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SUITABILITY ASSESSMENT OF GROUNDWATER FOR IRRIGATION
PURPOSE AT HIGH-RISK SITES OF THE ARARAT PLAIN
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Soil salinization, caused by natural and anthropogenic factors, is a pressing
environmental issue in Masis Region, which is one of the important regions of
irrigated agriculture in Armenia. To prevent this adverse process the groundwater
quality in the region has been evaluated for agricultural uses. For this purpose, the
water samples were collected from 27 extraction wells and analyzed for major
quality parameters following standard test procedures. Other chemical indices,
notably sodium adsorption ratio, permeability index and magnesium hazard, were
derived from the measured quality parameters. During the studies the areas with
good, permissible and unsuitable groundwater quality for irrigation were
determined. According to results obtained for irrigation of agricultural lands in
Masis Region (especially in its eastern and southern parts), the usage of highly
saline groundwater from shallow horizons should be restricted as much as possible,
and in Ranchpar Village, where the groundwater even from the high depths has a
high salinity, it is required to use an alternative source of irrigation water.

Keywords: irrigation, groundwater quality, hydrochemical indices, soil
salinization, Masis Region.

Introduction. Land is an important and indispensable resource for society
development. With rapid human population increase, the need for agricultural lands
is continually growing, which causes various ecological problems, such as soil
salinization, soil erosion, soil exhaustion etc., which ultimately leads to agricultural
land degradation [1]. These problems have arisen in many countries, particularly in
the developing countries. As the most common ecological problem, soil salinization
is an essential process causing the reduction of crop yields, resulting in the crisis of
world food shortages [2—6]. Salinization reduces soil productive capacity and degrades
the chemical and physical properties of the soil. Therefore, the investigation of the
factors leading to soil salinization has become an important research issue [7-9]. The
ecological problem of soil salinization is especially actual in arid and semi-arid
regions [10] such as the Ararat plain, particularly in Masis Region, where the
precipitation is low and the production of agricultural lands mostly depends on
irrigation. In case of insufficient quality of water used for irrigation purposes,
changes in the physical and chemical structure of soil can be observed [11-13].
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Groundwater is a significant source of irrigation water supply in the Masis
Region. The quality of groundwater depends on natural processes (chemical
composition of soils and rocks through which water flows, nature of geochemical
reactions, solubility of salts, and so on) and various human activities such as
application of pesticides and fertilizers for increasing crop Yyields without
understanding the chemical characteristics of soils [14-18]. The evaluation of
groundwater quality is of utmost importance in Masis region as far as in this semi-
arid area the groundwater has a social and economic importance. The attention to the
quality, hydrogeology, and hydrochemistry of groundwater of Masis Region, is
increasing now. The Ararat plain is one of the most important agricultural regions in
Armenia where the need for groundwater is continually increasing due to agricultural
development, which often brings to the deterioration of groundwater quality.

Therefore, the main aim of this study was the assessment of groundwater
quality in Masis Region and of its suitability for irrigation purposes.

Materials and Methods.

Studied Area. Masis Region is situated in the southwestern part of Ararat
Marz, in the Ararat plain. The climate is sharply continental, with dry, hot summers
and cold winters. The average annual precipitation varies in the range of 200-300 mm.
The average temperature is from +12° to +13°C [19]. The relief is flat, the altitude
is about 800 m above sea level. The following soil types are mainly found in the
study area: irrigated meadow-brown soils, irrigated residual-meadow-brown soils,
moist meadow-brown soils, saline-alkali soils [20].

Groundwater Sample Collection and Analysis. Groundwater sampling was
performed in April, 2019. The selection of sampling points was done taking into
account the even spatial distribution as well as the depths of groundwater and the
capacities of the pumping stations. During water sampling the coordinates of the
sampling sites, the altitude of the sites above sea level, their microreliefs, and the
depths of the wells were recorded by GPS and described in the registration book.

Sampling was performed in one-liter containers, immediately after the
sampling water was sealed and stored under the cool conditions. The samples were
labeled in the field during the sampling. In the laboratory the samples were stored in
a refrigerator. The contents of Na*, K*, Ca?*, Mg?*, HCO3~, COs?" ions and the pH
were determined by means of laboratory ionometer (I1-160 M), the TDS (total
dissolved salts) was measured using the conductometer MARK 603.

Evaluation of Irrigation Suitability of Groundwater. To estimate the
suitability of groundwater for irrigation purposes we used the following indices
derived from the measured water quality parameters: sodium adsorption ratio (SAR),
permeability index (PI), magnesium hazard (MH). The classification of irrigation
water, based on these statistical and physicochemical parameters, was performed in
accordance with international standards (Tab. 1).

Sodium Adsorption Ratio (SAR). The sodium hazard of irrigation water is
defined by the relative and absolute concentrations of cations and is expressed in
terms of SAR. The SAR values were determined using the following equation:

Na*

J(Ca*+Mg#*) /2
where the concentrations of ions are expressed in meg/L.

SAR=
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There is a considerable relationship between the irrigation water SAR values
and the extent to which sodium is attracted to the soil.

Permeability Index (PI). The permeability of the soil is affected by long-term
use of irrigation water. It is influenced by Na*, Mg?*, Ca?* and HCOs™ contents of
the soil. To assess the suitability of irrigation water the determination of Pl is also
important. The Pl value was defined by the given equation:

Na*+ ,/HCO3

Pl= 100,
Ca**+Mg?*+Na*

where the concentrations of ions are expressed in meg/L.

Magnesium Hazard (MH). Szaboles and Darab (1964) [21] offered MH to
assess the quality of groundwater used for irrigation. MH was calculated by the
following equation:

Mg2+
= —100,
Mg2++ca2+
where concentrations of cations are expressed in meg/L.

MH

Table 1

The irrigation water classification according to the listed physicochemical andstatistical parameters

Classification pattern Categories Ranges Description
excellent 0-10 no sodium hazard
good 10-18 low sodium hazard
SAR[22] fair 18-26 harmful for almost all types of soils
poor >26 unsuitable for irrigation
class-I >75 good for irrigation
PI[23] class-11 25-75 suitable for irrigation
class-I11 <25 unsuitable for irrigation
suitable <50 suitable for irrigation
MH [21] unsuitable > 50 unsuitable for irrigation
Total dissolved salts, excellent <150 low salinity hazard
TDS, mg/L, USDA good 150-500 permissible for irrigation
Salinity Laboratory fair 500-1500 doubtful for irrigation
classification [10] poor >1500 unsuitable for irrigation

Results and Discussion. During groundwater sampling in Masis Region
27 observation sites were chosen, taking into account the natural climatic conditions
of the area, the depths, capacities, spatial distribution of the wells used for irrigation,
as well as the the soil types and the crops irrigated by water from these wells. The
data concerning the depths and coordinates of the wells from which water was
sampled and the results of studies of some physicochemical parameters of
groundwater are presented in Tab. 2. The deepest well was found in the observation
point 15 N-2 with a depth of 200 m, which also had high throughput and was used
by many farmers of the community. The well with the least depth (6 m) and small
capacity was registered in the observation point 04 Ha. Groundwater of mentioned
well was used only for irrigation of a single homestead land. Such a pattern was
observed at all observations points, namely, the wells with a depth of 54 m or more
were of high capacity and their groundwater was to irrigate relatively large
agricultural areas, while groundwater of wells with lesser depth predominately was
of private use and irrigated agricultural land with an area of no more than 2000 m?.
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Na*, K*, Ca?*, Mg?*, HCO3™ and COs? contents were studied, as the most
dangerous ions for soil salinization, which are also used in the calculation of
evaluation indices of irrigation water properties that are widespread in international
practice.

Studies have shown that the maximal contents of all ions were observed in
groundwater of the observation point 23-A-2, with the exception of K*, the maximal
content of which was observed in the groundwater of observation point 24-M-2.

The lowest contents of Na*, Ca?* and HCOs ions were observed in
groundwater of observation point 28-Sis-1, while the lowest contents of K* and Mg?*
— in groundwater of sites 16-Kh and 29-Sis-2, respectively. COs?> ion was not
detected in any groundwater sample. It should be noted that the following pattern
was revealed during the research: the higher contents of studied ions were observed
in groundwater from not too deep horizons compared to the groundwater from
deeper horizons. But there was a slight deviation from this general pattern in the case
of groundwater from observation points 10-R-1, 11-R-2 and 12-R-3 located in
Ranchpar Village. In the mentioned sites, the groundwater was situated at a great
depth, but also had relatively high contents of studied ions, which may be
conditioned by hydrogeological characteristics of the area.

The allocation pattern of studied cations and anions in the groundwater of the
study area by average values (mg/L) was as Na*>Mg?*>Ca?">K* and HCO3™ > COs*
respectively. TDS in the investigated area varied in the range of 405-3183 mg/L.
The groundwater in the investigated area belong to the water types from fresh to
brackish [24]. According to the classification of USDA Salinity Laboratory, the
groundwater of only 2 wells belong to good category and are permissible for
irrigation (150-500 mg/L), while the groundwater from 16 wells belong to the fair
category (500-1500 mg/L) and are doubtful for irrigation. In the remaining 9 wells
the water belong to the poor category (>1500 mg/L) and are unsuitable for irrigation.
The high TDS increases the osmotic potential in the soil and complicates the water
absorption by plants.

The SAR value gives helpful information about the groundwater sodium
hazard for plants and agricultural lands and is used to predict the threat of sodium
accumulation in soil. The SAR values indicate the degree when the groundwater used
for irrigation has an impact on cation-exchange reactions of soil. Sodium replaces
the exchangeable calcium and magnesium and harms the soil structure by making it
dense and impermeable for water and air. Therefore, the investigation of sodium
concentration in the groundwater is needful given the suitability for irrigation.
The classification of irrigation water based on SAR values is given in Tab. 1.
SAR values of studied samples varied from 1.19 to 5.03 with an average value of
2.74 (Tab. 3). All groundwater samples quality fell in the excellent category and had
no sodium hazard.

The permeability of the soil is influenced by the long-term usage of insuffi-
cient quality water, and the affecting ions are the Na*, Ca?*, Mg?" and HCOs".
The PI values of the groundwater of Masis region wells ranged between 23.37 and
57.85 with a mean value of 45.05 (Tab. 3). Hence, except the sample 02-H, which
that belongs to the Class 111 (unsuitable for irrigation), the remaining samples of the
groundwater of Masis Region wells fell within the Class |1, which indicated that the
groundwater was suitable for irrigation purposes (Tab. 1).



SUITABILITY ASSESSMENT OF GROUNDWATER FOR IRRIGATION PURPOSE...

79

Table 2
Coordinates of wells, depths of groundwater and results of some physicochemical analyses *
Sample | Depth of Coordinates DS | Na* | K* | ca® | Mg | HCOs
number wells
01-H-1 96 N 40° 06,422' E 044° 19,975’ 818 85.7 | 6.36 | 88.5 | 100.8 | 256.2
02-H-2 18 N 40° 06,369" E 044° 19,339’ 1329 95 3.02 | 170 | 188.4 | 378.2
03-H-3 148 N 40° 06,359’ E 044° 19,916’ 890 97 6.24 88 1259 | 325.7
04-Ha 6 N 40° 07,162' E 44° 22, 479’ 939 126 | 10.13 | 66 735 | 3414
05-Da 10.5 N 40° 06,373" E 44° 25,046’ 1244 | 133 18.1 121 | 1269 | 366
07-Dash 10 N 40° 05,977" E 44° 23,544’ 771 | 1135 | 247 | 71.2 | 583 | 302.1
08-Z 12 N 40° 05,451" E 44° 23,619’ 1148 | 163 | 246 | 854 | 94.9 | 438.9
09-M-1 15 N 40° 04,393’ E 44° 25,873’ 1389 | 215 | 9.61 130 | 117.7 | 471
10-R-1 100 N 40°01,737" E 44° 21,785’ 1850 | 312 | 135 | 138 | 160.7 | 5344
11-R-2 95 N 40° 01,551" E 44° 22,308’ 1928 | 232 13.3 149 1822 | 549
12-R-3 160 N 40°01,470" E 44° 22,274 2256 | 277 | 123 | 189 | 205.7 | 622.2
14-N-1 100 N 40° 01,988" E 44° 24,666 762 | 836 | 854 | 627 | 751 | 292.8
15-N-2 200 N 40° 01,429’ E 44° 25,432’ 569 78.2 | 547 | 474 | 50.2 | 2484
16-Kh 16 N 40° 05,306" E 44° 28,492’ 812 | 922 | 2.68 | 120 | 126.9 | 317.2
17-Mar-1 13 N 40° 03,785’ E 44° 28,171" 1829 | 316 | 10.01 | 174 | 213.6 | 4514
18-Mar-2 8 N 40° 03,544" E 44° 28,159’ 2600 | 386 | 632 | 178 | 2385 | 488
19-Mar-3 18 N 40°03,257" E 44°27,941" 1937 | 292 14.7 145 | 167.8 | 427
20-Dz-1 54 N 40° 02,740" E 44° 28,257 1364 | 208 | 10.47 | 93.2 | 110.7 | 4148
21-Dz-2 16 N 40° 02,761" E 44° 28,532’ 2378 | 291 | 141 | 173 | 2044 | 427
22-A-1 100 N 40°02,140" E 44° 28,003’ 1158 | 175 | 10.33 | 77.2 | 105.8 | 353.8
23-A-2 20 N 40° 02,183" E 44° 28,392’ 3183 | 400 | 17.3 | 258 | 283.5 | 646.6
24-M-2 8 N 40° 04,242" E 44° 23,555' 2352 | 328 32.1 | 106.7 | 128.9 | 646.6
25-Sip-1 150 N 40°04,919" E 44° 21,096 870 | 845 | 7.44 | 1071 | 83.7 366
28-Sis-1 100 N 40° 03,792" E 44° 22,788’ 405 | 59.7 | 494 | 384 | 427 | 155.2
29-Sis-2 150 N 40°03,364' E 44° 23,248’ 444 | 69.6 5.9 40.8 38 184
30-SN-1 150 N 40° 04,604’ E 44° 24,415’ 661 | 113.4 | 6.85 53 59.4 | 2904
31-SN-2 10 N 40° 04,596’ E 44° 23,914’ 791 126 8.28 | 64.7 | 67.2 | 3416

* Concentrations of all ions and TDS were reported in mg/L, depth of wells in meters, CO3?~ ion wasn’t
detected in any groundwater sample.

Table 3
Statistical representation of hydrochemical parameters characterizing
the groundwater irrigation properties

Sample number | SAR Pl MH Sample number| SAR Pl MH
01-H 1.47 | 34.89 65.50 17-Mar-1 3.77 40.90 | 67.17
02-H 1.19 | 2337 64.88 18-Mar-2 4.42 43.05 | 69.07
03-H 155 | 34.16 70.45 19-Mar-3 3.90 4522 | 65.86
04-Ha 2.52 | 52.63 64.99 20-Dz-1 3.43 50.82 | 66.44
05-Da 2.01 | 36.74 63.61 21-Dz-2 3.53 39.91 | 66.32
07-Dash 2.41 | 53.62 57.71 22-A-1 3.02 49.38 | 69.55
08-Z 2.87 | 50.71 64.94 23-A-2 4.07 38.29 | 64.68
09-M-1 3.27 | 471.27 60.14 24-M-2 5.03 57.74 | 66.82
10-R-1 4.26 | 48.81 66.00 25-Sip-1 1.48 38.26 | 56.57
11-R-2 3.00 | 40.00 67.08 28-Sis-1 1.57 51.90 | 64.95
12-R-3 3.30 | 39.44 64.46 29-Sis-2 1.88 57.85 | 60.82
14-N-1 1.68 | 44.72 66.63 30-SN-1 2.53 56.76 | 65.13
15-N-2 1.88 | 54.43 63.84

16-Kh 139 | 3055 63.80 31-SN-2 2.61 54.81 | 63.38
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Mg?* and Ca?* are important ions for the growth of crops, but large amounts
of magnesium have an adverse effect on the soil structure and may decline the crop
yield. Such detrimental impact of irrigation water could be revealed by means of
MH. All studied samples of groundwater from Masis Region wells according to this
index fell within the unsuitable category (Tabs. 1, 3) and in case of prolonged
irrigation with such groundwater the magnesium hazard on the soil could be detected.

Conclusion. Our studies have shown that groundwater used for the irrigation
in Masis Region differs not only in its horizons, but also in its chemical composition.
According to spatial distribution, groundwater with relatively high salinity is most
commonly found in the eastern (Marmarashen, Jrahovit, Arevabuyr villages, and
eastern part of Masis Town) and southern (Ranchpar Village) parts of Masis Region.
But in the Ranchpar village area an increase in salt content observed parallel to the
depth. Consequently, in order to prevent the soil salinization process or to impede its
further deepening, for the irrigation of agricultural territories in Masis Region
(especially in the eastern and southern parts) the use of groundwater from shallow
horizons should be restricted as much as possible, and in Ranchpar village, where
groundwater even from high depths has high salinity, it is required to find an
alternative source of irrigation water. It was also found that the long-term use for
irrigation of all studied groundwater does not present a sodium hazard for the soil,
but may has a magnesium hazard, and only groundwater from observation point 02-
H can have a detrimental effect on soil permeability.
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unnptpypyw optiph npuyp gqymquunGutunipjul nnpund oquwgnpdtint
hwdwn: Ujn Guuwmwyny 27 hnpphg hwjwpyty GG vnnptipypyw oph GunipGtp L
Jtpnoyty hwiwdwjl uvnwlnupun thnpdGuwlwl pGpugwlupgtiph’ npwyh
Junplnpwagni G yuwpwibtnptpp npnptipme hwdwn: OQpuyh swuhywo wupuwdtinpb-
nthg hwpqwplyty GG wy phihwywb gnigwbhy Ghp, dwulwynpuytiu Gunphnuh
wnunppghwjh gnpowlyhgp, pwthwlgbihnipjwl gnigulhyp L dwqbhqhnudh
Juwlgn: QumibGuuhpmpnGliph pGpugpnid wnwldGuwgyty G0 nnnguwl
hwidwp quy, pnyjuwmptih b ny whunwbh npuy mbtgnn unnpbpypyw optinh
nwpwopltpn: Unwugywo wprnyniGpGtph hwiwaéw)l, Uwuhuh mwpuowpow Gnid
(hwnluwtu npu wplbpwl L hwpwywjhl dwubpmy) qymqumbntuwlwd
hnntph nonqiwl hwdwnp pupdnp wnuyGnipyniG nGtgnn ny WO funpmipyniGGhph
unnpbplpjw 9ptinh oquugnponuin whwnp L hGwpwynphbu vwhdwGuwthwljyh, huy
Nwlsyun gymnmud, npuntin GnyGhuy 6o funpmpyniGGiph unnptipypyw optinp
nGtl pwpép wnujlnipjnl, wGhpwdtpn E oquuuqnpoli nnnquwl 9nph
wjnGupulpwjhG wnpnip:

K. A. KA3APSH

OIPEAEJIEHUE TIPUTOAHOCTU JISI OPOIIEHMA TTOA3EMHBIX
BOJ APAPATCKOU NOJIMHBI B PAMOHAX BBICOKOI'O PUCKA

Pesome

3acosieHue MOYB, BRI3BAHHOE TPUPOIHBIMU U aHTPOTIOTCHHBIME (haKTOpaMH,
SIBJIICTCS aKTyaJIbHOU SKOJIOTUYECKON MPo0sieMoit B MacHCCKOM PErHOHE — OJTHOM
13 BOXHBIX pallOHOB OpoIlIaeMoro 3emiieenus B ApmeHun. [[ist mpenoTepaiieHus
ATOTO0 HEOIArONMPHSITHOTO TIpoIlecca OBLIO OIEHEHO KadeCTBO ITOA3EMHBIX BOI
pETrHoHa IS UCIIOJIb30BAHMS UX B CEITBLCKOM X03sHcTBe. st 3T0T0 M3 27 CKBaKHH
OBUT OTOOpaHBI TPOOBI BOABI M TPOAHATM3IUPOBAHBI OCHOBHBIC IapaMeTpPHI
KauecTBa B COOTBETCTBUU CO CTaHAAPTHBIMHU OIBITHBIMH Ipoueaypamu. Jpyrue
XUMHYECKUE TI0KA3aTeIU, B YaCTHOCTU KO3(PQUIIMEHT a/icopOIMy HATPUsI, MHICKC
HpOHI/IHaCMOCTI/I 1 OINAaCHOCTb MarHusi, 6I)IJ'II/I paCC‘iI/ITaHI)I Ha OCHOBAaHUU
M3MEPEeHHBIX IMapaMeTpoB KauecTBa. B pesymnbrare muccneqoBannii ObLTH BBISBICHBI
paiioHBI ¢ XOPOIINM, JOMYCTUMBIM U HETIOAXOISAIINM KadeCTBOM MOJ3EMHBIX BOJI
uist opomieHusi. COTJacHO TMONYyYEHHBIM pe3ylbTaTaM, ISl OPOIICHHUS CEIhCKO-
XO3SIMCTBEHHBIX 3eMeJb B MacucckoM peruoHe (0COOCHHO B €ro BOCTOYHOW M
}O)KHOﬁ LI.’:lCTSlX) HCITOJIB30BAHUEC CUJIBHO 3aCOJICHHBIX ITOA3€MHBIX BO/ C HeFJIYGOKI/IX
FOpI/I3OHTOB JOJIKHO 6I)ITI) MaKCHUMAJIBHO OFpaHI/I‘ICHO, aB zlepeBHe Pqunap, rac
MTO3EMHBIC BOJIBI JTaXKe C OONBIMNUX TITyOWH UMEIOT BBICOKYIO CTEIICHb MUHEpAIH3a-
ITAH, JUTS OPOIIIEHUS HEOOX0IMMO HCIIONB30BaTh aIbTepPHATHBHBIE HICTOYHUKH BOJIBI.
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