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GIS-Based Assessment of Groundwater Quality for Irrigation water in Shahabad Block of Kurukshetra District, India
ABSTRACT

Present study on the assessment of underground water quality for irrigation purpose in different    villages of Shahabad block of Kurukshetra district of Haryana was carried out during 2023-2024 to get a comprehensive picture of the groundwater quality for irrigation purposes of the area. Total 64 underground water samples were collected and analyzed for various chemical parameters i.e. EC, pH, dominated cations and anions.  Irrigation water parameters such as RSC, SAR, were also computed in the water samples. The EC, pH, RSC and SAR of the groundwater ranged from 0.46-1.83 dSm-1, 7.31 to 8.80, 0.00 - 4.85 meq L-1 and 2.37-12.81 (mmol L-1)1/2, respectively. The trend among the mean ionic concentration of anions was found to be in the order of Cl- > HCO3 > SO42- > CO32- and likewise mean ionic concentration of the cations was in the order Na+> Mg2+ > Ca2+ > K+ showing the dominance of chloride ions among anions and sodium ion among cations in the irrigation water.  This study conducted in Shahbad block of Kurukshetra district in Haryana had the outcome that 95.7 and 6.25 per cent samples were found good and marginally alkali respectively as per AICRP, 1989 criteria. Spatial variability maps of EC, SAR and RSC of ground water used for irrigation in the block were also prepared. Marginally alkali irrigation (6.25 %) water in Shahabad block may be used with recommended amount of gypsum based on RSC of the water along with the irrigation water. Thus, the current study suggests to safely use 6.25% of marginally alkali irrigation water with certain amendments and strategic measure so we may prevent the ill effects of alkali water on soil for long run and we may achieve the goal of sustainable agriculture production. 
Key words:  Water quality, Shahbad block, saline and alkali, irrigation water
Introduction

“Groundwater resources are large natural reservoirs of water located within the earth crust. However, natural and human factors have put groundwater resources under tremendous pressure. The main detrimental factors impacting groundwater quantity and quality include climate change, population growth, and agricultural demands. Population expansion, growing standards of living, and the spread of irrigated agriculture have resulted in increased withdrawal of groundwater” (Gupta et al., 2023; Levintal et al., 2023). Owing to the importance and need of water supply in agriculture, it becomes mandatory to monitor the quality along with the quantity of groundwater (Karnena et al., 2022. Lal et al., 2024). “Groundwater is the backbone of India’s agriculture and drinking water security, contributing nearly 62% to irrigation, 85% to rural water supply, and 50% to urban water supply. Although groundwater is replenished annually, its availability is uneven across different locations and times. The chemical composition of groundwater within aquifers is heavily influenced by a combination of natural and human-driven factors” (Bhat et al., 2016; Delgado et al., 2010; Hussainzadeh et al. 2023).

Water quality monitoring and assessment constitute the cornerstone of effective water quality management. Consequently, there is a growing need to regularly measure various water quality variables in rivers and groundwater. Assessment of groundwater quality for irrigation is very important in regions where rainfall is less than 500 mm and cannot meet the water requirement of salt leaching down from the surface soil. Generally, “the quality and quantity of groundwater mainly depend on the geochemistry of soils and rocks through which water flows before reaching the aquifers, on the balance of precipitation, evaporation and the quality of recharged water etc”. (Al-Shaibani, 2008; Doll, 2009). 

“In Haryana, out of total cultivated area of 3.62 million ha, 1.24 million ha is canal irrigated and 1.65 million ha is irrigated by tube wells which often contain water of dubious quality. Groundwater quality is also deteriorated due to anthropogenic reasons such as agricultural runoff, untreated industrial and municipal wastewater discharge, and leaching” (Singh et al., 2017; Ramprakash et al., 2018; Chaudhary et al., 2024). Evaluating the quality of groundwater is an essential part of managing groundwater. The data on the quality of water is important for planning future research and government bodies for remediating contaminated water for agriculture and human purposes. 

“The irrigation quality of water is expressed by the type and amount of dissolved salt” (Etteieb et al., 2017). “The main cause of salinization and sodification of soil is the use of poor quality irrigation water and continued use of this water leads inexorably to increasing salinization and sodification problems and ultimately results in increased cost of production and crop failures” (Meena et al., 2018). In addition to increasing pH, electrical conductivity (EC), and exchangeable sodium percentage (ESP), higher concentrations of chlorides, carbonates, bicarbonates, and sulphates, mostly in saline water irrigated soil, significantly deteriorate soil physical properties such as soil permeability and soil aeration due to clay particle swelling and dispersion.

Thus, “systematic monitoring of groundwater resources is very essential to evaluate groundwater quality for irrigation purpose. For the sustainable development of a society, groundwater is indispensable, hence the survey and characterization of groundwater quality in every region of the country is a prerequisite for its better supervision” (Rao, 2018). GIS helps in irrigation water surveys by integrating various spatial data layers to analyze and manage water resources effectively. It facilitates the creation of maps, models, and assessments of water availability, demand, and distribution, leading to more efficient irrigation practices and sustainable water management (Adimalla and Qian, 2023). 
In view of above explained facts, the present study was planned to get a comprehensive picture of the groundwater quality for irrigation purposes of a region/block, a significant number of samples from throughout the area must be evaluated. In light of the above, 64 water samples were collected from the Shahbad block of Kurukshetra district of Haryana state for this research, and irrigation water quality status was assessed.

Materials and Methods
Location and topography of the studied area:
Kurukshetra is located in the northeastern part of Haryana, India, lying between 29°52' to 30°12' North latitudes and 76°25' to 77°04' East longitudes. 
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Fig. 1. Location map of five blocks of Kurukshetra district

The district occupies an area of 1530 km2. The district has a population of 964,655 (2011 census). The Kurukshetra district is a plain that slopes from the northeast to the southwest. It is a flat plain with narrow, low-lying flood plains called 
Betre Khadar of Naili. Kurukshetra is bordered by the districts of Ambala, Yamuna Nagar, Karnal, and Kaithal in Haryana and Patiala in Punjab. It is also located on the Delhi-Ambala Railway line, 
about 160 kilometers north of Delhi, 34 kilometers north of Karnal, and 40 kilometers south of Ambala. District Kurukshetra of Haryana state is divided into seven blocks which are Thanesar, Shahbad, Pehowa, Ladwa, Ismailabad, Babain, and Pipli
Climate and rainfall 

Kurukshetra is located at an altitude of 260 meters above sea level. Its location, far from the sea and open to dry cold waves from the northwest, which results in extreme climatic conditions. Kurukshetra's climate varies, with temperatures reaching as high as 47°C in the summer and as low 

as 1°C in the winter. The winter season lasts from November to February, with temperatures ranging from 7°C to 22°C and sometimes dropping to 1°C. In the spring, temperatures range from 10°C to 25°C from mid-February to the end of March. 

Monsoon starts at the end of June and extends up to September. Average 81% of annual rainfall provides fair amount of water in the rainy season. Rain comes twice a year; the second phase rain occurs during winter which helps the farmers in harvesting of Rabi corp. Rest of the annual rainfall occurs during the winter season. 582 mm of average rainfall occurs annually in Kurukshetra district. 

Soils and Irrigation facilities
The soil is generally alluvial, loam and clay constitute average texture of the soil, where aridisols type of soil order is dominant in the district. A good network of canals is providing irrigational facilities. Underground water level is not relatively high. Tube well irrigation is also common in the district. 

Water sample collection 

Underground water samples were collected in neat, clean and properly labelled plastic bottles. Geo-coordinates of all the sampling sites were recorded. After this the water samples were brought to the laboratory for their chemical analysis.  Samples were taken from running tube wells which are extensively used for irrigation purposes. Shahbad block of Kurukshetra, district was surveyed during 2023-2024 and the locations from where irrigation water samples were collected from running tubewell in the months of July- August are presented in  Fig. 2. The samples were analysed for EC, pH, CO32-, HCO3-, Cl- , SO42-, Ca2+, Mg2+, Na+ and K+ by following the procedures outlined in USDA Handbook No. 60 (Richards, 1954). pH was measured by digital pH meter and electrical conductivity (EC) by conductivity meter. Potassium (K+) and sodium (Na+) were determined by flame photometer.
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Fig. 2 Location map of sampling points in Shahbad block

Calcium and magnesium were determined with standard EDTA solution titrimetrically. Bicarbonate and carbonate were determined by titration with H2SO4. Chloride determined by titrating against standard silver nitrate (AgNO3) solution. Sulphate was determined by colorimetric analysis using spectrophometer. Residual Sodium Carbonate (RSC) and Sodium Adsorption Ratio (SAR) and were calculated using the formula:

a) Sodium adsorption ratio (SAR) {Richards 1954}: 
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b)  Residual sodium carbonate (RSC) (Eaton 1950): 
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The SAR (mmol L−1)1/2 and RSC (meq L−1) are the indices of sodicity hazard. Furthermore, EC was used to determine the quality of irrigation water. The water samples were characterized and classified as per the classification given by All India Coordinated Research Project (AICRP 1989) on “Management of salt affected soils and use of saline water in Agriculture” as shown in Table 1

Table 1. Irrigation water quality classification criteria

	Sr. No.
	Quality of water
	Class
	Quality Parameter

	
	
	
	EC (dSm-1)
	SAR (mmol L-1)1/2
	RSC (meq L-1)

	1
	Good
	A
	<2
	<10
	<2.5

	2
	Saline
	B
	
	
	

	
	Marginally saline
	B1
	2-4
	<10
	<2.5

	
	Saline
	B2
	>4
	<10
	<2.5

	
	High SAR saline
	B3
	>4
	>10
	<2.5

	3
	Alkali water
	C
	
	
	

	
	Marginally alkali
	C1
	<2
	<10
	2.5-4

	
	Alkali
	C2
	<2
	<10
	>4

	
	Highly alkali
	C3
	Variable
	>10
	>4


Table 2. Classification of irrigation water based on SAR 

	SAR (mmol L-1)
	Hazard

	<10
	No harmful effect of sodium

	10-18
	An appreciable effect of sodium hazard in fine textured soils but could be used in sandy soil with good permeability

	18-26
	Harmful effects on most soils and amendments such as gypsum would be necessary

	>26
	Unsuitable for irrigation


Table 3. Classification of irrigation based on RSC

	RSC (meq L-1)
	Water Quality

	<1.25
	Water can be used safely

	1.25-2.50
	Water can be used with certain management

	>2.50
	Unsuitable for irrigation purposes


Preparation of map using GIS
GIS helps in irrigation water surveys by integrating various spatial data layers to analyze and manage water resources effectively. It facilitates the creation of maps, models, and assessments of water availability, demand, and distribution, leading to more efficient irrigation practices and sustainable water management.  In order to effectively display the various layers of the extracted information, the final maps were created using the Arc Map 10.8 GIS software. The various layers of the extracted information were loaded into Arc Map, and the maps were created with legends to indicate the categories of various classes. A number of thematic maps, including those for the research area's pH, EC, SAR, RSC, and water quality, were made using Arc Map 10.8. 

Results 

For assessing the chemical composition of ground water samples of Shahbad block 64 ground water samples were collected and analyzed for various chemical parameters, viz., pH, EC, soluble anions (CO32-, HCO3-, Cl-, SO42-) and cations (Ca2+, Mg2+, Na+, K+). Subsequently, SAR and RSC were also calculated for each sample. The range and mean of different water quality parameters are presented in Table 4.
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Fig 3. Diagram for the classification of irrigation waters (USSL Staff 1954; modified by Shahid and Mahmoudi 2014)
     Table 4.  Range and mean of different water quality parameters of Shahbad block

	S. No.
	Quality Parameter
	Range
	Mean

	1
	pH
	7.31-8.8
	8.07

	2
	EC (dSm-1)
	0.46-1.83
	0.81

	3
	RSC (meq L-1)
	0.00-4.85
	0.86

	4
	SAR (mmol L-1)1/2
	2.37-12.81
	5.57

	5
	Ca2+ (meq L-1)
	0.21-1.08
	0.56

	6
	Mg2+ (meq L-1)
	0.67-2.72
	1.35

	7
	Na+ (meq L-1)
	2.29-14.31
	5.45

	8
	K+ (meq L-1)
	0.15-0.54
	0.24

	9
	CO32- (meq L-1)
	0.00-1.01
	0.11

	10
	HCO3- (meq L-1)
	0.25-7.00
	2.05

	11
	Cl- (meq L-1)
	1.02-6.85
	3.10

	12
	SO42- (meq L-1)
	0.29-3.52
	1.69


Soil pH and EC of groundwater sample of Shahbad block
The pH of collected ground water samples ranged from 7.31 to 8.80 with a mean of 8.07, which indicates the alkaline nature of irrigation water in Shahbad block. Lowest pH was observed in Yara village and the highest in village Mohanpur. pH signifies acidity, neutrality or alkalinity logarithmically, It is a very crucial parameter for water quality assessment. Localized variations result from geological, land use and anthropogenic factors. Understanding groundwater pH is vital for ecosystem health, necessitating ongoing monitoring and management efforts to ensure sustainability in water resources. Spatial variability map of pH is shown in Fig. 4 
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Fig. 4: Spatial variability of pH of groundwater in Shahbad block
Differences in EC signifies variations in total salt concentration, reflecting groundwater salinity. EC values ranged from 0.46 to 1.83 dS m-1, with a average of  0.81dSm-1. Dhakala village exhibited the lowest EC(0.46 dS m-1), while Kheri Shadhan village reported  highest EC i.e. 1.83 dS m-1 . Accurate assessment and monitoring of EC is crucial for understanding groundwater quality and managing salinity issues sustainably. Spatial variability map of EC is shown in Fig. 5
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Fig. 5: Spatial variability of EC of groundwater in Shahbad block
Soluble cation present in the groundwater sample of Shahbad block

As far as cation and anion concentration in irrigation water is concerned, it varied significantly across the Shahbad block. In case of cations Na+ was the dominant cation in ground water samples which ranged from 2.29 to 14.31 meq L-1, with a mean value of 5.45 meq L-1. Notably, the highest concentration was observed in Kheri Shahidan village and the lowest concentration was recorded in Dhakala village. Sodium cation was followed by Mg2 (0.67 to 2.72 meq L-1), Ca2+ (0.21 to 1.08 meq L-1) and K+ (0.15 to 0.54 meq L-1).  Average concentrations of  Na+, Mg2+, Ca2+ and K+ in Shahbad block was 5.45, 1.35,  0.56 and 0.24 meq L-1, respectively (Table 4). The cations in groundwater were found in order of Na+>Mg2+>Ca2+>K+

Soluble Anions present in the groundwater sample of Shahabad block 
Among anions chloride was the dominant anion which carried in the ground water samples from 1.02 to 6.85 meq L-1 with the mean value of meq L-1. The highest concentration of chloride ion was observed in village Kheri Shahidan and lowest in village Tharauli. Chloride anion was followed by bicarbonate ion (0.25 to 7.00 meq L-1), sulphate ion (0.29 to 3.52 meq L-1) and carbonate ion (0.00 to 1.01 meq L-1). Average concentration of Cl-, HCO3-, SO42-, and CO32- in irrigation water was 3.10, 2.05, 1.69 and 0.11 meq L-1. The concentration of carbonates in groundwater samples varied from with a mean value of meq L-1. The mean anionic composition was observed in order of Cl-> HCO3-> SO42-> CO32-.

Sodium absorption ratio (SAR) and Exchangeable Sodium Percentage (ESP)
The SAR ranged from 2.37 to 12.81 (mmol L-1)1/2, with a mean of 5.57 (mmol L-1)1/2. Notably, the highest SAR was observed in Chamun village, contrasting with the lowest SAR recorded in Dhakala village. The spatial distribution of SAR across the Shahbad block's groundwater is visually represented in Fig. 6. SAR serves as a pivotal metric in evaluating groundwater quality, reflecting the relative concentration of sodium ions to other cations. 
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Fig. 6: Spatial variability of SAR of groundwater in Shahbad block

The RSC ranged from nil to 4.85 meq L-1, with a mean value of 0.86 meq L-1. Notably, the highest RSC was observed in Kheri Shahdan village, while the majority of villages exhibited nil RSC. The spatial distribution of  RSC across the groundwater of Shahbad block is depicted in Fig. 7. RSC serves as a crucial parameter in assessing groundwater quality, particularly its suitability for irrigation. The variability in RSC levels highlights localized differences in water chemistry, emphasizing the need for tailored management strategies to address potential issues such as soil sodicity and crop productivity limitations. 

Fig.7: Spatial variability of RSC of groundwater in Shahbad block

Average chemical composition of water samples of block Shahbad in different EC classes

The average chemical composition and related quality parameters in different EC classes of block Shahbad are presented in Table 5. The EC was grouped into two different classes with an interval of one unit up to 2 dS m-1, where 76.5 % samples are found under EC class 0-1 dS m-1 and 23.5 % samples are under EC class 1-2 dS m​-1. Here, all the water samples collected from the Shahbad block exhibited EC less than 2 dS m-1 and according to AICRP’s 1989 classification, it shows no saline water in the block and maximum samples were grouped in the good category. However, other parameters based on RSC and SAR, alkali water is recorded after analysis.

Table 5: Average chemical composition of water samples of block Shahabad in different EC classes
	EC classes
	% of samples
	Ca2+
	Mg2+
	Na+
	K+
	CO32-
	HCO3-
	Cl-
	SO42-
	RSC
	SAR

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

	0-1
	76.56%
	0.25
	0.63
	4.20
	0.07
	0.31
	3.61
	0.72
	0.29
	2.42
	2.73

	1-2
	23.43%
	0.81
	1.98
	9.65
	0.31
	0.42
	5.66
	3.82
	1.98
	3.29
	8.30


Classification of groundwater according to AICRP

Based on EC, SAR and RSC water samples were classified into different categories as per the classification of All India Coordinated Research Project on Management of Salt Affected Soils and Saline Water Use in Agriculture (1989).
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Fig.8: Percent water sample in different EC class of Shahbad block

According to this classification, 49 samples were found to be of good quality, 11 were of marginally alkali and 4 were highly alkali as represented in Table 3. Pie chart on distribution of water quality is shown in Figure 9 and spatial variability of water quality of groundwater in Shahbad block is shown in figure 10.

Table 6: Groundwater quality classification of block Shahbad

	Water Quality
	Class
	No. of Samples
	Percentage

	Good
	A
	49
	76.56

	Saline 
	B
	
	

	Marginally Saline
	B1
	-
	-

	Saline
	B2
	-
	-

	High SAR Saline
	B3
	-
	-

	Alkali
	C
	
	

	Marginally Alkali
	C1
	11
	17.18

	Alkali
	C2
	-
	-

	Highly Alkali
	C3
	4
	6.25
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Fig. 9: Distribution of Water Quality in Shahbad block
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Fig. 10: Spatial variability of water quality of groundwater in Shahbad block

Discussion
Study of irrigation water in Shahabad block of Kurukshetra district, in Haryana come out with very important and useful outcomes. On perusal of data obtained after estimating cations, anions concentration, SAR RSC etc of irrigation water sample of Shahabad block it could be inferred that the mean cationic and anionic composition of the water was in the order of Na+>Mg2+>Ca2+>K+  and Cl-> HCO3-> SO42-> CO32-  respectively. Bhatnagar and Thakral (2024) also showed the chloride dominance in the Kurukshetra district and studied the similar dominance of cations in the groundwater. Prakash et al. (2020) reported the same order of abundance of cations and anions in Kharkhoda block of Sonipat district. “The high concentration of sodium may be attributed to a base –exchange reaction and leaching of sodium salt like halite during the movement of water through sediments and also sodium salts are highly soluble in water, which means they readily dissolve and are transported in irrigation water” (Etteieb et al., 2017). The main source of sodium in natural water is feldspar erosion, evaporation, and clay. Certain minerals like feldspars, zeolites, and evaporites (e.g., halite) contain sodium, and when these minerals dissolve in water, they release sodium ions into the groundwater as shown by Kim and Yun (2005) and Panno et al. (2006). “The magnesium is commonly found in ferro-magnisum minerals in igneous rocks and as carbonate in sedimentary rocks” (Karimov, 2009; Sridharan and Nathan, 2017). “The lower concentration of potassium in groundwater samples may be ascribed to its tendency to be fixed by clay minerals and to participate in the formation of secondary minerals” (Jalali, 2010; Ramprakash et al., 2023). Excessive or improper application of chloride-containing fertilizers such as potassium chloride (KCl) or ammonium chloride (NH4Cl), can lead to chloride accumulation in the soil, which may subsequently leach into groundwater through irrigation or rainfall (Prakash et al., 2023; Bhatia et al., 2023). Chloride ions can naturally occur in groundwater as a result of the weathering of rocks and minerals containing chloride-bearing compounds, such as halite (rock salt) or sylvite. The EC is a good index of salinity while sodium adsorption ratio (SAR) that of sodicity hazard of irrigation water (Merani et al., 2014). High RSC in groundwater can lead to soil alkalinity and sodicity, affecting soil structure and crop health (Ramprakash et al., 2021; Arshad and Umar, 2024). In irrigation water, RSC and SAR increase due to the presence of high levels of carbonates and bicarbonates, along with the relative lack of calcium and magnesium ions (Prasanna et al., 2011; Dhaka et al., 2022). Murtaza et al. (2021) provides “an overview of soil permeability problems associated with the irrigation using high RSC waters”. “Alkali water irrigation loads soil with Na+, CO32– and HCO3–, increases soil alkalinity, damages the soil structure” (Minhas et al. 2021), impedes soil aeration, and thereby impacts the biological activity (Singh, 2016). “The alkalinity stress and presence of specific ions deteriorate the soil microbial properties and change the microbial population in soil rhizosphere” (Yadav et al. 2024). “The supply of several alkali irrigations increases the Na+/ HCO3– load, causing N transformations that lead to low N availability” (Rai et al. 2021). 
Conclusions 

In Shahbad block of Kurukshetra district 76.50, 17.18 and 6.32 per cent samples were found in good, marginally alkali and highly alkali categories, respectively. There is a small problem of alkalinity in underground water of the Shahbad block because percentage of marginally alkali and high alkali categories was meagre. 

This study provided data about water quality occurring in Shahbad block for farmers, researcher and planner. The dominance of major ions were in the order of Na+> Mg2+ > Ca2+ > K+ and Cl-> SO42- >HCO3-> CO32- for cations and anions, respectively. Therefore, the chemical composition of the groundwater was characterized by the Na–Cl water type. The spatial distribution maps prepared for various parameters using GIS tools could be useful for policy makers, researchers for initiating groundwater quality assessment in the area. Therefore, good soil water management strategies are needed for maintaining adequate salt-water balance for appropriate crop growth. Moreover, salinity control with salt tolerant crops could be recommended for the areas with saline waters.
Thus, the current study suggests to safely use 6.25 % of marginally alkali irrigation water with certain amendments and strategic measure so we may prevent the ill effects of alkali water on soil for long run and we may achieve the goal of sustainable agriculture production. Alkali water irrigation loads soil with Na+, CO32– and HCO3–, increases soil alkalinity, damages the soil structure, impedes soil aeration, and thereby impacts the biological activity. The alkalinity stress and presence of specific ions deteriorate the soil microbial properties and change the microbial population in soil rhizosphere. The supply of several alkali irrigations increases the Na+/ HCO3– load, causing N transformations that lead to low N availability.  Marginally alkali irrigation (6.25 %) water in Shahabad block may be used with recommended amount of gypsum based on RSC of the water along with the irrigation water.
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