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THE PROBLEM OF SOIL SALINITY IN KAZAKHSTAN AND WAYS TO SOLVE THEM

Abstract. Soil salinization is one of the most well-known land degradation processes. The anthropogenic
impact on the soil cover and ecosystems in all geographic zones of Kazakhstan is increasing every year. This
study reviewed the cartographic materials in the HWSD database on saline soils in Kazakhstan. Saline soils
are widespread in the southern and central regions of Kazakhstan. Halophytic plants can be one resource
that can be effective in combating saline environments. In this article presented the experiment data about
the Suaeda salsa Pall seeds which were treated with different concentrations of salts (Na,SO, and NaCl) and
soil extract solutions (0%, 0.6%, 1.2%, 1.8%, 2.8%, 3.6%.). There was observed the reaction of seedlings
and young roots of Aksora plants grown after treatment to salt solutions and soil extracts. In addition, based
on the results of the growth of young roots and shoots which are exposed to salt, a comparative description
of the growth rates of seedlings and young roots before and after salt stress was made. The results of the
experiment showed that Aksora seeds still have a high germination capacity after the elimination of the salt
stress (Na,SO, and NaCl) and soil extract solution, which affect the 4ksora seeds. There were significant
changes in development rate of the Aksora’s juvenile root and shoot during the salt stress and after the stress
was removed, as well as an improvement after saline stress, in the rate of seed germination. It was discovered
that the growth rates of young roots and shoots of Aksora in different salt solutions (Na,SO, and NaCl) are
different, saline solutions significantly inhibit the growth of roots of Aksora seedlings compared to soil extract
solution, salt concentration has a greater effect on roots. It was found that after the removal of salt stress, the
germination rate and regenerative capacity of Aksora seedlings increase.

Key words: Saline soil, halophytes, salt concentration, soil extract solution, salt stress, seeds, seedlings,
suaeda.

Introduction. Salinity is a significant abiotic factor that limits plant development and lowers agricultural
output [1, 2]. More than eight hundred million hectares, or approximately 6% of the entire land area on the
planet, are impacted by salt [3]. Salt-affected soil reduces agricultural production by more than US$ 12
billion per year, and this amount is still rising. Simultaneously, as more arable land is lost to urban expansion,
agricultural production is being pushed into marginal areas [4]. The problem of soil salinization also exists
in Kazakhstan. Most of the saline soils — 70% of the CIS is concentrated in Kazakhstan [5]. The presence
of signs of salinity complicates the qualitative condition of soils in the republic and negatively affects their
fertility. Salt marshes of various types are especially widespread in the south of Kazakhstan in the desert zone
in the deltas of the Syrdarya, Talas, Assy, Ili and the lower reaches of the Ural (Zhaiyk) river. Vast areas of salt
marshes are located along the shores of small and large bodies of water, such as Dead Kultuk (eastern part of
the Caspian Sea), the Aral Sea, and Balkhash lake [6].

Figure 1 shows a map of plant growth restriction due to excess salts in the soils of Kazakhstan. For this
were used data from the Harmonized World Soil Database (HWSD). HWSD is widely used in academia and
is well suited for soil cover assessment through a geographic information system. The presented map was
built by using the ArcGIS 10.6 program. The map in question was built and processed using the ArcGIS 10.6
software.

Saline soils are widespread in the southern and central regions of Kazakhstan. The classes shown in
the map are qualitative, not quantitative. Classes none or slight limitations, moderate limitations, sever
limitations, very severe limitations correspond to the assessment of soil limitations for plant growth. None or
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slight limitations are generally rated between 80 and 100% of the growth potential, moderate limitations are
between 60 and 80%, sever limitations are between 40 and 60%, and very severe limitations less than 40%
[7].

Halophytic plants are one of the resources that can be effective in coping with salt-affected environments.
Halophytes are plants that are resistant to salt concentrations that kill 99% of other plant species. Although
halophytes have been known for hundreds of years, their definitions have remained the same. They are plant
species that are capable of continuing life process at concentration of a minimum of 200 mM NaCl with
the circumstances that are comparable to those observed in nature [8]. Based on the definition of the life
cycle, it was possible to distinguish halophytes from plants that cannot live in saline conditions.

Constraints due to excess salts . %

- Very severe
B severe W
I:l Permafrost area
[ N

None or Slight
- Moderate
- Mainly non-soil

Author: Balgyn Ashimova

—-——
0 110 220 440 660 880

Figure 1 - Constraints on plant growth due to excess salts in the soils of Kazakhstan (compiled by the
author) Source: Harmonized World Soil Database.

There are 5000-6000 species of halophytes, which make up about 2% of all angiosperms [9]. Halophytes
are plants that can live and reproduce in a medium with a salt content of 200 mM NaCl and the presence of
halophytes lowers the world flora by roughly 1%. Only a few of the halophyte species (less than 500 species)
are resistant to the salinity of seawater, and most halophytes can tolerate only low salt concentrations. The
agricultural system’s salinity of saline soils can be equal to half of sea water, so some halophytes have the
potential to be exploited as salt-tolerant crops. Understanding how halophytes endure saline soils can aid
plant breeders and molecular biologists in improving the salt tolerance of traditional crops [10].

Suaeda is a halophyt belonging to the genus Amaranthaceae. In addition to Suaeda, several species are
known, such as S. acuminata, S. aegyptiaca, S. arcuata, S. argentinensis, S. australis, S. baccifera. Many
species of these plants grow well in saline or alkaline soils, such as coastal saline plains and sedimentary
wetlands. They are adapted to grow in areas with high salt accumulation (halophilic plants). Suaeda salsa
Pall has been demonstrated to be resistant to salinity up to 500 mM [11]. At the same time, it is an important
key in the restoration of deserts, salt seas and coasts.

Suaeda salsa Pall is commonly used for both edible and non-edible purposes. The ends of the plant stalks
are used in salads or processed into salty drinks, vinegar. On the other hand, making soap from these plants
and using it as a source of soda (sodium carbonate) has been a common practice for centuries [12].

Some species of Suaeda (S. salsa) are grown commercially for biofuel production, animal fattening, and
salt and fat production. Recent studies have shown that some species of Suaeda can be used as bio-indicators
of zinc and copper. In addition, the medicinal and nutritional properties of the plant Suaeda contributed to the
growing interest in it [13].

Although the use of these plants is widespread, the use of halophytes as cultivated plants is still limited
due to barriers, including loosening the soil and uneven seed germination. In fact, some species of halophytes
are salt-tolerant during the mature shrub, but undergo salinity-resistant ecotypic feedback during seed
germination [14].

Seed germination is usually high in fresh water and germination decreases with increasing salinity, but
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in some species, low salt concentrations may stimulate seed germination [15]. Often, after the rainy season,
when the salinity of the soil decreases, the germination of seeds is high and the risk of stress on the seeds of
salt plants is reduced [16].

Halophytes are studied widely because of their importance in the development of saline arable lands. An
example is the eugalophytic herb Suaeda (Suaeda salsa Pall). Eugalophytes can dilute salts in their leaves
and stems, indicating that they have a high salt tolerance. This information will be useful in determining how
dicotyledonous plants tolerate salt [17]. The possibility of using salt-tolerant, juicy halophytes (especially
Suaeda and Salicornia species) in amaranth in saline fields is given in several articles. [18]. Suaeda salsa is
highly salt tolerant; for its growth, the ideal salt concentration is 200 mM NaCl, which germinates as well as
in 400 mM NacCl solution in 10 mM NaCl solution [19]. A number of genes related to the salt resistance of
Suaeda (Suaeda salsa) was cloned and their functions was studied before. That is, halophytic plant species
are a promising model for understanding salt tolerance. In addition, the leaves of this species have been
studied as vegetables, and its seeds are high in fatty acids that are edible and unsaturated, which can be used
as crops. The value of Suaeda salsa is considered from the economic and ecological point of view. The
purpose of this study was to assess the growth and recovery of Aksora (Suaeda salsa Pall) seedlings under
the influence of various salts.

Materials and methods. Test materials were obtained in late September 2020 from the saline soils of
Lake Maraldy, Pavlodar region. The seeds were obtained from a complete and mature European calf plant,
the experiment was performed in the laboratory of the Department of Environmental Management and
Engineering, L.N. Gumilyov Eurasian National University.

The light intensity was 12 h/day, the temperature was 25°C (daytime)/15°C (night), the relative humidity
was 75% - 80%. Basic salts to be tested: NaCl, Na,SO, and a soil extract solution (SES) soil sample obtained
from from Lake Maraldy, Pavlodar region, the proportion of basic elements in 10 grams: CI-0.679%,
K-3.375%, Ca-2.326%, Fe-8.819%, S-0.039%. Concentration of stress salts: 0%, 0.6%, 1.2%, 1.8%, 2.8%,
3.6%.

The plant seeds chosen for the experiment are sterilized for 10 minutes with a 10% hydrogen peroxide
(H,0,) solution, then cleaned multiple times with distilled water. The cleaned seeds are dried on filter paper.
This is done to prevent the seeds from rotting under the influence of bacteria and fungi [20]. Two layers
of filter paper (10 cm in diameter) are placed on each Petri dish, and then 25 pieces of sterile plant seeds
are placed on top of the filter paper. Distilled water is used to prepare different saline solutions, and each
experiment is repeated 4 times. The number of seeds grown must be monitored and recorded daily (from the
time the seedling grows 2 mm from the seed coat) [21]. The total duration of the experiment is 14 days.

Results and discussion. Aksora (Suaeda salsa Pall) has young roots with different concentrations of salts
(Na,SO, and NaCl) and soil extract solutions (0%, 0.6%, 1.2%, 1.8%, 2.8%, 3.6%.). The results are shown
in Figure 1.

® MaCl ™ soil extract solution ® Na.50.
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Figure 2 - Aksora (Suaeda salsa Pall) root growth rate (cm).

rootgrowth rate (cim)

Figure 2 depicts the salt stress’s effect on development of the young roots of Aksora (Suaeda salsa Pall),
depends on the type and concentration of salt, and the main trend in the growth of young roots is an increase
in root growth retardation due to increased salt concentration.

It was found that low concentrations of salts are effective for the growth of young roots. At 0.6% of salts
and soil solutions, the root growth rate was 1,8-2,5 cm, which had a positive effect on their growth. When
the salt concentration is more than 1.8 percent, it is shown that the growth of young roots is inhibited, and
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inhibition increases with increasing salt concentration, and the degree of growth and inhibition depends on
the type and concentration of salt. significantly inhibited.

Results of growth of Aksora (Suaeda salsa Pall) seedlings at different concentrations of salts (Na,SO, and
NaCl) and soil extract solutions (0%, 0.6%, 1.2%, 1.8%, 2.8%, 3.6%.) 2- shown in the figure.

3 m NaCl ® soil extract solution (SES) = Na:50,
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Figure 3 - Aksora (Suaeda salsa Pall) shoot growth rate (cm).
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Figure 3 indicates that increasing the concentration of salts and soil extract solutions has a good effect
on the development of Aksora (Suaeda salsa Pall) seedlings. At a concentration of 0.6% of salts and soil
solutions, the length of the growth was 2,31-2,73 cm, while at 1.2% it was 2,40-2,80 cm. It can been seen
when the salt level exceeds 1.8 percent, the growth of the seedlings is inhibited, however, the effect of soli
solution on seedling development is negligible.

It was established the degree of inhibition of salinity in young shoots and young roots is different, the
change in the parameters of young roots is clearly visible, and the change in young shoots is relatively slow.
Only when the salt concentration exceeds 1.8 percent, there is a significant change in the growth rates of
young roots and shoots. This indicates that the concentration of salts has an effect on the growth rate of
Aksora (Suaeda salsa Pall) seedlings. In particular, these salts have been shown to have a greater effect on
the growth of Suaeda roots.

There is assessment of the growth of Aksora (Suaeda salsa Pall) seedlings after the elimination of salt
stress. Figure 3 shows the normal growth rates of Suaeda seedlings after the elimination of high-concentration

salt stress.
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Figure 4 - Comparison after re-cultivation of Aksora (Suaeda salsa Pall) seedlings in distilled water,
seedlings (cm).

Figure 4 shows that after re-cultivation of Aksora (Suaeda salsa Pall) seedlings in distilled water, the
growth of young roots exceeds that of the control by more than 65 percent, while the growth of young
shoots exceeds that of the control by more than 80 percent. Before planting, the development of roots and
seedlings of Suaeda seedlings was slowed down due to the increase in salt concentration, and after this
process and treatment, the growth of roots and seedlings of seedlings showed a tendency to increase with
increasing concentration of saline solutions. As a result, it was found that the ability of Suaeda seedlings to
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recover after the elimination of salt stress has improved. In addition, there were differences in the growth of
seedlings and roots under stress and stress relief at different concentrations of salt, and at high concentrations
of soil solution (3.6%) there was a significant change in the growth of seedlings and roots before and after
re-cultivation in water. It can be seen that the length of young roots and shoots increased by 1.57-2.18 (cm)
and 1.91-2.15 (cm), respectively. However, before and after the stress of NaCl salt, there were significant
differences in the development of roots and branches, and high concentrations of NaCl significantly affected
the growth of Suaeda seedlings.

Conclusions. It is shown that the growth of seedlings of Aksora (Suaeda salsa Pall) is directly related
to the type and concentration of salt, and the degree of inhibition of seedling roots increases with increasing
salt concentration under the stress of salt and soil solutions. Under stress of 0.6%-1.8%, the growth rates
of young shoots increased to varying degrees, but the scale of change was not significant. It was found that
the concentrations of salts and soil solutions have a greater effect on young roots than on shoots. Aksora
(Suaeda salsa Pall) seeds not only germinate normally after high concentration of salt stress, but can grow
normally in their seedlings, young roots and shoots can be used in 65% and above 80% salt-free conditions,
and after exposure to salt, Aksora (Suaeda salsa Pall) improves the ability to restore the growth of seedlings.
Significant changes in the growth rate of white seedlings before and after treatment with NaCl salt were
observed. Germination and germination of seeds in a saline environment will be a crucial and sensitive stage
in the growth of halophytes [22]. Studies have shown that Aksora (Suaeda salsa Pall) has a strong ability to
adapt to salt, so it is recommended to grow and use it extensively in saline-alkaline areas. With the help of
GIS technology, the recommended areas of Kazakhstan where it is possible to grow Aksora (Suaeda salsa
Pall) were presented. On the map you can see that Aksora (Suaeda salsa Pall) can be grown in areas rated as
Very severe limitations and Sever limitations. The results of the experiment showed that the Suaeda seeds still
have a high germination capacity after the stressful effects of salts and soil extract solutions on the Suaeda
seeds have been eliminated. Significant changes in the growth rate of young roots and shoots of the plant
Suaeda were observed during the salt stress and after the elimination of stress, as well as the improvement of
seed germination rate after the removal of stress. It was found that the growth rates of young roots and shoots
of Suaeda in different saline solutions were different, and the salt concentration had a greater effect on the
roots. It was studied that after the elimination of salt stress, the germination rate and regenerative capacity of
Suaeda seedlings increase.
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KASAKCTAHJATBI TOIIBIPAKTBIH TY3JAHY MOCEJIECI ’KOHE OJIAPABI INEITY
KOJIAPBI

AHHoTauus. TompIpakThIH TY3JaHybl €H KEH TapajFaH XKep JerpaJaluscChiHbIH Oipi 00BN TaObLIAAbL.
Bapnbik reorpadusuiblk  aitmMakTapaarbl KazakCTaHHBIH TONBIPAK JKAMBUIFBICEI MEH OKOXKYHenepiHe
AHTPOIOTCH/IIK dCep Kbl caiibiH apThin Kenei. by seprreyne HWSD monimerrep 0azacsinna Kasakcranaarst
TY3/1bI TOTIBIPAKTap Typajibl KapTorpadusUIbIK MaTepraiaap KapacTeIpeliabl. Ty3as! Tonbipak KazakcTaHHBIH
OHTYCTIK ’KOHE OpPTaJIbIK aliMaKTapblHIa KeH TapajiraH. [ 'anouTTi eciMIikTep TY3Ibl OpTara Kapchl KypecTe
THimMai Oosa anatelH Oip pecypc Oombin Tadbuianel. Makanana akcopa (Suaeda salsa Pall) TykpIMaapbiHa
Ty3aap (Na,SO, sxone NaCl) MeH ToNbIpaK ChIFIHIABICHI EPTIHALIEPIHIH op TYpPIli KOHUEeHTpanusaceiHaa (0%,
0.6%, 1.2%, 1.8%, 2.8%, 3.6%) eHney »acaypl. OHJEITEHHEH KEeUiHT1 OCiIl IbIKKaH AKCOpa ©CIMIITiHIH
OCKiHJIepi MEH >Kac TaMBIPJIApbIHBIH TY3[ap MEH TONBIPAK CBHIFBIHIBICH €pTiHALIEpiHe OOJIFaH PeaKkUusIChl
Oakputanpl. CoHbIMEH Oipre, TY3 CTpeci JKardalbIHIa Ocill MIBIKKAH JKac TaMbIpJIap MEH ©CKIHIEP/iH ecy
Ke31HJeT1 KOpCEeTKIITEPiHIH HOTHKeNepiHe CYHeHe OTHIPBII, TY3 CTPECIiHEH OYPBIHFBI JKOHE CTPECTEeH KeHiHT1
Ke3JIeT1 6CKIHJep MEH JKac TaMbIPJIapblH 6Cy KOPCETKIIITEPiHIH CaTbICTHIPMAaIIbl CUITATTaAMACHI KACaJIbIHIBL.
OKCIIEPUMEHT HOTHIKEJIEPI KOpCeTKenaed, AKcopa TyKeiMbiHa ocep erymn Tysaap (Na,SO, sxone NaCl)
MEH TOIIBIPAK CHIFBIHABICHI €PTIHAICIHIH CTPECTIK dcepi )KOWBUIFaHHAH KeHiH AKCOpa TYKbIMIAPBIHBIH Jli
7ie KOFapbl OHTIIITIK KaOlIeTKe ue eKeHiri aHbIKTanabl. Ty3 cTpeci ke3iHae jkoHe CTepecc >KOWbUIFaHHAH
KeHiHri ke3ge AKcopa eCIMIIriHIH Kac TaMblIpiiapbl MEH OCKIHAEPiHIH ecy KepCeTKilliHae alTapibIKTan
e3repicTep 0ap OOJNFaHIBIFbI, COHBIMEH KaTap CTEPECTIK dcepeH KeHiH TYKBIMHBIH OHY KbLIIAMIBIFIHBIH
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JKaKCapraHIbIFbl OalKasIbl. AKCOPaHbIH JKac TaMbIpJIaphl MEH ©CKinaepiHin opTypii Ty3 (Na, SO, sxone NaCl)
epTIHIIEpIHAeri 6Cy KOPCETKIITEPiHiH Typiille OONFaHIBIFBI, TOMBIPAK CHIFBIHBICHIHBIH €pPTiHIICIMEH
CaJIBICTBIPFaH/a TY3 epTiHAUIepi AKCopa KOIIETiHIH TaMbIpJapbIHBIH 6CYiH alTapibIKTail TEXEUTIHIITI,
SIFBIHU TY3 KOHIICHTPAIMSICBIHBIH TaMBbIpJIapra Ke0ipek acep eTeTiHAIr aHbIKTanAbl. Ty3 cTpeci »KOWbIUIFaHHAH
KeiiH AKcopa KeIIeTTepiHIH 0Hy KOPCETKINIIHIH XoHEe KalmblHA KeTy KaOuIeTiHIH KOFapbUTaWTHIHIBIFBI
AHBIKTAJIIBI.

Tyiiinai ce3mep: Ty3Ibl TONBIpaK, Tajdo(UTTEp, TY3 KOHUEHTPALMUSCHI, TOMBIPAK CBHIFBIHIBICBIHBIH
epTIHIICI, TY3 CTpecci, TYKBIM, KOIIETTEp, aKcopa.
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IMPOBJIEMA 3ACOJIEHHOCTH I104YB KABAXCTAHA U I1YTHU UX PELLIEHUSA

AHHOTaus. 3aCOJICHUE TIOYB SBIISETCS OTHIM U3 CaMbIX OOIIEU3BECTHBIX ITPOIIECCOB ETPAIAIIHU 3EMEITh.
AHTpONOTreHHOE BO3JCHCTBUE HA MOYBCHHBIN MMOKPOB M 3K0ocHcTeMbl Kazaxcrana Bo Bcex reorpaduueckux
30HaX C KaX/IbIM IojIoM Bo3pactaeT. B qanHOM ucciienoBaHum Oblia paccMOTpeHsl B 6a3e naHHbix HWSD
KaprorpaduuecKkue MaTepHaibl 10 3acOJICHHBIM rmoyBaM KazaxcraHa. 3acolieHHbBIC MOYBBI MPE00IaatoT B
IOKHBIX M IIEHTPAJIbHBIX paiioHax Kas3axcrana. [anoduTHBIC pacTeHUS MOTYT SBISATHCS OHUM H3 PECYPCOB,
KOTOpBIE MOTYT OBITH 3 peKTHBHBIME B O0pBOE ¢ 3aCOICHHOM cpenoil. B crarke mpeicTaBieHsl pe3yabTaThl
DKCIIEPUMEHTOB IpH 00paboTke cemsn Suaeda salsa Pall pasnuunbiMu KoHUeHTpauusamu coneit (Na,SO, u
NaCl) u nouBenHbiMu 3kcTpakTamu (0%, 0.6%, 1.2%, 1.8%, 2.8%, 3.6%). Habnronanu peakunto npopocTKOB
U MOJIOABIX KOpHEH pacTeHuil Suaeda salsa Pall, BblpamieHHBIX mocie oOpabOTKK pacTBOpaMH CONEH M
MOYBEHHBIMH KCTpakTamMu. Kpome Toro, mo pesynpratam pocTa MOJIOABIX KOpHEH U TT0OETroB, BhIpaIlEHHBIX
B YCIIOBHSIX COJIEBOTO CTpecca, ObUIO MPOBEJCHO CPABHUTEIHHOE OIMCAHUE TEMIIOB POCTa MPOPOCTKOB M
MOJIOJIBIX KOPHEH 10 ¥ TIOCJIE COTIEBOTO CTpecca. Pe3ynbraTsl sKkcriepiMeHTa IMoKa3ajir, 4TO CeMEHa COXPaHSIOT
BBICOKYIO BCXOKECTh, HECMOTPS Ha BBICOKHE cTpeccoBble yciosus coseil (Na,SO, n NaCl) u pactopos
MOYBEHHBIX DKCTPAKTOB, BIHUAIONINX HAa ceMeHa Suaeda salsa Pall. Habnronanuch 3Ha4UTEIbHBIC H3MCHEHHS
B CKOPOCTH POCTa MOJIOJBIX KOpHEH W moberoB pacreHus Suaeda salsa Pall Bo BpeMs U 1OcCie COIEBOTO
cTpecca, a Takke YAy4IICHHH CKOPOCTH MPOpacTaHHs CEMSH TI0CiIe cTpecca. BBISBICHO, YTO TEMIThI pOCTa
MOJIOZIBIX KOpHE# 1 noberos Suaeda salsa Pall B pasnbix coseBbix pactBopax (Na,SO, n NaCl) paznuyarorcs,
COJIEBBIE PACTBOPHI 3HAYUTEIHHO MOMABIISIOT POCT KOPHEH MPOPOCTKOB Suaeda salsa Pall 1o cpaBHEHUIO C
PacTBOPOM TOYBEHHOT'O SKCTPAKTA, KOHIIEHTPALIUS COJHM B OOJIBILICH CTENICHN OKa3bIBaeT BIMSHUE HA KOPHU
pacTeHusl. YCTaHOBIICHO, YTO TIOCIIE CHITHUS COJIEBOTO CTPECCa BCXOXKECTh M PereHepalMoHHasi CIOCOOHOCTh
npopoctkoB Suaeda salsa Pall noBpIaroTes.

KiroueBble cjioBa: 3acoiieHHas 1I04Ba, ralo(QUT, KOHIIEHTPAIIHS COJIM, PACTBOP TIOUBEHHAS BBITSIKKA,
COJIEBOM CTpecC, CEMEHa, POPOCTKH, CBEAA COJIOHYAKOBAsI.
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