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SOILS STATE ANALYSIS IN THE SEMI-AQUATIC ZONE OF SALINE

AND SODA LAKES IN ZHETYSU
(by the example of lake Alakol, Sasykkol, Zhalanashkol, Balkhash and Ushkol)

Nl

In the desert zone of Zhetysu, the vegetation cover of pastures is scarce and their fodder quality is
very low. This is due to the dryness of the climate. The amount of atmospheric precipitation does not
exceed 120-150 mm per year, most of which falls in the autumn-winter period. Summer is character-
ized by extreme dryness. The desertification of the territory that has been developing in recent years, the
processes of soil salinization further reduce the productivity of desert pastures. Under these conditions,
the vegetation cover of inland waterslocated in the desert zone is of particular interest in this article.
Semi-aquatic zones of inland waters have a better wet conditionand have more developed vegetation.
But not everywhere the vegetation of inland watersdevelops in the same way and it depends on edaphic
conditions. Therefore, the soil studies of lakes’ semi-aquatic zone located in the desert zone in particu-
lar seem to us relevant. The aim of the study is to investigate the edaphic conditions for the vegetation
cover development in the semi-aquatic zone of saline and soda lakes in the desert of Zhetysu to increase
their productivity and fodder value. For the research, both fields (comparative geographic, cartographic,
route reconnaissance) and laboratory research methods were used. Based on the results obtained, it was
revealed that there are non-saline soils (soils of semi-aquatic coastline of Zhalanashkol, Ushkol lakes),
slightly saline (soils of Balkhash, Sasykkol lakes) and highly saline (soils of the semi-aquatic coastline of
alakol lake) in the study area. The main type of salinization are soda-sulfate and chloride-sulfate. The
results obtained can be used as a basis for monitoring studies and as a comprehensive assessment of
Zhetysu soil. The results of the study will also make it possible to assess the degree of soil degradation
and vegetation cover under saline conditions.

Key words: saltmarsh, salt licks, agrochemical analysis, water extract, higher — aquatic and semi
aquatic plants, saline lakes, soda lakes.
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XKeTicy Ty3Abl XKdHe COAQ KOAAEPiHIH XXaFaAay alMarbIHAAFbI
TOMbIPAK, XXaFAAMbIH TaAAQy
(Araken, CacbikkeA, XKaraHawikea, baaxai xeHe YIIKOA KOAAEPi MbICAAbIHAQ)

KeTicy weaAi ariMarbliHAQ KaMbIAbIMAAPAbBIH 6CIMAIK >KaMbIAFbICHI a3 >K8HEe OAApPAbIH, XXKEMAIK
KYHAbIAbIFbI 6T€ TOMeH. ByA >kaFaai Kyprak, KAMmMaTka 6aiAaHbICTbl. YKayblH-LUIALLbIH MOALLEPI >KbIAbIHA
120-150 MM-A€H acrnarAbl, OAAPAbIH, KOMLWIAITT Ky3ri-KbICKbl YakbITTa Tyceai. XKa3 eTe KypFakTbIKneH
CUMaTTaAaAbl, COHFbl XXbIAAAPbI AAMbIMN KeAe »KATKaH ayMaKTblH, LUOAEATTEHYI, TOMbIPAKTbIH TY3AaHY
MPOLLeCTepi LWOAAI >KaMbIALIMAAPABIH BHIMAIAINIH 0AaH 8pi TeMmeHaeTeal. bya karpaanaa weaai
ariMaKTa OpHaAacKaH KOAAEPAIH Xararay 6eAAeyiHiH 6CIMAIK KXAMbIAFbIChI KbI3bIFYLLbIAbIK, TYAbIPAAbI.
KeAAepAiH aranay 6eapeyAepi bIAFAAMEH KamMTaMachl3 ETIArEeH JK8He 6CIMAIKTEpi XKaKCbl AaMbIFaH.
bipak, 6apAbiK XXepAe KOAAEPAIH >KaraAay arMarblHbiH, ©CIMAIKTEPI GipAei AamMbiMaiAbl >KOHE OA
3AaMKAABIK, XKaFaarAapra 6anAaHbiCTbl 60AaAbl. COHAbIKTAH LIOAAI aliMakTa OPHAAACKAH KOAAEPAIH
>Karaaay 6eAAeYiHiH TomblparbiH 3epTTey 6i3re e3ekTi 60AbIN KOPiHEAi. 3epTTeyAiH MakcaTbl — XKeTicy
LOAAI aMMaFbiHbIH Ty3Abl XKOHE COAA KOAAEPIHIH >KaFaaay 6GeAAeYiHiH 6CIMAIK >KaMbIAFbICbIHbIH
OHIMAIAITT MEH XeMLLUBeMN KYHAbIAbIFbIH apTTbIPY YLUiH AaMYbIHbIH, 3AaDMKaAbIK, >KaFAANAAPbIH 3epTTey.
3epTTey XKYpri3dy YLWiH AAAaAbIK (CAAbICTbIPMAAbI-reorpadmsIAbIK, KapTorpausAbiK, MapLIPyTTbIK-
6apAay) >koHe 3epTXaHaAbIK, 3epTTey 9AiCTEPI KOAAAHBIAABI. AAbIHFAH HOTUXKEAEP HETi3iHAE 3epTTEAIHIrN
OTblpFaH aymakTa copTaHAaHbaraH TomblpakTap (KasaHalwkeA, YIIKOA KOAAEPIHIH >KaFaAayAblK,
ToMbIpakTapbl), azaaraH copTaHAbl (baakaw, CacblKkeA KOAAEPiHIH TomnbipakTapbl) >KOHe >KOFapbl
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copTaHAbl (AAAKOA KOAIHIH >KaraAayblHbIH TOMbIPAKTapbl) TOMbIPAKTAPAbIH 0ap eKeHi aHbIKTaAAbI.
Ty3AaHYAbIH Heri3ri TypAepi — CcoAa-CyAb(PATTbl XX8HEe XAOPUATI-CYAbATTbl. AAbIHFAH HOTMXeAep
JKeTicyAblH, XKep »KaMbIAFbICbIH MOHUTOPUHITIK 3epTTeYy >KoHe KeleHAI 6araAay yiliH Heri3 peTiHae
nanAAaHbIAYbl MyMKIH. 3epTTey HoTMXKeAepi COHbIMEH KATap TY3AAHY >KaFAalblHAQ TOMbIPaK-6CiMAIK
>KaMbIAFbICbIHbIH AErpaAaLMs ABpPesKeciH Gararayra MyMKIHAIK Gepea.

Tynin ce3aep: ak copTtaH 6Gatnakrap, Ty3Abl 6aTnakTap, arpoOXMMMSIAbIK, TaAAQy, CY COpFbiLl,
JKOFapbl — CYy >KOHe KaraAay-Cy 6CiMAIKTEpPI, TY3Abl KOAAEP, COAQ KOAAEPI.

E.l'. 3anapuHa'’, 3.A. MHeaoBa', 3. bopoc?, b.E. LLInmiumkos'

'Kaszaxckui HaumaoHaAbHbIN yHUBEpCUTET MMeHM aab-PDapabu, KasaxcraH, r. AAamMatbl
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AHaAU3 COCTOSIHUS MOYB NMPUOPEXKHONM 30HbI COAEHbIX
M coAO0BbIX 03ep XKeTbicy
(Ha npumepe o3ep ArakoAb, CacbikkoAb, JKaAaHalkKoAb, baAxalu U YiIKOAD)

B nycTbiHHOM 30He >KeTbICy pacTUTeAbHbI MOKPOB MAcTOML, CKYAHbIM M KOPMOBasi LEEHHOCTb
MX OYeHb HM3Kas. JTO MPOUCXOAMT M3-3a CYXOCTM KAMMATA. KOAMYECTBO aTMOCEPHbIX OCAAKOB He
npesbiwaetr 120-150 MM B roA, GOABLUMHCTBO KOTOPbIX BbIMAAAET B OCEHHE-3UMHUIA NepUoA. AeTo
XapaKTEPU3YETCs Ype3BblYAHOM CyXOCTblo Pa3sBuBaiolleecs B MOCAEAHME TOAbl OMYCTbIHMBaHME
TEPPUTOPUN, MPOLECC 3ACOAEHMS MOUBbI €le CUMAbHEE YMEHbLUAOT MPOAYKTMBHOCTb MyCTbIHHbIX
nactéui. B kauecTBe NMpMUMH 3aCOAEHMS HA TEPPUTOPUM 0OAACTH BLIAEASIIOT MEPBUYUHbIE 1 BTOPUUHbBIE
hakTopbl. K MNepBMYHbIM OTHOCAT YyyaCcTMe MATEPUHCKOM MNOopoAbl B (DOPMMPOBAHME COAEBOrO
CTaTyca MOYBbl, KO BTOPMYHbLIM OTHOCST BAMSIHWME AHTPOMOreHHOM AEITEAbHOCTM Ha MOYBEHHbIN
MOKPOB: OpOLLEHME BOAAMM C MOBbILEHHbIM COAEP>KAaHMEM COAM, CKAQAMPOBAHME OTXOAOB, CHera
M T.A. B 3TUX yCAOBMSX NMpeACTaBASIET MHTEPEC PACTUTEAbHbI MOKPOB MPUOPEXHOM MOAOCHI 03ep,
PaCrMOAOXEHHbIX B MyCTbIHHOM 30He. [1prbpexHble 30Hbl 03ep obecrieveHbl BAAroi U MMelnT Goaee
pa3BUTYIO pPacTUTeAbHOCTb. Ho He Be3ae pacTUTEAbHOCTb MPUOPEXKHON 30Hbl O3ep pa3BMBAETCs
OAMHAKOBO 1 3aBUCUT OT 3AaPUUECKMX YCAOBUIA. [103TOMY 13yUeHMe NoUB NPUOPESKHON NMOAOCHI 03€ep,
PacnoOAO>KEHHbIX B MyCTbIHHOM 30He, MPEACTABASIETCS HaM akKTyaAbHbIM. LIeAbIO MCCAeAOBaHNS SBASIETCS
M3yyeHue 3AaUUECKMX YCAOBUI PA3BUTUS PACTUTEABHOrO MOKPOBA MPUOPEXKHON 30HbI MyCTbiHb
JKeTbICy AAS MOBbIWEHUS MX MPOAYKTMBHOCTM M KOPMOBOM LEHHOCTM. Ha OCHOBaHMM MOAyYeHHbIX
pPe3yAbTaTOB BbISIBAEHO, UYTO Ha TEPPUTOPUM MCCAEAOBAHMS MPUCYTCTBYIOT HE3aCOAEHHble MOYBbI
(nouBbl MpUGPeEXHON 6eperoBor AMHUM 03ep XKaAaHaLKOAb, YLIKOAb), cAab03acoAeHHbIe (MoYBbI 03ep
Baaxaw, CacbIKKOAb) M CMAbHO3ACOAEHHbIE (MOYBbI MPUOPEXKHON 30HbI GEPErOBOM AMHMM AAAKOAD).
OCHOBHbIM TUMOM 3aCOAEHNS SIBASIIOTCS COAOBO-CYAb(PATHOE 1 XAOPUAHO-CyAbdaTHOE. [ToAyUeHHble
pesyAbTaTbl MOTYT O6biTb MCMOAb30BaHbl, Kak OCHOBA AASl MOHUTOPUHIOBbIX MCCAEAOBAHWA U
KOMMAEKCHOW OLLeHKM MOYBEHHOrO MoKpoBa XKeTbicyckoin o6AacTu. Pe3yAbTaTbl MCCAEAOBaHMS TakKe
MO3BOAST OLIEHUTb CTeNeHb AerPaAMPOBAHHOCTM PACTUTEABHOIO MOKPOBA B YCAOBMSIX 3aCOAEHMS.

KAtoueBble cAOBa: COAOHYAKM, COAOHLIbI, arPOXMMMYECKMIA aHAAM3, BOAHAS BbITSXKKA, BbICLLME —
BOAHbIE 1 NPUOPEXXHO-BOAHbIE PacTeHMsl, COAEHble 03epa, COAOBbIE O3epa.

Introduction

The soil cover of Zhetysu has a number of
features associated primarily with special climatic
conditions: it’s of continental climate type, saline,
shows uneven distribution of precipitation, and
has low soil moisture. This is due to the diversity
of climate, its topography, underlying rocks, and
vegetation. Most of the precipitation falls during
the winter months. In the study area, zonal soils
are gray soils, which are mainly of loamy and clay
granulometric composition, often saline, with high
pH and very low content of plant nutrients. The
peculiarity of the structure of gray soils is due to
the weak differentiation of genetic horizons, i.e.
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low content of organic matter and its complete
mineralization [1].

Salinization ofthe soil coverand constantincrease
in its area from year to year due to poor drainage
under the influence of both climatic conditions and
anthropogenic activities are becoming one of the
most urgent problems that lead to the degradation
of soil cover, and a decrease in the biodiversity of
plants and animals [2-4]. This problem directly
affects the development of agriculture, the main task
of which is to provide food for the population of the
republic and feed for farm animals [5].

The soils of the study area can be classified
as medium and highly saline. Soils with high salt
content are inherent in steppe and desert landscapes,



Ye. Zaparina et al.

however, soil salinization processes also occur in
areas with humid climate, most often in the coastal
zone, where inland water shows its influence through
river channels and feeds through groundwater,
which directly affects the salinization process of vast
territories [6-9]. Primary and secondary factors that
influence the accumulation of salts in the soil cover
is distinguished as the causes of salinization in the
region. The primary ones include the participation
of the parent rock in the formation of soil salt
status, the secondary ones include the influence of
anthropogenic activities on the soil cover: irrigation
with waters with high salt content, lack of drainage,
waste storage, etc. [10].

The problem of soil salinity and vegetation
cover degradation is devoted to a number of re-
search works [6-8, 11-12], however, there is no
complete information on the degree of salinization
of the coastal zone of the Zhetysu region (Alakol,
Sasykkol, Zhalanashkol, Balkhash and Ushkol).

The research area

Since at present the problems of soil salinization
and degradation of vegetation cover are among the
most urgent, the purpose of this research was to
study the edaphic conditions for vegetation cover
development of semi-aquatic lakes in the desert
zone of Zhetysu to increase their productivity and
fodder value.

Materials and methods

Fields (comparative geographic, cartographic,
route reconnaissance) and laboratory research
methods were used to make research [13-15].

Research objects. The objects of research were
5 survey points: soils of the semi-aquatic zone of
Zhetysu lakes (it’s the historical and geographical
region of Kazakhstan, which includes the
southeastern part of it, and consists of 7 main rivers,
in the former Almaty region): Sasykkol, Alakol,
Zhalanashkol, Balkhash and Ushkol (Figure 1).

Y Legend
R @ ook
@ Balkhash
@ Sasykkol lake
@ Ushkol lake
Zhalanashkol lake

Figure 1 — The research area

Depending on the height above sea level,
different natural areas formulate different conditions
for soil formation processes. In the foothill plain,
where the research objects are located, the climate
is sharply continental, with hot summers and cold
winters. Significant fluctuations in temperature are
observed both between the seasons of the year and
between the times of the day. The average January
temperature in the plains is -15°C, in the foothills

— 6-8°C; in July it is + 16 ° C and + 24-25 ° C,
respectively, most of the precipitation falls in the
winter months.

Lake Sasykkol occupies the northernmost
position among the Alakol group of lakes, it is the
second largest one and is characterized by a winding
coastline. This is a shallow lake system with a
uniformly regular hollow, elongated from east to
west (Figure 2).
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Figure 2 — Wormwood — mixed — grass community of Sasykkol lake

Lake Alakol is one of the largest salt lakes, and ~ bays. The vegetation is varied, with a predominance
is the main one. Coastline of Alakol lake is highly  of Phragmites communis, Typha angustifolia,
rugged, forming numerous peninsulas, capes and  Artemisia sp., Atriplex sp. etc. (Figure 3).

Figure 3 — Saltwort — cattalis community of Alakol lake
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Zhalanashkol is a lake located on the border
of the Alakol district of Zhetysu and Urdzhar
district of Abay region. According to its chemical
composition, it belongs to the soda type: Na * and

the sum of HCO ,~ + CO ,*~are the first in the list of
dominant ions (> 25e%). Relief is represented as a
low-lying plain in the central part of the Balkhash-
Alakol basin (Figure 4).

Figure 4 — Cattails-mixed-grass community of Zhalahashkol lake

Lake Balkhash is a semi-freshwater lake in
a closed endorheic basin, which is located in the
deepest part of the vast Balkhash — Alakol basin.
The vegetation is saltwort, consisting of two tiers.
The first forms are tree-shrub hodgepodges: kokpek,
sarsazan, potash; the second is dominated by
Salicornia europaea., Suaeda prostrata, Karelinia
caspia etc. Most of the surface is bare, somewhere it
is covered with salt (Figure 5).

Ushkol is a small brackish lake, which is located
on a narrow semi-aquatic zone of clay-sand plain
at the foot of Ushkara low-mountain range, in the
interfluve of Karatal and Aksu. According to its
chemical composition, it belongs to the soda type:
Na * and the sum of HCO ,~+ CO ,*~are the first
ones in the list of dominant ions (> 25 ¢ %) [16]. The
shores of Ushkol are flat, clayey and sandy, with
sparse vegetation characteristic of this soil type. The
common representatives are Tamarix ramosissima,
Phragmites communis, Calamagrostis dubia etc.
(see Figure 6).

Research methodology. Soil sampling of 0.5
kg (3 replications at each site) was carried out in
the summer of 2022 in accordance with GOST

17.4.4.02-84 “Nature Protection. Soils. Methods
of sampling and samples preparation for chemical,
bacteriological, helminthological analysis» at 5
points at a depth of 0-45 cm by using the «envelope»
method.

The analysis of chemical composition was
carried out by using the following equipment:
laboratory type I-160 MI ionomer, flame photometer
(FLAPHO-4 type), Specord 210 PLUS, electronic
balances AR 2140 and ScoutProSPS202 F.

To determine the content of soluble salts in the
soil and determine the type of salinity, water extract
was used, which showed the content of organic and
mineral water-soluble simple salts in the soil [17].

The type of salinity was determined by the sum
of toxic salts, the chemistry type of salinity was
determined by salinity degree, along with taking into
account the «total effect» of toxic ions according to
Bazilevich and Pankova’s method [18]. Mobile ni-
trogen was determined by the method of Tyurin and
Kononova [19]. Mobile phosphorus and exchange-
able potassium were determined by the method of
G.V. Motuzova and O.S. Bezuglova (according to
Kirsanov’s method) [20].
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Figure 5 — Saltwort community of Balkhash Lake

Figure 6 — Cattails-mixed-grass community of Ushkol lake
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The obtained data were statistically processed
using MSExel and Statistics 6.0 application pro-
grams.

Results and Discussion

In the semi-aquatic zone of Sasykkol Lake, the
soils are meadow-marsh, non-saline, medium loamy
(Table 1). Soil samples were taken at points from
the semi-aquatic lake zone according to these co-
ordinates: 1.N 46 °29.287 < E 80 °51.612 “, 2. N
46°34'321” E 080°58.292°, 3. N 46 °29.021 “ E 080
°51.435 -

According to the analysis of the water
extract, the salt content is in the range of 0.107
— 0.504%. Salinization is observed at a depth
of 15-30 cm to an average degree. The type of
salinity is chloride-sulfate, the pH of the medium
is 8.6, it is alkaline.

The soils of the semi-aquatic Alakol Lake zone
are represented by meadow solonchak (saltmarsh)
and ordinary medium loamy soils (Table 2). Soil
sampling was taken from points of semi-aquatic
zone according to the following coordinates: 4.
N46°19.983° E 81°22.541°, 5. N46°19.721° E
081°22.402; 6. N45°59.073° E 081°31.181°.

Table 1 — Results of water extraction of soil in the semi-aquatic zone of Sasykkol Lake

) b ]
Water/soil extract — completely dry soil
Sam- =
No. | pling Alkalinity
depth, The sum
cm pH | ofsalts, | The total | FTOM normal Cl- SO,* Ca? Mg > Na* K*
% in HCO carbonates to
3 CO,
015 856 0.121 0.017 0.002 0.018 0.049 0.008 0.006 0.021 0.002
’ 0.28 0.08 0.51 1.03 0.39 0.49 0.90 0.04
1 826 0.017 - 0.058 0.266 0.027 0.006 0.127 0.002
15-30 ’ 0.504
0.28 - 1.64 5.54 1.37 0.49 5.54 0.05
0.017 0.002 0.013 0.044 0.010 0.002 0.019 0.002
30-45 | 8.89 0.107
0.28 0.08 0.36 0.92 0.49 0.20 0.84 0.04
Table 2 — Results of water extraction of soil in the semi-aquatic zone of Alakol Lake
Water/soil extract ﬂon completely dry soil
.
Sam- =
No. | pling Alkalinity
depth, The sum
cm pH | ofssalts, | The total | FTOM normal Cl- SO ,* Ca? Mg Na* K
% in HCO. - carbonates to
3 CO,
0.163 0.067 0.452 1.519 0.002 0.010 1.051 0.018
0-15 9.98 3.215
2.68 224 12.73 31.64 0.10 0.78 45.70 0.47
0.085 0.034 0.090 0.414 0.004 0.004 0.276 0.002
2 15-30 | 10.29 | 0.876
1.40 1.12 2.55 8.62 0.20 0.29 12.02 0.06
0.024 0.005 0.393 0.197 0.039 0.065 0.177 0.021
30-45 9.23 0918
0.40 0.16 11.10 4.10 1.96 5.38 7.70 0.55
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The maximum number of salts in the upper
horizon is 3.215%, the type of salinization is soda-
sulfate, the pH of the medium is 9.83, it is strongly
alkaline. The lower horizons also have a high salt
content (0.876 —0.918%), the type of salinity is soda-
sulfate and it is of soda-chloride type in the sample
taken from deeper extraction. Wick salinization
from saline groundwater is shown there from the
deeper extraction points.

The soils of semi-aquatic Lake Zhalanashkol
zone are meadow-marsh, non-saline, medium loamy

(Table 3). Soil sampling was taken from the coastal
line at the points with the following coordinates:
7. N45°32.197" E 082°84.557°, 8. N45°34.946° E
082°06.979°,9. N 45 °33.487° E 082 °11.127 “.

According to the water extract analysis, the salt
content lies within the range of 0.100 — 0.175%. The
pH of the medium is 9.4, it is strongly alkaline. The
largest amount of salts was found at a depth of 30-
45 cm. The type of salinization is sulfate, and for
the samples from deeper extraction the salinization
is chloride-sulfate.

Table 3 — Results of water extraction of soil in the semi-aquatic zone of Zhalanashkol Lake

Water/soil extract ﬂon completely dry soil
Sam- e
pling Alkalinit
No. depth, The sum Y
om pH | of salts, ]_“he total | From normal Cl- SO, * Ca? Mg > Na* K+
% in HCO | carbonates to
3 ) CO 3
0.041 0.007 0.005 0.032 0.002 0.002 0.025 0.004
0-15 9.48 0.113
0.68 0.24 0.15 0.67 0.10 0.20 1.10 0.11
0.037 0.007 0.003 0.033 0.002 0.004 0.021 0.002
3 15-30 9.67 0.100
0.60 0.24 0.07 0.68 0.10 0.29 0.90 0.06
0.063 0.007 0.006 0.053 0.004 0.005 0.035 0.008
30-45 9.09 0.175
1.04 0.24 0.18 1.11 0.20 0.39 1.54 0.20

The soils of the semi-aquatic Balkhash Lake zone
are desert sands with characteristics of humus content,
they are carbonate, slightly fixed and hilly (Table 4).
Soil samples were taken from points of semi-aquatic
lake zones according to the following coordinates:
10. N 46°22.986° E 078°25.209°, 11. N 46°23.236’ E
078°40.477°, 12. N 46 °22.178’ E 078 ©55.329".

The number of salts, according to water extract
results, varies from 0.03 to 0.161%. The maximum
amount is found in the upper line at a depth of 0 — 15
cm, it is 0.161%. The pH of the medium is 9.23, that
is an indicator of very strong alkalization. The type
of salinity is chloride-sulfate, in the lower layers it
is a chloride one.

Table 4 — Results of water extraction of soil in the semi-aquatic zone of Balkhash Lake

Water/soil extract ——-on completely dry soil
Sam- e
No. | pling Alkalinity
depth, The sum
cm pH | of salts, | The total | [ roM normal Cl- SO > Ca? Mg 2 Na * K*
A in HCO. - carbonates to
3 CO,
0.032 0.002 0.021 0.060 0.010 0.005 0.033 0.002
0-15 | 8.06 | 0.161
0.52 0.08 0.58 1.25 0.49 0.39 1.43 0.04
0.020 0.002 0.003 0.000 0.004 0.001 0.002 0.001
4 15-30 | 9.53 | 0.030
0.32 0.08 0.07 0.00 0.20 0.10 0.07 0.03
0.017 0.002 0.001 0.008 0.004 0.002 0.001 0.002
30-45 | 9.6 0.035
0.28 0.08 0.04 0.17 0.20 0.20 0.05 0.04
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The soils of the semi-aquatic Lake Ushkol zone
are represented by non-saline desert sands having
some humus content, they are carbonate and flat
(Table 5). Soil samples were taken from points of

semi-aquatic lake zone according to the following
coordinates: 13. N 45 °39.968 * E 078 °04.831 °,
14.N 45 °44.604 “, E 078 ©00.388, 15.N 45 °39.724
“E078°04.641°.

Table 5 — Results of water extraction of soil in the semi-aquatic zone of Ushkol Lake

Water/soil extracton —2 completely dry soil
Samp e
No. | ling Alkalinity
depth, The sum
cm pH | of salts, The total | From normal Cl- SO > Ca 2 Mg > Na * K+
% in HCO | carbonates to
3 i CO3
0.027 0.001 0.008 0.042 0.006 0.004 0.021 0.001
0-15 8.85 | 0.108
0.44 0.04 0.22 0.87 0.29 0.29 0.92 0.03
0.029 0.001 0.017 0.065 0.010 0.005 0.032 0.001
5 15-30 | 852 | 0.159
0.48 0.04 0.47 1.35 0.49 0.39 1.40 0.03
0.024 0.002 0.009 0.026 0.004 0.002 0.018 0.002
30-45 9.6 0.085
0.40 0.08 0.25 0.55 0.20 0.20 0.77 0.04

According to water extract results for soil
samples taken from different levels, an insignificant
salt content of 0.08-0.15% was found. The pH of
the medium is 9, it is strongly alkaline. The type
of salinity is chloride-sulfate with the presence of
soda.

Also, the content of mobile nutrients (MFN)
is one of the main indicators of good soil fertility.

For the growth and nutrition of plants, the most
important role belongs to 3 elements: nitrogen,
phosphorus and potassium.

According to the agrochemical analysis results
of the soil in the semi-aquatic zone of salt and
soda Zhetysu lakes, presented in Figure 7, the
soil composition degree of mobile elements was
assessed.

The main mobile nutrients

580
600
500
400 300
300
190
200 120
100 = 36.4 44.8 .I
16.8 10 19.6 33 -4 36 77003 25.2 10
0 —-I A ‘ e
Sasykkol Alakol  Zhalanashkol  Balkhash Ushkol
mNitrogen Mg/kg  ® Phosphorus Mg/kg Potassium Mg/kg

Figure 7 — Mobile nutrients of the semi-aquatic zone of saline and soda lakes of Zhetysu
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The semi-aquatic soil downstream of the lakes
was shown to have following numbers of mobile
nitrogen: Sasykkol shows 16.8 mg/kg, Alakol
shows 19.6 mg/kg, Ushkol shows 25.2 mg/kg, that
indicate a very low degree of availability of soluble
nitrogen (< 30). The content of mobile nitrogen in

Balkhash (44.8 mg/kg) and Zhalanashkol (36.4 mg/
kg) lakes allows one to consider the soil as having
a low degree of availability. Thus, it is possible to
divide the soil into 2 groups:a group of soils with a
very low degree of availability of mobile nitrogen
and with a low content (presented on Figure 8).

Mobile Nitrogen, mg / kg

50

40

Alakol

1 group

448
30 36.4
19.6 3.2
20
10
0
Sasykkol
Ushkol

Zhalanashkol
Balkhash

2 group

Figure 8 — The content of mobile nitrogen in soil samples of the semi-aquatic zone of saline and soda lakes of Zhetysu

According to the content of mobile phosphorus,
semi-aquatic soils of studied Zhetysu lakes can be
divided into 3 groups:

Group [: the degree of availability of mobile
phosphorus is very low (<10), semi-aquatic soil of
Sasykkol and Ushkol lakes (10 mg/kg) belong to
this group.

Group III: medium availability of mobile
phosphorus (16-30 mg/kg), semi-aquatic soil of
Balkhash Lake (23 mg/kg) belongs to this group.

Group IV: increased availability of mobile
phosphorus (31-45 mg/kg), semi-aquatic soil of
Alakol (33 mg/kg), Zhalanashkol (36 mg/kg) lakes
belong to this group, see Figure 9.

According to the content of exchangeable
potassium, semi-aquatic coastal soils of salt and
soda Zhetysu lakes belong to 4 groups: with very
low supply, low, medium and high.

Group I includes semi-aquatic coastal soil of
Sasykkol Lake, with an exchangeable K content
of 80 mg/kg, and it shows a very low availability
degree (<10 0). Group II includes the soils of
lakes Ushkol (120 mg/kg) and Balkhash (190

50

mg/kg): these indicate low degree of availability
(101-200). Group I includes semi-aquatic
coastal soil of Zhalanashkol Lake (300 mg/kg):
it shows medium degree of availability (201-
300). Group IV shows high availability degree
of exchangeable potassium (401-600), it includes
semi-aquatic coastal soil of Alakol Lake of 580
mg/kg (see Figure 10).

Thus, according to the obtained data of
agrochemical analysis, the most fertile soils can be
attributed to the semi-aquatic lines of Alakol and
Zhalanashkol lakes. It was shown during the research
that there is a higher content of mobile phosphorus,
potassium and nitrogen in the soil composition (with
the exception of Alakol soils).

Soil salinization is a global problem that has
an adverse impact not only to the vegetation cover,
but also on agriculture in general. This problem is
researched and investigated in both foreign studies
[21], where they present and discuss the most
optimal solutions [22-23], and local ones [6-8],
which provide information on soil condition and the
degree of their degradation.
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Figure 9 —The content of mobile phosphorus in soil samples of the semi-aquatic zone
of saline and soda lakes of Zhetysu
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Figure 10 — The content of exchangeable potassium in the soils of the semi-aquatic zone
of saline and soda Zhetysu lakes
Soil salinity inhibits plant growth and  salinization in the semi-aquatic coastal zone of salt

development with adverse effects such as osmotic
stress, Na * and Cl - toxicity, ethylene production,
plasmolysis, nutrient imbalance, reactive oxygen
species (ROS) production, and disruption of
photosynthesis [24]. According to the literature
data, soil content of more than 0.25% indicates
the inhibition of the vegetation cover [25]. Water
extract data demonstrate different degrees of soil

and soda Zhetysu lakes. The same amount of salts,
depending on their composition, may also indicate a
different degree of soil salinity, which is due to the
unequal toxicity of various easily soluble salts for
plants.

Alakol soil shows high salinity degree, the
amount of salts varies between 3.215-0.876%. This
type of soil is characterized by strong inhibition of
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vegetation, and very often only single representatives
of weed species and halophytes (Salsola dendroides,
Salicornia europaea, Tamarix ramosissima) are
able to grow on such a soil. Salts show toxic effects
on plants, disrupt metabolism, make it difficult for
plants to absorb nutrients from the soil, are a cause
of'a decrease in yield and deterioration in the fodder
quality of grass cover. The projective cover was
30-40% on the territory of checked and surveyed
points of No. 4,5,6. The dominant communities
are reed and saltwort. The soils of the semi-aquatic
wetland coastline of Balkhash Lake belong to the
moderately saline degree; they are characterized
by an average degree of inhibition of plants vital
processes. However, it is necessary to take into
account sandy mechanical composition, which is
poorly absorbed by salts and is characterized by a
specific type of vegetation (the representatives are
Haloxylon aphyllum, Calligonum aphyllum etc.).
The projective cover was 40-50% in the survey area
(points No. 10-12), the dominant communities are
saltwort and shrub-forb with a predominance of
Calligonum aphyllum, Tamarix ramosissima.

Non-saline soils include a semi-aquatic coastline
of Sasykkol, Zhalanashkol and Ushkol lakes, where
the amount of salts does not exceed 0.25% and it is
favorable for plant growth. The projective cover is
70-80%. Dominant communities include reed-forb
with predominance of Phragmites sp. and grass-forb
with predominance of Agropyron sp.

It should be noted that pH of the medium in
all samples is > 7; The soil is alkaline and strongly
alkaline. Soil alkalization is caused by an excess
of anions such as CO,* and Na " cations in the soil
solution. For the vital activity of plants (growth and
development), the most optimal pH range is 5.5-
8. Alkalinity reduces soil fertility and disrupts the
physiological balance of ions, which in turn leads
to deterioration and worsening in plant nutrition,
violation of carbohydrate, protein and phosphorus
metabolism. Sasykkol and Ushkol lakes are less
fertile. The lack of nutrients negatively affects
growth and development of plants: with a lack of
phosphorus, plant growth slows down, which, of
course, cannot but affect the yield; lack of nitrogen
disrupts the process of photosynthesis, due to the
destruction of chlorophyll, drying and necrosis
of plant parts is possible; sufficient content of
potassium in the soil increases plants resistance to
the effects of low and high temperatures, diseases,
and it also reduces the time of plant maturation.
Complex fertilizers containing several nutrients
are used to compensate for the lack of nitrogen,
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phosphorus and potassium in the soil. For example,
it is ammoniated superphosphate, ammophos,
diammophos, potassium nitrate.

Conclusion

Thus, as a result of the research, it was revealed
that edaphic conditions directly affect vegetation
development cover of semi-aquatic coastline of salt
and soda Zhetysu lakes. It was revealed that there
are non-saline soils (soils of semi-aquatic coastline
of Zhalanashkol, Ushkol lakes), slightly saline (soils
of Balkhash, Sasykkol lakes) and highly saline
(soils of the semi-aquatic coastline of Alakol Lake)
in the study area. According to the chemistry of
salinization, soda-sulfate and chloride-sulfate types
prevail there.

Soil salinization has the following negative
consequences: many species of plant organisms
disappear, while new halophyte plants (Salsola
dendroides,  Salicornia  europaea, Tamarix
ramosissima etc.) appear, the gene pool of terrestrial
populations is decreasing due to the deterioration
of living conditions of organisms, and migration
processes are being intensified.

At present, salinity and alkalinity of semi-
aquatic soils of Zhetysu lakes cause decrease in the
productivity and quality of pasture lands. To increase
soil fertility, it is necessary to compensate for the
lack of basic mobile nutrients by using complex
fertilizers containing several nutrients at once.

Restoration of saline soils, especially highly
saline soils, is possible only with complex land
reclamation measures. At present, the most
promising one is a complex technology for restoring
the properties of technogenically saline and alkaline
soils, which include introduction of various
ameliorants, phytomelioration processes, and the
use of biological preparations.
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