Determination of nitrate and ammonium nitrogen in the modification of the
Sokolovsky NSC IGA. Retrieved from https://online.budstandart.com/ua/catalog/doc-page?id_doc=72836.

[7] DSTU 7863:2015. (2016). Soil quality. Determination of easily hydrolysable nitrogen by the Cornfield method.
Retrieved from https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=62745.

[8] DSTUISO 11261-2001.(2003). Soil quality. Determination of total nitrogen content. Modified Kjeldahl method (ISO
11261:1995, IDT). Retrieved from https://online.budstandart.com/ua/catalog/doc-page?id_doc=58935.

[9] Fedoniuk, T.P,, Fedoniuk, R.H., Romanchuk, L.D., Petruk, A.A., & Pazych, V.M. (2019). The influence of landscape
structure on the quality index of surface waters. Journal of Water and Land Development, 43(1), 56-63.
doi: 10.2478/jwld-2019-0063.

[10] Gamayunova, V., Honenko, L., Kovalenko, O., & Baklanova, T. (2024). Resource-saving measures to improve
soil fertility and increase plant productivity through the use of straw. Ecological Engineering & Environmental
Technology, 25(2), 324-332. doi: 10.12912/27197050/177072.

[11] Giuliani, L.M., Warner, E., Campbell, G.A., Lynch, J., Smith, A.C., & Smith, P. (2024). Advancing nature-based
solutions through enhanced soil health monitoring in the United Kingdom. Soil Use and Management, 40(4),
article number e13164.doi: 10.1111/sum.13164.

[12] Haj-Amor, Z., Araya, T., Kim, D.G., Bouri, S., Lee, J., Ghiloufi, W,, Yang, Y., Kang, H., Jhariya, M.K., Banerjee, A., &
Lal, R. (2022). Soil salinity and its associated effects on soil microorganisms, greenhouse gas emissions, crop
yield, biodiversity and desertification: A review. Science of The Total Environment, 843, article number 156946.
doi: 10.1016/j.scitotenv.2022.156946.

[13] Jafari, M., Tahmoures, M., Ehteram, M., Ghorbani, M., & Panahi, F. (2022). The role of vegetation in confronting
erosion and degradation of soil and land. In M.Jafari, M. Tahmoures, M. Ehteram, M. Ghorbani & F.Panahi (Eds.),
Soil erosion control in drylands (pp. 33-141). Cham: Springer. doi: 10.1007/978-3-031-04859-3 2.

[14] Kaldybaeyv, S., Nurseitov,Z., Sapaev, B., Namazov, Kh., & Khodzhasov, M. (2022). Adaptive landscape reclamation
in Central Asia and Kazakhstan and their environmental estimation. AIP Conference Proceedings, 2432(1), article
number 040016. doi: 10.1063/5.0089960.

[15] Kamzina, G.O., Seilgazina, S.M., Suleimenova, S.E., Zakieva, A.A., & Zhamangarayeva, A. (2022). The effects of
NPK fertilization on hay production and some yield components of crested wheatgrass (Agropyron cristatum)
in the dry steppe zone of Eastern Kazakhstan. Eurasian Journal of Soil Science, 11(4), 337-344. doi: 10.18393/
ejss.1162364.

[16] Kaya, N.S., & Dengiz, 0. (2024). Assessment of the neutrosophic Fuzzy-AHP and predictive power of some
machine learning approaches for maize silage soil quality. Computers and Electronics in Agriculture, 226, article
number 109446. doi: 10.1016/j.compag.2024.109446.

[17] Kenjaey, Y., & Tursunkulova, A. (2021). Changes in soil physical properties under the effect of irrigation.
IOP Conference Series: Earth and Environmental Science, 939, article number 012081. doi: 10.1088/1755-
1315/939/1/012081.

[18] Kimani, C. (2021). Impact of human population on land degradation. A critical literature review. Journal of
Environment, 1(2), 1-14. doi: 10.47941/je.622.

[19] Kircl, A., & Tirkmen, F.(2023). Assessment of long-term land use and land cover change effects on soil erosion
and soil organic carbon stock in humid ecosystem condition. Lincean Proceedings. Physical and Natural Sciences,
34(1),199-215.doi: 10.1007/s12210-022-01123-3.

[20] Kravchuk, V., Ivaniuta, M., Ganzhenko, O., & Zaitsev, Ye. (2024). Density of soil composite composition in a
changing magnetic field. Plant and Soil Science, 15(3), 30-43. doi: 10.31548/plant3.2024.30.

[21] Laiskhanov, S., Smanoy, Z., Kaimuldinova, K., Aliaskarov, D., & Myrzaly, N. (2023). Study of the ecological
and reclamation condition of abandoned lands and their development for sustainable development goals.
Sustainability, 15, article number 14181. doi: 10.20944/preprints202307.2008.v1.

Scientific Horizons, 2025, Vol. 28, No. 3

77


https://doi.org/10.1016/j.heliyon.2024.e40522
https://doi.org/10.1111/btp.12893
https://doi.org/10.3390/land12010208
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=56400
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=56400
https://online.budstandart.com/ua/catalog/doc-page?id_doc=72836
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=62745
https://online.budstandart.com/ua/catalog/doc-page?id_doc=58935
https://doi.org/10.2478/jwld-2019-0063
https://doi.org/10.12912/27197050/177072
https://doi.org/10.1111/sum.13164
https://doi.org/10.1016/j.scitotenv.2022.156946
https://doi.org/10.1007/978-3-031-04859-3_2
https://doi.org/10.1063/5.0089960
https://doi.org/10.18393/ejss.1162364
https://doi.org/10.18393/ejss.1162364
https://doi.org/10.1016/j.compag.2024.109446
https://doi.org/10.1088/1755-1315/939/1/012081
https://doi.org/10.1088/1755-1315/939/1/012081
https://doi.org/10.47941/je.622
https://doi.org/10.1007/s12210-022-01123-3
https://doi.org/10.31548/plant3.2024.30
https://doi.org/10.20944/preprints202307.2008.v1

78

Justification of the impact of complex melioration...

[22] Lieder, S., & Schroter-Schlaack, C. (2021). Smart farming technologies in arable farming: Towards a holistic
assessment of opportunities and risks. Sustainability, 13(12), article number 6783. doi: 10.3390/su13126783.

[23] Mazhitova, Z., Shamshidenova, F., Isakhan, G., Kurmangali, G.,Azmukhanova, A., Zhalmurzina, A., & Bibizhamal,
0.(2022).Environmental consequences of virgin and fallow lands development in Kazakhstan. In A. Beskopylny,
M. Shamtsyan & V.Artiukh (Eds.), XV international scientific conference “INTERAGROMASH 2022” (pp. 2327-2337).
Cham: Springer. doi: 10.1007/978-3-031-21219-2 261.

[24] Mustakimovna, N.S. (2021). Factors of soil formation and their evolution in the south of the Zerafshan valley.
Natural Volatiles & Essential Oils Journal, 8(4), 13918-13933.

[25] Ntsomboh-Ntsefong, G.,Mbi,K.T., & Seyum, E.G.(2024).Advancements in soil science for sustainable agriculture:
Conventional and emerging knowledge and innovations. Academia Biology, 2(3). doi: 10.20935/AcadBiol6264.

[26] Nwite, J.C. (2021). Soil fertility and crop nutrition. In J.U. Ogbu, R.S. Bello, V.N. Onyia & M.0. Okoronkwo (Eds.),
Agricultural technology for colleges (pp.47-73). Ishiagu: Federal College of Agriculture.

[27] Onopriienko, D., Makarova, T., Tkachuk, A., Hapich, H., & Roubik, H. (2023). Prevention of degradation processes
of soils irrigated with mineralized water through plastering. Ukrainian Black Sea Region Agrarian Science, 27(2),
9-20. doi: 10.56407/bs.agrarian/2.2023.09.

[28] Panchenko, O., Melnyk, V., & Zhovtun, M. (2024). Change of available soil moisture reserves in agrocenoses of
winter wheat in short rotation crop rotations. Scientific Reports of the National University of Life and Environmental
Sciences of Ukraine, 20(3). doi: 10.31548/dopovidi.3(109).2024.023.

[29] Plisko, I., Byndych, T., Krylach, S., Nakisko, S., & Uvarenko, K. (2021). The diagnostics and cartographic-analytic
assessment of the arable soils degradation in Ukraine by space scanning data. Scientific Papers. Series A.
Agronomy, 64(1), 146-153.

[30] Raiymbekoyv, D., Kutymbek, N., Seitkaziyev, A., Musabekoy, K., & Yessengeldiyeva, P. (2023). Substantiation of
technologies for the restoration of degraded soils by requlating groundwater. International Journal of GEOMATE,
25(109),133-140. doi: 10.21660/2023.109.m2313.

[31] Rau, A, Zhu, K., Nurlan, B., Mirobit, M., Yessenkul, K., Bek, M.H., Nabiollina, M., Kurmanbek, Z., Issakov, Y., Antal,
S.,Ujj,A., & Dénes David, L. (2023). Agronomic and reclamation strategies to enhance soil fertility, productivity
and water accessibility. Frontiers in Sustainable Food Systems, 7, article number 1288481. doi: 10.3389/
fsufs.2023.1288481.

[32] Razanov, S., Melnyk, V., Symochko, L., Dydiv, A., Vradii, O., Balkovskyi, V., Khirivskyi, P.,, Panas, N., Halyna, L., &
Koruniak, O. (2022). Agroecological assessment of gray forest soils under intensive horticulture. International
Journal of Ecosystems and Ecology Science, 12(4), 459-464. doi: 10.31407 /ijees12.458.

[33] Reicosky, D.C., & Kassam, A. (2021). Conservation agriculture: Carbon and conservation centered foundation
for sustainable production. In R. Lal (Ed.), Soil organic matter and feeding the future (pp. 19-64). Boca Raton: CRC
Press. doi: 10.1201/9781003102762.

[34] Rivera,A., Tuba, G., Czellér, K., Kovacs, G., & Zsembeli,J. (2023). Mitigation of the effect of secondary salinization
by micro soil conditioning. Acta Agraria Debreceniensis, 1,115-119. doi: 10.34101/actaagrar/1/3720.

[35] Roziyeva, IJ., & Turabayeva, K.U. (2022). Analysis of morphology, agrochemical, chemical and physico-chemical
properties of irrigated saline, Arzyk-Shoh meadow-saz soils. An International Multidisciplinary Research Journal,
12(3),218-221.doi: 10.5958/2249-7137.2022.00205.1.

[36] Smith,P.,Poch,R.M.,Lobb,D.A.,Bhattacharyya,R.,Alloush,G.,Eudoxie,G.D., & Hallett,P.(2024).Status of the world’s
soils. Annual Review of Environment and Resources, 49, 73-104. doi: 10.1146/annurev-environ-030323-075629.

[37] Tadesse,A., & Hailu,W.(2024). Causes and consequences of land degradation in Ethiopia: A review. International
Journal of Science and Qualitative Analysis, 10(1), 10-21. doi: 10.11648/].ijsga.20241001.12.

[38] Telles, T.S., de Melo, T.R., Righetto, AJ., Didone, EJ., & de Cesare Barbosa, G.M. (2022). Soil management
practices adopted by farmers and how they perceive conservation agriculture. Revista Brasileira de Ciéncia do
Solo, 46, article number e0210151. doi: 10.36783/18069657rbcs20210151.

[39] Ulko, Y. (2022). Reproduction management of soil fertility for innovative approach in agromelioration of
Ukraine. Technology Audit and Production Reserves, 4(66), 24-32. doi: 10.15587/2706-5448.2022.265575.

[40] Yeraliyeva, Z.M., Kurmanbayeva, M.S., Makhmudova, K.K., Koley, T.P., & Kenesbayev, S.M. (2017). Comparative
characteristic of two cultivars of winter common wheat (Triticum aestivum L.) cultivated in the southeast of
Kazakhstan using the drip irrigation technology. OnLine Journal of Biological Sciences, 17(2),41-49.doi: 10.3844/
0jbsci.2017.40.49.

[41] Zhang, W-P,, Surigaoge, S., Yang, H., Yu, R-P., Wu, J-P, Xing, Y., Chen, Y., & Li, L. (2024). Diversified cropping
systems with complementary root growth strategies improve crop adaptation to and remediation of hostile
soils. Plant and Soil, 502, 7-30. doi: 10.1007/511104-023-06464-y.

Scientific Horizons, 2025, Vol. 28, No. 3



https://doi.org/10.3390/su13126783
https://doi.org/10.1007/978-3-031-21219-2_261
https://www.nveo.org/index.php/journal/article/view/2992
https://doi.org/10.20935/AcadBiol6264
https://www.amazon.com/Agricultural-Technology-Colleges-Okoronkwo-Bello/dp/B08XNVDG5R
https://doi.org/10.56407/bs.agrarian/2.2023.09
https://doi.org/10.31548/dopovidi.3(109).2024.023
https://agronomyjournal.usamv.ro/pdf/2021/issue_1/Art17.pdf
https://agronomyjournal.usamv.ro/pdf/2021/issue_1/Art17.pdf
https://doi.org/10.21660/2023.109.m2313
https://doi.org/10.3389/fsufs.2023.1288481
https://doi.org/10.3389/fsufs.2023.1288481
https://doi.org/10.31407/ijees12.458
https://doi.org/10.1201/9781003102762
https://doi.org/10.34101/actaagrar/1/3720
https://doi.org/10.5958/2249-7137.2022.00205.1
https://doi.org/10.1146/annurev-environ-030323-075629
https://doi.org/10.11648/j.ijsqa.20241001.12
https://doi.org/10.36783/18069657rbcs20210151
https://doi.org/10.15587/2706-5448.2022.265575
https://doi.org/10.3844/ojbsci.2017.40.49
https://doi.org/10.3844/ojbsci.2017.40.49
https://doi.org/10.1007/s11104-023-06464-y

Kutymbek et al.

O6r'pyHTYyBaHHS BNJIMBY KOMIJIEKCHOI Meniopauii Ha poatodicTb
YLLiNbHEHUX CipO3eMHMUX FPYHTIB 3poLUyBaHMX 3eMesib XXaMbuncbKkoi o6nacTi

Hypaaynet Kytumbex
LokTopaHT
Ka3axcbKui HaLioOHaNbHWI YHIBEPCUTET BOAHOMO rOCNOAAPCTBA Ta ipurauii
080016, Byn. Kanunwwa Catbaesa, 28, M. Tapas, Pecnybnika KasaxcraH
https://orcid.org/0000-0003-1236-7822

Kyat EctaeB
KaHaunaaT CinbCbKOrocnogapCbKnx Hayk, AOLEHT
KasaxcbKui HauioHanbHWI yHIBEpCUTET BOAHOMO rocnoAapcTBa Ta ipurauii
080016, Byn. Kannwa Catbaesa, 28, M. Tapas, Pecny6nika KazaxcraH
https://orcid.org/0000-0002-2030-1666
Eprani Pycrem
Crapwwuii BUKnagau
Ka3axcbKui HaLioOHaNbHWI YHIBEPCUTET BOAHOMO rOCNOAAPCTBA Ta ipurauii

080016, Byn. Kanunwwa Catbaesa, 28, M. Tapas, Pecnybnika KasaxcraH
https.//orcid.org/0000-0002-1237-9711

Kuaupann Mycabekos
KaHaouaaT TeXHIYHMX HayK, BOLEHT
KasaxcbKui HauioHanbHWI yHiBEpCUTET BOAHOMO rocnoAapcTea Ta ipurauii
080016, Byn. Kannwa Catbaesa, 28, M. Tapas, Pecny6nika KasaxcraH
https://orcid.org/0000-0002-0217-6400

Xamb6ap TypcyHb6aeB

Crapwwuii BUKnagau
Ka3axcbKui HaLioOHaNbHWI YHIBEPCUTET BOAHOMO rOCNOAAPCTBA Ta ipurauii

080016, Byn. Kanunwwa Catbaesa, 28, M. Tapas, Pecnybnika KasaxcraH
https://orcid.org/0009-0008-5541-3562

AHoTauia. MeTolo pocnigkeHHs Oyna po3pobka edeKTMBHMX METOLIB MOMINWEHHS Qi3UYHMX, XIMiYHMX i
6ionoriyHMx BNACTUBOCTEN FPYHTY ANS NiABWLLEHHS MOro MpPOLYKTMBHOCTI Ta CTIAKOCTI A0 Aerpajauii B yMoBax
IHTEHCMBHOTO CiNbCbKOrOCNOAAPCbKOr0 BUKOPUCTAHHA. Y CTATTi NpeacTaBieHo AOCNIAKEHHS BNIMBY KOMMIEKCHUX
MeniopaTUBHMX 3aXOAiB Ha BiLHOBNEHHS YLLiNbHEHUX CEPO3EMIB B yMOBax 3pollyBaHWX 3eMefb YKamMbuncbkoi
obnacTi. EkcnepuMeHTanbHa YacTMHa BKIKOYaNa 3aCTOCYBaHHS IMOOKOr0 po3MnyLlyBaHHS Ta BHECEHHS OpraHiyHMX
[06puB, @ TAKOX YrpaBiHHA BOAHWUM PEXXMMOM 3 BUKOPUCTaHHSAM KpanenbHOro 3poLleHHs. Pe3ynbTaTv 0OCNiAxXeHHS
3aCBigYMAIM, WO MEeNiopaTMBHI 3aX0AM Aanu 3MOTY 3HU3WUTW LWiNbHICTb IPYHTY Ha 15-20 %, wo 3abesneuunno
NONIMNWeHHs MOro CTPYKTYypu Ta 36inbluieHHs BooonpoHMKHOCTi Ha 300-400 %. Lle ctBopwno ymoBM ans BinbLu
piBHOMIPHOro po3noaifny BOA0rM B KOPEHEBMICHOMY LUAPI, WO MiHiMi3yBano noBepxHeBui cTik Ha 60-70 % i3anobirno
BTpaTaM MOXMBHWUX PevyoBUH. BHeceHHs opraHiuyHMx fo6puB cnpusno 36inblieHHI0 BMICTy rymycy Ha 15-20 %, wo
NONIMWKMAO XiMIYHUI CKNag FPYHTY Ta MiABULLMIIO MOr0 34aTHICTb YTPUMYBATU NOXMBHI enemeHTU. Ocobnuey yBary
npuaineHo 6ionorivyHiv akTUBHOCTI FPYHTY, fiKa 3pocaa Ha 25-30 % 3a paxyHOK aKTuBi3auii MiKpOOHMX CMiNBHOT.
LLi 3MiHM mokpalmMam npouecu po3KnafaHHs OpraHiyHoi peyoBMHU Ta NIABUWMAKM JOCTYMNHICTb a3oTy, docdopy i
Kanito ong pocauH. Y pe3ynbTaTi 3aCTOCYBaHHS KOMMIEKCHMX 3aXOAiB CrocTepiranocs 36inbleHHs BPOXaWHOCTI
nweHunui Ta Kykypyasu Ha 15-20 %, wo niarBepamno edekTMBHICTb 3anponOHOBAHWMX NiAXOAiIB. 3pobneHi
BMCHOBKM [EMOHCTPYHOTb, L0 BUKOPUCTAHHS rMOOKOro po3nyLlyBaHHS, OpPraHiyHOro yaobpeHHs Ta KpananHHOro
3pOLUEHHS B KOMMNNEKCI € ePeKTUBHUM METOAOM BifHOB/IEHHS AerpafoBaHUX cepo3eMiB. Pe3ynbtatn fLOCimKEHHS
MatoTb 3HAYYLLY MPaKTUYHY LiHHICTb | MOXYTb 6YTM peKOMeHA0BaHi AN BNPOBaAXEHHS B CifIbCbKOrocnoAapchbKke
BMPOOHMLTBO B NOCYLUAMBUX PerioHax

KniouoBi cnoBa: Meniopalis; 3polleHHs 3eMefb; POAKYICTb I'PYHTIB; YPOXKAMHICTb KyNbTYp; rMMOoKe po3nyLlyBaHHS;
€KONOriYHi TeXHONOTIi; CiNbCbKOrocnoaapcbka NPOAYKTUBHICTb; BOAOMPOHUKHICTb
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