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retention exceeded the control figures by 0.15-0.47 t/ha, reaching maximum values of up to 2.76 t/ha on the
backstage pairs. The correlation coefficient between total water consumption during the growing season and yield
was 0.83, indicating a high influence of the water regime on productivity. The established relationship between
the amount of moisture in the snow and yield was moderate, with a coefficient of 0.42, especially in stubble plots.
The obtained results confirm the high efficiency of snow retention technologies for increasing the water supply of
crops and the sustainability of yields in the steppe conditions of Northern Kazakhstan. Their use is recommended
to optimise the system of agrotechnical measures in the face of increasing climate instability

Keywords: snow accumulation; soil moisture; snow retention; backstage steam; autumn tillage; yield

INTRODUCTION

Global climate change, manifested in higher average
winter temperatures, changes in the structure and
volume of atmospheric precipitation, reduced snow
cover and more frequent droughts, are significantly
transforming hydrological processes in the agricultur-
al landscapes of arid and semi-arid regions, including
Northern Kazakhstan, where a high proportion of the
annual water balance is formed by winter precipitation,
while the decline in snow resources and temperature
instability pose significant risks to the sustainability of
agricultural productivity. The loss of winter moisture
necessitates the development and implementation of
effective agrotechnical measures aimed at optimising
the accumulation and retention of snowfall on fields.
This task is particularly important in the context of en-
suring the resilience of agricultural production systems
to climate change and the adaptation of agriculture to
new hydrothermal conditions.

Changes in snow cover and winter precipitation
vary significantly depending on the climatic conditions
of different regions of the world (Shahini, 2024). In
Asian mountain systems, according to P.Kraaijenbrink et
al. (2021), a decrease in snow moisture threatens the
sustainability of water supply, especially in the face of
rising temperatures. The study by Y. Qin et al. (2020)
noted an increase in agricultural risks as a result of
disruptions in snowmelt in areas dependent on snow
resources. In northeastern China, as shown by M. Pan et
al. (2022), a decrease in snow cover thickness leads to
a decrease in soil moisture content in spring, which
negatively affects the initial phases of crop growth. In
European mountainous regions, according to P. Ebner et
al. (2021), effective management of snow resources is
becoming a key element of adaptive agricultural strat-
egies in the face of climate instability. In Northern Ka-
zakhstan, climate change is particularly acute, posing
significant risks to the sustainability of agricultural
ecosystems (Oshergina & Ten, 2023). As shown in the
study by V. Salnikov et al. (2023), since the beginning
of the 21t century, the region has seen a steady trend
of increasing winter temperatures and decreasing total
precipitation, which leads to a deterioration in the ac-
cumulation of snow moisture. M. Karatayev et al. (2022)
highlighted that the instability of winter moisture in-
creases the risk of spring droughts, which have a critical

impact on the productivity of cereals, especially wheat.
These changes necessitate a review of traditional ag-
ricultural practices to optimise the accumulation of
winter precipitation and stabilise the water balance of
arable land.

Adaptation of agricultural systems to changes in
the winter water regime remains one of the least de-
veloped problems in modern agroclimatic research
(Chabaniuk et al., 2024). The high degree of vulnera-
bility of agricultural production to changes in temper-
ature and winter precipitation regimes was established
in the study by A. Islyami et al. (2020), emphasising the
insufficient development of adaptation scenarios that
consider the specifics of snow moisture. A significant
contribution to the development of spatial planning
methodology was made by S. Baisholanov et al. (2024),
proposing an agroclimatic zonal classification that in-
tegrates the impact of winter precipitation into the sys-
tem for assessing the adaptive potential of agricultural
land. Despite this, comprehensive models focused on
optimising snow retention as one of the key factors in
stabilising spring water availability remain underdevel-
oped. Optimisation of snowfall management methods
to increase spring soil moisture remains one of the
insufficiently studied areas of agrotechnical research
(Pavlova & Litvinoy, 2024). Increase in the content of
organic matter in the soil is considered a promising
direction, which contributes to an increase in its wa-
ter-holding capacity and more efficient use of winter
moisture, as confirmed by the results of numerical mod-
elling presented in M. Feifel et al. (2024). An integrated
approach to assessing the impact of different tillage
technologies on seasonal moisture dynamics was first
implemented by G. Blanchy et al. (2020) using geophys-
ical survey methods, which revealed a high spatial het-
erogeneity of moisture distribution.

Despite the existence of studies on climate change
and agronomic approaches to snow resource man-
agement, complex snow retention models and their
impact on spring water supply in steppe agricultural
landscapes are still insufficiently studied. The study
aimed to evaluate the effectiveness of various agro-
nomic backgrounds and snow retention technologies in
ensuring the accumulation of winter moisture and its
subsequent impact on the soil water regime.
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MATERIALS AND METHODS
Experiment object and conditions. The field experiment
was conducted in 2021-2024 at the experimental sta-
tion of the North Kazakhstan Agricultural Experimental
Station located in the steppe zone of northern Kazakh-
stan. The region was chosen due to a sharply continen-
tal climate, winter precipitation plays a key role in shap-
ing the annual water balance, and the level of water
availability in the spring is critical for the sustainability
of crop yields. The study covered the winter period (No-
vember-March), during which snow cover and moisture
accumulation dynamics were monitored, as well as the
2022-2024 growing seasons (May-August), including
spring wheat sowing, development and harvesting. The
object of the research was agronomic systems of soil
preparation and snow retention aimed at regulating the
water regime in the cold season. Fallow fields with flat-
cut, minimal and zero tillage, backstage fallow, stubble
plots after peas, spring wheat and oilseed rape, as well
as autumn ploughing on grain stubble, were studied.
Each background was studied in two variants: with and
without mechanised snow retention. To evaluate the
influence of water regime on productivity, spring wheat
(Triticum aestivum L.), the most widespread and eco-
nomically important crop in the region, was used, which
is highly sensitive to moisture availability. Sowing was
conducted in the third decade of May when the soil
reached optimum physical maturity. Yields were meas-
ured on 50 m? plots in triplicate using the direct weigh-
ing method with the grain brought to standard mois-
ture content (14%). Field studies in 2022-2024 were
combined with an analysis of the dynamics of the soil
water regime and accumulation of solid precipitation.

Characteristics of the soil and climatic conditions
of the experimental plot. Characteristics of soil and cli-
matic conditions of the experimental site. The climate
of the experimental station is characterised by sharp-
ly continental conditions with a pronounced seasonal
temperature amplitude and moderately low precipi-
tation. The average annual amount of solid precipita-
tion for the period November-March is 89 mm with an
average air temperature of -12.5°C. The hydrothermal
coefficient for the winter period is 0.85, indicating a
deficit water regime (Kazhydromet, 2024). The soils
of the site are carbonate-heavy loamy chornozems of
medium power profile with neutral or slightly alkaline
reaction (pH 7.2-8) and humus content of 4.5-5%. The
mechanical composition is characterised by a predom-
inance of fine particles. The relief is flat, with shallow
closed depressions and the absence of forests, which
contributes to the intensification of wind processes and
affects snow accumulation conditions.

Methods of observation and analysis. Observations
of snow cover were carried out following international
standards set out in the World Meteorological Organ-
isation (2024). Snow gauge surveys were carried out
three times during the winter: in the third decade of
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December, in the first decade of February and before
the snow melt in the second decade of March. At each
stage, the snow cover height and water equivalent of
precipitation were recorded using standard snow gaug-
es and stratified transects to estimate snow density.
The research covered agrotechnical backgrounds with
mechanised snow retention (flat-cutting, minimal, zero,
stubble plots after peas, wheat and flax, autumn tillage)
and control plots without snow retention (flat-cutting,
wheat stubble after peas, autumn tillage, backstage
steam). For a comprehensive assessment of the water
regime, the pre-winter soil moisture reserves, the mois-
ture reserves in the snow at the time of melting and
the moisture reserves before sowing were determined
based on gravimetric measurements and the calcula-
tion of the water equivalent of snow. Winter precipi-
tation absorption was calculated as the ratio of soil
moisture gain to the water content of the snow cover,
incorporating the initial moisture content. Soil mois-
ture was determined by the gravimetric method with
samples dried to a constant weight at a temperature of
105 £5°C following the recommendations of the Food
and Agriculture Organisation (2020).

Statistical processing of the results was performed
using one-way and two-way analysis of variance (ANO-
VA) with Microsoft Excel and Statistica 10. The relia-
bility of differences between variants was assessed at
a significance level of p <0.05. Mean values, standard
deviations and confidence intervals were calculated
for all indicators. Correlation analysis included the cal-
culation of pair coefficients (r) to assess the relation-
ships between pre-winter moisture reserves, moisture
reserves in snow and precipitation assimilation. The
coefficients were interpreted using the Chaddock scale:
r=0.5-0.7 - moderate correlation, r>0.7 - strong cor-
relation. The research conducted complies with current
ethical standards aimed at adhering to the principles
of environmental responsibility when working with el-
ements of agroecosystems. Agricultural practices used
in the field experiments were in line with sustainable
agriculture standards and did not harm biodiversity, soil
structure or the environment. The research methodolo-
gy correlated with the provisions of the Convention on
Biological Diversity (1992), which regulates the princi-
ples of sustainable use of ecosystem components and
conservation of agrobiodiversity.

RESULTS AND DISCUSSION

Meteorological conditions for the study period 2021-
2024. During the 2021-2024 winter seasons in North-
ern Kazakhstan, there was a pronounced interannual
variability in meteorological conditions, including the
amount of precipitation and temperature. The data ob-
tained showed both years with a deficit of precipitation
relative to the average annual norms and seasons with
a significant excess, which led to differences in the dy-
namics of snow moisture accumulation and potential




water availability for agricultural land in spring. For
a more detailed analysis, the total precipitation and
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average monthly temperatures for each winter period
of the study are presented (Table 1).

Table 1. Meteorological indicators for the winter period, 2021-2024

Metric Metric
Year Month — Year Month —
Precipitation,mm Temperature, °C Precipitation, mm Temperature, °C
November 16.8 -7.1 November 744 -1.1
December 17.6 -10.7 December 44.5 -14.2
January 17.2 -14.4 January 31.6 -16.5
February 3.8 -12.3 February 8.8 -16.3
March 8.4 -9.2 March 12.6 -7.2
2021-2022  Overthe 63.8 107 2023-2024 ~ Overthe 171.9 111
winter winter
Average 89 125 Average 89 -12.5
perennial perennial
+/-to the +/-to the
long-term -25.2 1.8 long-term 82.9 14
average average
November 45.7 -8.4 November 45.6 -5.5
December 10.7 -15.7 December 243 -13.5
January 21.6 -13.5 January 235 -14.8
February 16 -13.3 February 9.5 -14
March 28 -3 Average March 16.3 -6.5
2022-2023  Overthe 122 -10.8 (for3 ~ Overthe 119.2 -109
winter years) winter
Average 89 125 Average 89 -12.5
perennial perennial
+/-to the +/-to the
long-term +33 1.7 long-term 30.2 1.6
average average

Source: compiled by the authors

The obtained meteorological data for the winter
periods of 2021-2024 indicate a pronounced interan-
nual instability of moisture conditions, manifested in
the alternation of seasons with a deficit and excess of
solid precipitation.In 2021-2022, the amount of precip-
itation was 63.8 mm, which is 25.2 mm below the aver-
age annual norm (89 mm), indicating a deterioration in
snow moisture accumulation and a potential decrease
in water supply to agricultural land in the spring. In
contrast, in the winter seasons of 2022-2023 and espe-
cially 2023-2024, the above-normal precipitation was
recorded by 33 mm and 82.9 mm, respectively, which
creates the preconditions for an increase in soil mois-
ture reserves. Along with changes in precipitation, the
1.6°C increase in winter temperatures over the three
years of the study increases the risk of premature snow
melting and a shorter period of snow accumulation,
which requires a new approach to the traditional tim-
ing of snow retention measures.

The tendency for winter moisture instability and
an increase in average temperatures identified in the
study is consistent with the results of W. Qi et al. (2020),
which emphasises the crucial role of snow cover as a
natural moisture accumulator, especially in agricul-
tural ecosystems with a short spring growing sea-
son. Under conditions of insufficient accumulation of

winter precipitation, as shown in this study for 2021-
2022, the risk of moisture deficit in the early phases
of crop growth increases significantly. The results of a
study by G.Wilson et al. (2020) confirmed that even with
an increase in total precipitation, changes in the physi-
cal structure of the snowpack and acceleration of melt-
ing processes are possible, which is also reflected in
the recorded increase in average winter temperatures.
These changes can lead to a decrease in the efficiency
of the natural moisture reserve and an increase in the
need for agronomic measures to preserve it.

The recorded fluctuations in the water regime were
accompanied not only by a decrease in total moisture
reserves in years with a deficit of precipitation, but also
by the risk of premature snowmelt in seasons with in-
creased precipitation, indicating instability of moisture
accumulation processes. These results are comparable
to the global trends of increasing snow drought de-
scribed by M. Cowherd et al. (2023), which emphasise
the need for agroecosystems to adapt to increasing
climate instability. Additionally, the dependence of
snowmelt rates on rising winter temperatures identi-
fied in the study is fully consistent with the findings of
M. Meira Neto et al. (2020), demonstrating an increase
in the sensitivity of hydrological processes to changes
in snow cover characteristics. In the light of the data
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obtained on the threat of loss of stored moisture, the
development of effective snow retention systems be-
comes a reasonable task, which is also confirmed by the
results of Y. Xing and X. Wang (2024), who emphasise
the importance of water-saving agricultural strategies
to ensure the sustainability of agricultural production
in the face of increasing climate risks. The fluctuations
in winter precipitation recorded during the study peri-
od, from a deficit in 2021-2022 to an abnormal excess
in 2023-2024, accompanied by a steady increase in av-
erage winter temperatures by 1.6°C above normal, indi-
cate an increasing instability of the winter water regime.
The established variability of snow moisture accumu-
lation and the risk of its premature melting underline
the need to improve snow retention technologies and
adapt agricultural practices to new climatic conditions
to ensure a sustainable soil water balance in spring.

Snow accumulation dynamics in winter. Accord-
ing to 1 snow accumulation measurement carried out
in the third decade of December, 7.4 cm of snow was
accumulated on the flat-cutting pair without snow re-
tention, and moisture reserves amounted to 33.7 mm.

At the same time, 14.9-16.3 cm of snow (+50.3-54.6%)
was accumulated on the flat-cutting, minimum and
zero tines with snow retention, and moisture reserves
were 41.9-50.5 mm (+19.6-33.2%). The coulisse pair ac-
cumulated the maximum amount of solid precipitation
of 20.6 cm, with moisture reserves of 59.7 mm (+43.5%
of the flat-cutting pair), which is at the level of stubble
of grain crops with snow retention. The difference was
less pronounced in the context of the autumn tillage,
with snow depth of 11.5 cm in the background of the
autumn tillage without snow retention and moisture re-
serves of 40 mm, the increase in snow depth from snow
retention was +5.3 cm (31.5%) and moisture reserves
+5.9 mm (12.8%). The minimum efficiency at this stage
was recorded for stubble backgrounds. Thus, when the
snow depth and moisture reserves on wheat stubble
without snow retention were 15.9 cm and 45.6 mm, the
effect of snow retention provided an increase of 2.8-
4.2 cm in height (+15-20.9%) and 4.7-8.7 mm in mois-
ture (+9.3-16%). The dynamics of snow accumulation
during the winter period by experimental variants are
presented in Table 2.

Table 2. Dynamics of snow accumulation during the winter period
in different agronomic backgrounds (November-March), average 2021-2024

Water reserve
in snow, mm

Height, cm

Water reserve
in snow, mm

Water reserve

Height, cm .
in snow, mm

Height, cm

No. Agricultural context
1t measurement

3 measurement

nd
2" measurement (before melting)

Snow retention

1 Flat cutter steam 14.9 41.9 17 48.6 20.3 61.2
2 Minimal steam 15.3 48.9 18.3 55.3 22 66.1
3 No steam 16.3 50.5 19.9 59.9 22.9 68.8
4 Peas (on grain stubble) 16.5 50.6 19.9 62.7 23.1 73.5
5 Wheat (over pea stubble) 20.1 54.3 23.2 64.7 25.8 76.2
6 Wheat (on flax stubble) 18.7 50.3 21.5 62.8 24.2 69.5
7 flax (on grain stubble) 15.6 45.5 19.5 58.3 22.7 68.3
8  Crop stubble (grain stubble) 16.8 459 19.5 62.2 21.8 68.8
Without snow retention (control)

9 Flat cutter steam 74 33.7 8.7 34.7 9.5 37.3
10  Wheat (over pea stubble) 15.9 45.6 17.6 53 19 57

11 Crop stubble (grain stubble) 11.5 40 13.1 44.2 14.3 46.4
12 Backstage steam 20.6 59.7 26.6 69.8 30.3 85.7

Source: compiled by the authors

The high amount of precipitation in the first half of
winter (November, December, January) had a significant
impact on snow accumulation by the time of the 2™
interim measurement in the first decade of February.
According to the results of these measurements, there
was an increase in water reserves in the snowpack by
16.1-22% for stubble backgrounds with snow retention,
and only 14% for stubble backgrounds without snow
retention, compared to the first accounting. Snow accu-
mulation on fallow plots with snow retention amount-
ed to 11.6-15.7% by the first accounting (exceeding the
control by 8.7-12.8%), and on wedge fallow by 14.5%
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(exceeding the control by 11.6%). A high increase was
noted on the backgrounds with autumn tillage, where
the effect of snow retention provided an increase in
moisture reserves of 26.2%, with an excess of 16.7%
over the control.

According to the final record of solid precipitation,
by the time of thawing in the second decade of March,
high moisture reserves were noted on the background
with snow retention and on the backstage steam. Thus,
the increase in snow depth and water reserves in the
steam plots, by the first accounting, is within the follow-
ing limits: flat-cutting steam without snow retention




(control) by 2.1 cm (+22.1%), and moisture by 3.6 mm
(+9.7%), while for flat-cutting, minimal and zero pairs
with snow retention by 5.4-6.7 cm (+26.6-30.5%), and
by 17.2-19.3 mm (+26-31.5%) of accumulated moisture.
The maximum efficiency of snow accumulation was ob-
served on stubble backgrounds and autumn tillage with
snow retention, as well as on the backdrop. Thus, the
early winter tillage with snow retention additionally ac-
cumulated +5 cm (23%) of height and +22.9 mm (33.3%)
of moisture, while the control showed an increase in
height of 19.6% and moisture reserves of 13.8%.0n the
stubble of spring wheat, depending on the predecessor,
24.2-25.8 cm (+22.1-22.7%) and 69.5-76.2 mm of re-
serves (+27.6-28.7%) were accumulated, while the con-
trol showed an increase of 16% in height and 20% in
moisture.On the stubble of legumes and oilseeds, the in-
crease is also within the stubble background with snow
retention, +28.6-31.3% in height, and +31.2-33.4% in
moisture reserves. In the case of the wings, with a max-
imum snow layer height of 30.3 c¢cm, the increase was
32%, while the moisture reserves increased by 30.3%.

The effectiveness of snow retention according to
the results of snow accumulation assessment is ex-
pressed by an excess of moisture content by 16.5-25.2%
on stubble backgrounds, by 32.6% on early winter
crops, and by 39.1-45.8% on fallow plots, compared
to plots without snow retention. This proves the ex-
treme need for snow ‘reclamation”, regardless of the
year, accumulating almost all the transported snow.
Long-term research by the North Kazakhstan Agricul-
tural Experimental Station in this area shows that in
the open steppe, on untouched backgrounds, no more
than 50-60% of the total snowfall is retained by grain
stubble and 30-40% by corn residues. In terms of mois-
ture content, the black fallow exceeds the black fallow
without snow retention by 56.5%, and the fallow with
snow retention by 19.7-28.6%, which, based on 3 years
of data, makes this type of fallow highly efficient in ac-
cumulating solid precipitation, both in winters with lit-
tle snow (season 2022) and winters with medium and
high precipitation (seasons 2023, 2024).

The results of the three-year monitoring of snow
accumulation dynamics showed that the use of snow
retention technologies provides a significant increase
in soil moisture reserves by the time of spring thaw.
The highest level of solid precipitation accumulation
was recorded on the background of the winged plough,
where the snow cover reached 30.3 cm and moisture
reserves were 85.7 mm, which was 56.5% higher than
on the flat-cutting plough without snow retention.
These data emphasise the critical role of effective
snow accumulation for water resources formation,
which correlates with the conclusions of D. Molden et
al. (2022), emphasising the importance of snowfall as
the main source of water supply for water systems in
Asian steppes and mountainous regions. Similarly, the
study by G. Mez@si (2022) noted that disruptions in
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snow cover structure due to climate change significant-
ly increase the risk of water shortages during spring
vegetation growth, which is consistent with the trend
identified in this study of the need for targeted man-
agement of winter precipitation.

Comparative assessment of agrotechnical back-
grounds showed that systematic snow retention in-
creases the efficiency of moisture accumulation not
only on fallow plots, but also on stubble backgrounds.
The water reserves in the snow cover on variants with
snow retention exceeded the control values by 16.5-
45.8%, depending on the agro-background and winter
conditions. These results correlate with the findings of
A. Canet-Marti et al. (2023) determined that minimum
tillage methods and the preservation of crop residues
contribute to improving the water balance in agroeco-
systems by increasing the water-holding capacity of the
field. Similar trends were also identified by R. Amami et
al. (2021), where the effectiveness of soil surface man-
agement techniques was directly correlated with an
increase in water permeability and moisture accumula-
tion in the profile, which confirms the validity of using
snow retention as an element of adaptive farming tech-
nology in Northern Kazakhstan.

Additionally, the tendency for earlier snowmelt in
areas without snow retention identified in the study cor-
relates with the Q data. According to Q. Fu et al. (2015),
the thermal interaction of snow and soil in conditions
of insufficient snow accumulation leads to accelerat-
ed evaporation processes and reduced soil moisture
recharge in the transitional winter-spring period. This
further emphasises the importance of not only accu-
mulating but also retaining snowfall to maintain the
stability of the water regime of agricultural land in a
changing climate. Thus, according to the results of the
summary assessment of snow accumulation over the
3-year observation period, the highest amount of pre-
cipitation during the winter period, as well as its uni-
form accumulation, was noted for wing steam 85.7 mm,
with a snow depth of 30.3 cm, wheat stubble over peas
76.2 mm,with a height of 25.8 cm,and pea stubble over
wheat 73.5 mm, with a height of 23.1 cm (Fig. 1).

The minimum effect of snow accumulation was
recorded on the pair of flat-cutting and fallow back-
grounds without snow retention, where moisture re-
serves amounted to 37.3-46.4 mm (snow depth 9.5-
14.3 cm), with most of the accumulated precipitation
formed in early winter, by the time of the first account-
ing, up to 86-90%, and further had a weak accumulative
effect by the end of the winter period. The monitoring
results showed that the use of snow retention technol-
ogies provides a significant increase in soil moisture
reserves regardless of variations in winter conditions.
The highest efficiency in accumulating solid precipita-
tion was demonstrated by the wing steam and stubble
backgrounds with snow retention, which is confirmed
by both quantitative indicators of snow cover and

Scientific Horizons, 2025, Vol. 28, No. 7
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water equivalent and their stable dynamics during the
winter period. The identified patterns emphasise the
need for widespread implementation of snow retention

90
80
70
6

5
4
3
2
1

o O O o o

o O

B 1stmeasurement

measures to stabilise the water balance of arable land
in the face of climate instability and the growing risk of
spring moisture deficit.

2" measurement M 374 measurement

Flat cutter Crop stubble Wheat (on Backstage Flat cutter ~Minimal No steam SR Wheat (on Wheat (over flax (on Peas (on Crop stubble
NSR (grain  flax stubble) steam NSR steam SR steam SR flax stubble)pea stubble)  grain grain (grain
stubble) NSR SR SR stubble) SR stubble) SR stubble) SR
NSR

Figure 1. Dynamics of accumulation of moisture reserves
in snow on different agrotechnical backgrounds based on the results of 3 measurements

Note: NSR - no snow retention; SR — snow retention
Source: compiled by the authors

Impact of winter precipitation on soil moisture re-
serves. The main reasons for the difference in rainfall
absorption, both by year and by crop rotation predeces-
sors, are significant differences in the initial soil mois-
ture reserves and the amount of precipitation during
the period under consideration. The moisture content
of the soil has a significant impact on the absorp-
tion of precipitation by the soil. In most cases, fields
with lower moisture reserves in autumn experience
more intensive moisture absorption and accumulation

during snowmelt. In October-April, the average absorp-
tion of precipitation by the one-metre layer of soil for
different predecessors in crop rotations ranged from
43.6 to 53.5%. According to the results of observations,
the content of pre-winter moisture reserves in the soil
was high and ranged from 74.2 mm (flax stubble) to
148.7 mm (zero fallow). At the same time, the maximum
moisture content was recorded in the fallow plots at
117.2-148.7 mm, exceeding the stubble background by
36.7-41.4% (Table 3).

Table 3. Soil moisture balance by the sowing period,
incorporating pre-winter moisture and moisture reserves in snow, average 2022-2024

. Moisture Moisture e e
Pre-winter . . Utilisation
. Snow . . reserves in snow +/-to control reserves in R
No. Agricultural context R soil moisture . i, o . of winter
retention (by the time of  conditions, %  the soil before L o
reserves, mm R X precipitation, %
melting), mm sowing, mm
1 Flatcutter steam - 134.1 373 - 1034 0
(control)
2 Wheat stubble (control) - 79.7 57 - 88.7 10.2
Crop stubble (grain ) )
3 stubble) (control) 86 464 729 0
4 Backstage steam - 117.2 85.7 +130 145.2 19.3
5 Flat cutter steam + 1341 61.2 +64 141.9 5.5
6 Minimal steam + 1411 66.1 +77 148.3 5
7 No steam + 148.7 68.8 +84 1513 2
8 Peas (on grain stubble) + 87.2 73.5 +28 113.7 23.3
Wheat
9 (over pea stubble) + 79.7 76.2 +34 1275 37.5
10 Wheat (on flax stubble) + 83.2 69.5 +18 106.4 21.8
11 flax (on grain stubble) + 74.2 68.3 +20 109.6 323
12 Crop stubble + 86 68.8 +48 106.3 19.1
(grain stubble)
LSD, s 3.28

Source: compiled by the authors
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In addition, to assess the soil moisture balance, the
table shows data on the moisture reserves in snow at
the time of melting (actual accumulated precipitation
in snow over the winter period). Thus, on average, the
variants of snow accumulation technology accumulated
20-130% more moisture on different backgrounds com-
pared to the control variants. For steam backgrounds,
the maximum effect was noted for the backstage steam
+130% compared to the control (flat-cutting steam
without snow retention), and for the zero steam +84%
compared to the control (flat-cutting steam without
snow retention). For stubble backgrounds, the differ-
ence is much lower, given the relatively high moisture
reserves in the wheat stubble control without snow re-
tention. At the same time, the maximum effect of snow
retention was observed for stubble of wheat after peas
+34%, and stubble of peas after grain +28% compared
to the control. The effectiveness of snow retention on
the background of early winter stubble was expressed
by an increase in snow moisture of +48% compared to
the control (winter stubble without snow retention).

The use of snow accumulation measures, such as
snow retention, leaving high stubble, sowing wings, etc.,
achieved a snow layer thickness of up to 35-40 cm. As
a result of better snow accumulation, soil moisture re-
serves increase by 30-50 mm by the beginning of sow-
ing, and spring wheat yields increase by 1.9-2.2 c/ha.
Thus, according to this study, the moisture reserves be-
fore sowing were in the range of 103.4-151.3 mm on
fallow plots, with the excess of fallow plots with snow
retention (flat-cut, minimal, zero) being 38.5-47.9 mm
(+27.1-31.6%),and the excess of wing fallow by 41.8 mm
(+28.8%) compared to the control (flat-cut fallow with-
out snow retention). On stubble backgrounds, the in-
crease in moisture reserves for sowing is much lower,
with an indicator of 88.7 mm on the control (wheat
stubble without snow retention), 17.7-38.8 mm (16-
30%) on grain stubble with snow retention, and 20.9-
25 mm (19-22%) on oilseeds and legumes. In the con-
text of early winter with snow retention, the increase
was 33.4 mm, or 31%, compared to the control (winter
without snow retention).

Incorporating the content of pre-winter moisture
reserves in the soil, as well as the actual moisture con-
tent in the soil by the time of sowing, it is possible to
calculate the proportion of winter precipitation ab-
sorption, depending on the agrotechnical background.
According to the results obtained, a zero or even neg-
ative balance was observed on the backgrounds of
stubble-free flat-cut, winter tillage pairs without snow
retention. At the same time, the stubble background
without snow retention has a certain increase, within
10.2%, provided by the accumulation of snow to the
height of the stubble left in autumn. The minimum
effect was observed in the follow-up plots, with snow
retention not exceeding 2-5.5%, mainly due to high
pre-winter moisture. The exception is the wing follow,

Lutchenko et al.

with a level of winter precipitation absorption of 19.3%,
obtained due to higher moisture reserves in snow and
lower pre-winter moisture. Thus, according to the re-
sults of average annual observations, this type of steam
provides equal moisture reserves for the sowing period,
with zero and minimal steam having a stubble back-
ground during the entire period of moisture accumula-
tion, and additional snow retention in winter. The maxi-
mum efficiency of winter precipitation assimilation was
observed on stubble backgrounds with snow retention,
for stubble of cereals 21.8-37.5%, legumes and oilseeds
23.3-32.3%, and early winter crops 19.1%, which indi-
cates the urgent need for annual snow accumulation
measures on these backgrounds.

Determination of correlations between pre-win-
ter soil moisture reserves, snow moisture reserves at
the time of melting and winter precipitation assimi-
lation established distinct patterns of water regime.
The high direct correlation coefficient between the
moisture reserves in snow and the level of precipita-
tion absorption (r=0.67) indicates the leading role of
winter precipitation in replenishing productive mois-
ture, with insufficient autumn moisture. At the same
time, an inverse relationship was found between the
initial soil moisture in autumn and the absorption of
snow water (r=-0.65), which reflects a decrease in the
water absorption capacity of waterlogged soils. These
results are consistent with the hydrophysical features
of the soil profile structure, where saturation of the
upper horizons limits further moisture penetration
during snowmelt. Assessment of the degree of influ-
ence of both factors on the final water balance by the
sowing period showed the presence of significant cor-
relations of medium and high strength (r=0.57 - 0.66),
which emphasises the complex nature of moisture ac-
cumulation processes. Thus, improving snow retention
efficiency is only possible with an integrated approach
that takes into account the initial level of pre-winter
soil moisture. In the steppe zone of Northern Kazakh-
stan, optimisation of agrotechnical measures to regu-
late the water regime, including both snow accumu-
lation and control of autumn moisture reserves, is a
necessary condition for stabilising crop productivity in
the context of changing climatic conditions.

The analysis of the data obtained showed that the
effect of winter precipitation on the water regime of
arable land varied significantly depending on the ag-
ronomic background and pre-winter moisture reserves.
According to the observations, on backgrounds with
high pre-winter moisture (vapour), the absorption of
winter precipitation was minimal (2-5.5%), while on
stubble plots with snow retention, the absorption effi-
ciency reached 21.8-37.5%. These results correlate with
the findings of W. Yan et al. (2021), determining that
under conditions of different soil cover and crop resi-
due structure, the soil response to winter precipitation
varies significantly, with surfaces with crop residues
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providing more efficient moisture accumulation. The
role of pre-winter moisture reserves in determining the
efficiency of precipitation absorption was indicated by
the study by J. Martinez-Fernandez et al. (2021), which
emphasises the effect of soil “memory”: the higher the
moisture content before the start of winter, the lower
the subsequent absorption of precipitation. This pat-
tern was reflected in the present study, which found
an inverse correlation between the level of autumn
moisture and winter moisture uptake (r=-0.65), which
is consistent with the concept of reducing the water ab-
sorption potential of waterlogged horizons. The role of
winter precipitation accumulation in the water balance
is confirmed by F. Avanzi et al. (2021), demonstrating
that an accurate assessment of the winter precipitation
regime (especially snow characteristics) is critical for
predicting water storage. The present study revealed a
similar trend: fields with effective snow retention accu-
mulated up to 130% more moisture in the snow cover
compared to control plots.

The results of the comparative analysis of agro-
nomic practices showed that the wagon steam and
stubble backgrounds with snow retention provided the
highest moisture reserves by the sowing period. These
results correlate with the data of A. Rucins et al. (2024),
where long-term studies on chornozems confirmed the
effectiveness of mulching and minimal tillage in stabi-
lising spring moisture reserves. A significant increase
in moisture by 30-50 mm, provided by snow retention
measures, is critically important for agroecosystems in
arid regions. A comprehensive analysis of the dynamics
of snow accumulation and moisture uptake presented
by B. Dafflon et al. (2023) confirmed that the structure
of the vegetation cover determines both the rate of
snowmelt and the amount of available soil moisture
in spring. Incorporating the identified patterns, opti-
misation of agrotechnical measures to manage winter

precipitation, including the introduction of snow reten-
tion and preservation of plant residues, is considered
a priority area for adaptation of agriculture to climate
risks, which correlates with the findings of A. Demo and
G. Asefa Bogale (2024) on the need to integrate wa-
ter-saving technologies.

The analysis of the impact of agronomic measures
on the dynamics of winter precipitation and soil mois-
ture reserves showed the high efficiency of snow re-
tention technologies on different backgrounds. The use
of mechanised snow retention on fallow and stubble
plots provided a significant increase in spring mois-
ture reserves, which confirms the critical role of snow
management in stabilising the soil water regime. The
established correlation between the structure of plant
residues and the efficiency of precipitation absorption
underlines the need to integrate snow cover preserva-
tion technologies into adaptive farming practices. The
results demonstrate that optimisation of winter water
management methods is one of the keyways to in-
crease the resilience of agroecosystems in the context
of increasing climate risks. The data presented form the
basis for further improvement of agrotechnical solu-
tions aimed at stabilising the water balance of arable
land in the steppe regions.

Influence of water regime on spring wheat produc-
tivity. The determining effect of moisture accumulation
in winter is its impact on the final productivity of crops.
According to the research results, the yield of spring
wheat on backgrounds without snow accumulation was
in the range of 1.74-2.29 t/ha, while snow accumula-
tion measures increased productivity to 1.95-2.76 t/ha,
with an increase of 0.15-0.47 t/ha on backgrounds (or
+11-17%). The maximum yield increase was obtained
in the fallow plots, within the range of 0.28 (zero fal-
low) to 0.47 t/ha (backstage fallow), as well as in the
autumn tillage +0.38 t/ha (Table 4).

Table 4. Influence of water regime on spring wheat productivity depending
on agronomic backgrounds, average for 2022-2024

. . Moisture
Moisture reserves Moisture . . .
. Snow . . consumption Spring wheat  Increase in
No. Agricultural context . in the soil before reserves before X . .
retention X . during the growing yield,t/ha  control, t/ha
sowing, mm cleaning, mm N
season, mm
g Flatcutter steam . 103.4 55 256.4 2.29
(control)
2 Autumn tillage 72.9 475 233.4 174
(control)
3 Backstage steam 145.2 61.8 291.4 2.76 0.47
4 Flat cutter steam + 141.9 56.2 293.7 2.62 0.33
5 Minimal steam + 148.3 67.5 288.8 2.68 0.39
6 No steam + 151.3 71.6 2877 2.57 0.28
7 Autumn tillage + 106.3 53.6 260.7 2.12 0.38

Note: moisture consumption during the growing season is calculated covering the total precipitation in May-August

(average 208 mm in 2022-2024)
Source: compiled by the authors
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The average yield increase was significantly influ-
enced by high precipitation during the growing season
of 2022-2024,and it is logical to assume that with a de-
crease in the supply of precipitation during the growing
season, the effectiveness of snow storage measures will
increase by a multiple. The average moisture consump-
tion during the growing season required for the forma-
tion of spring wheat yields was in the range of 233.4-
293.7 mm. According to studies of winter precipitation
conservation on the Great Plains, economically viable
spring wheat production required an annual withdraw-
al of about 250-400 mm of water from the soil. At the
same time, high moisture consumption rates were ob-
served on steamy plots of 287.7-293.7 mm, which nat-
urally affects the maximum yield in these areas. The

0 1 2 3 4 5
e Moisture reserves in snow, mm
« Moisture consumption during vegetation, mm*
Spring wheat yield, tonnes/ha
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increase in moisture consumption on the backgrounds
with snow retention is in the range of 31.3-37.3 mm
(+12.2-14.5%) on fallow plots, by 17.5-33.1 mm (+7.2-
13.6%) on stubble plots, compared to plots without
snow accumulation measures.

Assessment of the influence of the factors of the
amount of moisture in the snow during the winter peri-
od and moisture consumption during the growing sea-
son on the final yield of spring wheat shows that the
total moisture consumption during the growing season
directly affects the formation of yield, while the amount
of water in the snow correlates with the yield to a less-
er extent, especially for stubble backgrounds (variants
8-12), where high water content in the snow has little
effect on increasing productivity (Fig. 2).

. y=-0.5735x2 + 9.5601x + 233.82

.............oo..cccoco..boooccoucoo-‘M"‘oo...'

] ...:.:::::::c..-c.occ.oc...
........ 9
.....

y=-1.05x2 + 14.531x + 230.37

y=-1.8576x2 + 23.457x + 174.82

7 8 9 10 11 12

eesseee Polynomial (moisture reserves in snow, mm)

Polynomial (moisture consumption during vegetation, mm®)
Polynomial (spring wheat yield, tonnes/ha)

Figure 2. Relationship of spring wheat yield with the amount
of moisture in snow and total moisture consumption during the growing season

Source: compiled by the authors

The correlation assessment of the data also con-
firms the obtained dynamics. Thus, the closeness of the
correlation between the total moisture consumption
during the growing season and productivity is 0.83,
which, according to the Chaddock scale, corresponds to
a high level of dependence, while the closeness of the
relationship between the amount of water in the snow
and productivity is 0.42, which corresponds to a moder-
ate level of dependence. The assessment of the impact
of water regime on spring wheat yield is consistent with
the results of other studies. Thus, according to L. Kiew-
iet et al. (2022), the spatial and temporal variability of
moisture supply has a decisive impact on the efficien-
cy of water balance formation and the productivity of
agricultural landscapes in the transitional rain-snow
zone, which confirms the need to optimise agronom-
ic measures for the accumulation of winter precipita-
tion. The study by M. Khan et al. (2020) determined that
agrometeorological drought events, assessed through
standardised soil moisture and precipitation indices,
significantly affect grain yields, especially when effec-
tive moisture reserves decrease during critical phases

of the growing season, which is fully consistent with
the observed decrease in productivity in variants with
low snow retention.

Additionally, as shown by K. Gavabhi et al. (2020), ef-
fective moisture management in agricultural systems
requires integrated monitoring of soil moisture and
transpiration flows, as underestimation of latent mois-
ture losses can lead to underestimation of yield-limit-
ing factors. This concept is in line with the high depend-
ence of productivity on total moisture consumption
during the growing season (r=0.83), in contrast to the
moderate influence of winter precipitation. In turn, ac-
cording to R.P. Allan et al. (2020), changes in the global
water cycle, including the redistribution of precipita-
tion and increased aridity in some regions, require the
adaptation of agricultural technologies to new water
supply conditions, which emphasises the relevance of
snow retention to stabilise production performance in
the steppe zone of Northern Kazakhstan. The study con-
firmed that an increase in pre-season moisture reserves
due to snow retention provides a significant increase
in spring wheat yields in the steppe zone of Northern
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Kazakhstan. The highest productivity was achieved on
fallow plots with an optimised water regime. The high
correlation between total moisture consumption and
yield underlines the need for integrated water man-
agement in the face of climate instability. The results
obtained substantiate the prospects of using snow re-
tention and water conservation technologies for sus-
tainable agriculture.

CONCLUSIONS

The study comprehensively assessed the impact of win-
ter precipitation and snow retention measures on the
formation of the water regime and spring wheat pro-
ductivity in the steppe zone of Northern Kazakhstan. It
was found that in the conditions of high interannual
variability of winter precipitation (from -25.2 mm to
+82.9 mm from the norm) and an increase in the av-
erage winter temperature by +1.6°C, the effectiveness
of water regime regulation is critical for the stability
of agriculture. The use of snow retention provided an
increase in snow cover height by 26.6-32% and an in-
crease in precipitation water equivalent by 26-33.4%
compared to the control variants. The maximum mois-
ture reserves in the snow cover were achieved on
the background of wedge steam (85.7 mm), which is
56.5% higher than the steam flat-cutting background
without snow retention. This indicates the high effi-
ciency of structured surfaces in the accumulation of
solid precipitation.

The soil moisture balance showed that the use of
snow retention technologies increased moisture re-
serves by the time of sowing by 27.1-31.6% on fallow
plots and by 16-30% on stubble plots. The most effi-
cient absorption of winter precipitation was recorded
on stubble plots, ranging from 21.8 to 37.5%. The cor-
relation analysis revealed a high positive correlation
between the moisture reserves in snow and the level
of its absorption by the soil (r=0.67) and an inverse

relationship between the autumn level of soil moisture
and the absorption of precipitation (r=-0.65). This em-
phasises the need to account for the initial soil mois-
ture conditions to optimise water-saving measures.

Assessment of the influence of water regime on
productivity showed that snow retention provided an
increase in spring wheat yield by 0.15-0.47 t/ha, which
corresponded to an increase of 11-17% depending on
the agrotechnical background. The maximum yield
(2.76 t/ha) was obtained on the wraparound fallow. The
correlation between the total moisture consumption
during the growing season and the yield was 0.83, indi-
cating the crucial role of the total water balance in the
formation of productivity. The influence of the amount
of moisture accumulated in winter on yield was mod-
erate (r=0.42), especially on stubble plots, which con-
firms the importance of integrated water management
throughout the growing season. The results reflect
the peculiarities of soil and climatic conditions in the
steppe zone of Northern Kazakhstan, which limits the
possibility of their direct transfer to other agricultural
landscapes with different natural characteristics. It is
advisable to expand the research to include different
climatic regions and soil types, as well as to address
the projected changes in hydrothermal conditions in
the context of global climate change.

ACKNOWLEDGEMENTS
None.

FUNDING

The work was carried out within the framework of the
NTP program BR21882327 “Development of new tech-
nologies of organic production and processing of agri-
cultural production” for 2023-2025.

CONFLICT OF INTEREST
None.

REFERENCES
[1] Allan, R.P,, Barlow, M., Byrne, M.P,, Cherchi, A., Douville, H., Fowler, HJ., Gan, TY., Pendergrass, A.G.,
Rosenfeld, D.,Swann, A.,Wilcox, LJ., & Zolina, O. (2020). Advances in understanding large-scale responses of
the water cycle to climate change. Annals of the New York Academy of Sciences, 1472(1),49-75.doi: 10.1111/

nyas.14337.

[2] Amami,R., Ibrahimi,K.,Sher, F.,Milham, P., Ghazouani, H., Chehaibi, S., Hussain,Z., & Igbal,H.M. (2021). Impacts
of different tillage practices on soil water infiltration for sustainable agriculture. Sustainability, 13(6), article

number 3155.doi: 10.3390/su13063155.

[3] Avanzi,F., Ercolani, G., Gabellani, S., Cremonese, E., Pogliotti, P, Filippa, G., di Cella, U.M., Ratto, S., Stevenin, H.,
Cauduro, M., & Juglair, S. (2021). Learning about precipitation lapse rates from snow course data improves
water balance modeling. Hydrology and Earth System Sciences, 25(4), 2109-2131. doi: 10.5194/hess-25-2109-

2021.

[4] Baisholanoy, S., Akshalov, K., Mukanoy, Y., Zhumabek, B., & Karakuloy, E. (2024). Agro-climatic zoning of the
territory of Northern Kazakhstan for zoning of agricultural crops under conditions of climate change. Climate,

13(1), article number 3. doi: 10.3390/cli13010003.

[5] Blanchy, G., Watts, C.W., Richards, J., Bussell, J., Huntenburg, K., Sparkes, D.L., Stalham, M., Hawkesford,
MJ., Whalley, W.R., & Binley, A. (2020). Time-lapse geophysical assessment of agricultural practices on soil
moisture dynamics. Vadose Zone Journal, 19(1), article number e20080. doi: 10.1002/vzj2.20080.

Scientific Horizons, 2025, Vol. 28, No. 7



https://doi.org/10.1111/nyas.14337
https://doi.org/10.1111/nyas.14337
https://doi.org/10.3390/su13063155
https://doi.org/10.5194/hess-25-2109-2021
https://doi.org/10.5194/hess-25-2109-2021
https://doi.org/10.3390/cli13010003
https://doi.org/10.1002/vzj2.20080

Lutchenko et al.

[6] Canet-Marti, A., Morales-Santos, A., Nolz, R., Langergraber, G., & Stumpp, C. (2023). Quantification of water
fluxes and soil water balance in agricultural fields under different tillage and irrigation systems using water
stable isotopes. Soil and Tillage Research, 231, article number 105732. doi: 10.1016/j.still.2023.105732.

[7]1 Chabaniuk, Ya., Brovko, I., Kovtun, A., & Milova, M. (2024). Influence of meteorological conditions on the yield
and seed quality of differently ripened soybean varieties in the central Forest-Steppe. Biological Systems:
Theory and Innovation, 15(4), 73-85. doi: 10.31548/biologiya/4.2024.7 3.

[8] Convention on Biological Diversity. (1992, June). Retrieved from https://www.cbd.int/convention.

[9] Cowherd, M., Leung, L.R., & Girotto, M. (2023). Evolution of global snow drought characteristics from 1850 to
2100. Environmental Research Letters, 18(6), article number 06404 3. doi: 10.1088/1748-9326/acd804.

[10] Dafflon, B., Léger, E., Falco, N., Wainwright, H.M., Peterson, J., Chen, J., Williams, K.H., & Hubbard, S.S. (2023).
Advanced monitoring of soil-vegetation co-dynamics reveals the successive controls of snowmelt on soil
moisture and on plant seasonal dynamics in @ mountainous watershed. Frontiers in Earth Science, 11, article
number 976227.doi: 10.3389/feart.2023.976227.

[11] Demo, AH., & Asefa Bogale, G. (2024). Enhancing crop yield and conserving soil moisture through
mulching practices in dryland agriculture. Frontiers in Agronomy, 6, article number 1361697. doi: 10.3389/
fagro.2024.1361697.

[12] Ebner, PP, Koch, F., Premier, V., Marin, C., Hanzer, F., Carmagnola, C.M., Frangois, H., Gunther, D., Monti, F.,
Hargoaa, 0., Strasser, U., Morin, S., & Lehning, M. (2021). Evaluating a prediction system for snow management.
The Cryosphere, 15(8), 3949-3973. doi: 10.5194/tc-15-3949-2021.

[13] Feifel, M., Durner,W.,Hohenbrink, T.L., & Peters,A.(2024). Effects of improved water retention by increased soil
organic matter on the water balance of arable soils: A numerical analysis. Vadose Zone Journal, 23(1), article
number e20302. doi: 10.1002/vzj2.20302.

[14] Food and Agriculture Organization. (2020). Soil testing methods. Rome: FAQ.

[15] Fu, Q., Hou, R., Wang, Z., & Li, T. (2015). Soil moisture thermal interaction effects under snow cover during
freezing and thawing period. Transactions of the Chinese Society of Agricultural Engineering, 31(15), 101-107.

[16] Gavahi, K., Abbaszadeh, P., Moradkhani, H., Zhan, X., & Hain, C. (2020). Multivariate assimilation of remotely
sensed soil moisture and evapotranspiration for drought monitoring. Journal of Hydrometeorology, 21(10),
2293-2308.doi: 10.1175/JHM-D-20-0057.1.

[17] Islyami, A., Aldashev, A., Thomas, T.S., & Dunston, S. (2020). Impact of climate change on agriculture in
Kazakhstan. Silk Road: A Journal of Eurasian Development, 2(1), 66-88. doi: 10.16997/srjed.19.

[18] Karatayev, M., Clarke, M., Salnikov, V., Bekseitova, R., & Nizamova, M. (2022). Monitoring climate change,
drought conditions and wheat production in Eurasia: The case study of Kazakhstan. Heliyon, 8(1), article
number e08660. doi: 10.1016/j.heliyon.2021.e08660.

[19] Kazhydromet.(2024). Annual bulletin of monitoring the state and climate change of Kazakhstan for 2023. Retrieved
from https://www.kazhydromet.kz/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-
klimata-kazahstana.

[20] Khan, M.I,, Zhu, X., Arshad, M., Zaman, M., Niaz, Y., Ullah, I., Anjum, M.N., & Uzair, M. (2020). Assessment of
spatiotemporal characteristics of agro-meteorological drought events based on comparing Standardized Soil
Moisture Index, Standardized Precipitation Index and Multivariate Standardized Drought Index. Journal of
Water and Climate Change, 11(1), 1-17. doi: 10.2166/wcc.2020.280.

[21] Kiewiet, L., Trujillo, E., Hedrick, A., Havens, S., Hale, K., Seyfried, M., Kampf, S., & Godsey, S.E. (2022). Effects of
spatial and temporal variability in surface water inputs on streamflow generation and cessation in the rain-
snow transition zone. Hydrology and Earth System Sciences, 26(10),2779-2796.doi: 10.5194/hess-26-2779-2022.

[22] Kraaijenbrink, P.D., Stigter, E.E., Yao, T., & Immerzeel, WW. (2021). Climate change decisive for Asia’s snow
meltwater supply. Nature Climate Change, 11(7),591-597. doi: 10.1038/s41558-021-01074-x.

[23] Martinez-Fernandez, J., Gonzalez-Zamora, A., & Almendra-Martin, L. (2021). Soil moisture memory and soil
properties: An analysis with the stored precipitation fraction.Journal of Hydrology, 593, article number 125622.
doi: 10.1016/}.jhydrol.2020.125622.

[24] Meira Neto,A.A.,Niu,G.Y.,Roy, T., Tyler,S., & Troch, PA.(2020). Interactions between snow cover and evaporation
lead to higher sensitivity of streamflow to temperature. Communications Earth & Environment, 1(1), article
number 56. doi: 10.1038/s43247-020-00056-9.

[25] Mez6si, G. (2022). Hydrological hazards. In G. Mezési (Ed.), Natural hazards and the mitigation of their impact
(pp. 137-212). Cham: Springer. doi: 10.1007/978-3-031-07226-0 4.

[26] Molden, DJ., Shrestha, A.B., Immerzeel, WW., Maharjan, A., Rasul, G., Wester, P., Wagle, N., Pradhananga, S., &
Nepal,S.(2022).The great glacier and snow-dependent rivers of Asia and climate change: Heading for troubled
waters. In AK. Biswas & C. Tortajada (Eds.), Water security under climate change (pp. 223-250). Singapore:
Springer. doi: 10.1007/978-981-16-5493-0 12.

Scientific Horizons, 2025, Vol. 28, No. 7

117


https://doi.org/10.1016/j.still.2023.105732
https://doi.org/10.31548/biologiya/4.2024.73
https://www.cbd.int/convention
https://doi.org/10.1088/1748-9326/acd804
https://doi.org/10.3389/feart.2023.976227
https://doi.org/10.3389/fagro.2024.1361697
https://doi.org/10.3389/fagro.2024.1361697
https://doi.org/10.5194/tc-15-3949-2021
https://doi.org/10.1002/vzj2.20302
https://openknowledge.fao.org/server/api/core/bitstreams/a673cac1-636c-486b-b4c5-a39d522b659f/content
https://www.ingentaconnect.com/content/tcsae/tcsae/2015/00000031/00000015/art00014
https://www.ingentaconnect.com/content/tcsae/tcsae/2015/00000031/00000015/art00014
https://doi.org/10.1175/JHM-D-20-0057.1
https://doi.org/10.16997/srjed.19
https://doi.org/10.1016/j.heliyon.2021.e08660
https://www.kazhydromet.kz/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://doi.org/10.2166/wcc.2020.280
https://doi.org/10.5194/hess-26-2779-2022
https://doi.org/10.1038/s41558-021-01074-x
https://doi.org/10.1016/j.jhydrol.2020.125622
https://doi.org/10.1038/s43247-020-00056-9
https://doi.org/10.1007/978-3-031-07226-0_4
https://doi.org/10.1007/978-981-16-5493-0_12

118

Efficiency of winter precipitation accumulation measures...

[27] Oshergina, I., & Ten, E.(2023). Harnessing heterogeneity: Clustering Kazakh spring rapeseed for breeding value.
International Journal of Design and Nature and Ecodynamics, 18(5), 1087-1095. doi: 10.18280/ijdne.180509.

[28] Pan, M., Zhao, F., Ma, J., Zhang, L., Qu, J., Xu, L., & Li, Y. (2022). Effect of snow cover on spring soil moisture
content in key agricultural areas of Northeast China. Sustainability, 14(3), article number 1527. doi: 10.3390/
sul4031527.

[29] Pavlova, Ya., & Litvinov, D.(2024). The influence of previous crops and tillage on available moisture reserves of
chernozem typical for growing spring barley. Plant and Soil Science,15(2),32-41.doi: 10.31548/plant2.2024.32.

[30] Qi, W,, Feng, L., Liu, J., & Yang, H. (2020). Snow as an important natural reservoir for runoff and soil moisture
in Northeast China. Journal of Geophysical Research: Atmospheres, 125(22), article number €2020JD033086.
doi: 10.1029/2020JD033086.

[31] Qin, Y., Abatzoglou, J.T., Siebert, S., Huning, L. S., AghaKouchak, A., Mankin, J.S., Hong, C., Tong, D., Davis, SJ.,
& Mueller, N.D. (2020). Agricultural risks from changing snowmelt. Nature Climate Change, 10(5), 459-465.
doi: 10.1038/541558-020-0746-8.

[32] Rucins, A., Bulgakov, V., Olexander, D., Holovach, I., Trokhaniak, O., & Yatsenko, S. (2024). Long-term dynamics
of the spring moisture reserves with various methods of processing typical chernozem. Journal of Ecological
Engineering, 25(10), 261-272.doi: 10.12911/22998993/192007.

[33] Salnikov, V., Talanov, Y., Polyakova, S., Assylbekova, A., Kauazov, A., Bultekov, N., Musralinova, G., Kissebayey, D.,
& Beldeubayev, Y. (2023). An assessment of the present trends in temperature and precipitation extremes in
Kazakhstan. Climate, 11(2), article number 33. doi: 10.3390/cli11020033.

[34] Shahini, E.(2024).Economic assessment of the impact of climate change on agriculture in Albania and Ukraine.
Ukrainian Black Sea Region Agrarian Science, 28(3), 55-66. doi: 10.56407/bs.agrarian/3.2024.55.

[35] Wilson, G., Green, M., Brown, J., Campbell, J., Groffman, P, Duran, J., & Morse, J. (2020). Snowpack affects soil
microclimate throughout the year. Climatic Change, 163,705-722. doi: 10.1007/s10584-020-02943-8.

[36] World Meteorological Organization. (2024). Guide to instruments and methods of observation. Retrieved from
https://librarywmo.int/records/item/68660-guide-to-instruments-and-methods-of-observation.

[37] Xing, Y., & Wang, X. (2024). Precision agriculture and water conservation strategies for sustainable crop
production in arid regions. Plants, 13(22), article number 3184. doi: 10.3390/plants13223184.

[38] Yan, W., Zhou, Q., Peng, D., Wei, X., Tang, X., Yuan, E., Wang, Y., & Shi, C. (2021). Soil moisture responses under
different vegetation types to winter rainfall events in a humid karst region. Environmental Science and Pollution
Research, 28(40), 56984-56995. doi: 10.1007/s11356-021-14620-z.

Scientific Horizons, 2025, Vol. 28, No. 7



https://doi.org/10.18280/ijdne.180509
https://doi.org/10.3390/su14031527
https://doi.org/10.3390/su14031527
https://doi.org/10.31548/plant2.2024.32
https://doi.org/10.1029/2020JD033086
https://doi.org/10.1038/s41558-020-0746-8
https://doi.org/10.12911/22998993/192007
https://doi.org/10.3390/cli11020033
https://doi.org/10.56407/bs.agrarian/3.2024.55
https://doi.org/10.1007/s10584-020-02943-8
https://library.wmo.int/records/item/68660-guide-to-instruments-and-methods-of-observation
https://doi.org/10.3390/plants13223184
https://doi.org/10.1007/s11356-021-14620-z

Lutchenko et al.

EdeKTUBHICTb 3axofiB LLOAO HAaKONMUUYEHHS onafiB 3MMOBOro nepioay
B KJliMaTU4YHMX yMoBax MiBHiYHO-Ka3axcTaHcbKoi o6nacTi

XaHHa JlyTueHko
3asigyBay nabopatopii cenekuii 3epHOBUX KYbTYp
lMiBHiYHO-Ka3axcTaHCbKa CiNbCbKOroCnoaapcbka A0CiAHA CTaHL,iS
150311, Byn. UeHTpanbHa, 19, c. Warananu, Pecnybnika KasaxcraH
https://orcid.org/0000-0002-0431-5398

Oner ConositoB

3aBifyBay naboparopii 3eMmnepobcTea
lMiBHiYHO-Ka3axcTaHCbKa CilbCbKOroCnoaapcbka A0CIAHA CTaHLLIS
150311, Byn. UeHTpanbHa, 19, c. Warananu, Pecnybnika KasaxcraH
https://orcid.org/0000-0002-7341-5851

Bitanin 3aika
MaricTp, KepiBHWK opraHi3auii
lNiBHiYHO-Ka3axcTaHCbKa CiNbCbKOrocnoaapcbka AOCAIAHA CTaHL s

150311, syn. UeHTpanbHa, 19, c. Warananu, Pecnybnika KasaxcraH
https://orcid.org/0000-0002-2023-3755

Bonopgumup LLiBuaueHko

KaHampaT cinbCbKorocnoaapcbKux Hayk, HAyKOBMI CMiBpPOBITHMK
liBHiYHO-Ka3axcTaHCbKa CibCbKOrocnoaapcbka AOCAIAHA CTaHL, s
150311, syn. UeHTpanbHa, 19, c. Warananu, Pecnybnika KasaxcraH

https://orcid.org/0000-0001-7426-9115

Anxenika Aptuc

MaricTp, HayKoBUI CMiBPOBITHUK
lMiBHIYHO-Ka3axcTaHCbKa CiNbCbKOrocnoaapcbka AOCAIAHA CTaHL, s
150311, Byn. UeHTpanbHa, 19, c. Warananu, Pecnybnika KasaxcraH

https.//orcid.org/0000-0002-1945-0787

AHoTtauif. Meta paHoro [oOCNigXeHHs nongrana y BCTAHOB/EHHI 3aKOHOMipHoOCTeM ¢GOpMYyBaHHA BOOHWUX
pecypciB rpyHTy 3a paxyHOK 3MMOBMX OMaAiB 338 BMKOPUCTAHHSA Pi3HUX arpoTexHiYHWMX MpuUAOMIB B yMOBaX
CTEenoBOi 30HM. MeToLoNOriN AOCAIAXKEHHS BK/IOYana NofboBi BUNPOOYBaHHS Pi3HUX arpoOTeXHIYHUX (OHIB 3i
CHiro3aTpuMMaHHsaM i 6e3 HbOro 3 NoAanbWMM aHaNi30M HAaKOMUYEHHS 3MMOBMX ONaAiB, 3MiHU BOLHOTO PEXUMY
IPYHTY Ta NPOAYKTUBHICTb fpoi nweHuui. CepegHs BMCOTa CHIrOBOro MOKPWUBY HA BapiaHTaX i3 3acTOCYBaHHAM
CHiro3aTpuMMaHHs 306inblyBanacs Ha 26,6-32 % nopiBHAHO 3 KOHTponeM 6e3 CHiro3aTpuMMaHHs. 3anacu Boaoru
B IPYHTI nepep ciBboto 3poctanu Ha 27,1-31,6 % Ha napoBux doHax i Ha 16-30 % Ha CTepHbOBUX AiNsHKAX.
3aCcBOEHHS 3MMOBMX OMNaAiB HaredeKkTUBHilWe BiadyBanocs Ha CTepHbOBUX HOHAX, Ae NPUpPICT BONOTM CTAHOBMUB
Bin 21,8 po 37,5 % BiAHOCHO BUXiAHUX 3HAYEHb. YPOXKAMHICTb APOi NWEHULi HA AiNSHKAX 3i CHIr03aTPUMaHHAM
nepesuLLyBafa KOHTPONbHI Moka3Huku Ha 0,15-0,47 T/ra, focCsAralouM MaKCMMaNbHUX 3HaveHb [0 2,76 T/ra
Ha KynicHux napax. KoediuieHT kopensinii MiX 3arafbHMM BOAOCMOXMBAHHAM 33 BereTauiliHMi nepiog i
BpOXaMHicTio ctaHosuB 0,83, L0 CBiAYUTb NPO BUCOKMUI BMAMB BOAHOIO PEXMMY Ha NPOAYKTUBHICTb. BcTaHoBNEHA
3a1eXHiCTb Mixk 06'€EMOM BOIOTU B CHIiry Ta BpPOXXaMHIiCTIO BUSIBUNACS MOMipHOIO, 3 koediuieHToM 0,42, ocobnmeo
Ha CTEpHLOBMX AingHKaxX. OTpuUMaHi pe3ynbTaTv NiATBEPAXYOTb BUCOKY eDeKTUBHICTb 3aCTOCYBAHHS TEXHOOTNIN
CHiro3aTpuMMaHHs Ans nigBuLLeHHs Bogo3abe3neyeHOCTi NOCIBIiB i CTIMKOCTI BPOXAaWHOCTI B CTEMOBMX YMOBAX
MisHiuHoro KasaxcraHy. IxX BUKOPUCTaHHS PEKOMEHAYETLCSA AN ONTMMI3aLii CUCTEMM arpOTEXHIYHMX 3aXOAiB B
YMOBaxX MOCUIEHHSA KNIMAaTUYHOT HECTabiNbHOCTI, WO NOCUIETLCS

KniouoBi cnoBa: CHirOHaKOMWYEHHS; BOMOFICTb FPYHTY; CHIrO3aTpUMaHHS; KyniCHWI nap; 346neBuit 06po6ITOK;
YPOXanHicTb
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