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Abstract 

Evaluation of groundwater quality for irrigation is crucial in arid and semiarid regions of the world 

because of increasing population, urbanization and rapid growth of industries. In order to ascertain the 

quality of groundwater, water samples were collected from all the villages of Kaithal block. One hundred 

thirty two water samples were collected and analyzed for pH, electrical conductivity (EC), soluble 

cations (Ca2+, Mg2+, Na+ and K+) and anions (CO3
2-, HCO3

-, Cl-, SO4
2- and NO3

-) by using standard 

procedures. The values of sodium adsorption ratio (SAR) and residual sodium carbonate (RSC) of water 

samples were computed. The pH, EC, SAR and RSC in groundwater ranged from 7.25-9.25, 0.47-6.06 

(dSm-1), 3.69- 28.59 (mmol l-1)1/2, 0-5.70 (me l-1), respectively. The concentration of cations viz., Ca2+, 

Mg2+, Na+ and K+ varied from 0.40-3.00, 1.10-11.00, 3.20-53.10, 0.06-1.00, me l-1 with mean values of 

1.16, 3.59, 16.15, and 0.17 me l-1, respectively. Likewise, the concentration of anions viz., CO3
2-, HCO3

-, 

Cl-, SO4
2- and NO3

- varied from 0-2.90, 1.00- 8.10, 2.00-28.80,0.28-30.08 and 0-0.90 me l-1 with average 

values of 1.43, 4.66, 7.32, 7.20 and 0.46 me l-1, respectively. According to AICRP classification, 31.1, 

26.5, 8.3, 8.3, 9.9 and 15.9% were of good, marginally saline, high SAR saline, marginally alkali, alkali 

and highly alkali, respectively. Spatial variability maps of EC, pH, SAR, RSC and water quality of 

groundwater used for irrigation in the block were also generated. By and large, the analysis of various 

parameters indicated that quality of groundwater is not safe for irrigation purposes. 

 

Keywords: Groundwater, SAR, RSC, spatial variability, map 

 

Introduction 

Assessment of groundwater quality for irrigation is crucial in arid and semiarid regions of the 

world because of increasing population, urbanization and rapid growth of industries. Water has 

played a critical and vital role throughout the history in the growth and development of human 

civilization. In modern times, water has critical importance in the economic growth of all 

contemporary societies. (Yadagiri et al., 2015) [23]. Water quality refers to the characteristics of 

water supply that influences its suitability for specific use, i.e., how well the quality meets the 

needs of a user. The water quality can be evaluated by its aesthetic, physical, chemical and 

biological properties, which get influenced by agricultural, industrial and anthropogenic uses. 

Irrigated lands contribute significantly to the world agriculture output and food supply. 

Globally, total groundwater withdrawals are estimated to be in the range of 600-1100 km3 yr-1 

or between one fifth and one third of the total global freshwater withdrawals (Doll, 2009; Shah 

et al., 2007, Zekster and Everett, 2004) [7, 20, 24]. Quality of water is assuming great importance 

with increasing demand in industries, agriculture and rise in standard of living. Agriculture 

sector is the major user (89%) of this resource but the estimates show that the growing 

demands from municipalities, industry and energy generation will claim about 23% (24.3 mha-

m year-1) of the total water resources (105 mha-m year-1) by the year 2025 AD, thereby, further 

reducing the good quality water supply for irrigation (Minhas and Tyagi, 1998) [15]. 

The variable withdrawal of ground water along with scanty rainfall has led to the change in 

water quality. On the other hand, water composition may concentrate salts in soil and water to 

such an extent that a crop yield is affected. India has 2.2 per cent of the global land, 4 per cent 

of the world water resources and 16 per cent per cent of the world’s population (Ramesh and 

Elango, 2011) [17]. Groundwater plays an important role in Indian agriculture. The suitability of 

irrigation water depends upon many factors including the quality of water, soil type, salt 

tolerance characteristics of the plants, climate and drainage characteristics of the soil (Michael, 

2009) [14]. 
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In India 16% wells are showing water level less than 2 m bgl 

(metres below ground level), 36% in the depth range of 2-5 m 

bgl, 29% range of 5-10 m bgl, 14% range of 10-20 m bgl, 5% 

in the depth range of 20- 40 m bgl and the remaining 1% 

wells are showing water level more than 40 m bgl (Central 

Ground Water Board, 2015). In India about 50 per cent of the 

total cultivated area under irrigation is dependent upon 

groundwater and out of this about 60 per cent of irrigated 

food production depends on groundwater wells (Shah et al., 

2000) [21]. The present trend of declining groundwater depth 

could reduce India’s total food grain production by around 

25% or more by 2050.  

Apart from decline in water table, groundwater quality is also 

a major concern in many parts of the country. Groundwater 

quality is influenced by natural and anthropogenic effects 

including local climate, geology, irrigation practices and 

industrial pollution. Groundwater contamination reduces its 

safe supply for irrigation and drinking purpose, posing a 

threat to agriculture and public health and a challenge to water 

managers and strategists. Irrespective of its source, all 

irrigation water contains dissolved salts, the type and quantity 

of which depend on its origin and its course before use. 

Irrigation water is usually drawn from surface or ground 

water sources and typically contains salts in the range of 200- 

2000 parts per million (ppm), i.e., 200-2000 g of total 

dissolved salts (TDS) per cubic metre. Irrigation water thus 

contains 10-100 times more salts than usual rain water. In a 

single season, application of 1000 mm of medium quality 

water introduces around 5 t of salt to one ha of land (Hillel, 

1987) [10]. Groundwater is the primary source of water for 

human consumption, as well as for agriculture and industrial 

uses (Jalali, 2009) [11]. Limited freshwater availability and 

increasing demand on food are making even marginal and 

poor quality waters, an important source for irrigation. The 

major problem of irrigating with saline water is not actually 

the crop response to irrigation (which is a basically short-term 

effect) but rather the long-term changes on soil properties that 

might seriously alter its fertility (Cucci et al., 2013) [13]. In 

Haryana state, out of total cultivated area of 3.62 mha, 1.24 

mha is canal irrigated 1.65 mha is irrigated by tube wells 

which often contain water of dubious quality (Statistical 

Abstract of Haryana, 2013). In the state, 37% of water is of 

good quality, 8% normal and 55% is of poor quality. In recent 

years, a large number of shallow wells or tube wells have 

been installed to provide supplemental irrigation to rice-wheat 

cropping sequence of district Kaithal. Water quality data is 

essential for the implementation of responsible water quality 

regulations for characterizing and remediating contamination 

and for the protection of the health of humans and the 

ecosystem. Regular monitoring of groundwater resources 

thus, plays a key role in sustainable management of water 

resources. This study conducted seeks to serve as a 

preliminary study to assess the groundwater quality in terms 

of agricultural uses for a rapidly developing community 

located in Kaithal block. Therefore, the quality of 

groundwater monitoring is obligation because we need good 

quality water for irrigation purposes in order to prevent the 

secondary salinization. Keeping in view the aforementioned 

facts, the present study was undertaken to evaluate the quality 

of groundwater for irrigation purposes in block of district 

Kaithal. 

 

Materials and Methods 

The study area of block Kaithal falls in the district Kaithal, 

Haryana and is surrounded by district Kurukshetra and state 

of Punjab. The climate of study area can be classified as 

tropical steppe, semiarid and hot (above 40oC in May and 

June) which is mainly dry with very hot summer and cold 

winter (near about 7oC in January) except during monsoon 

season when moist air of oceanic origin penetrates into the 

district. The soils of the block are sandy to sandy loam in 

texture. The dominating cropping system in this region is rice-

wheat under surface irrigation (flooding and basin) the other 

main crops grown in the area are jowar, bajra, sugarcane, 

cotton (Central Ground Water Board, 2015). In order to assess 

water quality of the study area, 132 groundwater samples 

were collected to cover the entire study area and locations 

were recorded using hand held GPS. The location map of the 

sampling point is presented in Fig 1. Sampling was carried 

out using pre-cleaned plastic bottles, which were rinsed thrice 

with sample water prior to sample collection. Before analysis 

of groundwater, the instruments were calibrated in accordance 

with the manufacturer’s recommendations. The chemical 

analysis was accomplished as per the standard methods 

relevant to the analysis of groundwater (Table 1). Electrical 

Conductivity (EC) was measured by conductivity meter and 

pH by pH meter. Sodium (Na+) and potassium (K+) were 

measured by flame photometer. Calcium and magnesium 

were determined with standard EDTA solution titrimetrically. 

Carbonate and bicarbonate were estimated by titration with 

H2SO4, Chloride by titrating against standard silver nitrate 

(AgNO3) solution. The colorimetric analysis of sulphate and 

nitrate was done by spectrophometer. The water quality 

indices viz., SAR (Richards, 1954) [19] and RSC (Eaton, 1950) 
[8] are calculated as: 

 

 
 

Fig 1: Sampling sites of Kaithal block of Kaithal district 
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Table 1: Methods used for estimation of different hydrochemical parameters of groundwater in the study area 
 

Parameters Method used 

pH Glass electrode (Richards, 1954) 

EC (Electrical Conductivity) Conductivity Bridge method (Richards, 1954) 

Na+ (Sodium) Flame Photometric method (Osborn and Johns, 1951) 

K+ (Potassium) Flame Photometric method (Osborn and Johns, 1951) 

Ca2+ (Calcium) EDTA titration method (Richards, 1954) 

Mg2+ (Magnesium) EDTA titration method (Richards, 1954) 

CO3
2- (Carbonate) Acid titration method (Richards, 1954) 

HCO3
-(Bicarbonate) Acid titration method (Richards, 1954) 

Cl- (Chloride) Mohr’s titration method (Richards, 1954) 

NO3
- (Nitrate) Spectrophotometric method (Richards, 1954) 

SO4
2- (Sulphate) Turbidity method using CaCl2(Chesnin and Yien, 1950) 

 

a) 

2 2

Na
SAR=

Ca Mg

2



 

 

b) 
     1 2 2 2

3 3RSC meq l HCO CO Ca Mg       
 

 

Based on EC, SAR and RSC, water samples were classified 

into different categories as per the classification of All India 

Coordinated Research Project (AICRP) on management of 

salt affected soils and use of saline water in agriculture (Gupta 

et al., 1994) [19].  

 

Results and Discussion 

The ground water samples were analyzed for various 

chemical parameters, viz., pH, EC, anions (CO3
2−, HCO3

−, 

Cl−, SO4
2− and NO3

−) and cations (Ca2+, Mg2+, Na+ and K+). 

Subsequently, SAR and RSC were calculated for these 

samples. The descriptive statistics of groundwater quality 

parameters is given in Table 2. Large standard deviation of 

the parameters like Na+, SO4
2− and Cl− revealed their 

randomly fluctuating concentrations in the groundwater. The 

pH is important parameter for determining acidity, neutrality 

or alkalinity of water. The pH of collected groundwater 

samples was in the range of 7.25- 9.25 with the mean value of 

8.45. The highest value was observed in Baraut village and 

lowest in Nandsinghwala village, indicating that the water is 

neutral to alkaline in nature. The higher pH of groundwater 

may be due to considerable sodium, calcium, magnesium, 

carbonate and bicarbonate concentration (Roa et al., 1982; Al-

Tabbal and Al- Zboon, 2012) [1] as carbonates and 

bicarbonates are hydroxyl generating ions (Bhat, 2014) [2]. A 

10-fold change in alkalinity (CO3
2- + HCO3

-) results in a unit 

change in pH. Bhat et al. (2016) [3] reported pH in range of 

7.19 - 9.72 in Gohana block of Sonipat district. The spatial 

variability of pH in Kaithal block is shown in Fig 2. Variation 

in electrical conductivity reflects the variation of total soluble 

salt concentration and ultimately the salinity of the 

groundwater samples. The electrical conductivity ranged from 

0.47-6.06 dSm-1 with mean value of 2.16 dSm-1. The highest 

value was observed in Sajuma and lowest in Khurana. The 

spatial variability of EC in Kaithal block is presented in Fig 3.  

The average chemical composition and related parameter in 

different EC classes for Kaithal block are given in Table 3. 

This revealed that the percent samples in EC classes is in 

irregular trend, firstly increased upto 1-2 EC class and 

thereafter showed a sharp decline in percentage of water 

samples. The maximum number of samples (58) was 

concentrated in EC class of 1-2. Average SAR of the EC class 

4-5 was the highest 13.03 (mmol l-1)1/2 and average RSC of 

the EC class 1-2 was highest 2.95 me l-1. Kumar et al. (2013) 

[12] reported that EC varied from 0.79-9.38 dSm-1 in Lakhan 

Majra Block of Rohtak district. Gagandeep et al. (2017) 

reported that the mean chemical composition and related 

quality parameters in different EC classes of block Palwal and 

percent distribution of sample in different EC classes. 

Percentage of samples in different EC classes is different, its 

highest percent-age (43.94) was found in EC class of 1-2 dS 

m-1 and its lowest percentage (3.03) was found in EC of class 

>5 dS m-1. 
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Fig 2: Spatial variability of pH of groundwater in Kaithal block 

 
 

Fig 3: Spatial variability of EC of groundwater in Kaithal block 

 
Table 2: Descriptive statistics of water quality parameters of block Kaithal 

 

parameter Minimum Maximum Mean Std. Deviation Variance Skewness Kurtosis 

EC 0.47 6.06 2.16 1.11 1.24 1.14 1.17 

pH 7.18 8.88 7.99 0.47 0.22 0.24 -1.20 

CO3 0.00 2.90 1.43 0.64 0.41 -0.13 -0.41 

HCO3 1.00 8.10 4.66 1.64 2.70 -0.23 -0.80 

Cl 2.00 28.80 7.32 5.23 27.30 1.64 2.55 

SO4 0.28 30.08 7.20 5.85 34.28 1.43 2.48 

NO3 0.00 0.90 0.46 0.24 0.06 -0.26 -0.66 

Ca+2 0.40 3.00 1.16 0.56 0.32 1.36 1.70 

Mg+2 1.10 11.00 3.59 1.86 3.46 1.51 2.28 

Na 3.20 53.10 16.15 9.32 86.84 1.52 2.75 

K 0.06 1.00 0.17 0.12 0.01 4.38 25.91 

RSC 0.00 5.70 1.87 1.89 3.59 0.55 -1.30 

SAR 3.69 28.59 10.34 4.57 20.90 1.57 2.68 

 
Table 3: Average chemical composition of water samples in different EC classes of Kaithal block 

 

EC 

Classes (dSm-1) 

No 

of samples 

% 

of samples 

CO3
2- HCO3

- Cl- SO4
2- NO3

- Ca2+ Mg2+ Na+ K+ RSC SAR 

me l-1 (mmol l-1)1/2 

0-1 14 10.61 0.95 4.93 7.94 7.76 0.41 1.26 3.83 16.60 0.15 1.31 10.05 

1-2 58 43.94 1.43 5.07 4.93 5.14 0.40 0.93 2.79 13.23 0.16 2.95 9.54 

2-3 33 25.00 1.40 4.20 9.81 10.02 0.40 1.40 4.44 19.89 0.18 0.79 11.75 

3-4 16 12.12 1.82 4.23 14.37 2.65 0.51 1.01 3.37 14.59 0.15 1.79 9.95 

4-5 07 5.30 1.40 4.61 9.26 6.37 0.44 1.79 5.40 24.31 0.21 0.39 13.03 

≥5 04 3.03 1.51 4.53 9.59 6.05 0.45 1.28 4.00 18.01 0.17 nil 9.74 

 

The concentration of cations viz., calcium, magnesium, 

sodium and potassium in water samples varied from 0.40-

3.00, 1.10-11.00, 3.20-53.10, 0.06-1.00, me l-1 with average 

of 1.16, 3.59, 16.15, and 0.17 me l-1. The cationic 

concentration followed the order- sodium, magnesium, 

calcium and potassium. Sodium and magnesium were the 

dominant cations and accounted for 76.64 and 17.04% of the 

total cations, respectively. The presence of sodium in 

groundwater primarily results from the chemical 

decomposition of feldspars, feldspathoid and some iron, 

magnesium minerals. The amount of Na+ ions in the water 

predicts the sodicity danger of the water (Singh, 2000). 

Calcium and potassium were lesser in importance and 

constituted 5.50 and 0.81%, respectively. The presence of 

Ca2+ in groundwater might be attributed to calcium-rich 

minerals such as amphiboles, pyroxenes and feldspars and the 

Mg2+ in groundwater might be due to olivine mineral and the 

ion exchange of minerals in the surrounding rocks and soils. 

Average concentration of sodium, magnesium and calcium 

showed irregular trend with increase in EC while potassium 

showed the steady trend.  

The concentration of anions viz., carbonate, bicarbonates, 

chloride, sulphate and nitrate varied from 0-2.90, 1.00- 8.10, 

2.00-28.80, 0.28-30.08 and 0-0.90 me l-1 with average values 

of 1.43, 4.66, 7.32, 7.20 and 0.46 me l-1, respectively. 

Chloride and sulphate were the major ions accounting 34.74 

and 34.17% respectively of the total anions. Bicarbonate, 

carbonate and nitrate were secondary in importance 
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comprising 22.11, 6.78 and 0.021%, respectively. The reasons 

for carbonate (CO3
2–) and bicarbonate (HCO3

–) concentrations 

in groundwater can be ascribed to carbonate weathering as 

well as from the dissolution of carbonic acid in the aquifers. 

Kumar et al. (2013) [12] analyzed groundwater quality of 

Lakhan Majra Block of Rohtak district and reported that the 

order of abundance of cations was Na+ > Mg+ > Ca+ > K+ and 

those of the anions were Cl– > HCO3
– > SO4

2– > CO3
2–.  

 

Sodium adsorption ratio (SAR) 

The sodium adsorption ratio (SAR) was recorded in the range 

of 3.69-28.59 (mmol l-1)1/2 with mean value of 10.34 (mmol l-

1)1/2. The maximum value was observed in the water samples 

of village Guhana and minimum value was founded in village 

Titram. The spatial variability of SAR of groundwater in 

Kaithal block is given in Fig. 4. Bhat et al. (2016) [3] reported 

that SAR varied from 4.03-24.16 (mmol l-1)1/2 in groundwater 

of Gohana block, Haryana. Isaac et al. (2009) ascertained that 

the SAR of soil solution is increased with the increase in SAR 

of irrigation water which eventually increases the 

exchangeable sodium of the soil. 

 

 
 

Fig 4: Spatial variability of SAR of groundwater in Kaithal block 

 

Residual Sodium Carbonate (RSC)  

For agricultural purposes, residual sodium carbonate (RSC) is 

usually used to evaluate the deleterious effect of carbonate 

and bicarbonate on the quality of water. The residual sodium 

carbonate were recorded in the range of 0-5.70 me l-1 with the 

mean value of 1.87 me l-1. The maximum value was observed 

in village Guhana and minimum value was founded in village 

Khurana and so many villages. The spatial variability of RSC 

of groundwater in Kaithal block is given in Fig. 5. Naseem et 

al. (2010) [16] reported that pH, EC and SAR of the irrigation 

water are significantly influenced by RSC. According to All 

India Coordinated Research Project (AICRP) on management 

of salt affected soils and use of saline water in agriculture 

classification, out of 132 water samples 41 were of good 

quality, 35 marginally saline, 11high SAR saline, 11 marginal 

alkali, 13 alkali and 21 highly alkali as represented in Table 4. 

 

 
 

Fig 5: Spatial variability of RSC of groundwater in Kaithal block 
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Table 4: Ground water quality classification of Kaithal block 
 

Water quality Class Number of samples Percentage 

Good A 41 31.1 

Saline B   

Marginally Saline B1 35 26.5 

Saline B2 0 0 

High SAR Saline B3 11 8.3 

Alkali Water C   

Marginally Alkali C1 11 8.3 

Alkali C2 13 9.9 

Highly alkali C3 21 15.9 

Total  132  

 

Conclusion  

The groundwater analysis showed that various constituents 

are in permissible limits, therefore, the groundwater in Kaithal 

block can be used moderately for irrigation purpose. In 

Kaithal block, anions were found in order of Cl-> SO4
2-> 

HCO3
- > CO3

2- > NO3
- and cations followed the order Na+ > 

Mg2+> Ca2+> K+. However, where the water is of doubtful 

category, care is to be taken to use the water for irrigation. 

The spatial distribution maps generated for various physico-

chemical parameters using GIS techniques could be valuable 

for policy makers for initiating groundwater quality 

monitoring in the area. 
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