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Preliminary study on irrigational quality of
some ground water sources of Kashmir, India

Rifat Ara Wani', Aabid Hussain Mir**, Aasimah Tanveer®, Arshid Jehangir', A. R. Yousuf*

Abstract— In order to assess the groundwater quality for irrigational purposes, samples from seven stations were collected on monthly
basis from June to November 2011. The samples were chemically analyzed for physico-chemical parameters including; pH, Conductivity,
total solids, total dissolved and soluble salts, Alkalinity (CO32‘, HCOj3"), Calcium, Magnesium, Sodium, and Potassium and to determine
irrigational status Sodium adsorption ratio (SAR), Magnesium adsorption ratio (MAR), Percent sodium, Residual sodium carbonate (RSC),
Kelley's ratio (KR), Permeability index (Pl) and Soluble sodium percentage (SSP) were calculated. Chemically water was found to be
mineralized, fresh and alkaline. Based on SAR, RSC, MAR, Pl and KR all the samples fall within permissible irrigational range. The
correlation between sodium-adsorption ratio and electrical conductivity showed 43% of samples fall under C,S; (medium salinity and low
alkali hazard) and 57% C3S; (high salinity) category. While plotting %Na against electrical conductivity on Wilcox's diagram it was found
that 43% samples had water quality varying from excellent to good while others (57%) had water quality varying from good to permissible.
The overall values indicated that the ground water in the study area can be applied for irrigation purpose without any alkali or bicarbonate

and magnesium hazard.

Index Terms— Agricultural activity, alkali hazard, bicarbonate hazard, dug well, magnesium hazard, tube well

1 INTRODUCTION

BOUT 97.2% of world’s water is found in oceans and
Aseas and the remaining 2.8% of water is found as

ground water and surface water, of which ground
water (0.59%) is 30 times greater than surface water (0.02%).
Groundwater quality as one of the most important aspects in
water resource studies is largely controlled by discharge and
recharges pattern, nature of host and associated rocks, and
contaminated activities [1], [2]. In recent years, an increasing
threat to ground water quality as well as quantity due to hu-
man activities has become of great importance [3], [4]. With
the advent of the tube well along with the rapid growth of
demand for agricultural and municipal water, annual global
groundwater extraction has increased in recent decades from
100 km?/year in 1950 to a current estimated use of about 800
km? a year [5], [6]. Currently about 43% of global irrigation,
with 45% in India as well as more than 50% of the worlds
drinking water supply and a large share of global industrial
activity depend on groundwater. Quality of water is assuming
great importance with the rising pressure on agriculture and
rise in standard of living [7].

The adequate amount and quality of water which is being
used for irrigation purpose should also be well within the per-
missible limit otherwise it could adversely affect the plant
growth, as its quality of irrigation depends primarily on the
presence of dissolved salts and their concentrations [8], [9].

Further, the excessive amounts of dissolved ions in irriga-
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tion water affect soil physically and chemically, thus reducing
the primary productivity [9], [10]. Over-abstraction and pollu-
tion has resulted in sharp declines in the groundwater quality

and quantity, posing a risk to world food production. Nitrates
and other ions contaminate the groundwater mainly by leach-
ing [11] and its occurrence can be used to identify aquifer set-
tings vulnerable to contamination [12]. Besides, natural factors
contributing to its chemical composition are precipitation, geo-
logical structure, mineralogy of the watershed, the quality of
recharge water and aquifers and geological processes within
the aquifer medium [13], [14], [15], but mainly anthropogenic
stresses have greatly affected its quality as well as quantity
rendering ground water as useless [16], [17].

Lot of work has been done on the ground water and its re-
lated irrigational as well as drinking water quality in different
parts of Indian subcontinent [38], [39], [9]. Only few studies
have been done on the ground water of the valley [18], [40],
and scanty information is available related to the issue. Since
there is an ever increasing demand for the ground water re-
sources as a result of the change in climatic regime, scanty
rainfall as well as dry winters, which have led to water scarci-
ty in the region, especially in the Srinagar and its adjoining
areas. Therefore this study was undertaken to find the suita-
bility of some ground water sources of the region for irriga-
tional purposes, so as to better understand the prevailing con-
ditions. The study is of broad scope as it will not only help to
find out the irrigational quality of the ground water sources of
the area, but will also provide baseline data for agricultural
planners, as well as for the future studies.

2 MATERIALS AND METHODS

The current hydro-chemical study was undertaken by ran-
domly collecting the groundwater samples from seven sta-
tions representing one dug well and six bore wells, every
month from June to November 2011. The details of the sam-
pling sites are presented in Fig. 1 and Table 1. The samples
were collected in sterilized bottles, prior to sample collection,
wells were flushed for about 5-10 minutes, and sampling con-
tainers were washed and then rinsed with the groundwater,
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which followed by sample collection.

Table: 1. Details of sampling sites.

Table: 2. Standard equations used for determining the irriga-
tional status of groundwater

i Hilometers

Fig.1 Map showing different study sites.

After proper collection, the samples were sealed and
brought to the laboratory for analysis. The analysis of the
samples was done, using standard procedures recommended
[19], [20]. Temperature, pH and electrical conductivity (EC)
were measured using digital instruments (Thermometer, digi-
tal pH meter and digital conductivity meter) immediately after
sampling. The parameters like; Calcium (Ca?*), Magnesium
(Mg?*), Carbonates (CO327), and bicarbonates (HCO3~) were
analyzed by Titrimetry methods, while Sodium (Na*) and Po-
tassium (K*) were analysed by Flame Photometric method. In
order to find irrigational quality, Sodium Adsorption Ratio
(SAR), Magnesium Adsorption Ratio (MAR), Permeability
Index (PI), Percent Sodium (%Na), Soluble Sodium Percentage
(SSP), Residual sodium carbonate (RSC) and Kelley’s ratio
(KR) were calculated using standard equations which are giv-
en in Table 2.

Sites Latitude Longitude
Potulbagh (1) 33058 26.7' N 74055 0.14'E Parameter Ref] Equation
Marwal (IT) 33058'10'N 74054 13.0'E ) _ M
Nuhama (III) 33059'26.5'N 74053 583" SAR =] [Ca” + Mg®”
. A
Aramwari (IV) 34003'56.7'N 74°50'19.4"E Mg~ x 100
MAR - —_—
Bonumsar (V) 34004'22.0'N 74050 24.0'E [37] Ca®” + Mg*”
Tengpora (VI) 34007 54.3'N 74°43'10.0'E SSP [25] Na~ x 100
Ca?” + Mg?™ + Na~
Kreshbagh(VII) | 34007 44.3'N 74044'30.5'E TR
%N %100
°Na R T
- (Na™+ JHCO, ) x 100
[30] Ca®* + Mg®* + Na~
KR 36 aal
[3¢] Ca®~ + Mg~
RSC [27]  (CO;+ HCOZ) — (Ca®™ + Mg*™)

3 RESULTS AND DISCUSSIONS

Hydro-chemical analysis of groundwater samples is presented
in (Table 3 and 4), the data depicts that the temperature
ranged from 7.2 to 18.5 °C (Average 11-14 °C). All the sites de-
picted alkaline pH. The conductivity was fairly good indicat-
ing good salt status. The occurrence of high EC values in the
study area reflected the probable addition of some salts
through the prevailing agricultural activities [21]. The total
solids ranged from a low 395 mg/L to a high of 822 mg/L and
Total hardness values between hard (150 to 300 mg/L) and
very hard (>300 mg/L) as per Sawyer and Macarty [22]. Cal-
cium, magnesium, sodium and potassium concentrations rep-
resented appreciable quantities. The overall cationic and ani-
onic composition at the study sites depicted the sequence of
Ca> Mg> Na> K and HCOs> CI> SO,2.

Table: 3. Average values of Physical parameters of bore
wells and dug wells at study sites during June to November
2011.

Site | Temp. pH | EC TS TDS TSS

I 12 72 | 472 537 377 200
II 12 76 | 820 590 385 205
II1 13 74 | 591 715 427 287
v 14 75 | 820 787 550 237
\' 14 78 | 957 | 687 385 302
VI 11 74 | 942 822 455 367
Vil 12 73 | 695 395 162 232

All values are in mg/L except Temperature (°C), conductivity
(uS/cm). Where EC= electrical conductivity, TS= Total solids,
TDS= total dissolved solids, TSS= total suspended solids

IJSER © 2014
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 5, Issue 2, February-2014

ISSN 2229-5518
Table: 4. Average values of Chemical parameters of bore

wells and dug wells at study sites during June to November
2011.

Site Alkalinity Hardness Ca>* Mg+ Na K
I 54 281 60 27 3 1
II 104 245 72 13 35 18
III 93 283 61 28 29 2
1AY 80 401 73 44 34 6
v 96 325 88 26 27 13
VI 92 254 62 24 38 19
VII 80 230 52 18 29 5
All values are in mg/L

3.1 Irrigational quality of water

Since productivity of crop is mainly dependent on the quality
of water used for its irrigation and the quality depends pri-
marily on the presence of dissolved salts and their concentra-
tions [8], [9]. Presence of salts not only limit the growth of
plants physically by restricting the uptake of water through
modification of osmotic processes but also can damage plant
growth chemically by the effects of toxic substances on meta-
bolic processes. Therefore, salinity, sodicity and toxicity are
generally considered for evaluation of the suitability of these
groundwater sources for irrigation purpose [23]. Good quality
of waters for irrigation is characterized by acceptable range of
sodium adsorption ratio and percent sodium. Sodium adsorp-
tion ratio (SAR), sodium percentage (Na %), residual sodium
carbonate (RSC), and permeability index (PI) are important
parameters for determining the suitability of ground water for
irrigation uses. The potential for a sodium hazard increases in
waters with higher sodium adsorption ration (SAR) values.
There is a significant relationship between SAR values and the
extent to which sodium is absorbed by the soil with water
high in Sodium and low in Calcium, renders the cation-
exchange complex saturated with Sodium [24].

3.1.1 Sodium Adsorption Ratio (SAR)
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electrical conductivity was plotted on the US salinity diagram,
in which EC is taken as salinity hazard and SAR is taken as
alkalinity hazard, it was found that sites II, IV, V and VI fall in
the field of C3S; category indicating high salinity and low al-
kali hazard, and sites I, IIl and VII fall under C,S; indicating
medium salinity and low alkali hazard (Table 7).

Table: 6. Classification of groundwater samples on the basis
of SAR, KR, SSP and RSC.

Parameter Range Water Class Sar(xol/gles
<10 Excellent (S1) 100
10-18 Good (S2) Nill
SAR[SST 15 96 Doubtful (S3) Nill
>26 Unsuitable (S54) Nill
<1 Good 100
KR [36] >1 Unsuitable Nill
<50 Good 100
SSP [25] >50 Bad Nill
<1.25 Good 100
RSC [27] 1.25-2.5 Doubtful Nill
>25 Unsuitable Nill
<1000 Non saline 100
1000-3000 Slightly saline Nill
3000-10,000 Moderately saline Nill
TD 4 /
s[4l >10,000 Very saline Nill

The plots of groundwater chemistry of study area in
USSL diagram are shown (Fig. 2). These groundwater sources
can be used to irrigate all types of soils with little danger of
exchangeable sodium but ground water of sites II, IV, V and
VI which fall in the C3S; (high salinity) category may not be fit
for irrigation purposes in all soil types. Similarly low values of
SAR were found in groundwater sources of south Kashmir
Jehangir et al. [18].

Table: 7. Mean values of SAR, %Na, Conductivity and re-
spective irrigational criteria.

Groundwater is classified into different categories as Excellent ] SAR Salinity
(10), Good (10-18), Doubtful (18-26) and Unsuitable (>26) Sites (meg/L) %Na | EC(uS/em) | [ -3
based on SAR values [25]. The studied samples showed SAR SiteI ®© 01 4 470 C)5,
values from 0.1-1.2 meq/L (Table 5). All the samples fall in - :

excellent (S1) category (Table 6), indicating that these ground SiteIl @ 1.0 28 870 CsS1
water sources are suitable for irrigation purpose with no dan- Site 111 0.8 23 591 C25:

ger of exchangeable sodium. SiteIV @ 0.9 23 820 C5S,
Table: 5. Average values of SAR, MAR, PI, %Na, KR, RSC Sfte v 3 06 18 957 Ca51
and SSP of groundwater at different stations Site VI @ 1.0 30 942 CsSy
Site SAR %Na MAR KR RSC SSP PI Site VII ® 0.9 25 695 G251

I 0.1 4 41.5 0.02 -43 24 199 .

11 1 28 173 033 30 246 222  3-1.2Percentsodium (%Na)

1II 0.8 23 34.8 024 -38 191 198 According to Wilcox [26], groundwater was grouped based on
v 0.9 23 414 020 -60 169 143 average percent sodium as Excellent (< 20 %), Good (20-40 %),
A" 0.6 18 277 018 -50 152 174 Permissible (40-60 %), Doubtful (60-80 %) and Unsuitable (> 80
VI 1 30 294 033 36 246 195 %). According to this only twenty percent samples fall in ex-
VII 0.9 25 27.7 031 28 23.6 222 cellent category, while the rest fall in good one, hence suitable

All values are in meq/L
When the correlation between sodium-adsorption ratio and

for irrigation purposes (Table 6).
While plotting %Na against electrical conductivity on Wil-
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cox’s diagram (Fig. 3), it was found that site L, III and VII had
water quality varying from excellent to good while others (II,
IV,V and VI) had water quality varying from good to permis-
sible. Low SAR and %Na may be due to the presence of signif-
icant quantities of divalent cations like Ca and Mg which are
more strongly bonded and tend to replace monovalent ions
like sodium and potassium.
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3.1.3 Residual Sodium Carbonate (RSC)

The concentration of bicarbonate and carbonate influences the
suitability of water for irrigation purpose. The water with high
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RSC has high pH. Therefore, land irrigated with such water
becomes infertile owing to deposition of sodium carbonate
[27]. Residual carbonate levels less than 1.25 meq/L are con-
sidered safe. Waters with RSC of 1.25 - 2.50 meq/1 are within
the marginal range. It was grouped as Good (< 1.25), Doubtful
(1.25-2.5) and Unsuitable (>2.5). The lesser the value, the better
the water is for irrigation. The potential for a sodium hazard is
increased as Residual sodium carbonate (RSC) increases, and
much of the calcium and sometimes the magnesium are pre-
cipitated out of solution when water is applied to the soil.
Salts become concentrated when the soil dries out, as less sol-
uble ions such as calcium and magnesium tend to precipitate
out and are removed from the solution [28]. The values of Re-
sidual sodium carbonate (RSC) ranges from -2.8 to -6.0 (Table
5). Hence based on Residual sodium carbonate (RSC) values,
all the samples are having values less than 1.25 and are safe
for irrigation.

3.1.4 Kelley’s Ratio (KR)

While calculating Kelley’s ratio it was found that 100% sam-
ples were in good category indicating their suitability for irri-
gation (Table 5 and 6). Kelley’s Ratio (KR) of more than one
indicates an excess level of sodium in waters. Hence waters
with a Kelley’s Ratio less than one are suitable for irrigation,
while those with a ratio more than one are unsuitable for irri-
gation.

3.1.5 Soulble sodium percent (SSP)

Soluble Sodium Percent has been calculated to check the irri-
gational status of water sources, because high percentage of
sodium in water for irrigation purpose may stunt the plant
growth and reduce soil permeability [29]. The Soluble Sodium
Percent (SSP) values less than 50 or equal to 50 indicates good
quality water and if it is more than 50 indicates the unsuitable
water quality for irrigation. Based on the calculation it was
found that all the samples qualify the said criteria and hence
suitable for irrigation (Table 5 and 6).

3.1.6 Permeability index (PI)

Doneen [30] has evolved a criterion for assessing the suitabil-
ity of water for irrigation based on PIL. The soil permeability is
affected by long-term irrigation influenced by Na*, Ca?" Mg
and HCOs3 contents of the water. Pl was ranging from 14.3 to
22.2 (Table 5). According to PI values, the groundwater sam-
ples fall in Class I indicating water is good for irrigation pur-
poses [31].

3.1.7 Magnesium Adsorption Ratio (MAR)

Magnesium content of water is considered as one of the most
important qualitative criteria in determining the quality of
water for irrigation. Generally, calcium and magnesium main-
tain a state of equilibrium in most waters. More magnesium in
water will adversely affect crop yields as the soils become
more saline [30]. At the same level of salinity and SAR, ad-
sorption of sodium by soils and clay minerals is more at high-
er Mg: Ca ratios. This is because the bonding energy of mag-
nesium is less than that of calcium, allowing more sodium
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adsorption and it happens when the ratio exceeds more than 4
[32]. High MAR causes a harmful effect to soil when it exceeds
50 [33]. Therefore in the present study all the samples have
MAR less than 50 thus are not harmful for soil to cause mag-
nesium hazard.

3.1.8 Total Dissolved Solids (TDS)

Salts of calcium, magnesium, sodium, potassium present in
the irrigation water may prove to be injurious to plants. When
present in excessive quantities, they reduce the osmotic activi-
ties of the plants and may prevent adequate aeration. The TDS
value of the study area ranged from 162 to 550 mg/L. There-
fore can be classified as excellent irrigation water according to
Robinove et al. [34] (Table 6).

4 CONCLUSION

Physico-chemical analysis showed that these waters are hard
and highly mineralized. Calcium and magnesium were the
dominant cations and bicarbonate as the dominant anion. The
calculated values of Sodium adsorption Ratio integrated with
the Electrical Conductivity indicated that the ground water
tapped in the study area can be applied for irrigation purpose
without any threat of imposition of any hazard (saline or alka-
line hazard, magnesium and Bicarbonate hazard). Therefore
use of these groundwater sources in irrigation will be very
beneficial as it will reduce the water demand and increase the
yield.
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