


Original Research Article
Hydrochemical Evaluation of Irrigation Water Quality in the Experimental Farm of Tiruvannamalai District, Tamil Nadu



ABSTRACT
Assessment of irrigation water quality is essential for sustainable agricultural production, particularly in semi-arid regions where water resources are limited. The present study was carried out to evaluate the irrigation water quality of the experimental farm of Agricultural College and Research Institute, Vazhavachanur, Tiruvannamalai district, Tamil Nadu. A total of water samples were collected from different blocks and analyzed for physico-chemical parameters such as pH, electrical conductivity (EC), major cations (Ca, Mg, Na, K) and anions (HCO₃⁻, Cl⁻, SO₄²⁻). The results indicated that the pH ranged from 7.01 to 7.75, reflecting neutral to mildly alkaline nature, while EC ranged from 1.40 to 1.60 dS m⁻¹, classifying the water as moderately saline. Computed irrigation water quality indices such as soluble sodium percentage (SSP), sodium adsorption ratio (SAR), sodium ratio, residual sodium carbonate (RSC), permeability index (PI) and magnesium ratio (MR) were also evaluated. The SSP (17.46–32.55%) and SAR (0.99–2.10) values indicated low sodium hazard, while negative RSC values (-16.36 to -7.20 meq L⁻¹) suggested the dominance of calcium and magnesium over carbonate and bicarbonate ions. The sodium ratio values were less than unity, indicating no risk of sodium accumulation. Based on EC, SAR and RSC classification, all water samples were categorized under good quality for irrigation. However, potential salinity values indicated moderate salinity risk, necessitating proper management practices. Overall, the study concluded that the irrigation water in the study area is suitable for agricultural use with appropriate soil and water management strategies such as leaching, adequate drainage and cultivation of salt-tolerant crops to ensure long-term soil health and productivity.
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1. INTRODUCTION 

Water is one of the most vital natural resources, playing a crucial role in sustaining agricultural productivity, environmental balance and human livelihood. Surface water, in particular, is widely utilized for irrigation, drinking and various domestic and industrial purposes (Shukla and Saxena, 2020; Li et al., 2021). In regions where agriculture is predominantly dependent on irrigation, the quality of water becomes a key factor influencing soil health, crop growth and overall farm sustainability. Poor quality irrigation water can adversely affect soil structure, permeability and nutrient availability, ultimately leading to reduced crop yields and long-term land degradation (Kumar et al., 2020; Adimalla and Qian, 2021).
Assessment of irrigation water quality is therefore essential for the effective management of water resources and for ensuring sustainable agricultural production. Water quality is generally evaluated based on its physical and chemical characteristics, including parameters such as pH, electrical conductivity (EC), major cations and anions, and derived indices like sodium adsorption ratio (SAR), residual sodium carbonate (RSC) and soluble sodium percentage (SSP) (APHA, 1985; Ahmed et al., 2022). These parameters provide valuable insights into salinity and sodicity hazards, which are critical in determining the suitability of water for irrigation as per established national and international standards (Khan et al., 2021; Li et al., 2023).
In semi-arid regions like Tiruvannamalai district of Tamil Nadu, where water scarcity and groundwater dependency are common, periodic evaluation of irrigation water quality is particularly important. The use of marginal or moderately saline water without proper assessment may lead to gradual deterioration of soil properties and productivity. Hence, systematic monitoring helps in adopting appropriate management practices such as crop selection, leaching and soil amendments (Tiwari et al., 2021; Siddha and Sahu, 2023). The present study was undertaken to assess the irrigation water quality of the experimental farm of Agricultural College and Research Institute, Vazhavachanur, Tiruvannamalai district. The study aims to evaluate the physico-chemical characteristics of irrigation water and to classify its suitability for irrigation based on standard water quality indices.

MATERIALS AND METHODS
The study was carried out in experimental farm of Agricultural college and Research Institute, Vazhavachanur, Tamil Nadu Agricultural university in Tiruvannamalai district.  Geographically the study area is located between 12°4’15” N to 12°4’45” N Latitude and 78°59’0” E  to 77°59’25” E Longitudes (Fig.1). The annual rainfall of the region is 759.4 mm. The mean maximum and minimum temperatures are 38°C and 21°C, respectively. Geologically it is underlain by granites.  Bore well is prime source of irrigation and total of 5 bore wells and 1 open well is available. 
The water samples were collected in 2-L HDPE bottles for physicochemical analysis according to standard protocols.  The water samples were collected at five borewells and one openwell. Ten water quality parameters were analysed using standard protocols. 

The groundwater samples were analysed for  pH, electrical conductivity (EC), bicarbonate (HCO3-), carbonate (CO3-), chloride (Cl-), sulphate (SO42-), calcium (Ca2+), magnesium (Mg2+), sodium (Na+), potassium (K+), total dissolved solids (TDS) and total suspended solids (TSS) by adopting standard procedures (APHA 1985).

2.1 Water quality assessment parameters
These were calculated by using the results of chemical analysis of water.
Soluble Sodium Percentage (SSP) 
Gupta (1986) proposed this ratio for evaluating water quality. Soluble Sodium Percentage is the proportion of sodium in relation to other cations in water.  The formula for calculating SSP is,
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Potential Salinity (PS) (Doneen, 1975)  
The formula used for calculating Potential Salinity is as follows;
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Sodium Adsorption Ratio (SAR) (Richards, 1954)
	It is commonly used as an index for evaluating the sodium hazard associated with irrigation water supply. The formula for SAR is
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The Sodium ratio 
Kelley et al., (1940) proposed this criteria. Sodium measured against Ca2+ and Mg2+ is used to calculate Kelley’s ratio. The formula used in estimation of Kelley’s ratio is expressed as,
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Residual Sodium Carbonate (RSC) 
Eaton (1950) proposed this criteria for evaluating water quality.  
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The Permeability index (PI) 
Doneen, (1975) proposed this criteria for evaluating water quality. 
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The Magnesium ratio (MR) 
	Szobolc and Darab, (1968) proposed this criteria. Magnesium ratio is the magnesium content in relation to total divalent cations. The formula for calculating Magnesium ratio is,
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The quality of groundwater samples were also assessed by adopting the following classification (AICRP, 1991).

Table 1. CSSRI criteria for groundwater quality

	Class
	Quality
	EC (dS/m)
	RSC (meq/L)
	SAR

	A
	Good
	<2.0
	<2.5
	<10

	B1
	Marginally Saline
	2-4
	<2.5
	<10

	B2
	Saline
	>4
	<2.5
	<10

	B3
	High SAR Saline
	>4
	<2.5
	>10

	C1
	Marginally Alkali
	<4.0
	2.5-4.0
	<10

	C2
	Alkali
	<4.0
	>4.0
	<10

	C3
	Highly alkali
	Variable
	>4.0
	>10
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Fig. 1 Map showing well /Borewell locations at AC&RI, Vazhavachanur



3. RESULTS AND DISCUSSION

The irrigation water samples collected from AC & RI, Vazhavachanur exhibited a pH ranging from 7.01 to 7.75 with a mean value of 7.28 (Table 2), indicating neutral to mildly alkaline reaction. Such pH conditions are generally favourable for irrigation as they do not pose any immediate soil acidity or alkalinity hazards (Kumar et al., 2020; Ahmed et al., 2022). The electrical conductivity (EC) varied from 1.40 to 1.60 dS m⁻¹ with a mean of 1.47 dS m⁻¹, classifying the water under moderately saline category. Continuous use of such water may lead to salt accumulation in soil, particularly under poor drainage conditions (Adimalla and Qian, 2021; Li et al., 2023).


Table 2.  Chemical Constituents of Irrigation water of AC & RI, Vazhavachanur

	location
	pH
	EC
	Ca
meq/l
	Mg
meq/l
	Na
meq/l
	K
meq/l
	HCO3
meq/l
	Cl
meq/l
	SO4
meq/l
	TSS

	A Block
	7.30
	1.50
	3.52
	10.16
	2.89
	1.46
	4.20
	6.60
	142.70
	960.00

	C Block
	7.34
	1.40
	1.60
	10.32
	3.86
	1.98
	4.30
	5.07
	130.25
	896.00

	G Block
	7.16
	1.60
	11.20
	9.76
	4.97
	5.67
	4.60
	7.30
	124.00
	1024.00

	H Block
	7.10
	1.40
	3.20
	8.80
	5.79
	2.48
	4.80
	7.50
	112.81
	896.00

	MBlock
	7.75
	1.40
	11.20
	6.24
	5.16
	2.90
	4.20
	7.40
	54.27
	896.00

	P block
	7.01
	1.50
	2.56
	11.92
	4.42
	1.98
	4.40
	7.10
	121.97
	960.00

	Minimum
	7.01
	1.40
	1.60
	6.24
	2.89
	1.46
	4.20
	5.07
	13.25
	896.00

	Maximum
	7.75
	1.60
	11.20
	11.92
	5.79
	5.67
	4.80
	7.50
	142.70
	1024.00

	Mean
	7.28
	1.47
	5.55
	9.53
	4.52
	2.75
	4.40
	6.83
	94.83
	938.67



The concentration of cations revealed that calcium ranged from 1.60 to 11.20 meq L⁻¹ (mean: 5.55 meq L⁻¹), while magnesium varied between 6.24 and 11.92 meq L⁻¹ (mean: 9.53 meq L⁻¹). Sodium content ranged from 2.89 to 5.79 meq L⁻¹ with a mean of 4.52 meq L⁻¹, and potassium ranged from 1.46 to 5.67 meq L⁻¹ (mean: 2.75 meq L⁻¹). The relatively higher magnesium concentration compared to calcium in several samples may influence soil structure over prolonged use, though the overall ionic balance appears within permissible limits (Khan et al., 2021; Singh et al., 2022).

Among anions, bicarbonate (HCO₃⁻) content ranged from 4.20 to 4.80 meq L⁻¹ with a mean of 4.40 meq L⁻¹, and carbonate was absent in all samples, indicating no risk of carbonate hazard. Chloride concentration ranged from 5.07 to 7.50 meq L⁻¹ (mean: 6.83 meq L⁻¹), falling within safe limits for most crops. Sulphate concentration showed wider variation (13.25 to 142.70 meq L⁻¹; mean: 94.83 meq L⁻¹), suggesting differential geochemical influences across sampling locations (Varol et al., 2020; Wang et al., 2020). Total soluble salts (TSS) ranged from 896 to 1024 mg L⁻¹ with a mean of 938.67 mg L⁻¹, supporting the EC-based classification of moderately saline water (Sharma and Kansal, 2021).

3.1 Computed Quality Parameters of Irrigation Water (Table 3)
	The quality parameters of irrigation water viz., soluble sodium percentage (SSP), potential salinity, sodium Absorption Ratio (SAR), sodium ratio, Residual Sodium Carbonate (RSC),  permeability index  and magnesium ratio in irrigation water of AC &RI, Vazhavachanur.

 The soluble sodium percentage (SSP) ranged from 17.46 to 32.55 per cent with a mean value of 23.27 per cent (Table 3). Since all values were below 60 per cent, the irrigation water can be classified as excellent, indicating minimal sodium hazard to soil (Kumar et al., 2020; Ahmed et al., 2022).


Table 3. Quality parameters of irrigation water in AC & RI, Vazhavachanur

	location
	SSP
	Potential Salinity
	SAR
	Sodium  Ratio
	RSC
	PI
	Magnesium ratio

	A Block
	17.46
	77.95
	0.99
	0.21
	-9.48
	15.26
	74.27

	C Block
	24.46
	11.70
	1.48
	0.32
	-7.72
	16.85
	86.58

	G Block
	19.18
	69.30
	1.24
	0.24
	-16.36
	13.24
	46.56

	H Block
	32.55
	63.91
	2.10
	0.48
	-7.20
	18.11
	73.33

	MBlock
	22.83
	34.54
	1.36
	0.30
	-13.24
	14.23
	35.78

	P block
	23.37
	68.09
	1.51
	0.30
	-10.08
	15.52
	82.32

	Mean
	23.27
	54.24
	1.44
	0.30
	-10.68
	18.64
	79.77



Potential salinity (PS) varied from 11.70 to 77.95 with a mean of 54.24, suggesting moderate salinity effects depending on soil permeability and leaching conditions (Li et al., 2023). The sodium adsorption ratio (SAR), a key indicator of sodicity hazard, ranged from 0.99 to 2.10 with a mean of 1.44, indicating very low sodium hazard. This suggests that the water is safe for irrigation without risk of soil dispersion or structural degradation (Adimalla and Taloor, 2020; Singh et al., 2022).

The sodium ratio ranged from 0.21 to 0.48 (mean: 0.30), and all values were less than 1.0, indicating good quality water with no risk of sodium accumulation (Khan et al., 2021). The residual sodium carbonate (RSC) values ranged from -16.36 to -7.20 meq L⁻¹ with a mean of -10.68 meq L⁻¹. The negative RSC values indicate an excess of calcium and magnesium over carbonate and bicarbonate, which is beneficial and confirms the suitability of water for irrigation (Kumar et al., 2020; Li et al., 2021).

The permeability index (PI) ranged from 13.24 to 18.11, indicating that all samples fall well below the critical limit of 65 per cent, thereby suggesting no adverse effect on soil permeability. However, relatively lower PI values indicate the need for proper soil management practices to maintain infiltration characteristics (Tiwari et al., 2021; Siddha and Sahu, 2023). The magnesium ratio ranged from 35.78 to 86.58, and higher values in certain locations may pose a slight risk to soil structure over long-term use (Singh et al., 2022).
	
3.2 Classification of Irrigation Water

Based on EC, SAR and RSC values, all irrigation water samples were classified under ‘Good’ category as per the All India Coordinated Research Project (AICRP) guidelines. The EC values (<2.0 dS m⁻¹), SAR values (<10) and RSC values (<2.5 meq L⁻¹) clearly indicate the suitability of water for irrigation without any significant salinity or sodicity hazard (Kumar et al., 2020; Ahmed et al., 2024).

Further classification based on sodium ratio indicated that all samples fall under class C1 (Na ratio <1.0), suggesting no sodium build-up in soil (Khan et al., 2021). Chloride content placed the samples under excellent to good category, implying no toxicity risk to crops (Varol, 2022). Based on potential salinity, all samples were categorized under class C3 (PS >15), indicating suitability for irrigation particularly in well-drained soils (Li et al., 2023). The permeability index classification grouped all samples under class CII (PI <25), confirming their suitability for irrigation with moderate permeability characteristics (Tiwari et al., 2021).



Table 4. Classification of irrigation water based on Different Parameters
	location
	EC Class
	RSC Class
	SAR Class
	sodium ratio
	Chloride
	Potential salinity
	permeability Index

	A Block
	A
	A
	A
	C1
	C2
	C3
	C II

	C Block
	A
	A
	A
	C1
	C2
	C3
	C II

	G Block
	A
	A
	A
	C1
	C2
	C3
	C II

	H Block
	A
	A
	A
	C1
	C2
	C3
	C II

	M Block
	A
	A
	A
	C1
	C2
	C3
	C II

	P block
	A
	A
	A
	C1
	C2
	C3
	C II



Overall Interpretation

The overall assessment of irrigation water quality in the study area indicates that the water is suitable for irrigation with low sodicity hazard but moderate salinity risk. Adoption of appropriate management practices such as periodic leaching, selection of salt-tolerant crops, and maintenance of adequate drainage is recommended to prevent long-term soil degradation (Adimalla and Qian, 2021; Siddha and Sahu, 2023).

4. CONCLUSION
The present investigation on irrigation water quality of the experimental farm at Agricultural College and Research Institute, Vazhavachanur, Tiruvannamalai district revealed that the water is generally suitable for irrigation purposes. The pH of the water samples indicated neutral to mildly alkaline nature, while the electrical conductivity classified the water under moderately saline category. The ionic composition of water showed that the concentrations of major cations and anions were within permissible limits, although relatively higher magnesium and sulphate levels were observed in certain locations.
The computed water quality parameters such as soluble sodium percentage (SSP), sodium adsorption ratio (SAR), sodium ratio and residual sodium carbonate (RSC) indicated low sodicity hazard and confirmed the suitability of water for irrigation. The negative RSC values further suggested the dominance of calcium and magnesium over carbonate and bicarbonate, which is beneficial for maintaining soil structure. The permeability index (PI) and magnesium ratio (MR) also supported the suitability of irrigation water, though continuous monitoring is essential due to moderate salinity levels.
Based on standard classification systems, all water samples were categorized under ‘good’ quality for irrigation with respect to EC, SAR and RSC. However, classification based on potential salinity indicated moderate salinity risk, emphasizing the need for proper soil and water management practices.
Overall, the irrigation water of the study area can be safely used for agricultural purposes with appropriate management strategies such as periodic leaching, maintenance of adequate drainage and selection of salt-tolerant crops to prevent long-term soil degradation and sustain crop productivity.
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