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GEOLOGICAL STRUCTURE OF SOILS AND METHODS OF WATER RESOURCES
MANAGEMENT OF THE ASA RIVER

Abstract: the article presents the results of studies of the geological structure of soils and methods of
water resources management. From a geological point of view, the massif of the Asa River belongs to the
complex of modern alluvial - proluvial deposits, contributes to their complex relationship in size and area,
lithological differences [1]. In the valley of the Asa River, hydromorphic soils developed, influenced by
shallow mineralized groundwater [2, 3]. The soil cover of desert areas consists of loose gray soil. Meadow-
serozem irrigated loamy sandy soils, the parent rock is sandy loam, the bedding is sand [4].

The main source of irrigation for plants in the Asa river basin is surface water. However, during the
growing season, there is an annual shortage of irrigation water; over the years of research, the water supply for
1 ha of irrigated land in the Zhambyl region was 3561 - 5988 m*/ha. The analysis of the water balance shows
that irrigation along furrows increases the loss of water, the consumption of which is 2100 m’/ha [5]. When
irrigating through the furrow, losses for consumption reduced to 600 m’/ha, i.e. 29% higher than furrow
irrigation. Water-saving technology of irrigation through the furrow will allow: to reduce the size of water
intake for irrigation to 15-35%; reduce economic costs; will increase the yield of agricultural products.

Key words: geology, soil cover, surface water, water-saving technology, watering by furrow, watering
through furrow, evaporation, infiltration.

Introduction. The main source of irrigation The study area belongs to the low-carbonate
for plants in the Asa river basin is surface water. gray soils of the periphery of semi-deserts in the
However, during the growing season, there is an foothills of the Northern Tien Shan. The basis of the
annual shortage of irrigation water; over the years irrigated bark of agriculture made up of gray soils.
of research, the water supply for 1 ha of irrigated [2]. In the valley of the Asa River, hydromorphic
land in the Zhambyl region was 3561 - 5988 m’/ha soils are developed, influenced by shallow
[6]. The study area is located in the Asa river basin mineralized groundwater. The soil cover of desert
on the irrigated lands of the Besagash village, areas consists of loose gray soil. Soils with poor
located in the south of Kazakhstan in the Zhamby]l water permeability, when wet, harden, and when dry
district of the Zhambyl region. they turn into a solid mass. In the valley of the Asa

In the upper hydrogeological layer of the river basin, sands cover 10-20% of the total land
interfluvial massif Asa, from a geological point of area and distributed over the territory in small areas
view, the complex of modern alluvial-proluvial [3].
deposits contributes to their complex relationship in The climate in the region is continental, the
size and area, lithological differences [1]. The average annual amount of precipitation is low,
geological structure of the upper layer of the without irrigation, agriculture is impossible. Due to
hydrogeological massif at the Asa site includes the continental climate, the values of evaporation
complex alluvial deposits of proluvial age of the and infiltration of water resources are too high here.
Middle Quaternary - modern age with a very The existing methods of water resources
complex relationship with lithological differences management inevitably lead to large losses of
in size and context [2,3]. irrigation water for infiltration, discharge and

evaporation, the value of which reaches 60-70% of
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the water intake [7]. Field studies included the study
of furrow irrigation techniques with water supply to
each furrow and through the furrow, the study of the
porosity, density, and humus of soils.

Results. To characterize the soil of the
experimental production site, we used the
morphological description performed by the
Kazgiprozem Institute on the irrigated lands of the
Zhambyl Agricultural Experimental Station at the
Besagash site. Meadow-serozem irrigated loamy
sandy soils. The parent rock is sandy loam, the

bedding is sand.
A - 0-33 Gray, sandy loam, boils from
cm the surface, weakly compacted,

radicular, the transition is clear
in color, lumpy-silty

B- 33-50  Grayish-fawn, lumpy-silty
cm structure, sandy loam, dry,
radicular, gradual transition.
BC- 50-67 Lighter, loamy (sandy), fresh,
cm compacted, effervescent,
gradual transition
C- 67- Yellowish fawn, sandy loam,
105 sand towards the end of the
cm profile, moist, structureless,

boils, compacted [4].

The results of studying the density of soils
showed that they evenly distributed along the soil
profile. The homogeneity of the experimental
production site confirmed by the results of statistical
processing of data on the density, density of the
solid phase and porosity of the soils of the root layer
(Table 1).

Table 1 — Indicators of the physical properties of the soils of the experimental production site

. Indicator values
Horizons,
.. . ) The coefficient of
cm minimum medium maximum ..
variation, %

0-20 1,47 1,50 1,52 12,6
Density, 20-40 1,55 1,59 1,61 10,7
t/m’ 40-60 1,62 1,65 1,67 8,3
60-80 1,64 1,68 1,71 10,1
80-100 1,72 1,73 1,76 9,2
0-20 2,71 2,72 2,73 6,3
Solid phase 20-40 2,71 2,72 2,74 11,8
densigy, 40-60 2,72 2,73 2,74 7,4
t/m 60-80 2,73 2,73 2,74 6.9
80-100 2,73 2,73 2,74 6,5
0-20 41,3 43,6 44,5 9,2
20-40 40,9 41,7 42.8 9,7
Porosity, % 40-60 38,5 39,3 40,4 7,2
60-80 37,7 38,1 39,2 6,8
80-100 35,3 36,2 37,6 7,2

For example, the coefficient of variation for
soil density in 0-100 cm layer varies within 8.3-
12.6%. These figures are less than 20%, which
indicates a low variability in soil density. Similar
low indicators of the coefficient of variation also
obtained for the density of the solid phase and
porosity of soils [4].

The results of studying the field moisture
capacity of soils show that they have an uneven
distribution along the soil profile. The maximum
value of the field moisture capacity noted in the 80-
100 cm layer - 19.3% of the dry soil mass. Such an

131

unevenness of the values of the field moisture
capacity of soils 1is associated with the
inhomogeneity of the mechanical composition of
the root layer [8].

Chemical analysis of soils shows that the
maximum value of humus occurs in the upper 0-20
cm layer. In this layer, humus reserves amounted to
1.44%. With an increase in the depth of the root-
inhabited layer of soils, their size decreases and in
the 40-50 cm layer it is 0.40%. Gross nitrogen and
phosphorus have a similar distribution over the soil
profile (Table 2).
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Table 2 - Stocks of humus and gross forms of nutrients in the soils of the pilot plant

Horizons. cm Humus . Gross forms,% CcO2
’ % t’ha Nitrogen Phosphorus carbonates

0-10 1,44 21,9 0,158 0,122 5,10

10-20 1,09 17,0 0,176 0,118 5,08

20-30 0,87 13,9 0,167 0,118 5,36

30-40 0,75 12,1 0,078 0,065 9,00

40-50 0,64 10,4 0,057 0,050 8,74

50-60 0,40 6,6 0,042 0,041 7,40

0-30 1,13 52,8 0,167 0,119 5,18

0-60 0,87 81,9 0,113 0,086 6,78
During the growing season, soil moisture in irrigated and non-irrigated furrows in the upper
the root zone maintained in optimal condition. For layers has a lower moisture content than in the
example, when watering along the furrows, the irrigation furrow. In the lower soil layers, moisture
cabbage was the very furrow that was watered [8]. increases. A similar dynamics of soil moisture on
At the same time, the moisture content in the 0-100 the profile also took place in the non-irrigated

cm layer ranged from 18.2 to 22.4% (Table 3). The furrow [9, 10].
moisture content of the soil on the ridge between the

Table 3 - Soil moisture in the root zone during furrow irrigation of cabbage on irrigated lands in Besagash

Soil moisture, %
Horizons, The bottom of the watered Ridge Dry furrow bottom
om furrow

% M’/ra % M’/ra % M’/ra

0-20 18,2 538 12,7 376 9,8 290

20-40 19,8 598 16,3 492 12,7 384

40-60 20,1 663 18,5 610 17,4 574

60-80 20,9 715 20,4 698 20,6 705

80-100 22,4 770 22,3 767 22,4 770

0-100 20,3 3284 18,0 2943 16,6 2723
Analysis of the water balance shows that irrigating through the furrow, losses for
irrigation along furrows increases the loss of water, consumption reduced to 600 m‘/ha, i.e. by 29%

the consumption of which is 2100 m’/ha. When compared to furrow irrigation (Table 4) [11].

Table 4 - Water balance of cabbage with different irrigation technologies

Balance indicators Watering by Watering through
furrow furrow
Initial moisture reserves, m>/ha 1470 1470
Precipitation, m*/ha 695 695
Irrigation rate, m*/ha 7200 6000
Groundwater inflow, m*/ha 4800 5600
Total 14165 13765
Infiltration losses, m*/ha 2950 2400
Water loss for discharge, m*/ha 2100 1500
Final moisture, m>/ha 2350 2210
Evapotranspiration, m*/ha 6765 7655
Total 14165 13765
Productivity (biological), t/ha 32,1 38,4
Water consumption coefficient (water consumption per
3 211 199
ton of cabbage), m
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With furrow irrigation, infiltration losses of
cabbage were 2950 m*/ha. The minimum amount of
losses of infiltration of irrigation water obtained
during irrigation through furrows, which amounted
to 2400 m*/ha. This compared to the reference case
below at 550 m’/ha. Furrow irrigation reduces the
amount of infiltration losses by 30-40% [11, 12].

In the conditions of experimental production
plots, during irrigation at the beginning of the

growing season, it is necessary to strive to moisten
the upper layer of the thickness of the root zones.
This ensures a decrease in the volume of losses of
irrigation water for infiltration. However, with
furrow irrigation, an increase in soil moisture
observed over the entire area of irrigated land [11,
12, 13]. This confirmed by the data on soil moisture
obtained after irrigation (Table 5).

Table 5 - Soil moisture when changing irrigation technology

Technology of watering
Horizon by furrow
s, cm Furrow bottom crest of furrow average
% from weight % from SMC % from weight | % from SMC % from weight | % from SMC
of the dry soil (NV) of the dry soil | (NV) of the dry soil (NV)
0-20 19,03 90,6 18,21 86,7 18,62 88,6
20-40 18,74 89,2 18,32 87,2 18,53 88,2
40-60 18,26 87,0 18,15 86,4 18,20 86,7
60-80 18,85 89,8 19,22 91,5 19,04 90,6
80-100 21,83 103,9 21,70 103,3 21,76 103,6
0-40 18,88 89,9 18,26 86,9 18,58 88,5
0-100 19,34 92,1 19,12 91,1 19,23 91,6
through furrow
botto;ri r?(f \516 watered crest of furrow btf)utrtroorilv of dry average
% from weight | % from % from % from | % from % from | % from %
of the dry soil | SMC (NV) | weight of | SMC weight of the | SMC weight of from
the dry soil dry soil the dry soil | SMC
0-20 18,83 89,7 17,76 84,6 13,88 66,1 16,82 80,1
20-40 18,16 86,5 18,04 85,9 15,57 74,1 17,26 82,2
40-60 18,45 87,8 17,75 84,5 15,45 73,6 17,22 82,0
60-80 18,96 90,3 19,07 90,8 18,90 90,0 18,98 90,4
80-100 21,34 101,6 21,40 101,9 21,07 100,3 21,27 101,3
0-40 18,50 88,1 17,90 85,2 14,72 70,1 17,04 81,1
0-100 19,15 91,2 18,80 89,5 16,97 80,8 18,30 87,2

For example, in the upper layer of 0-20 cm,
the average soil moisture is 18.62% or 88.6% SMC,
and when irrigated through the furrow - 16.82% or
80.1% of the SMC. In the second variant of the
experimental plot, where the furrows were not
irrigated, the average soil moisture was somewhat
lower (by 2-4% of the dry soil mass) than when
irrigated in each furrow. As a result, optimal soil
moisture limits constantly maintained in the root
zone layer, ensuring the normal growth and
development of crops.

Soil moisture increases in the layer of the root
zone from 16.6% to 20.3%, which is about 900-
1000 m’/ha, and the total water consumption of
vegetable crops is 10951 m*/ha. At the same time,
the maximum daily water consumption of vegetable

crops changed from 83.9 to 98.7 m’/day [14, 15].
Thus, the moisture content and the depth of soil
wetting, almost the same distribution of water
regardless of the path. For example, the moisture
content of the upper 40 cm of the soil layer in the
variant with water supply to each furrow was
18.62% or 88.6% of the SMC, and in the 0-100 cm
layer - 19.23% or 91.1% of the SMC, with In the
variant, when irrigation was carried out through the
furrow, half of the irrigated land has the same
moisture as in the case of irrigation along the
furrows. In the future, the volumes of water
consumption specified for irrigation along the
furrows and through the furrow for the growing
season (Table 6)
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Table 6-Use of irrigating water when watering by furrow and through furrow for the vegetative period

Variants Irrigation norm gross, Expenses of water (m*/hectare) on
m°*/hectare Moistening of soils Filtration Discharge
Watering by 1500 805 285 260
furrow 1100 630 190 180
Watering though 800 496 152 112
furrow 600 409 100 60

In the context of an increased shortage of
water resources on the irrigated lands of
Kazakhstan, the main criterion for methods of
economic assessment of surface waters is the
rational use of water resources. However, the
problem of rational use of water and land in the
current conditions requires a solution through the
development of water-saving methods of using

irrigation water in irrigation systems. Consequently,
in market conditions, the development and
implementation of technologies for managing soil
resources and ecological processes in irrigated
ecosystems should help reduce the cost of obtaining
the planned harvest and predetermine the growth of
profit per unit area of irrigated land (Table 7).

Table 7 - Definition of profit on water saving up technology of watering on furrows and through a furrow

Variants
Indicators watering by furrow waterfing through
UIrrow
Prepraration of irrigated lands for crops, cabbage 43000 43000
landing, tg/hectare
Care of sprouts of cabbage and cabbage during the
vegetative period (cultivation, cutting of furrows,
temporary sprinklers, introduction of herbicides and 32000 32000
pesticides), tg/hectare
Costs of cabbage watering, tg/hectare 15800 12000
Costs of cleaning and cabbage transportation, 65000 72000
tg/hectare
Total expenses, tg/hectare 198800 202000
Productivity of cabbage, tons 32,1 38,4
Realization price of 1 ton of cabbage, tenge 25000 25000
Cost of cabbage tg/hectare 802500 960000
Expenses, tg/hectare 198800 202000
Net profit, tg/hectare 603700 758000
Additional profit, tg/hectare - 154300

Analysis of the above materials shows that
increasing the yield of cabbage when irrigated
through the furrow gives the greatest profit from 1
hectare of irrigated land. Under this option, the
profit from 1 hectare of irrigated land amounted to
758,000.00 tenge. In the control variant, where
irrigation was carried out along furrows, the profit
is minimal and amounted to 603,700.00 tenge/ha.
Comparative analysis of the presented data shows
that the maximum profit obtained for the option,
where cabbage watered through the furrow,
predetermined the maximum additional profit.
Under this option, the amount of additional profit
amounted to 154,000.00 tenge/ha compared to the
control option.

Conclusions. Geological structure the massif
of the Asa River belongs to the complex of modern
alluvial - proluvial deposits, contributes to their
complex relationship in size and area, lithological
differences. The results of studying the density of
soils showed that they evenly distributed along the
soil profile. The coefficient of variation for the
density of soils in the 0-100 cm layer varies in the
range of 8.3-12.6%. These figures are less than
20%, which indicates a low variability in soil
density.

The climate in the region is continental, the
average annual precipitation is low, without
irrigation, agriculture is impossible. Due to the
continental climate, the values of evaporation and
infiltration of water resources are too high here [11].

134




N EWS of the Academy of Sciences of the Republic of Kazakhstan

The maximum value of humus occurs in the
upper 0-20 cm soil layer. In this layer, humus
reserves amounted to 1.44%. With an increase in the
depth of the root-inhabited soil layer, their size
decreases and in the 40-50 cm layer it is 0.40%. 5.
During furrow irrigation, water losses increase, the
consumption of which is 2100 m® / ha. When
irrigating  through the furrow, losses for
consumption reduced to 600 m*/ha, i.e. 29% higher
than furrow irrigation. During furrow irrigation,
water losses increase, the consumption of which is
2100 m’/ha. When irrigating through the furrow,

From the given materials shows that
increasing the yield of cabbage when irrigated
through the furrow gives the greatest profit from 1
hectare of irrigated land. According to the option,
where the cabbage irrigated through the furrow, the
additional profit was 154,000.00 tenge/ha compared
to the control option. The developed water-saving
technology of using the surface waters of the Asa
river basin: ensures the passage of tillage equipment
along dry furrows (row spacing); reduces the size of
the irrigation rate up to 30%; reduces the cost of
water for a unit of production by 15-20%.

losses for consumption reduced to 600 m*/ha, i.e.
29% higher than furrow irrigation.
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ACA O3EHIHIH CY PECYPCTAPBIH BACKAPY 9IICTEPI
7KOHE TOIIBIPAKTAPBIHBIH I'EOJIOT'UAJIBIK KYPbIJIBIMbI

AHHOTaNMsA: MakKajala TOMBIPAKTHIH TEOJIOTHSIIBIK KYPBUIBIMBIH JKOHE CY pecypCTapbhlH Oackapy
oflicTepiH 3epTTey HOTWXKeNepl KenTipiireH. ['eoNmorusuiblk TYpFblAaH Aca e3eHi Kasipri ayuTloBHIIIK-
MPOJIOBUANIGI  IIOTIHIIEP KEIICHIHEe JKaTajbl, OJapJblH KeJieMi MEH ayMarbl, JUTOJIOTHSUIBIK
allBIpMAIIBUIBIKTAphl OOWBIHINIA KYpAENi OalaHBICTaphIHA BIKIAN eTefi. Aca ©3eHIHIH aHFapbhlHIA Tas3
MUHEpalJIaHFaH ep acThl CYJNapbIHBIH dcepiHeH THApOoMOp(dTH Tombipak aaMbirad. Llemmi aiMakTapabH
TOIBIPAK YKaMBLIFBICHI OOPIBUIIAAK CYp TONBIpaKTaH Typaabl. LllanFeiHabI-cepo3eMii cyapMalibl ca3iak KyMIbI
TombIpakTap. TombIpak Ty3yIi — KYMJIBI ca3, aCTBIHFBI Ka0aThl — KYM.

Aca e3eHiHIH OacCeHHIHIETI OCIMIIKTEP Il CYIaHABIPYIBIH HETI3T1 K631 — Kep YCTi cynapsl. Anaiina,
BETETaIUSIIBIK KE3CH I CyapMaJibl CYIbIH b CAUBIHFbI JKETICIICYIIUIIT OaliKaiabl; 3epTTEyJIep KYPri3ijareH
sKpLap inringe YKamObL1 06bIchIHIA 1 ra CyapMaJtbl Kep/li CyMeH KaMmTaMachi3 eTy 3561-5988 m?/ra KypaipL.
Cy OaslaHCBIH Taniay KepPCETKEeHIeH, KYHEKTeN Cyapy CY/BIH IIBIFBIHBIH apTTHIPaIbl, OHBIH MIBIFRIHBL 2100
M’/ra. XKyitekapa cyapy kesiHze mbIFbIH Mommepi 600 M>/ra neitin a3asmbl, SFHU KyiiekTen cyapyaad 29 %
xoraphl. JKylekapa cyapyAblH Cyllbl YHEMICY TEXHOJIOTHUACKHL: Cyapy YIIH Ccy any menmepin 15-35% neitin
azaiTyra MYMKIiHIIK Oepei; SKOHOMHKAIBIK MIBIFBIHAAPIBI a3aiTalbl, aybUIIIapYyallbUIbIK OHIMAECPIHIH
IIBIFBIMBIH AP TTBIPAJIbI.

Tyiiin ce3mep: reonorus, TOMBIPAK KAMBUIFBICHL, KXEPYCTi CyJapbl, Cy YHEMICY TEXHOJOTHUSCHI,
KYHEKTeI cyapy, )Kyiekapa cyapy, Oyiany, cy3iiy.
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I'EOJIOI'MYECKASA CTPYKTYPA IOYBOI'PYHTOB U METO/IbI
YIPABJIEHUA BOAHBIMU PECYPCAMMU PEKH ACA

AHHOTAIMS: B CTaTb€ IPUBEIACHBI PE3YJbTAaThl HCCIECIOBAHUN TIE0JIOTMUECKONH CTPYKTYpbI
MIOYBOTPYHTOB U METOABI YIPABICHUsS BOAHBIMH pecypcaMu. C reojJoruueckoil TOUkH 3peHHs MacCUB PEKU
Aca OTHOCHTCSI K KOMIIEKCY COBPEMEHHBIX aJUTIOBHAIBHO — IPOJIIOBHATIBHBIX OTIOKEHHH, CIIOCOOCTBYET HX
CJIO’KHOM B3aMMOCBSI3H I10 pa3MepaMm U IUIOIIAAH, JINTOJIOTHIECKUM pa3IndusaM. B nonnHe pexn Aca pa3BUTHI
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TUAPOMOP(HEIE TOYBBI, TOABEPKEHHBIE BIHUSIHUIO HETTTyOOKMX MHHEPATW30BAaHHBIX TPYHTOBBIX BOJ.
ITouBeHHBIM TOKPOB MYCTHIHHBIX TEPPUTOPUM COCTOUT U3 PHIXJIOW cepoil mouBbl. JIyroBo-cepo3eMHbIe
opollaeMble CYTJIMHUCTBIE OlecYaHeHHble MmouBbl. [louBooOpasyromias mopojga — cymnech, MOJICTHIIAHHE —
IECOK.

OCHOBHBIM UCTOYHHKOM OPOIIEHUsSI pACTeHHUN B OacceifHe pexu Aca SBISIOTCS MOBEPXHOCTHBIC BOJIBI.
OmHako B BETETAMOHHBIA Tepruoj HAOMIOMAeTCS €KETOMHBIM JSPUIIUT TOJWBHONH BOJIBI, 32 TOIBI
HCCIIeJOBAaHNN BO0OOECTIeueHHOCTh 1 ra opomaeMbix 3emens B JKamObuickoit obmactu cocraBmwia 3561 -
5988 M*/ra. AHamu3 BOJHOTO GanaHca MOKA3bIBAET, YTO IPH MOIMBE 110 6OPO3aM BO3PACTAIOT HOTEPH BOJIEI,
pacxos KoTopoii coctapisieT 2100 m*/ra. IIpu monmse yepes 60po3/ay CHIKAIOTCA MOTEPH Ha pacxox 10 600
M’/ra, T.e. Ha 29% MO CPaBHEHMIO C MOJMBOM MO Gopo3aaM. Bogocbeperaromas TeXHOIOTHs MOIMBA Yepes
00po31ly MO3BOJUT: CHU3UTH pa3Mepbl Bojo3abopa Ha opomeHue A0 15-35%; CHU3UTH 3KOHOMHYECKHE
3aTpaThl; MOBBICUTh YPOKal CEIbCKOXO3SIMCTBEHHON MPOAYKIIHH.

KiroueBble cioBa: reosorusi, IMOYBEHHBIM IOKPOB, IMOBEPXHOCTHBIE BOJBI, BoOxOcOeperaromas
TEXHOJIOTUs, TIOJIMB 10 00p0o3/aM, TIOJIUB uepe3 00po3y, UCTIapeHHe, HHPILTPAIUs.
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