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Abstract: This study aims to investigate the groundwater quality for irrigation in the southern coastal area of Kannur district, Kerala.
Fifty five samples were collected in premonsoon season (May 2016) and analysed for various physico chemical parameters such as pH,
Electrical Conductivity (EC), Total Dissolved Solids (TDS), sodium (Na+), potassium (K+), calcium (Ca2+), magnesium (Mg2+),
bicarbonate (HCO3-), chloride (Cl-) and sulphate (SO42-). From the hydrochemical analyses suitability of water for irrigation was
evaluated based on Sodium Adsorption Ratio (SAR), Sodium Percent (Na%), Permeability Index (PI), Residual Sodium Carbonate
(RSC), Kelly’s Ratio (KR), Magnesium Ratio (MR) and USSL diagram. Results of physico chemical analyses revealed majority of
samples show an acidic pH with a mean value of 5.64, TDS of 85.33mg/l, EC of 157.63µS/cm, Ca of 10.39mg/l, Mg of 3.05mg/l and Na
of 12.16mg/l. SAR and RSC show that the groundwater of the study area is suitable for irrigation. USSL diagram showed that samples
fall under C1S1 (low alkali and low salinity hazard), C2S1 (low alkali and medium salinity hazard) and C3S1 (low alkali and high salinity
hazard) categories. Thus most of the groundwater samples are acceptable for irrigation purpose.
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1. Introduction
Groundwater is an important source of water for drinking and
irrigation. The quality of water determines its suitability for a
specific purpose. Use of poor quality water adversely affects
the human health and growth of plants [1], [2]. Water with
high salt concentration can generate physiological drought
which affects the plant growth and reduce crop yield [3]. It
has been estimated that 70-80% in India and 40% of the
world‟s irrigated food production is from groundwater.
Geochemical assessment reveals the quality of groundwater
for various uses such as drinking, irrigation and industrial
purposes. A numbers of studies on quality of groundwater
with respect to drinking and irrigation purposes have been
carried out in the different parts of the country [4], [5], [6],
[7], [8].
The present study aims to find out the quality of groundwater
for irrigation along southern coastal area of Kannur District,
Kerala.

2. Study Area
The study has been carried out in Thalassery and Edakkad
blocks and Thalassery municipality in Kannur district of
Northern Kerala. The study area lies between latitudes 11°
41' to 11° 56' North and longitudes 75° 28' to 75° 36' East.
Study area is having 22 km long coast with a maximum
width of 14 km and is enriched with three rivers namely
Anjarakady, Dharmadam and Mahe.
The geology of the area show that the Tertiary and coastal
alluvium ranging in age from Archean to Recent underlain by
hornblende biotite gneiss and schist. The Archaean
crystallized rocks and the Tertiary sedimentary rocks are
extensively lateritised. Minor laterite cliffs of various heights
from 50-60m above Mean Sea Level are the characteristics of
the study area.

The average annual rainfall in the study area is around
3030mm. The southwest monsoon contributed about 70% of
the rainfall where as the northeast monsoon and premonsoon
rain together contributed the rest.
Open wells are the main groundwater extraction structure in
the study area. The diameter of the open wells ranges from 2
to 3.5 m and depth ranges from 2 to 18 m. The depth to water
level ranges from 1.2 to 17.2 m (bgl) during the study period.

3. Methodology
Groundwater samples were collected from 55 open wells
during Premonsoon (May 2016) season (Fig 1:).
Samples were collected in white poly ethylene bottles of 1
litre capacity. Before the collection of samples these bottles
were rinsed with sample. After the sample collection the
bottles were labeled properly and carried to the laboratory for
hydrochemical analysis. pH, Electrical Conductivity (EC),
Total Dissolved Solids (TDS), Temperature, Dissolved
Oxygen (DO) and salinity were measured insitu. Samples
were analyzed in the laboratory for major cations such as
sodium (Na+), potassium (K+), calcium (Ca2+), magnesium
(Mg2+) and anions such as bicarbonate (HCO3-), chloride (Cl) and sulphate (SO42-). Standard procedures were followed for
the analysis [9]. Total Hardness (TH), calcium, magnesium,
chloride and bicarbonate were analyzed by volumetric
titration. Sodium and potassium were measured by flame
photometry. Sulphate is determined by Nephelo turbidity
method. In order to determine the quality of water for
irrigation Sodium Adsorption Ratio (SAR), Percent Sodium
(Na %), Permeability Index (PI), Residual Sodium Carbonate
(RSC), Kelly‟s ratio (KR) and Magnesium Ratio (MR) were
calculated.
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concentration affects the soil structure, permeability and
aeration which indirectly affect the growth of plants. In order
to classify the quality of groundwater for irrigation various
determinants such as Sodium Adsorption Ratio (SAR),
Sodium Percent (Na%), Permeability Index (PI), Residual
Sodium Carbonate (RSC), Kelly‟s Ratio (KR), Magnesium
Ratio (MR) were calculated. Statistical representation of
irrigational quality parameters of the groundwater samples is
presented in Table 2:
Table 2: Minimum, maximum and average of irrigational
quality indices of the groundwater samples
Parameters
SAR
Na%
RSC
PI
KR
MR

Min
0.22
9.58
-4.00
22.32
0.07
0.00

Max
3.77
87.91
0.20
196.39
5.43
83.33

Average
1.04
50.95
-0.20
112.75
1.18
41.90

All units are expressed in meq/l
4.1.1.

Figure 1: study area with sampling point

4. Results and Discussion
The summary of results of hydrochemical analysis is given
below in Table 1. It illustrates that the groundwater in the
study area is generally acidic in nature (93%). The acidic
nature of the water may be attributed to the laterite and
lateritic soils.
Table1: Minimum, Maximum and Average of
physicochemical composition of groundwater samples.
Parameters
pH
EC
Ca2+
Mg2+
Na+
K+
HCO3ClSO42-

Min
4.56
25.60
1.60
0.00
1.90
0.30
4.88
4.25
3.17

Max
8.22
1145.00
100.80
16.32
42.30
30.00
363.56
154.56
22.37

Avg
5.64
157.63
10.39
3.05
12.16
4.63
35.09
18.64
6.61

Total salt concentration

Total salt concentration is an important factor that determines
the irrigation water quality. It is expressed as electrical
conductivity. In relation to hazardous effect of total salt
concentration (EC), the irrigation water classified into four
classes such as low (<1500µS/cm), medium (15003000µS/cm), high (3000-6000µS/cm) and very high
(>6000µS/cm) [10]. All water samples were characterized by
low hazardous effect and fall under good to permissible class
for irrigation [11].
4.1.2.

Sodium Adsorption Ratio (SAR)

Sodium Adsorption Ratio is the most commonly used method
to evaluate the effects of exchangeable sodium on the
physical condition of the soil [12]. The excess sodium in
water reacts with soil which changes the soil structure and
reducing the soil permeability. Then the soil becomes
compact and impervious. SAR is calculated from the ratio of
sodium to calcium and magnesium and is defined as the
following equation.
Na+
SAR =
Ca 2++Mg 2+
2

All units are expressed in mg/l except pH, EC (µS/cm)

All concentrations were expressed in meq/l.

EC in the area ranges from 25.60- 1145µS/cm. The
concentration of Na+, K+, Ca2+, Mg2+, HCO3- and SO42- ranges
from 1.90-42.30mg/l for Na+ and 0.3-30mg/l for K+, 1.6100.8 for Ca2+, 0-16.32mg/l for Mg2+, 4.88-363.56mg/l for
HCO3- and 3.17-22.37mg/l for SO42- respectively. The
dominance of the cations and anions showed the following
order: Na+>Ca2+>K+>Mg2+ and HCO3->Cl->SO42-.

Richards [12] classified the irrigation water into four classes
based on SAR as Excellent (0-10), Good (10-18), Doubtful
(18-16), and Unsuitable (>26). The SAR value of water
sample ranges from 0.22-3.77 with an average of 1.04 which
indicates that all water samples in the study area belongs to
excellent category.

4.1. Irrigation quality of water
Quality of groundwater used for irrigation plays a dominant
role in plant growth as well as crop yield. If the concentration
of salts in the soil solution is high then the osmotic pressure
of the solution will increase. It physically affects the growth
of plants by reducing the capacity to uptake water. Salts

As per the USSL classification (Fig2:) of irrigation water
based on EC and SAR, 35% of the groundwater samples are
having low alkali and low salinity hazard (C1S1) and 9% of
samples belong to low alkali and medium salinity hazard
(C2S1) whereas two samples show low alkali and high
salinity hazard.
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Low alkali and moderate salinity hazard water can be used
for irrigation on all soil [13]. High sodium hazard water
generates exchangeable sodium in a harmful level, so it needs
regular leaching and special soil management for salinity
control.

4.1.4.

Permeability Index (PI)

Doneen [14], evolved a groundwater classification for
irrigation based on the Permeability Index. PI is calculated
from the following equation and all concentrations were
expressed in meq/l.
PI =

Na+ + HCO3−
∗ 100
(Ca2+ + Mg 2+ + Na+)

Based on PI water can be classified as Class I, II and III.
Class I and II represent the good quality of water for
irrigation with 75% or more of maximum permeability. Class
III water have a maximum permeability of 25% and
unsuitable for irrigation. In the study area 98% of the samples
fall under class I and class II. One sample with Permeability
Index 196.39 meq/l fall under class III (Fig 4:).

Figure 2: Suitability of groundwater for irrigation based on
salinity and alkali hazard
4.1.3.

Percent Sodium (Na%)

Another important parameter widely utilized for judging the
degree of suitability of water for irrigation is Percent Sodium.
It is computed with respect to relative proportion of cations
present in water. Na% is calculated using the following
formula.
Na % =

(Na+ +K+ )
2+

2+

+

+

(Ca +Mg +Na +K )

*100

All concentrations were expressed in meq/l.
The Na% in groundwater ranges from 9.58 to 87.91meq/l.
Based on this, 6% of the samples belongs to the unsuitable
category and 22% was under doubtful category. Rest of the
samples fall under excellent (4%), good (22%), and
permissible (46%) categories (Fig 3:).

Figure3: Irrigation Water Quality based on Na%

Figure4: Irrigation Water Quality based on PI
4.1.5.

Kelley′s Ratio (KR)

Kelley [15] and Paiwal [16] introduced a parameter for
calculating irrigation water quality based on the level of Na+
measured against Ca2+ and Mg2+. If the concentration of Na+
exceeds the concentration of Ca2+ and Mg2+ then the water is
unsuitable.
KR =

Na+
(Ca2+ + Mg 2+ )

Water with Kelley′s Ratio < 1 is suitable for irrigation and
Kelley′s Ratio >1 is unsuitable. 53% of the samples record
KR<1 indicating that the good quality of water for irrigation
purposes (Fig 5:).

Figure 5: Irrigation Water Quality based on KR
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4.1.6.

Magnesium Ratio (MR)
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Figure 6: Irrigation Water Quality based on MR
4.1.7.

Residual Sodium Carbonate (RSC)

Higher concentration of HCO3- in water results precipitation
of Ca2+ and Mg2+ as CO32-. If the CO32-+ HCO3- concentration
excess the concentration of Ca2+ + Mg2+ will influence the
suitability of water for irrigation. Continuous use of water
having RSC more than 2.5 lead to salt build up which
obstruct the air and water movement through soil pore space
and lead to degradation of the physical condition of soil.
Richard [12] evolved a formula for calculating the hazardous
effect of CO32- and HCO3- on the quality of water in terms of
RSC.
RSC= (CO32-+ HCO3-) – (Ca2++ Mg2+)
All concentrations were expressed in meq/l.
Water with RSC <2.5 is suitable, 1.25-2.5 is marginal and
>2.5 is unsuitable [13]. The RSC values of all samples fall
under good quality criteria for irrigation purpose.

5. Conclusion
Physicochemical analysis showed that the majority of the
groundwater samples in the region are slightly acidic in
nature. The cation and anion dominance is in the order of
Na+>Ca2+>K+>Mg2+ and HCO3->Cl->SO42- respectively.
Total salt concentrations expressed as EC indicates that all
water samples have low hazardous effect hence are suitable
for irrigation purpose. The SAR and RSC of all samples fall
under excellent and good category. Based on USSL diagram
35% of the groundwater samples were having low alkali and
low salinity hazard (C1S1) and 9% of samples belong to low
alkali and medium salinity hazard (C2S1) whereas two
samples show low alkali and high salinity hazard (C3S1).
Higher salinity has required regular leaching and special soil
management to control salinity. Na% (72%), PI (98%), MR
(71%) and KR (53%) indicated groundwater samples are
good for irrigation. According to hydrochemical assessment,
water found to be suitable for irrigation purpose.
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