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APPLICABILITY ASSESSMENT OF NATURAL WATERS
IN IRRIGATION OF AGRICULTURAL LAND ON THE EXAMPLE
OF THE VAKHSH RIVER AND ITS TRIBUTARIES

Abstract. The results of chemical analyses of the Vakhsh river and its tributaries and the calculations of the
main criteria for the water applicability for irrigation purposes are presented: the proportion of sodium cations
capable of absorption, dissolution, ion exchange, and the proportion of magnesium. It was found that the waters of
the Vakhsh river and its tributaries (Kyzylsu, Muksu, Obikhingou and Surkhob) are favorable for irrigation of
agricultural land. On the values of the magnesium cations ratio to calcium cations the Vakhsh river and tributaries
water correspond to the first class of «soft waters». It is shown that due to the surface and underground water
exchange, underground water reservoirs are enriched by cations of alkaline and alkaline earth elements. The
underground water reservoirs of the Vakhsh tributaries basin on the water quality terms are also suitable for
irrigation purposes.
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Introduction. The Vakhsh River is one of the main tributaries of the transboundary river Amu Darya
that is formed by the confluence of the Surkhob and Obikhingou rivers.

The Vakhsh river basin by meteorological characteristics belongs to a dry climate with an annual
rainfall of 143-297 mm and the distribution of the average annual precipitation by the scasons is as
follows: in winter 40%, 48% in spring, 1.5% in summer and more than 10% in autumn [1].

The Vakhsh river by 691 km (from source to mouth) with a basin area of 39 160 km” is characterized
by glacial-snow fed i.e. more than 40 % of the flow in the flood is meltwater glaciers.

The Vakhsh river basin potential energy resources are 15.0 Th. MWt by an electric energy generation
of 53.4 TWt-h/year. From it more than 9.0 Th. MWt and 35.4 TWt-h/year of electric energy generation are
correspond only to Vakhsh river [2]. By improving water quality and regulating part of the flow of the
Amu Darya river, the Rogun Hydropower station will allow 90% irrigation of the Amu Darya basin on an
arca of 4.6 million ha and additionally develop more than 480 thousand hectare of land in the lower
reaches. [3].

Water pollution is the leading cause of death and disease worldwide. Every year around the world,
6.000 children die from infectious diseases and 30 million people die from cancer caused by drinking
contaminated water [4]. In developing countries, 80% of human diseases are associated with drinking
water pollution.

Water quality deals with the physical, chemical and biological characteristics of water in relation to
all other hydrological properties. The characteristics of water quality have become important in water
resources planning, development for drinking, industrial, and irrigation purposes [3]

A number of indicators regulates the quality of water used in irrigation in order not to destroy the
agrochemical properties of the soil.
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The major concerns in terms of water quality and quantity are due to its inadequate distribution on the
surface of earth and the rapid declining of fresh useable water [6]. Anthropogenic activities within river
basins, erosion, and atmospheric depositions were also the main negative impacts on the water quality of
most the reservoirs [7].

A wide review of the literature on the selection of optimal indicators for a comprehensive assessment
of surface water quality and compelling facts about the need for systematic monitoring of the dynamics of
the spread of pollutants for an objective assessment of water quality and in particular transboundary water
basins and the establishment of criteria for assessing the quality of surface waters taking into account
natural features are presented in [8,9].

The agriculture success is highly dependable on the quality of water applied in an agriculture area.
Due to the application of poor or hazardous quality water the agriculture land/soil is affected and damages
the crop yield in several waysThe presence of metals in irrigation water also has adverse effects on crop
production. In addition, high concentration of salts can change the plant nutrients balance in the soil
meanwhile some salts are toxic to certain plants [6,10].

Irrigation water quality alone is not sufficient to assess the potential salinity and hazards that irrigated
agriculture may face. The concept of quality is not singular, but multiple. They can be so different that
they can be compatible with each other, so it makes no sense to talk about quality as a single factor. It is
more correct to talk about a high-quality profile. This means presenting multiple indicators instead of
single ones in order to achieve a better understanding of the type of water. The quality profile is not a
single one; it will also depend on the severity of the problem [11].

However, even water with considerably high salt concentration can be used for irrigation without
endangering soil productivity, provided selected irrigation management. The key point is how to maintain
existing salt balance in plant root zone [12].

Thus, comprehensive river water quality monitoring is a helpful tool not only to evaluate the
suitability of surface water for irrigation, but also to ensure an efficient management of water resources
and the protection of aquatic life [13] Therefore, the monitoring of environmental parameters is one of the
highest priorities in the evaluation of environmental status of water resources and in environmental
protection policy [14]. Thus, it is imperative to have reliable information on the characteristics of water
quality for assessing its safety for irrigation as well as an effective pollution control and water resource
management [15]. These findings can be explained by the geology of the study area, in particular the
variation of the mineralogical composition of the bedrock from upstream to downstream. A similar impact
of the bedrock composition to the water quality has been also described by [16]. It is commonly known
that the ionic composition of water is the result of several factors during water-rock interaction [17].

In fact, changes in the geochemical characteristics of salt waters can be caused by the interaction
of water and rocks, including exchange reactions with clay minerals, adsorption on clay minerals,
and carbonate dissolution — precipitation [18]. In particular, the main factors controlling the mineralization
of water are the mineral dissolution of well-soluble salts and, no less important, ion exchange. The
high content of chloride and sodium water is mainly due to the dissolution of anhydrite, gypsum, and
halite [19, 20].

To assess the quality of water for irrigation purposes, an alkaline hazard is widely used, expressed by
the coefficient of adsorption of sodium cations (CA), the percentage of sodium cations, the percentage of
solubility of sodium, the coefficient of exchange of sodium, the coefficient of magnesium.

The purpose of this work is a comprehensive chemical analysis and determination of the degree of
applicability of the waters of the Vakhsh river and its tributaries for irrigation purposes.

Objects and Methodology. The scheme for sampling water from the Vakhsh River and its tributaries
is shown in figure 1.

After preserving the samples, physical and chemical analyses of water were performed in the
laboratory using a «TalLab» Photocolorimeter at a temperature of 19-20 °C and a relative humidity of
44-49%.
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sodium cations adsorption is not significant compared to the Vakhsh river and tributary Surkhob river, and
due to the low content of Na” in the Kyzylsu and Muksu rivers ion exchange reactions are weak and, of
course, the proportion of sodium capable of dissolution is insignificant. A high proportion of Mg”" in the
waters of the Obikhingou river was found to be associated with low levels of Na*, K',Ca*".
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BAXII O3EHI MEH OHBLIH CAJIAJIAPEI HETI3TH/IE AYBIIIIAPY AIIBLTEITEL
'KEPIH CYAPYJA TABUFH CYIBLIH KOJJIAHBLTYEIH BAFAJIAY

Annotamusi. CyapIH canmackl — CyJbIH Oenrini Oip Cyapl MalnaiaHy TYPJICpPiHE KAPAMABLIBIFBIH AHBIKTAHTHIH
CY KypaMbl MEH KaCHETTEpiHiH cumaTaMacsl. CyabIH CamachiH OAKbLIAY — CY CANlACHIHBIH, KOPCETKIIITEPiHiH Oeri-
JCHICH HOpPMAajap MCH TaJamTapra COMKECTITiH Tekcepy. TaOWFu Cyapl HMPPHTANMSUIBIK MAaKcaTTa ManmajaHy
THIMILUTITIH apTTHIPY KOHE OJIAPBIH CamNachiH OAKBLIAY — CY PECYpPCTAphIH CaKTayaarbl OaCkIM OAFBITTAPBIHBIH Oipi
6oxpm canamaapl. OcbiFaH OAMIAHBICTBI CYIBIH CyapyFa KapaMABUIBIFBIH KEHICHAI Oaramayabl KAMTaMAachl3 €Ty
YIIiH 3epTTEICTIH ayMaKTaFrbl CAHUTAPJIBIK-TUTHCHAIBIK SKAFJAHIbI )KOHE KOPIIAFaH OPTAHbI KOPFAYAbl KAMTAMACHI3
€Ty KKCTTLNIH €CKEPE OTHIPBII, Cy CATIACBIH AHBIKTAHTHIH ArPOHOMHSUIBIK, TEXHHKAJIBIK XOHE 3JKOJOTHSIIIBIK
OIIIICM/ICP HCTI3TC ATBIHABI.

Maxkanaga TpaHCIIEeKapanblKk AMygapust e3cHiHiH Herisri camachl, Cypxo0 skoHe OOHXHHIOY ©3CHICPIHIH
KOCBUIYBI HOTIDKECIHZAEC Maaa OoiFaH Baxmi e3eHi CYBIHBIH XHMIDUIBIK TaJiJay HOTIDKENEpl KedTipinreH. Baxm
©3CHIHIH ayJaHBI MY3 KOHC Kap ’KAMBIUFBICBIMCH cHmaTTaraHma 39 190 KM® KAMTHIBL, Y3BIHABIFBL — 691 kM. Baxm
©3CHI aNaOBIHBIH THAPOIHCPICTHKANBIK djcyeTi skputbiHA S50 TBt-TaH acagpl. Baxir e3¢HIHIH HppPHTaIlHAIBIK
TMOTCHITHAJIBI JKAKCHL, Ka3ipri YakeITTa 15 ayJaHHBIH CyapMaltbl SKSPIICPiH CYMCH KAMTAMACHI3 CTCl KOHC KOCBIMIIA
480 MbBIH TCKTapaaH actaM kepai urepe anagsl. CoHbBIMCH Katap, ToxikcTaH PecmyOnHKACHHBIH CyMIApyalIblibi-
FBIHZA Ay bUIIAPYANIBIIBFBIHBIH CyapMalbl CTIHIMIIITT MCH 3HEPTeTHKA KAKETTIIHE TYTHIHFAH Cy Koiemi 92% kam-
THICA, Al OHCPKACIT JKOHC KOMMYHAIBIK IMAPYaImbLTEIKKA 4 % skymcanansl. CoHmaii-ak cyapy VINIH CY sKapaM-
JBUTBIFBIHBIH HETI3Tl KPHTCPHIICPIHiH ecedl >KYPri3LIreH: HATpui KaTHOHBIHBIH aACcOpOumsFa, epiryre KaOireTTi
KATHIHACHI, HOHIBIK aIMACy >KOHC MArHWH KaTBIHACHL Baxmr e3¢Hi MCH OHBIH camanapbiHbH (KeBeUICY, MYKCY,
OOuxunroy >xone Cypxo0) Cylapsl aybUNIAPYaNIbUIBIFBI AJKANTAPBIH CyapyFa KOJAWIbI CKEHIITI AHBIKTAJIBL.
ConsmeH Oipre, Baxmn e3eHi canamapbIHBIH JKOFAPFHI aFBICHIHIA 63CHHIH 631MEH KoHE OHbIH Cypxo0 camackIMEH
CANIBICTBIPFAH/IA HATPHH aJCOPOLMACHIHBIH KOI(PHUIHCHTI a3 OONATBIHABIFEI AHBIKTANABL. KBI3BUICY koHEe MyKCy
©3CH CyJIAPBIHIAFbl HATPHH KATHOHBIHBIH Kypambl Baxmr sxkoHe Cypxo0 e3¢HIMEH CABICTBIPFAHIA €a9Yip TOMEH, Oy
HOH aJIMACy PCaKIMACHIHBIH QJICI3 KYPYiHIH Herisri ceOedineH 00maapl. MarHui KaTHOHIAPBIHBIH KATbIHH KATHOH-
JAPBIHA KATHIHACBIHBIH MOHI OOHBIHIIA Baxmr e3cHI MEH OHBIH CANANAPBIHBIH CYBI OIPIiHII KJIACKA «KYMCAK CYFa»
skatagel. JKepycTi sKOHE JKEGpacTBI CY aaMacy ©CeOIHCH KEPacThl CYBI CLITLTIK JKOHE CINTIMTIK JKEp 3MCMCHTTEPI
KaTHOHJAPBIMECH OaMbITBIIATEIHBI KepceTiareH. CoHmai-ak Baxm e3eHi amaOBIHBIH KEPACThl CYBIHBIH Carmachl
Cyapy¥a )apamapl.

Baxim e3eHi MCH OHBIH CaJaJapbIHbIH CYBIHIAFHl KATHOHAAP KOHICHTPAUMACH KaHAAH 1a Oip 3aHIBIIBIKKA Coli-
KEC KeJIMEHII JKOHE HETI31HEH OJ1 63CHCP aFbIHBIMEH Tay >KbIHBICTAPBIHBIH IAWBLTY MPOLIECTEP] APKBLIBI AHBIKTAIIIBL.

Tyiiin ce3aep: aybUIIAPYaNIbUIBEbL, )KEPACThI CYbI, KATHOHAAP EPITIMITITi, aacopoums, cyapy.

H. III. Hopmaros', H. A. Avmprammes’, A. C. MaanGexon’

' TamKHKCKUH HAIMOHANBHEIH YHHBEpCHTET, Jymante, TaKUKUCTAH,
*AQ «MucTuTyT reorpaduu u BomHO# 6esomacuoctmy MOH PK, Amvarsr, Kasaxcran

ONEHKA IPUMEHUMOCTH NPUPOJHBIX BOA B OPOIIEHNN
CEJBCKOXO3AUCTBEHHbBIX 3EMEJIb HA IPUMEPE PEKH BAXIII U EE IPUTOKOB

Annotammst. KauecTBo BOJBI — XapaKTEPHCTHKA COCTABA M CBOMCTB BOJBI, ONPEACILIFONIAS IPHUTOIHOCTD €€
74 KOHKPETHBIX BHIOB BOAOMONB30BaHHA. KOHTpPOMB KauecTBa BOJ — MHPOBEPKA COOTBETCTBHA IOKA3aTeleH
Ka4ecTBa BOJ| YCTAHOBICHHBIM HOpMaM H TpeOosaHmsM. [loBbImcHNE 3P PEeKTHBHOCTH MTPUMEHESHHUS TIPHPOIHBIX BOJT
B MPPUTAIHOHHBIX LEJAX H KOHTPOJb MX KA4YeCTBA — 3TO NMPHOPUTCTHBIC HATPABICHHA B COXPAHCHHUHU BOJHBIX
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pecypcos. B a3Toi cBs3M 111 oOecmedyeHUsI KOMIUICKCHOH OLCHKH MPUMEHUMOCTH KA4eCTBA BOJABI I OPOIICHHUS
OBUIH YUITCHBI aTPOHOMITUCCKHE, TEXHUUECKHUEC H IKOIOTHICCKUEC KPUTEPHH, KOTOPBIC ONMPEACILIFOT KAYECTBO BOJBI C
YUCTOM HCOOXOOUMOCTH 00CCHCUCHHUS OC30MACHOCTH CAHUTAPHO-THTHCHHYCCKON OOCTAHOBKH HA HCCIICTYCMOI
TEPPUTOPHHU B OXPAHBI OKPY KAIOIIECH CPEIbL.

Takum 00pazoM, B CTarbe MNPEACTABICHBI PE3YJIbTAThl XUMHYCCKUX AHAIU30B BOJBI OJHOW W3 TJIABHBIX
MPUTOKOB TPAHCTPAHUYHOHN peku AMynmapbu, oOpasoBanHOH cimsiHHEM pek Cypxob m OOuxuHroy pexu Baxm u ee
npuToKoB. [110mans peku Baxin, XapakTepH3ysach JIeTHHKOBO-CHEKHBIM MOKPOBOM, COCTAaBIfeT 39 190 kv’ a ee
mmmHA — 691 kM. ['maposHepreTndeckuit moteHnuan Oaccelina peku Baxm cocrasmser 6oxee 50 TBt.w/roa. Peka
Baxm mMeer XOpommi HPPUTANHOHHBIN MOTCHINAN, B JAHHOE BPEMs OOCCIICUMBACT BOAOH OpOIIAEMBbIC ILTIOIIATIN
15- TH palioOHOB M JOTOTHHTCIIFHO MOKCT OCBOMTH Oojee 480 Tric.ra. [Ipu 3TOM B BOZHOM X03sticTBe PecmyOmmiku
TamKUKUCTAH HA HY>KIBI CEICKOTO XO3AHWCTBA C OPOINAEMBIM 3EMIICACINEM M B 3HEPICTHKE pacxoxyercs 92%
00BeMa TOTPEOIICMOH BOABI, & HA MPOMBIIIICHHOCTh H KOMMYHAJIBHOC XO34HCTBO — 4%. BBIMOIHCHBI Takke
pacyeTsl OCHOBHBIX KPHTEPHEB ITPUTOJHOCTH BOJIBI JJISI OPOLICHHUS: COOTHOIICHHE KATHOHOB HATPHS, CIIOCOOHBIX K
anOopOIMKy M PACTBOPEHHIO, HOHHBII 00MEH, COOTHOIICHHIE MATHHUSL. Y CTAHOBJICHO, BOJBI PEKH Baxim u ee MpUTOKOB
(Ke3pincy, Mykey, O0uxuary u Cypxo0) 01aronpusTHBI 171 OPOIICHAS CEIbCKOXO3IHCTBEHHBIX yroauh. [Tpu sToM
BBLIBIICHO, YTO B BEPXOBBC IPHTOKOB Pekd Baxmr ko3 uumeHT ancopOImu HATPUSI HE3HAYHUTEIICH [0 CPABHCHHUIO C
camoii pexodi m ee mpurokoMm Cypxo0. CozaepskaHme KaTHOHOB HATpwsi B BOJaX pek Kembuicy mw Mykcy mo
cpaBHCHHIO ¢ pekamu Baxmr u Cypxo0 3HAYHTCIFHO HIDKS, UTO SABHJIOCH OCHOBHOW MPHYHHON CITA00TO TCUCHHS
HOHHOOOMEHHOH peakiuu. [10 3HAYCHIAM OTHOIICHHUS KATHOHOB MATHUS K KATHOHAM KaJIBIMS BOJA peku Baxm u ee
TIPUTOKOB COOTBETCTBYET NMEPBOMY KIIACCY «MATKHX BOI». [10ka3aHO, 4YTO 3a CUET MOBEPXHOCTHOTO W IOJ3EMHOTO
BOJOOOMCHA MOA3EMHBIC BOABI OOOTAMIAIOTCS KATHOHAMH INEIOYHBIX W INEJIOYHO3EMEIBHBIX 3JeMEHTOB. [loasem-
HBIC BOJIBI OacCEHHA MPUTOKOB Baxmia mo ka4ecTBy BOJBI TAKXKE MPUTOIHBI [T OPOIICHHL.

YcTaHOBIICHO, YTO KOHIICHTPALMSI KATHOHOB B peke Baxmm M ee MPUTOKAX HE YKJIAIBIBACTCS HU B KAKHE 3aKO-
HOMEPHOCTH H OTIPECIIICTCSI B OCHOBHOM IIPOLICCCAMH BBIMBIBAHHS TOPHBIX TIOPOA IOTOKOM COOTBETCTBYIOIIUX PEK.

KoueBbie c1oBa: cebCKOe X034HCTBO, TIOA3EMHBIC BO/IBI, PACTBOPHMOCTD KATHOHOB, aICOPOIHS, OPOLICHHCE.
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