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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.
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ADAPTABILITY OF KOCHIA PROSTRATA (L.) SCHRAD AND CAMPHOROS-
MA MONSPELIACA AGRICULTURAL ECOSYSTEMS ON SALINE LANDS OF
THE NORTHERN CASPIAN DESERT

Mukhambetov Bolat — Doctor of Agricultural Sciences, Associate Professor of the Department of Chemistry
and Chemical Technology, Atyrau, Kazakhstan

E-mail: b.mukhambetov@asu.edu.kz; https://orcid.org/0000-0001-6693-7742;
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Abstract. In the northern part of the Caspian Desert, where we conducted our re-
search, the average precipitation is not more than 170-180 mm, but 92% of the plain space
is saline to some extent. Because of the climate’s aridity, rainfed farming is not practiced
in this area; instead, natural pastures with low production (2—3 c¢/ha) are intended for cattle
grazing and sheep in general. Excavation of irrigated regions beyond two thousand hectares
is not feasible due to the extensive salinity of the soils. Dry plant cultivation for feed is out
of application. Drought, salinity in the soil, and low pasture productivity are three aspects
of the natural environment that influence pasture radicalization and the choice of improved
crops. The purpose of the research implies the selection of salt- and drought-tolerant plants
from natural pastures for cultivation on saline soils in the Caspian Sea region. As a research
method, testing of introductory crops on saline soils with the simultaneous study of their
salt tolerance in field conditions is applied. The research resulted in defining the 40-50 cm
soil-layer medium saline soils with a 2-3 % toxic ion content to the final root penetration
depth of 360—516 cm. as suitable for cultivation of Kochia prostrata and Camphorosma
monspeliaca. At such salinity of soils, Kochia prostrata provides 23-25 c/ha of fruiting pro-
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duction, while Camphorosma monspeliaca provides 12—16 c/ha of pasture mass, which is
respectively 11.5-8.3 and 6—6.3 times higher than the productivity of natural pastures (2—3
c/ha). At radical improvement of pastures, with 7 cm-depth highly saline soils and 200 cm-
depth very highly saline soils are suitable to cultivate Camphorosma monspeliaca. Still, 50
cm-depth medium-saline automorphous clayey soils suit Camphorospha monspeliaca and
Kochia prostrate sowing.

Keywords: Kochia prostrata, Camphorosma monspeliaca, salinity, halophyte phy-
tocenoses, salt tolerance, fodder production
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Annotamus. bi3 3eprrey xyprisren Kacrmmii lleminiH conrtyctik Oemirinae
YKaybIH-IITANIBIHHBIH opTama Memmepi 170—180 mMm-neH acnaiiibl, Oipak ’Ka3blK KEHICTIK-
TiH 92 % - b1 Oenrini Oip Aopexkene Ty3abl. KiMMaTThIH KYpPFaKIIBUTBIFbIHA OaiIaHBICTHI
OyJ1 ayaH/1a yKaybIH-TIAIBIH/IBI eTTHIIUTIK KYPTi3iIMeli; OHbIH OpHBIHA OHIMJILTITT TOMEH
(2-3 1/ra) TabWFy KaWbUTBIMIAP MaJl )KAarOFa )KOHE YKAIIbI Koi Oaryra apHainFaH. Exi MbIH
reKTapJiaH acaThlH cyapMalibl XKepyep/i Ka3y TOMBIPAKTHIH TY3/bUIBIFbIHA OaHIaHBICTHI
MYMKiH emec. JKemre apHajgfFaH CIMIIKTEpIi KYypFak ecipy KOJJIaHBICTAH IIIBIKKAaH.
KyprakiibiiblK, TOMBIPAKTBIH TY3ABUIBIFBI KOHE KAWBUIBIMHBIH TOMEH OHIMILTIri-OYI
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KANBUTBIMIAP/IBIH paINKAIIaHybIHA JKOHE JKaKCcapThUIFaH JaKbUIIapbl TaHIAyFa acep
€TEeTiH TaOUFU OPTaHBIH YII acreKTici. 3epTTeyaiH MakcaThl Kacrnii TeHi3i aiiMarbIHIaFbI
TY376l TONBIPAKTAp/a ©Cipy YIIiH TaOUFU JKaWbUTBIMIApaH TY3Fa JKOHE KYPFAKIIBLUTBIKKA
TO3IMII OcIMJIIKTepIi TaHAAyAbl Ke3eimi. 3epTTey oJici peTiHJe ericTiK jKarmalbIHIa
OJIapJIbIH TY3Fa TO3IMIUTITIH Oip Me3Tiijie 3epTTel OTHIPHIIN, TY3/bl TOMBIpAaKTapaa Kipicre
JAKbULAAPABl ChIHAY KOJIAHBUIAJBL. 3€pTTEY HOTHIKECIHIE TaMBIPJBIH €HYIHIH COHFBI
tepenairi 360-516 cm 6onarein 2—3 % ynel HoHBI Oap 40-50 cM TonbIpak-KadaTThl OpTara
Ty376I TOonbipakTap Kochia Prostrata x«one Camphorosma Monspeliaca ecipyre xapaMisl
JIeT aHBIKTaAbl. TOMBIPaKTBIH OCBIHIAN TY3ABUIBIFBIHIA Kochia prostrata 23-25 muj/ra
XKeMic eHJIpyIi KaMTaMack3 eteni, an Camphorosma monspeliaca 12—16 1/ra xailbuUTbIM
MaccachlH KaMTaMachl3 eTefi, Oy colikecinmre 11,5-8,3 sxoHe 66, 3 ece ®oraphl, TAOUFU
XKabUTBIMIApAbIH eHIMILTIr (2-3 1/ra). XKaitputeiMaapapl TyOereni xakcapTy Ke3iHJe
Camphorosma monspeliaca ecipy YLIIH TepeHIIri 7 CM >KOFapbl Ty3bl TONBIPAKTAD JKOHE
teperairi 200 cM eTe KOFapsl TY3/IbI TONBIPAKTap KoJjainel. Jlereamen, 50 cM TepeHTiKTeri
opTaia Ty3/bl, aBTOMOP(THI ca3ibl Tonbipaktap Camphorospha monspeliaca xone Kochia
prostrate eryre xxapaM/bl.

Tyiiin ce3mep: Kochia prostrata, Camphorosma monspeliaca, Ty30bUIBIFBI,
ranoQuTTi (PUTOLEHO3AAPHI, TY3Fa TO3IM/ILIIT, )KEMIIION OHIIpici
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AnHoTauus. B ceBepHoil yactu [Ipukacnulickol MyCThIHH, TI€ Mbl IPOBOAMIN
HaIlll MCCIIEIOBaHM, CpeHEe KOIMYECTBO OCAJIKOB cocTaBisieT He Oonee 170-180 mwm,
HO 92 % paBHMH B TOM WJIM MHOU CTENEHHU 3acojeHbl. M3-3a 3acylIMBOro Kaumara B 3TOM
paiioHe He MpakTHKyeTcs OorapHOe 3eMile/leNlne; BMECTO 3TOTO €CTECTBEHHBIE IMacTOMIIA
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C HU3KOM MPOIYKTUBHOCTBIO (2—3 1/ra) mpegHa3HaueHbl Ui BbIIIaca KPYMHOTO poraro-
ro CKOTa M OBell B IeJIoM. BbleMKa IpyHTa Ha OpOIIaeMBbIX TEPPUTOPHSX IJIOMIAJbI0 00-
Jiee IBYX THICSY IFEKTapoOB HEBO3MOXKHA M3-3a CHJIBHOTO 3acOficHMs MoYB. BrlpamunBanue
apUAHBIX pacTeHHH Ha KOPM HE NPUMEHSETCA. 3acyxa, 3aCOJICHHOCTb MOYBBI M HHU3Kas
MPOAYKTUBHOCTH MACTOMIL — BOT TPU aCHEKTa MPUPOTHON Cpelbl, KOTOPbIC BIMSIOT Ha
panMOHATM3ALHUIO MACTOMII U BEIOOD YIYUILIEHHBIX CETbCKOX03IHCTBEHHBIX KyIbTYD. Llesnn
HCCIIeIOBaHUsl — OTOOP COJIe- U 3aCyXOyCTOMYHMBBIX PACTEHHH C €CTECTBECHHBIX MacTOMII]
JUIs1 BBIPAILLMBAHUS HA 3aCOJICHHBIX MMOYBax B pernone Kacmmiickoro mopsi. B xauectse me-
TOAA MCCIEAOBAHUS MIPUMEHEHO TECTUPOBAHUE MHTPOMYKIMOHHBIX KYyJIBTYP Ha 3aCOJICH-
HBIX MIOYBAX C OJHOBPEMEHHBIM U3YUEHHUEM HX COJICYCTOHYHMBOCTH B TIOJIEBBIX YCIOBHsX. B
pe3yJbTaTe ucciael0BaHni ObUIH OIIPEeICHbI CpeHE-3acoIeHHbIE TOUBHI ciioeM 40-50 cm
C coJep>KaHUEeM TOKCHUYHBIX MOHOB 2-3% 1 KOHEUHOH IIyOMHON MPOHMKHOBEHUS KOpHEH
360-516 cm kak moxxonsmme s BelpammBanus Kochia prostrata v Camphorosma mon-
speliaca. T1pu Takom 3aconenuu o4B Kochia prostrata obecriednBaeT ypoxkaiHoCcTh 23-25
1/ra, a Camphorosma monspeliaca — 12—16 1/ra macTOUITHON MacChl, YTO COOTBETCTBEHHO
B 11,5-8,3 u 6—6,3 pa3a npeBbIIIaeT NPOyKTHBHOCTh €CTECTBEHHBIX macTowui (2-3 1y/ra).
[Ipu pagvkaabHOM yIy4llIeHHM mactOMiy i Belpamusanusi Camphorosma monspeliaca
MOJXOJAT CUIIBHO 3aCOJICHHBIC TIOUBHI INTyOMHON 7 CM M OY€Hb CHUIIBHO 3aCOJICHHBIC TIOUBbI
riryounoit 200 cm. Tem He MeHee, CpeHE3aCOJICHHbIE aBTOMOP(HBIC TITMHUCTHIC MTOYBHI
rnyounoit 50 cMm noaxonat st nocesa Camphorospha monspeliaca w Kochia prostrate.

Karwuesbie cioBa: Kochia prostrata, Camphorosma monspeliaca, 3acosenue,
ranouTHbIC (PUTOLEHO3BI, COJICYCTOHYNBOCTH, KOPMOIPOU3BOICTBO

Introduction

From an evolutionary perspective, the Caspian lowland’s desert-type vegetation is
thought to be the original. The Caspian lowland’s recent (in geological terms) past influenc-
es this phenomenon. The region was totally devoid of marine transgressions in the Caspian
Sea about 8000 years ago (Nikolaev, 1953). Since then, the salinity of the soil has deter-
mined the growth of halophilic desert plants everywhere and the cultivation of specific plant
species.

In modern conditions, the dominant vegetation in the desert zone of the Caspian
lowland is annual halophytes, the representatives of typical deserts on saline and near-saline
groundwater soils. Evidently, with soil desalinization, halophyte phytocenoses are replaced
by semi-shrub communities in striped ecological rows starting from the shore.

Phytocenoses of Artemisia Monogynae formations are dominant here, while for-
mations of rod-root formations, Camphorosmeta Monspeliacae and Anabasis Salsa, Anab-
asis Aphylla are of subordinate importance. The sub-edifiers of the communities of the
above-mentioned formations are such solanaceous semi-shrubs as Anabasis Aphylla, Sal-
sola Laricina, Kochia Prostrata (Svetlakova, 1986; Goryaev, 2019; Goryaev and Korablev,
2020).

Among ephemerals, the dominant grasses are Eremopyrum Triticeum and in some
years Ceratocarpus Arenarius.

Of the listed species, the greatest forage value is represented by Camphorosma
Monspeliaca and Kochia Prostrata, which, as a result of frequent stratification and desert-
ification of the climate, either mosaically interspersed (Camphorosmeta monspeliacae) or
sporadically occur (Kochia Prostrata), among other phytocenoses. Soil stepping goes in the
direction from marginal solonchaks to salt-washed to middle degree (to the depth of 40—50
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cm) stepped meadow soils, i.e., the character of salt removal is presented as follows: The
marsh solonchaks, still located in the seaside narrow strip, are replaced by meadow highly
saline soils, and they in turn are replaced by steppe meadow-brown or alluvial-brown soils
(Akhanov et al., 1979; Vasjukov, 2015).

Long-term researches we conducted show that steppe soils with 40-50 cm-depth
salination and toxic ions content below the layer of maximum salinity accumulation hori-
zon, i.e., with the salt concentration characteristic of solonchaks, are suitable for agricultural
development of semi-desert lands through rainfed grass sowing (Agrophyron desertorum,
Elymus junceus, Melilotus albus), Sudan grass (Sorghum X drummondii) and winter rye
(Secale cereale) (Mukhambetov, 1983). But research on determining the suitability of soils
for the sowing of Kochia prostrata and Camphorosma monspeliacae has not been conduct-
ed in the desert zone.

The salt tolerance and drought resistance of Kochia prostrata are under study in
Russia, China, Iran, Mongolia, and South Serbia, while in North America, its aggressiveness
and competitiveness in phytocenosis are subjected to scrutiny (Li et al., 2017; Gao et
al., 2015; Bademugqiqige et al., 2018; Wang et al., 2019; Acar and Ko¢gKoyun, 2019; Pi-
rasteh-Anosheh et al., 2023; Junjun et al., 2018).

We analyzed genetic polymorphism in Kochia prostrata, growing on different soils
with contrasting salt content, in eight variants of desert-steppe plant communities to de-
termine the possibility of the development of solonchaks of the Southern Urals in Russia.
Significant genetic differentiation between two populations on dark humus saline soils in-
dicates that soil conditions may influence not only the level of diversity but also the genetic
structure of populations.

Kochia prostrata is salt-tolerant and well-adapted to some ecosystems dominated
by halophytic species. Also, it is highly productive (up to 1.8 t/ha) when grown in soils with
salinity levels (conductivity) approaching 20 DS/m and is able to persist at much higher lev-
els of electrical conductivity. It is cultivated under conditions with 100—200 mm of rainfall
per year.

In Iran, as reported by, the salt tolerance of Kochia prostrata was studied alongside
the CL- and NA" ions’ effects on its growth, water relations, glycine betaine, free proline,
number of stomata, and pasture mass size. Adaptation of halophytes to salinity has been
found to be associated with metabolic changes that result in the accumulation of several
organic dissolved substances such as sugars, polyols, betaines, and free proline (Flores et
al., 1977; Qozham et al., 1981; Briens and Larher, 1982).

The accumulation of proline in cells indicates an increase in the resistance of Ko-
chia prostrata to salt stress (Stozey and Wyn-Jones, 1979; Tumlert et al., 2023).

Kochia prostrata was found to be a salt-tolerant species, with optimal growth oc-
curring up to 150 mm/NaCl. Glycine, betaine, proline, and soluble sugars are accumulated
in the cytoplasm and its organelles to support photosynthesis. It can be successfully planted
to improve low-saline areas of Iran in arid and semi-arid regions.

Since soil salinity is the determining factor in the growth and development of forage
crops in this zone, for their development, valuable forage grasses of natural pastures, such
as Kochia prostrata and Camphorosma monspeliacae, were selected.

The purpose of the research is to select salt-solonetz and drought-resistant plants
from natural pastures for cultivation on the saline soils of the Caspian region; the objectives
of the research are to study:
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- salt tolerance of Kochia prostrata and Camphorosma monspeliacae;

- growth and development, their productivity;

- determination of the suitability of soils for the cultivation of Kochia prostrata and
Camphorosma monspeliacae on rainfed lands.

Materials and methods

The experiments were laid in the subwinter of 2021 by the field method according to
B. Dospekhov in fourfold repetition on 30m?- sized plots of three types of soils (Dospekhov,
1979). The granulometric composition of soils is medium and heavy loamy, humus content
is 0.9-1.2% total nitrogen is 0.15-1.1%, phosphorus is 1.3%, and potassium is 1.75%.

Soils are provided with mobile forms of nitrogen (4.5 mg per 100 g of soil) and
phosphorus (1.4 mg per 100 g of soil) to a weak degree, and potassium (38 mg per 100 g of
soil) to a high degree. Soils are salinized in medium and strong degree, where the content of
toxic ions is respectively (%) 0.6 and 0.9 and the salinity type is chloride-sulfate.

Chemical analysis of water extract and determination of mobile compounds of
phosphorus, potassium, and nitrogen were carried out according to the state standard of
OST-46-52-76. “Methods of agrochemical analysis of soils. The determination of the chem-
ical composition of water extracts and the composition of groundwater for saline soils”. The
separation of soils by degree of salinization and the calculation of toxic ions were carried
out according to the method of N.I. Bazilevich and E.I. Pankova (Bazilevich and Pankova,
1972; Keller, 1940; Lavrenko, 1974).

The method by B.P. Stroganov was applied to assess crops for salt tolerance and
the nature of distribution in the soil environment of the root system of plants (1968), which
assumes consideration of tropisms (osmotropism, geotropism, chemotropism, etc.) (Stro-
ganov, 1968).

Results

The study of plants salt tolerance was carried out in two stages: on natural pastures
of the Caspian Sea (Table 1) and in crops-introducers (Table 2)

Table 1 - Content of toxic salts under wild fodder plants

Number of | Soil and groundwater Toxic ions, % plants
sections | sampling depth, inem [, ~ . Cl S0,

1 0-5 3.003 0.112 1.910 Calamagrostis epigeios
5-15 1.502 0.035 0.984 Alhagi pseudalhagi
15-25 0.106 0.106 0.509
25-35 1736 | 0.035 0.571 Aeluropus littoralis,
35-45 1.005 0.085 0.643 Phragmites australiS
45-55 1.096 0.024 0.710
55-65 1.159 0.140 0.624

groundwater (g/1) 4.134 (65cm depth)
2 0-5 1.081 0.815 0.350 Phragmites australis Alha-
gi pseudalhagi
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2a 0-5 9.764 1.862 4.536 Alhagi pseudalhagi
5-25 0.180 0.105 0.461
60-70 0.747 0.087 0.384
groundwater (g/1) 5,698 (70cm depth)
3 0-5 2.776 0.752 1.037 Aeluropus littoralis,
5-25 3312 1.260 0.845 Artemisia maritima
groundwater (g/1) 400,872 (85 cm depth)
3a 0-5 1.853 0.441 0.763 Artemisia maritima
Atriplex tatarica,
Aeluropus littoralis,
Melilotus albus, Glycyrrhi-
za glabra
4 0-5 6.997 0.490 4.204 Puccinellia distans,
515 3.124 0.182 1977 Aeluropus littoralis
15-25 1.471 0.070 0.912
25-45 1.281 0.087 0.768
Groundwater (g/1) 30.4 (86 cm depth)
5 0-5 9.830 0.812 6.760 Calamagrostis epigeios
5-25 8.029 0.262 1.756
25-45 1.684 0.059 1.075
45-65 1.085 0.052 0.653
Groundwater (g/1) 46,2 (95 cm depth)
7 0-5 12.728 1.190 7.248 Phragmites australis
5-25 0.918 0.052 0.552
25-45 1.016 0.032 0.619
45-69 1.109 0.059 0.682
69-90 1.225 0.094 0.715
Groundwater (g/1) 24.170 (90 cm depth)

Table 1 shows salinity indices under wild fodder plants. It should be noted that wild
forage plants grew in pits dug during the construction of the experimental estuary. The upper
1.0-1.5-mmeter layer of soil was removed to fill the estuary rolls, and seeds of wild plants
migrated on the bare soils, which are soil-forming rocks with a salinity of 2—-3 % (according
to dense residue). Some pits were located 10-20 meters from the Kursai River, so the salts
in these pits were washed from bottom to top. Due to the lateral filtration of river water, the
capillary rim reached the soil surface.

In nature, even at 2-3 % salinization, as the Table 1 data show, and at redistribution
of salts in the process of washing them from bottom to top, fodder plants such as Melilo-
tus albus, artiplex tartarica, Glycyrrhiza glabra, Artemisia maritima, Puccinellia distans,
and Calamagrostis epigeios grew successfully. And what is worth mentioning is that sprouts
of wild forms of Melilotus albus and other species of wild flora withstand soil salinity cor-
responding to secondary saline soils, at which sprouts of all field fodder crops die. The fact
that wild crops are grown on very highly saline (2-3 % by dense residue) soil-forming rocks
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under their abundant irrigation (at the constant lowest soil water capacity) indicates the
possibility of developing such lands under sufficiently high salinity. With an abundant water
supply, salts are diluted, and their toxicity decreases.

According to the data from Table 1, the greatest salt tolerance is found in such repre-
sentatives of meadow perennial grasses as terrestrial Calamagrostis epigeios, Aeluropus lit-
toralis, Phragmites australis, and Puccinellia distans, and, against expectation, xerophyte
phreatophyte or Alhagi pseudalhagi, which can be referred to as especially salt-tolerant
plants withstanding from 6.997 to 12.728 % of toxic ions. The second medium salt-toler-
ant group includes Artemisia, with an in-soil content of toxic ions of 3.312 %, and to the
third weakly salt-tolerant group can be attributed Artiplex tartarica and Glycyrrhiza glabra,
whose threshold of toxic ions does not exceed 1.853 %.

To note, in conditions of the meadow regime, where strongly mineralized ground
water and brines are located at a depth of 65-95 cm, bright representatives of automorphic
soils, such as Kochia prostrata, do not grow, despite the hollows being bordered by auto-
morphic solonets, which are natural conditions for Kochia prostrata and Camphorosma
monspeliaca.

Determination of toxic ions under Kochia prostrata and Camphorosma monspeli-
aca growing on automorphous solonetz showed that the latter was more salt tolerant than
Kochia prostrata, as it withstands strong degree of soil salinization (1.0814 % of toxic ions,
0.815 % of chlorine, 0.350 % of SO,), while Kochia displays an average degree.

Extreme conditions inherent in desert soils cause the most severe trials for plants
in general and for their root systems in particular. Therefore, when evaluating crops for salt
and drought resistance, it is highly relevant to find out the peculiarities of root distribution
in very densely solonized soil and the underlying excessively saline, so-called horizon of
maximum salinity accumulation, which contains up to 2—3 % of easily soluble salts.

Sections 7 and 8 present the results of the study on the distribution of roots of Ko-
chia prostrata and Camphorosma monspeliaca saline from the soil surface up to 40 cm in
medium and strong degree, and below saline to very strong degree with 1.8-2.5 % content
of toxic ions.

The study on root distribution along the profile of saline lands showed that the root
systems of Kochia prostrata and Camphorosma monapeliaca successfully passed the hori-
zon of maximum salinization (1.8-2.5% toxic ions), reaching a depth of 360 cm (Campho-
rosma monspeliaca) and 526 cm (Kochia prostrata), with a salt content of a medium degree
above this horizon (40 cm). It should be emphasized that the roots of other plants, such as
ephemeral annuals (Artemisia absinthium) from natural pastures growing there on saline
soils, cannot overcome the horizon of maximum salinity, while annual halophytes cannot
overcome saline horizons located at a depth of 10-25 cm.

Taking into account the high salt tolerance of Kochia prostrata and Camphorosma
monspeliaca, the roots of which can penetrate into highly-strong degree salt-content hori-
zons to successfully extract moisture and nutrients for survival in the desert, we carried out
introduction studies on Kochia prostrata and Camphorosma monspeliaca to examine their
productivity in moderately saline up to 40 cm and very strongly saline below this horizon
residual meadow-brown soils (Table 2).

Table 2 - Yield of crops-introducers on saline soils of the Caspian Sea area
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As it follows from the data in Table 2, Camphorosma monspeliaca provides
productivity on soils with medium and strong salinity, and no suppression of Camphorosma
monspeliaca seedlings is observed at soil salinity (0—7 cm) of a strong degree (section 7),
despite the fact that below this layer up to 2.0 meters the content of toxic chlorine varies
from 0.308 % to 0.640 %; that is, according to this indicator, the lower horizons are saline
to a very high degree, which corresponds to solonchaks. With strong salinization of the 0—7
cm upper layer of solonchak, Camphorosma monspeliaca in the second and third years of
life provides from 9.8 to 14.2 c/ha of pasture mass, which is 3-3.5 times higher than the
productivity of natural pastures (2—3 c/ha).

On soils with a strong salination surface, Kochia prostrata does not provide produc-
tivity and remains low-growing during the second and third years of life, with a height of not
more than 6—8 cm that is not suitable both for haymaking and pasture use. Kochia prostrata
provides noticeably high productivity of pasture mass, hay, and fruit forage on soils (section
8), salinized from the surface to a medium degree (0—20 cm), a strong degree (20—40 cm),
and a very strong degree in the lower horizons (40—200 cm). On saline soils up to 20 cm, it
provides productivity in the second and third years of life, yielding 18.4-22.4 c/ha of pas-
ture mass, 6.0-6.7 c/ha of hay mass, and 20.2-26.4 c/ha of fodder mass. The notion of fruit
forage, which might be incomprehensible for a wide range of researchers and producers, im-
plies a mixture of small stems, clusters, and fruit of Kochia prostrata, harvested in the phase
of full fruit formation in late October and the first half of November, the nutritional value
of which is 1.5-2 times higher than its hay and pasture mass (Mukhambetov et al., 2023).

On such background (section 8) and the last third background (section 9) represent-
ed by salinization of an average degree of (0—50 cm) and a very strong degree of salinization
below this layer (50-200 cm), the productivity of pasture mass and hay of Camphorosma
monspeliaca, respectively, is 11.0-21.3 and 3.63—7.09 c/ha, much lower than the same indi-
cators in Kochia prostrata, yielding 18.4-25.6 and 6.0-8.21 c/ha, respectively.

Notably, in domestic practice, Camphorosma monspeliaca is exploited as a pasture
plant rather than hay, which is confirmed by the results of other studies (Arkhipov, 1978;
Zlatkovi¢ et al., 2019; Akzhigitova, 1982; Oksanen et al., 2019).

The data from Table 2 suggest that the highest productivity is ensured when using
Kochia prostrata for fruit forage, which is the same winter fodder in Kazakhstan as hay.

To summarize, at salinization of the upper layer, clay soils of the Caspian Sea should
be employed for cultivating Camphorosma monspeliaca for pasture, while medium-degree
(20 cm) and strong-degree (2040 cm) desalinized soils are to be applied for the sowing of
Kochia prostrata for fodder production and Camphorosma monspeliaca for grazing. At the
same time, lower soil layers (40-50 cm—200 cm) can be highly saline, which is character-
istic of solonchaks.

Conclusions

Natural pastures in the Caspian Sea region are unproductive (2-3 c/ha) and cannot
serve as reliable sources of fodder production due to widespread soil salinity and climate
aridity.

The lands that suit agricultural development in the Caspian Sea territory are repre-
sented by soils that are strongly to moderately saline from the surface (0-50 cm), with very
high salinity in the lower horizons (50-200 cm) to a very strong degree, which corresponds
to solonchaks.

Strongly saline soils from the surface should be used for grazing with the cultivation
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of Camphorosma monspeliaca, which provides 6.0-6.3 c/ha times higher productivity than
natural pastures, that is, 12—18.8 c/ha on average for 2 years of life compared to 2-3 c/ha.

Medium-saline soils are advisable for pastures to cultivate Kochia prostrata and
Camphorosma monspeliaca with productivity of 15.3-20.4 c/ha on average for 2 years.

Soils medium saline from the surface (0-20 cm and 0-50 cm) provide higher fruit
forage production (22.6-25.3) than when it is used for hay (15.7) and pasture (22.6).

With very highly salinated surfaces, meadow and automorphic soils are not subject
to agricultural development, as meadow grasses (Adeluropus, Alkali grass, Reed, Reed grass)
and Alhagi pseudalhagi, despite tolerating a very high degree of salinity, do not provide
economically justifiable pasture productivity.

REFERENCES

Acar Ramazan & Ko¢Koyun Nur. (2019). The determination of the morphological and yield properties of
different forage kochia (Kochia Prostrata (L.) Schrad.) Phenotypes. Fresenius Environmental Bulletin. —V.28.
— Pp.1429-1433.

Akhanov J.U., Pachikina L.I., Sokolenko E.A. (1979). Soil-reclamation conditions of the Volga-Ural inter-
fluve. — Alma-Ata: Nauka, 1979. — Pp. 14-32.

Akzhigitova N.I. (1982). Galofil’naya rastitel’nost’ Srednei Azii i ee indikatsionnye svoistva (Halophilic
Vegetation of Central Asia and Its Indicative Properties). — Tashkent: Fan, 1982.

Amelioration and development of solonts for fodder crops in semi-desert zone of Aktobe region: dissertation
... candidate of Agricultural Sciences: 06.01.03. — Alma-Ata, 1983. — 278 p.

Arkhipov V.A. (1978). Camphorosma monpeliaca (Karamatau) - a valuable pasture grass. — Alma-Ata:
Kainar, 1978. — P.23.

Bademugqiqige Sun, Zong-Jiu; Li Pei-Ying; Tian Meng; Wu Yong-Mei (2018). Effect of increasing
precipitation on seed germination characteristics in the soil seed banks of Seriphidium transiliense desert
grassland. Acta PrataculturaeSinica. —V.27. — Issue 10. 2018. — Pp. 136-146.

Bazilevich N.I., Pankova E.I. (1972). Experience of classification of soils by the content of toxic salts and
ions // Bulletin of the Soil Institute. 1972. — Issue. 5. — Pp. 36-42.

Dospekhov B.A. (1979). Methodology of field experience. — M.: Kolos, 1979. — 415 p.

Gao K., Han Guo-Dong, Yu Yong-Qi., Zhang Li-Juan. Characterization of caloric values in 14 plant species
in hunshandake sandy land. Chinese Journal of Ecology. V.34, Issue 2, 2015. — PP.341 — 346.

Goryaev [.A. (2019). Regularities of distribution of halophytic vegetation on the Caspian Lowland. Botan-
icheskii Zhurnal, —104(7). —1072-1089. https://doi.org/10.1134/S0006813619070044

Goryaev [.A. & Korablev A.P. (2020). Halophytic Vegetation in the West Caspian Lowland. Contemporary
Problems of Ecology. — 13(5). — 514-521. https://doi.org/10.1134/S1995425520050054

Hadi Pirasteh-Anosheh, Gholamhassan Ranjbar, Nudrat Aisha Akram, Muhammad Adeel Ghafar, Anto-
nio Panico (2023). Forage potential of several halophytic species grown on saline soil in arid environments,
Environmental Research. — Volume 219, 2023. — 114954. — ISSN 0013-9351. https://doi.org/10.1016/j.en-
vres.2022.114954.

Junjun Ou. Curtis R. Thompson. Phillip W. Stahlman. Mithila Jugulam (2017). Preemergence Application
of Dicamba to Manage Dicamba-Resistant Kochia (Kochia scoparia). Weed Technology. — 32(3). — Pp. 1-5.
2018. DOI: 10.1017/wet.2018.1

Keller B.A. (1940). Vegetation of saline soils of USSR, in Rastitel’'nost’ SSSR (Vegetation of USSR). —
Moscow, 1940. — Pp. 481-522.

Lavrenko E.M. (1947). Eurasian steppe region, in Geobotanicheskoe raionirovanie SSSR (Geobotanical
Zonation of USSR). — Moscow, 1947. — Pp. 95-110.

Li X., Zhang W., Li J., Zhong Y., Su'Y., Zhao J. (2017). Effects of five soil management measures on runoff
and sediment reduction in ili valley of Xinjiang. Science of Soil and Water Conservation. — V.15. — Issue 3,
2017. — Pp.51-57.

Methodical recommendations on reclamation of solonts and accounting of saline soils. Ministry of Agricul-
ture of the USSR, publishing house Kolos, 1970.— Pp. 84-103.

Mukhambetov B., Nasiyev B., Abdinov R., Kadasheva Z., Mamyrova L. (2023). Influence of soil and
climatic conditions on the chemical composition and nutritional value of Kochia prostrata feed in the arid zone

207



ISSN 2224-5227 4.2024

of Western Kazakhstan. Caspian Journal of Environmental Sciences, 21. —Pp. 853-863.

Nikolaev N.I. (1953). Stratigraphy of Quaternary sediments of the Caspian Lowland and lower Volga re-
gion// Stratigraphy of Quaternary sediments and recent tectonics of the Pre-Caspian lowlands. — M.1953. —
Pp. 246-256

Oksanen J., Blanchet F.G., Friendly M., Kindt R., Legendre P., McGlinn D., Minchin P.R., O’Hara R.B.,
Simpson G.L., Solymos P., Stevens M.H.H., Szoecs E. and Wagner H. (2019). Vegan: community ecology
package, R package version 2. — Pp. 54, 2019. https:// CRAN.R-project.org/package=vegan.

Stroganov B.P. (1968). Methodical guidelines for diagnostics and improvement of salt tolerance of cultivat-
ed plants. — M.: Kolos, 1968. — p.20

Svetlakova E.A. (1986). Pokonturnaya list to the map of fodder lands of Guryevskaya agricultural experi-
mental station of Makhambet district of Guryevskaya oblast. — Alma-Ata, 1986. — 233 p.

Tumlert V.A., Kasymbekov Z.K., Dzhaisambekova R.A., Tumlert E.V., Amanbayeva B.S. (2023) Influence
of the hydrogeological mode of operation on the character of collating of the filter and the filter zone of seasonal
wells. — News of the National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Tech-
nical Sciences. 2023(3), — 295-304

Vasjukov V.M., Ivanova A.V. & Lysenko T.M. (2015). ON THE FLORA OF SYRTOVOIJE ZAVOLZHJE.
— Samara Journal of Science. — 4(2). — Pp. 45-47. https://doi.org/10.17816/snv20152112

Wang X.J., Wu J.H., Yang Z.R., Zhang F.L., Sun H.L., Qiu X., Yi F.Y,, Yang D., Shi F.L. (2019). Physiolog-
ical responses and transcriptome analysis of the Kochia prostrata (L.) Schrad. to seedling drought stress. Aims
Genetics. 2019. —V.6. —Issue2. — Pp.17-35. DOI10.3934/genet.2019.2.17.

Zlatkovi¢ 1.D., Jenackovi¢ D.D. & Randelovi¢ V.N. (2019). Inland salt areas of Southeast Serbia: ecological
preferences of certain representatives of flora. Biologia, —74(11). — Pp. 1425-1440. https://doi.org/10.2478/
s11756-019-00320-0

208



ISSN 2224-5227 4.2024

CONTENT

A.E. Abetov, A.A. Auyesbek
GEOLOGICAL-GEOPHYSICAL CRITERIA OF THE JEZKAZGAN ORE DISTRICT IN
CENTRAL KAZAKHSTAN.....cottitititeete ettt sttt 6

K. Akishev, K. Aryngazin, A. Tleulessov, L. Bulyga, V. Stanevich

THE USE OF SIMULATION MODELING IN CALCULATING THE

PRODUCTIVITY OF THE TECHNOLOGICAL SYSTEM FOR THE PRODUCTION OF
BUILDING PRODUCTS WITH FILLERS FROM MAN-MADE WASTE................. 22

V.V. Gerasidi, R.G. Dubrovin, V.V. Kukartsev, T.A. Panfilova, G.V. Stas
BOOST SYSTEM DIAGNOSTIC PARAMETERS OF COHERENT GAS PISTON
INSTALLATIONS OF MINING ENTERPRISES........coviiiiieeeeeeeeeeeeeeeeee e 33

E.M. Elekeev, B.P. Stepanov
TO THE ISSUE OF EFFICIENCY OF APPLICATION OF THE SAFETY CONTROL
PROGRAM AT NUCLEAR FACILITIES.......cocoiiiieee s 48

A.L Epikhin, A.A. Stupina, I.A. Panfilov, V.V. Bukhtoyarov, N.A. Shepeta
DETERMINANTS FOR ASSESSING THE ENERGY EFFICIENCY OF A COAL
MINING ENTERPRISE........ccooiiiiiiiiiiiecete ettt 61

E.A. Efremenkov, E.S. Chavrov, E.P. Khaleyeva, V.V. Tynchenko
EVALUATION OF TECHNIQUES FOR DETERMINING THE LOADING OF A
CYCLOIDAL SATELLITE ROLLING BEARING.....c..ccoctimiiniiiiiinecneenececeee 72

Zh.A. Zhanabayeva, K.T. Narbayeva, G.K. Ismailova, M.S. Ospanova,

J. Rodrigo-Ilarri

ASSESSMENT OF THE RESERVOIRS IMPACT ON THE MAXIMUM RUNOFF OF
THE SYRDARYA RIVER ......iiiiiiiiee ettt s 85

M.K. Jexenov, Zh.K. Tukhfatov, E.K. Bektay, R.Sh. Abdinov, G.S. Turysbekova
STRUCTURAL-TECHTONIC AND MINERALOGICAL STRUCTURE OF INDER
LIFTING FIELD, MINING AND CHEMICAL RAW MATERIALS IN ATYRAU
REGION ...ttt sttt 96

G.M. Iskaliyeva'*", N.K. Sydyk', A.K. Kalybayeva'?, M.S. Sagat!, A. Samat
USE OF WATER INDICES FOR WATERBODIES IN THE ESIL WATER
MANAGEMENT BASIN. ...ttt st sttt s 117

Z.M. Kerimbekova, A.A. Tashimova, G.I. Issayev, E.K. Ibragimova,

M.Zh. Makhambetov

CALCULATION OF ENVIRONMENTAL AND ECONOMIC DAMAGE CAUSED BY
CURRENT SYSTEMS OF SOLID WASTE MOVEMENT IN OIL PRODUCTION..131

M.Zh. Makhambetov, R. Izimova, G.I. Issayev, N.A. Akhmetov, E.K. Ibragimova

ECOLOGICAL-GEOLOGICAL ASSESSMENT OF TECHNOGENICALLY
DISTURBED TERRITORIES OF OIL FIELDS OF THE ATYRAU REGION........... 143

274



Reports of the Academy of Sciences of the Republic of Kazakhstan

A.D. Mekhtiyev, V.V. Yugay, Y.G. Neshina, N.B. Kaliaskarov, P. Madi
FIBER-OPTIC SYSTEM FOR CONTROLLING OPEN PIT SIDE ROCK
DISPLACEMENT ..ottt ettt ettt et et e e 157

A.S. Mussina, G.U. Baitasheva, B.S. Zakirov, Ye.P. Gorbulicheva
CONDITIONS FOR PREPARING THE SURFACE OF CONTACT PARTS FOR
WETTIBILITY WITH MERCURY........oooiiiiiiiee e 168

A.N. Muta, R.B. Baimakhan, G.I. Salgarayeva, N. Kurmanbekkyzy, A. Tileikhan
STUDY OF THE STRENGTH PROPERTIES OF SOILS COMPOSING THE
GEOLOGICAL STRUCTURE OF THE KOK TOBE MOUNTAIN........ccccccecenenrennnne 185

B. Mukhambetov, B. Nasiyev, Zh. Kadasheva, R. Abdinov, R. Meranzova
ADAPTABILITY OF KOCHIA PROSTRATA (L.) SCHRAD AND

CAMPHOROSMA MONSPELIACA AGRICULTURAL ECOSYSTEMS

ON SALINE LANDS OF THE NORTHERN CASPIAN DESERT........ccccceovevviiennnn. 197

M. Nurpeisova, G. Dzhangulova, O. Kurmanbaev, Z. Sarsembekova,

A. Ormanbekova, Y.Kh. Kakimzhanov

CREATION OF GEODETIC REFERENCE NETWORK FOR MONITORING
TRANSPORT INTERCHANGES IN SEISMIC AREAS.......coooiiiiiieeeeeeee e, 209

B.T. Ratov, V.L. Khomenko, A.E. Kuttybayev, K.S. Togizov, Z.G. Utepov
INNOVATIVE DRILL BIT TO IMPROVE THE EFFICIENCY OF DRILLING
OPERATIONS AT URANIUM DEPOSITS IN KAZAKHSTAN......cccoiiiiiieieneeeenene 224

A.A.Tashimova, G.I. Issayev, Z.M. Kerimbekova, E.K. Ibragimova, A.M. Bostanova
ANALYSIS OF THE RESOURCE POTENTIAL OF SOLID
OIL PRODUCTION WASTE......ioitiiieiieiteitetete ettt et seesve e e saesa e saesaensaesseenns 237

M.K. Tynykulov, O.D. Shoykin, S.O. Kosanov, M.B. Khusainov, Zh.G. Ibraybekov
BIOREMEDIATION OF ZONAL SOILS IN AYIRTAY DISTRICT OF NORTH
KAZAKHSTAN REGION......c.iiiiiiiiiiiicceee et 246

A.S. Urazaliyev, D.A. Shoganbekova, R. Shults, M.S. Kozhakhmetov, G.M. Iskaliyeva
INVESTIGATION OF LSMSA APPROACH IN LOCAL GEOID MODELING.......... 261

275



Publication Ethics and Publication Malpractice in the journals of the
National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the work described has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http:/www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by
the originality detection service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
onh accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance
of a paper automatically implies the copyright transfer to the National Academy of sciences of the
Republic of Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

[IpaBmia oopmiteHHs CTaThU TS MyONMKAIMK B XKypHAJIe CMOTPETh Ha caiTe:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
http://geolog-technical.kz/en/archive/

TTonmucano B meuars 15.08.2024.
®opmar 60x88'/.. bymara opcernas. Ileuats - pusorpad.
15,0 .. Tupax 300. 3akas 4.

POO «Hayuonanvnas akademus nayk PK» 050010,
Anmamu, yn. llesuenxo, 28, m. 272-13-19





