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Abstract. This study presents the methodology, approach, and results of calculating the components of water and salt bal-
ances based on three years of field research on the reuse of collector-drainage water in the Tasmurun area of the Bakbakty
irrigation system, under arid and low-water conditions typical for water-demanding rice fields. Balance calculations were
based on data from in situ observations with active involvement of local farmers, ensuring data reliability. The water balance
showed a slight negative discrepancy ranging from 0.4-0.6% in 2022 and 0.001-0.02% in 2023-2024, confirmed by groundwa-
ter level monitoring and maps. The salt balance showed a slight accumulation, with values from +0.016 to +0.29 t/ha in field
No. 2 and +0.049 to +0.089 t/ha in field No. 4. Seasonal salt increases were linked to leaching regimes and the dominance of
easily soluble salts, posing no threat to land reclamation status.
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1. Introduction

The review and analysis of domestic and international
publications and scientific studies demonstrate increasing
attention to water and salt balance research and the reclama-
tion status of rice irrigation systems. These issues have be-
come central in recent years as tools for actively managing
irrigated areas' water-salt regime and regulating groundwater
levels during both the growing and non-irrigated seasons for
rice and accompanying crops. The growing scarcity of water
resources necessitates the search for additional sources of
irrigation water, including the reuse of collector-drainage
water formed within rice irrigation systems [1-4].

For example, Y. Okuda (2020) [5] presented results of
water and salt balance studies on agricultural lands subject to
leaching, using shallow subsurface drainage combined with
traditional drainage. Secondary salinization in arid regions
was shown to raise groundwater levels. The system was
implemented on farmland in Uzbekistan.At the 16th Interna-
tional Conference «Monitoring of Geological Processes and
Ecological Condition of the Environment», Rokochynskiy et
al. (2022) [6] analyzed the causes of unsatisfactory hydrolog-
ical and reclamation conditions in Danube rice irrigation
systems. Their study proposed improving drainage efficiency
by reducing the vertical infiltration rate in the drainage zone
to no more than 25 mm/day. Turchenyuk et al. (2017) [7]
examined the water balance and salt distribution in arable
lands, wastelands, and ponds in a typical irrigated area. A
water balance model was developed to assess irrigation im-
pacts on soil salinity across different land types. R. Singh,

J.C.van Dam, and R.K.Jhorar [8] applied a calibrated
SWAP agro-hydrological model to assess water and salt
balances on farm fields. Soil hydraulic properties were iden-
tified as key variables and were calibrated using PEST based
on measured soil moisture and salinity before and after irri-
gation. Kasymbetova and Ergasheva (2020) [9] evaluated the
water-salt balance of floodplain areas, the aeration zone, and
root zone of crops in the Shuruzak massif of the Syrdarya
region, assessing the reclamation status of irrigated lands.
Zaitsev V.B., Semenenko A.N. [10], and Reshetnyak N.F.
[11] described the features of groundwater regimes in flood-
ed rice fields and the effects of groundwater on the dynamics
of water-soluble salts in paddy soils.

Thus, the discussion and analysis of numerous studies
confirm the critical importance of water-salt balance analy-
sis. The justification of real and forecasted parameters for the
quantitative and qualitative potential of collector-drainage
water reuse must be based on accurate water and salt balance
data [12]. Furthermore, in irrigation practice, it is often nec-
essary to evaluate long-term average balances and those
specific to water availability levels and critical seasonal
periods.

Accordingly, this study presents the methodology and re-
sults of calculating all inflow and outflow components of the
water and salt balance at the field level for a rice-alfalfa crop
rotation system. These findings summarize three years of
field-based scientific research on implementing collector-
drainage water reuse technologies in the Tasmurun section of
the Bakbakty irrigation system.
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2. Materials and methods

The field research was conducted in the Balkhash district
of the Almaty region, Republic of Kazakhstan, within the Ili
River basin, specifically in the Tasmurun area of the Bakbak-
ty system of the Akdaly irrigation massif.

The irrigated lands are located within part of the ancient
delta of the Ili River, whose surface was shaped by succes-
sive erosional and accumulative processes against the back-
ground of aeolian activity. The average surface slope is ap-
proximately 0.0002.

Climatically, the area belongs to the desert zone, which,
combined with the shallow depth of the groundwater table,
contributes to the intensive development of salt accumulation
processes in the soil profile.

As a representative site for implementing the technology
of collector-drainage water reuse, the irrigation (Tasmurun
Main Canal) and collector-drainage network (collector K-2)
of the Tasmurun section of the Bakbakty irrigation system
were selected. These systems serve the irrigated lands of
SPK «Miyaly Agro», PC «Dinaray, and LLP «kEDD.

The beneficiaries and direct participants of the experi-
mental studies included three farming enterprises
«Raimbeky», «Bagnury», and «Alga» - affiliated with SPK
«Miyaly Agro» and PC «Dinaray.

The total irrigated area of the six-field rice-alfalfa crop
rotation system is 890 hectares, of which the experimental
area covers 607 hectares, including:

—Field 2. 173 ha (81 ha under SPK «Miyaly Agro» and
KFH «Alga», and 92 ha under PC «Dinaray);

— Field 3. 187 ha under PC «Dinara;

— Field 4. 138 ha under PC «Dinaray;

— Field 5. 109 ha under LLP «EDD».

The cropping structure for 2022-2024 was as follows:
rice was cultivated on fields 2 (173 ha) and 4 (138 ha), while
alfalfa was cultivated on fields 3 (187 ha) and 5 (109 ha)
(Figure 1).

The water and salt balance calculations were based on
empirical data from stationary hydrogeological monitoring,
measurements of collector-drainage water flow, meteorologi-
cal observations, and agricultural and water management
conditions information. These calculations were conducted
separately for two experimental fields (fields 2 and 4), where
rice was cultivated in 2022 under the existing irrigation re-
gimes and technical operation conditions of the Tasmurun
section of the Bakbakty massif, and in 2023-2024 using a
recirculating water use system.

The water balance equation for the irrigated experimental
plots is as follows [12]:

Sw+ Sr+ Sg— S — Se — Si — St = +AS, million m3

)

where:

+AS — balance discrepancy;

Sw— volume of irrigation water;

Sy — atmospheric precipitation;

Sy — groundwater inflow into the experimental site;

Sq — volume of drainage-discharge outflow;

Se — total evaporation;

Si — infiltration into the aeration zone from irrigation and
mixed irrigation-drainage water;

Si— lateral filtration outflow beyond the experimental
plots.
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Figure 1. Schematic map of the irrigation and collector-
drainage network with land use layout for the experimental research
plots (111 rotation system, fields 2, 3, 4, and 5): 1 —irrigation canals;
2 — collectors; 3 —river; 4 —monitoring hydrogeological well and its
inventory number; 5-—boundary of the rice check; 6 —absolute
elevation of the rice check; 7 — field number

The incoming components of the water balance included:
the amount of atmospheric precipitation, the volume of irri-
gation water supplied (including the reuse of collector-
drainage water), and the inflow of groundwater to the exper-
imental plots.

The total volume of precipitation received over the irri-
gated area of fields No. 2 and No. 4 (planted with rice) dur-
ing the hydrological year was calculated using the formula:

Sa = Na . Sr, (2)

where:

Na — total atmospheric precipitation, mm;

Sy — total calculated area, ha.

The volume of irrigation water supplied was determined
based on two conditions: in the first year of the experiment,
the existing irrigation regimes and technical operating pa-
rameters were used; in the subsequent two years, recom-
mended irrigation regimes and rice irrigation technologies
with implementation of a recirculating water reuse system
were applied.

Groundwater inflow to the field-level experimental plots
of the Tasmurun irrigation system was calculated using the
formula:

Sg=J-B-T-365, 3)

where:

J —average hydraulic gradient of the groundwater table
for the hydrological year;

B — width of the groundwater flow, m;

T — transmissivity of the aquifer, m?/day.
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The outgoing components of the water balance included:
the volume of drainage-discharge flow, the total evaporation,
the volume of water that infiltrated into the aeration zone due
to irrigation and mixed irrigation-collector-drainage water,
and the lateral filtration outflow of groundwater beyond the
boundaries of the experimental plots.

Drainage-discharge flow was estimated based on hydro-
metric measurements of collector-drainage water discharge
from the irrigated lands of the experimental plots at certified
hydrological posts during the growing season.

The formula calculated the lateral filtration outflow of
groundwater beyond the experimental area:

Si= J-B-T- 240, (4)

where:

J —hydraulic gradient derived from the post-irrigation
hydroisohypse map;

B — width of the subsurface flow, m;

T — aquifer transmissivity, m?/day;

240 — average duration of the calculation period, days.

The actual parameters were based on maps of filtration
coefficients and hydrogeological cross-sections developed
for the experimental sites.

The volume of moisture accumulated in the aeration zone
was calculated as:

Si=Fq- havg : Wavg,

where:

Fn—total area of the calculated land plots with uniform
groundwater depths and saturated zone thickness, before and
after irrigation (m?). These were determined from monitoring
well data and interpolated according to the delineated calcu-
lation contours for the experimental sites.

havg — average groundwater level change during the irriga-
tion period within the calculation contours (m), obtained
from constructed groundwater fluctuation graphs from 2021
to 2024 (Figure 2);

Wayg — average volumetric water content of the aeration
zone soil, expressed as a fraction. The volumetric moisture
and field capacity values were taken from field and laborato-
ry investigations.
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Figure 2. Groundwater level fluctuation graphs in monitoring
wells located on irrigated lands of the experimental research plots
and adjacent areas during the observation period from 2021 to 2024

The salt balance was calculated using the following equa-
tion:
+AM = Mgn + Mw+ Ma — Mgk_Md_ Mf:

where:
+AM - balance discrepancy;
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Mgn — salt content in groundwater of the balance layer at
the beginning of the calculation period;

Mgk — the same at the end of the calculation period;

My, Ma — the volume of salts brought in with irrigation
water and precipitation, respectively;

Mg, Ms —the volume of salts carried out by the corre-
sponding drainage and underground outflow outside the
massif.

The volume of salts brought in with irrigation water, pre-
cipitation and underground inflow within the calculation
contour was calculated using the equation:

My=W - m,

where:

W — water volume, million m3;

m — mineralization of irrigation water (2022) and mixed
with collector-drainage water (2023-2024) (Figure 3);

(")

groundwater mineralization (Figure 4), mg/dm?®.
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Figure 3. Dynamics of mineralization of irrigation and collec-
tor-drainage waters on irrigated lands of the experimental site and
adjacent territories, a) before the start (2020-2022) and b) during
the research (2023-2024), g/dm?
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Figure 4. Graph of the dynamics of groundwater mineraliza-
tion in monitoring pits on irrigated lands of experimental sites
before the beginning (2022) and during scientific research (2023-
2024), g/dm?
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The salt content in groundwater of the balance layer at
the beginning of the calculation period was determined by
the calculation filtration blocks and by the equation:

Mgn=0.001 - F * (hy — hgw) * W * Mgy,

where:

0.001 — conversion factor;

F — area of the calculation contour, ha;

hy —depth of the balance layer base (10 m);

hgw — average weighted depth of groundwater at the be-
ginning of the calculation period, m

W, — total moisture capacity of aquifers;

Mgw — average weighted mineralization of groundwater
within the calculation contour at the beginning of the calcula-
tion period, mg/dm? (Figure 4).

The volume of salts carried beyond the design contour by
underground outflow was calculated using the equation:

Mf:W'm,

(®)

)

W —the volume of groundwater carried beyond the
design contour by underground outflow (taken from water
balance articles), million m?;

M — groundwater mineralization during the non-growing
season, mg/dm?.

The volume of salts carried beyond the design contour by
collector-drainage runoff was calculated using the equation:

Marain = Warain * M, (10)

where:

W — the volume of collector-drainage runoff (taken from
the water balance) of groundwater carried beyond the design
contour by underground outflow (taken from water balance
articles), million m?;

m — the mineralization of collector-drainage runoff, mg/dm?.

The salt content in groundwater of the balance layer at
the end of the calculation period was determined based on
the calculation filtration blocks and the equation:

Mgc=0.001 - F - (hy — hgwe) - Wh * Mgwe,

where:

hgwe — Weighted average depth of groundwater at the end
of the calculation period, m;

W, — total moisture capacity of aquifers;

Mgwe —Weighted average mineralization of groundwater
within the calculation contour at the end of the calculation
period, mg/dm? (Figure 4).

Wells 184, 306 and 308 — rice; wells 336, 370 — alfalfa;
well 309 — on cutting. Figure 4 shows the graph of the dynam-
ics of groundwater mineralization in monitoring wells on
irrigated lands of experimental sites before the start (2022) and
during scientific and applied research (2023-2024), g/dm?®,

(11)

3. Results and discussion

Table 1 presents detailed results of the calculated inflow and
outflow components of the water balance for irrigated lands at
the experimental plots of the Tasmurun irrigation system.

Table 1. Water balance of irrigated lands at the experimental plots of the Tasmurun irrigation system with the implementation of a field-
level return-flow reuse system of collector-drainage water, before (2022) and during the applied scientific research period (2023-2024)

Components of the balance

On rice crops of experimental field No. 2

On rice crops of experimental field No. 4

sheet ex\ggﬁrn?efnt m%ha million m3 % of ex\ggfil;nent m®/ha million m® %
Incoming balance sheet items
2022 23879 4131 92.9 2022 26082 3.599 93.3
2023 22900/17518* 3.962/3.(*{31* 2023 22900/17**518* 3.16/2.4&7*
Water supply 5382 0.931 93.5 5382 0.743 93.5
2024 22900/17518"  3.962/3.031" 2024 22900/17518" | 3.16/2.417"

5382™ 0.931" 91.4 5382™ 0.743™ 91.0

2022 1489 0.258 5.8 2022 1489 0.206 5.3

Atmospheric precipitation 2023 1241 0.214 4.8 2023 1241 0.171 5.1
2024 1860 0.322 7.2 2024 1860 0.257 74

2022 323.7 0.056 1.3 2022 355.1 0.049 14

Groundwater inflow 2023 3584 0.062 1.7 2023 3333 0.046 14
2024 283.2 0.049 14 2024 384.1 0.053 1.6
2022 25691.7 4.445 100 2022 27926.1 3.854 100
Total 2023 244994 4.238 100 2023 24474.3 3.380 100
2024 25043.2 4.333 100 2024 25144.1 3.470 100

Balance sheet expense items

2022 10930 1.890 41.7 2022 10930 1.5083 38.9
Total evaporation 2023 10930 1.890 425 2022 10930 1.5083 44.6
2024 10930 1.890 43.6 2022 10930 1.5083 43.4
Drainage and discharge 2022 12768 2.209 50 2022 14717 2.031 63.5
flow 2023 11855 2.051 50.3 2023 11348 1.566 46.3
2024 12572 2.175 49.9 2024 11877 1.639 47.1

Moisture accumulation in 2022 1601.0 0.277 6.0 2022 1754 0.243 6.2
the aeration zone 2023 12774 0.221 4.9 2023 1442 0.199 5.9
2024 1304.6 0.179 4 2024 1601 0.221 6.3

2022 514.4. 0.0894 2.3 2022 710.1 0.098 24

Groundwater outflow 2023 549.1 0.095 2.3 2023 797.1 0.11 3.2
2024 595.4 0.103 25 2024 797.1 0.11 3.2

2022 25809 4.465 100 2022 28111.1 3.879 100

Total 2023 246112.5 4.258 100 2023 24490.3 3.383 100

2024 25127.0 4.347 100 2024 25205.1 3.478 100

Balance (discrepancy) of 2022 -117.3(0.4%) -0.020 - 2022 -190(0.6%) - 0.025 -

the balance 2023 - 116.5(0.5%)) -0.020 - 2023 -19.8 (0.001%) - 0.003 -

2024 - 83.8 (0.3%) -0.014 - 2024 -58.1(0.2%) -0.008 -

43
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Assessment of Precipitation and Irrigation Contributions
to the Water Balance of Rice Fields in the Tasmurun Irriga-
tion System under Conditions of Water Scarcity (2022-2024)

According to data from the Bakanas Regional Meteoro-
logical Station, the total volume of atmospheric precipitation
on the irrigated lands of fields No. 2 and No. 4 amounted to
257.6 and 205.5 thousand m?® in 2022, 214.7 and
171.3 thousand m* in 2023 and 321.8 and 256.7 thousand m?
in 2024, respectively. These values indicate prevailing arid
and water-deficient climatic conditions, as precipitation con-
tributed only 4.5-7.4% to the total inflow components of the
water balance.

In 2022, the volume of irrigation water supplied by the
state municipal enterprise for water management «Bal-
khashirrigation» for rice cultivation in fields No. 2 and No. 4
amounted to 4.13 and 3.59 million m?, respectively. The net
irrigation norm at the field level was 23.87 and 26.08 m?/ha.

With the implementation of recommended irrigation re-
gimes and rice irrigation technologies, including using a
return flow system to reuse collector-drainage waters, the
total irrigation volume in 2023-2024 was reduced. For fields
No. 2 and No. 4, the irrigation volumes were 3.962 and 3.16
million m?, respectively, with a unified net irrigation norm of
22.90 m?/ha. Of these totals, 3.03 and 2.41 million m>® were
supplied from the surface water of the Ili River. At the same
time, 0.931 and 0.743 million m?® originated from collector-
drainage waters pumped from collector K-2 into the Tas-

murun central canal. The substitution of irrigation water with
drainage water accounted for approximately 23.5% across
both experimental sites during 2023-2024.

The calculations confirm that irrigation is the primary
forming component of the water balance, with irrigation
water volumes contributing from 91.0% to 93.4% of the total
inflow balance.

The value of total evapotranspiration was assumed to be
10.93 thousand m*ha for all three years of the study, consti-
tuting more than 40% of the total outflow balance. This find-
ing supports the widely accepted understanding that rice,
being cultivated under waterlogging or partial submersion
conditions, belongs to the group of hydrophytes. Hydrophyt-
ic plants exhibit high transpiration rates and possess perma-
nently open stomatal apparatuses. As a result, the evapotran-
spiration of rice plants is equivalent to the rate of free evapo-
ration from open water surfaces.

Changes in soil moisture reserves in the vadose zone and
groundwater levels (Table 2) were influenced by rice crop
area, infiltration water losses, and the depth of the groundwa-
ter table.

A salt balance calculation was performed to assess the di-
rection of salt transfer processes on irrigated lands. The over-
all salt balance is directly related to the components of the
water balance, since the movement of salts in the aeration
zone occurs in the form of water-salt solutions (Table 3).

Table 2. Moisture accumulation calculations in irrigated lands of experimental sites of the Tasmurun irrigation system before and

during the field studies (2022-2024)
Areaofthe  Average weighted depth

Increrznment, rzsizrrccg calculated o_f groundwater, m Increment,
contour, ha April September
2022 173 3.0 25 +0.5
Field No. 2 2023 173 3.0 2.6 +0.4
2024 173 3.0 2.68 +0.32
2022 138 3.0 2.45. +0.55
Field No. 2 2023 138 3.0 2.55 +0.45
2024 138 3.0 25 +0.5

Note: Table content should follow in your formatted manuscript with appropriate

Volume dueto = Average volumetric mois- Average volumetric
increment, mil- = ture content of soils inthe = moisture content of soils
lion m® aeration zone, Wigtal in the aeration zone, Wiotal
0.865 0.32 0.2773
0.692 0.32 0.2214
0.5597 0.32 0.1791
0.7590 0.32 0.2429
0.6210 0.32 0.1987
0.690 0.32 0.2208

scientific units and descriptions

Table 3. Salt balance of irrigated lands on experimental plots (fields 2 and 4) 111 - its rice-alfalfa crop rotation of the Tasmurun irri-
gation system before the start (2022) and during scientific and applied research (2023-2024)
On rice crops of experimental T/ha On rice crops of experimental T/ha
Balance Elements of salt balance field No. 2 tn field No. 4 tn
sheet items A year of experimental research A year of experimental research
2022 2023 2024 2022 2023 2024
Salt content of the balance layer at the beginning 1.28 1.36 1.344 1.395 2.044 2.53
of the calculation period before sowing rice 221.6 236.15 232,51 192,51 282.07 349.31
The volume of salts brought in with irrigation and 12.178 16.259 17.862 14.345 16.717 17.175
mixed drainage water 2106.84 2812.81 3090.13 2481.69 2306.95 2370.15
Incoming The'v_olu_me of salts brought in by atmospheric 0.301 0.253 0.381 0.301 0.253 0.381
precipitation 52.073 43.769 65.965 41.538 34.914 43.884
The volume of salts brought in by underground 0.226 0.286 0.269 0.302 0.366 0.461
inflow 39.098 49.478 46.537 41.676 50.508 63.618
Total 13.985 18.158 19.856 16.343 19.380 20.547
2419.405 3142.21 3435.14 2255.33 2674.44 2841.81
The salt content of the balance layer at the end of 2.44 3.157 3.120 2.681 3.589 5.111
the calculation period after rice harvesting 422.3 546.16 539.96 370.01 495.25 705.27
Removal of salts by collector-drainage runoff 9.065 11.144 11.943 12,510 10.440 11.521
1568.0 1927.9 2066.2 1726.4 1440.7 1589.8
Outgoing Removal of salts by filtration and discharge of 1.84 3.421 4.378 0.720 4.545 3.109
runoff 318.32 591.833 757.394 99.36 627.21 429.042
The volume of salts carried beyond the calculated 0.350 0.399 0.399 0.497 0.757 0.717
contour by underground outflow 60.55 69.013 69.013 68.596 104.499 98.946
Total 13.695 18.121 19.840 16.408 19.331 20.458
2369.235 3134.933 3432.32 2264.36 2667.678 2832.204
Salt balance (mismatch), + increase, - decrease +0.29 *0.037 *0.016 -0.065 *0.049 +0.089
' ' +50.17 +7.28 +2.82 -9.03 +6.76 +9.61
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The magnitude of the positive discrepancy of the salt bal-
ance in the experimental plots (fields 2 and 4) Il - its rice-
alfalfa crop rotation of the Tasmurun irrigation system before
the start (2022) and during scientific and applied research
(2023-2024) amounted to minimal values, even with the
repeated use of collector-drainage waters from +0.016 to
+0.29 tons/ha in rice field No. 2 and from +0.049 to +0.089
tons/ha in rice field No. 4, which indicates the predominance
of insignificant accumulation of salt reserves in the zone of
active salt exchange during the growing season. The leaching
regime of rice and the prevalence of readily soluble salts in
the chemical composition of groundwater, the increase in
salts is seasonal and will not lead to a regional deterioration
in the meliorative state of irrigated lands.

According to the data of the salt survey and the preliminary
compiled schematic map of the degree and type of salinization
of irrigated lands in the soil layer of 0-0.100 cm, the soils in all
areas after the experimental studies are classified as non-saline
(85% of the surveyed area) and on the lands adjacent to the
collector-drainage network, a narrow strip is represented by
slightly saline, the salinization type is sulfate-sodium-calcium.
In the alfalfa fields, the soils are somewhat saline, and the
salinization type is sulfate-hydrocarbonate-calcium. The salt
content in the soil profile varies from 0.185% in the upper soil
layer to 0.091% at a depth of 60 cm and below.

4, Conclusions

Substantiation of Forecasted Characteristics and the Po-
tential for reuse of collector-drainage water in the Tasmurun
irrigated area of the Bakbakty irrigation system

The justification for forecasted real characteristics, quan-
titative and qualitative potential, and the intensity of collec-
tor-drainage water reuse presented in this study is based on a
comprehensive analysis of the water and salt balances in the
Tasmurun section of the Bakbakty irrigation system. This
system serves the irrigated lands of the agricultural enterpris-
es SPC “Miyaly Agro,” PC “Dinara,” and LLP “EDD.” The
research was conducted over three consecutive years, all
characterized as arid and water-deficient, particularly affect-
ing the water availability of moisture-sensitive rice fields.

A notable strength of the study is that the estimation of
all components of the water and salt balances — both inflows
and outflows — was not based on secondary literature or
archival data. Instead, it was derived from field-based empir-
ical measurements conducted directly by project stakehold-
ers, namely local farmers. This approach ensured the reliabil-
ity and validity of the baseline data used.

The recommended rice irrigation technology incorporated
the reuse of collector-drainage return flow and entailed a
phased water application strategy. During the initial flooding
and maintenance stages (Stages I-111), irrigation relied solely
on river water. During subsequent stages (Stages IV-VI), a
blended water source was used, with drainage water account-
ing for up to 30% and river water for up to 70% of the irriga-
tion volume. In practice, during the 2023-2024 vegetation
periods, collector-drainage waters comprised up to 25% of
the irrigation volume, with the remaining 75% sourced from
river inflow.

Results from the water balance analysis of irrigated lands
revealed a slight negative discrepancy, ranging from 0.4% to
0.6% in 2022 and from 0.001% to 0.02% in 2023-2024.
These deviations correspond to an average drop in the
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groundwater table across the experimental sites — from 0.04
m in 2022 to 0.015 m in 2023-2024 as confirmed by station-
ary groundwater level monitoring and supporting cartograph-
ic materials. These results indicate that the inflow compo-
nents of the water balance exhibit relative stability and are
well-balanced by the outflow components.

The salt balance discrepancy on the experimental rice-
alfalfa rotation fields (fields 2 and 4) of the Tasmurun irriga-
tion system, both before (2022) and during (2023-2024) the
applied research, showed only slight positive values, even
with the reuse of collector-drainage waters. The excess salt
accumulation ranged from +0.016 to +0.29 tons/ha on Field
No. 2 and from +0.049 to +0.089 tons/ha on Field No. 4,
indicating a minor salt buildup within the active salt-
exchange zone over the vegetation period.

The leaching irrigation regime of rice cultivation, the
predominance of highly soluble salts in the groundwater
composition, and the seasonal character of salt accumulation
suggest no adverse regional impact on the reclamation status
of irrigated lands.

Based on soil salinity surveys and a preliminary schematic
map of salinity types and severity in the 0-100 cm soil layer,
most surveyed land (85%) was classified as non-saline fol-
lowing the experimental period. Narrow strips adjacent to the
collector-drainage network showed weak salinization, pre-
dominantly sulfate-sodium-calcium type. Alfalfa fields exhib-
ited weak salinization of the sulfate-bicarbonate-calcium type.
Salt content in the soil profile ranged from 0.185% in the
upper layers to 0.091% at depths of 60 cm and deeper.
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Cyapy YllIiH KOJUIEKTOPJIBIK-APEHAKABIK CyAbl KAUTA
naigajganyaarsl bak0aKTel Kypill cyapy :KyHecCiHiH Cy-Ty3 TeHrepimine
MOHMTOPHUHI KYPri3y

M. O6cametoB!, A. Ucmaryiosal”, B. Mupnac?, B. Kynarun?, JI. Ym6eranues?, T. Paxumos?, B. Paxumopa!

LY. M. Axmeocagun amvinoaser I'uopozeonoaus scane 2e0skono2us uncmumymol, Aimamot, Kasaxcman
2Apusne ynueepcumemi, Apusnv, Uzpauns

*Koppecnondenyus ywin agmop: ismagulovaaidalOl@gmail.com

Anpgarna. by 3eprreyne cynbl KaKeT eTeTiH Kypilll aTKanTapblHA TOH KYPFaK JKOHE CYHI a3 skarnainmapaa bak6akTe! cyapy
xyieciHiH TacMypbIH yuacKeciH/ie KOJUIEKTOPIIbIK-IPEHAX/IBIK Cy bl KaiiTa nalaanany OOMbIHIIA YIII XKL OOMBI XKYpri3iireH
JANaNbIK 3epTTEyJIepiH HEeri3iHae Cy-Ty3 OalaHCHIHBIH Kypamaac OemiKTepiH ecenTey oicTeMeci, TOCIl jKOHEe HOTHUXKeepi
Oepinren. bananc ecenteyiepi aepekTepAiH CEHIMAUIIIH KaMTaMachl3 €Te OTBIPBIIL, XKePriulikTi ¢hepmepiiepai OesnceHi Typae
TapTa OTHIPHIN, in-situ Oakeuiay aepekrepine HerizgenreH. Cy Oamancer 2022 xbuibl 0.4-0.6% sxone 2023-2024 xpuigaps
0.001-0.02% apainbIFbIHIAFBI MIAFBIH TEPIC COMKECCI3MIKTI KOPCETT, OYJI JKep acThl CyJapbIHbIH JEHI€HiHIH MOHUTOPHHTI KoHE
KapTajgapbiMeH pactanasl. Ty3 GamaHChl mamalibl KHUHAKTAy 16l kepceTTi, Ne2 keH opHbiHga +0.016-gan +0.29 T/ra-ra aeiin
xkoHe Ne4 ken opHbraaa +0.049-nan +0.089 T/ra-ra meiiin. Ty34bIH MayCBIMABIK KOO€IOi CINTLICY peKUMIHE )KOHE KYPIIBIKKA
OHall epUTiH TY3JapIblH O0ackiM O0ITybIHA OalIaHBICTHI OO, OYIT KaliTaTaHy KayIli JKOK.

Hezizei ce3dep: cy-my3 Oanancel, cyapmanvl oicepiaep, Kypaamy oicylenepi, KOLIeKMOPabIK-OPEeHANCObIK Cyaap,
MY30bLIbIK, CY CANACHI.

MOHHUTOPHUHT BOTHO-COJIEBOT0 0AJIAHCA PUCOBOM OPOCHUTEILHOM
cucteMbl Bak0aKThHI IPU MOBTOPHOM HCIMOJb30BAHUU KOJLUIEKTOPHO-
JAPEHAKHBIX BO/Jl HA OPOILLICHHE

M. A6cametos!, A. Ucmarynosal”, B. Mupnac?, B. Kynarun!, JI. Ym6eranues?, T. Paxumos!, B. Paxumosal

Unemumym audpozeonozuu u 2eosxonozuu umenu Y.M. Axmedcagpuna, Anmamet, Kazaxcmar
2Vuusepcumem Apusne, Apusne, Uspauns

*Aemop ons koppecnondenyuu: iIsSmagulovaaidal0l@gmail.com

AHHoTanusi. B manHO#l paboTe mpeacTaBiIeHBI METOIOJIOTHS, MOAXOJ W Pe3yabTaThl pacdeTa KOMIIOHEHTOB BOJHO-
COJIeBOro OajaHca Ha OCHOBE TPEXJETHHUX IOJEBBIX HCCICIOBAHMN IO TNOBTOPHOMY HCIIOJIb30BAHMIO KOJUIEKTOPHO -
JIPEHAXHBIX BOJ B paiioHe TacMypyH OpOCHTEIHHON CHCTeMbl BakOaKThl B 3aCyIITUBBIX M MaJOBOJHBIX yCIOBHSIX, Xapak-
TEPHBIX Il BOZOEMKHX PUCOBBIX MoJjei. PacyeTsl 6ananca npoBOAMIMCH HAa OCHOBE IaHHBIX HATYPHBIX HAOJIOAEHHH NpHU
AKTUBHOM y4YacTHW MECTHBIX ()epMEpOB, 4TO 00ECIEUYMIO AOCTOBEPHOCTh NaHHBIX. BoJHBIN OanaHC mokasall HeOOJbLIOE
oTpunarenbHoe pacxoxiaenue B mpeaenax 0.4-0.6% B 2022 rogy u 0.001-0.02% B 2023-2024 romax, MOATBEPAKIECHHOE
MOHUTOPHHIOM YPOBHSI I'PYHTOBBIX BOJ M KapTamu. CoseBoii OasaHC rmoxa3an He3HAYMTEIbHYIO aKKYMYJISIHIO, 3HAYESHUS
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ot +0.016 mo +0.29 1/ra Ha mone Ne 2 u ot +0.049 mo +0.089 1/ra Ha mose Ne 4. Ce30HHBIE TOBBIIIIEHNS COJIEH OBLIIN CBS3a-
HBI C PEXKMMAaMHU IPOMBIBKH U JIOMHUHUPOBAHHUEM JICTKOPACTBOPHUMBIX COJICH, HE MPEACTABISIONIAX YrPO3bl METHOPATUBHO-

MY COCTOSIHUIO 3€MEJTb.
Knroueswte cnosa: 600H0-conesoll baianc, opowaemvie 3eMiu, OPEHANCHbIE CUCTEMbL, KOJIEKIMOPHO-OPEHANCHbIE 800V,

3dacoJjierue, kaiecmeo 6000bl.
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