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Abstract: The utility of groundwater, irrespective of its availability, is essential for mankind. The 

efficacy of the coastal aquifer’s groundwater quality for agriculture purpose in the Pondicherry 

region was gauged by their hydrochemistry. 44 groundwater samples were collected during 4 

different seasons namely, pre-monsoon (PRM), southwest monsoon (SWM), northeast 

monsoon (NEM) and post-monsoon (POM). The samples were measured for physico-chemical 

parameters like pH, EC, TDS, Na, K, Ca, Mg, Cl, HCO3, PO4, SO4 and NO3. The spatio 

temporal variations of EC indicates that the coastal groundwater were relatively saline except 

during PRM. The suitability of groundwater for irrigation is evaluated through various water 

quality parametrs such as Electrical Conductivity (EC), pH, Na%, sodium absorption ratio (SAR), 

residual sodium carbonate (RSC) and permeability index (PI). Na%, SAR, PI and EC values 

were spatially interporlated and integrated to determine the regions suitable for irrigation 
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purpose. The study infers that the groundwater of the study area is suitable for irrigation except 

few samples’ locations along the western part, as they have attained an alarming stage and they 

are unsuitable for irrigation. Thus, proper management strategy for irrigation water source has 

to be developed and a preventive management practice to address this issue has to be 

implemented. 

Keywords: Groundwater, Irrigation, Water Quality, Spatial Index, Overlay Analysis. 

Introduction 

There are many indexes adopted for determining the suitability of irrigation water, such 

as degree of acidity or alkalinity (pH), electrical conductivity (EC), residual sodium carbonate 

(RSC), sodium adsorption ratio (SAR) and permeability index (PI). [1-3]. Different methods, 

such as geochemical modeling, classification, statistical and geographic information systems 

(GIS) adopted to determine the assessment of groundwater quality for irrigation.  Delbari et al 

(2014) [4] assessed the groundwater quality for irrigation prupose using GIS technique. Ahamed 

et al., (2013) and Gholami et al., (2013) [5,6] have analysed the effects of agriculture using 

irrigation efficiency parameters on groundwater quality. However, [4,7] have used multivariate 

statistical approaches to evaluate the irrigation water quality of a region.  

There were a few local studies carried out by many researchers in the study area. Peth 

Perumal et al (2008) and Thilagavathi et al (2012) [8, 9] have studied the spatial and temporal 

variability of groundwater chemistry in multi-layered aquifers to assess the suitability for domestic 

utility by comparing the concentrations of selected parameters. The groundwater budgeting in 

the region was also studied using a novel method in GIS platform [10]. Agriculture is well 

diversified in the Pondicherry and almost all crops with different types of crop patterns are 

cultivated [11]. Hence, it is crucial to evaluate the irrigation water quality in this region. Thus, the 

main objective of this study is to evaluate the suitability of water quality for irrigation purpose.  

Study Area 

The study area is located in east coast of India, in Puducherry district, between latitudes 

of 11 ° 45 'and 12 °02' N and 79 ° 37 'and 79 °53' E longitudes (Figure 1). The Gingee and 

Ponnaiyar Rivers are two major rivers in this region. Coastal plains (younger and older), alluvial 

plains and uplands are the main physiographic units [12, 13]. 

Sedimentary deposits are the major lithounits of Cretaceous to Recent age in the study 

area, The physiography of the area shows more or less flat land with an average elevation of 

about 15 amsl. Nearly 85.94 percent of the study area is occupied by agricultural land (Figure 2). 

The primary crop grown here is paddy. High-yielding varieties account for about 98 percent of 

the paddy growing area. Sugarcane ranks second in cultivation. Millets, pulses, oil seeds, cotton, 

vegetables, and tapioca are also grown in addition to paddy and sugarcane. The most water-

consuming crops grown are paddy and sugarcane. Depending on the climatic condition, water 
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demand for irrigation paddy ranges from 542mm/year to 1.02 mm/year. The water requirement 

for sugarcane is 1800 mm/year [14]. Fertilizers such as Urea, Ammonium Sulphate, 

Diammonium Phosphate, Super Phosphate, Potash Muriate and various grades of Nitrate 

Phosphate and Potash complex are widely used for growing the crop production in this region 

[15]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location map of the study area  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Landuse map of the study area 
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Figure 3. Spatial distribution of EC in the local groundwater for four different seasons A) PRM, 

B) SWM, C) NEM, D)POM 

Methodology 

A total of 176 groundwater samples were collected, 44 in each season (Pre-Monsoon, 

South West Monsoon, North East Monsoon and Post Monsoon), from shallow borewells in the 

A B 
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Pondicherry region (Figure 1). The standard protocolswere adopted to collect the samples [16] 

and the collected samples were analysed for various physico-chemical parameters. Major cations 

such as Ca and Mg; anions like Cl and HCO3were analyzed through titrimetric method, flame 

photometer for Na and K (Elico CL378), and spectrophotometer for SO4 and H4SiO4 (HACH, 

DR 5000 UV-Vis Laboratory Spectrophotometer). EC and pH was analysed using ion sensitive 

electrodes (Thermo) in the field. CHIDAM program [17] was used to classify the water for 

Sodium Absorption Ratio (SAR), Sodium Percentage (Na Percent), Permeability Index (PI), 

Residual Sodium Carbonate (RSC).  AquaChem 4.0 software was used to identify the 

hydrochemical facies through Piper diagram.   Statistical analysis (Factor analysis and Factor 

score) was performed for the groundwater samples to identify the key factors controls the 

groundwater geochemistry, and their spatial distribution [18]. 

The spatial analysis of various physico-chemical parameters and indices were performed 

using MapInfo software. In order to interpolate the data spatially and to estimate values between 

measurements, an Inverse Distance Weighted (IDW) algorithm was used. The IDW method 

calculates a value for each grid node by analysing surrounding data points that lie within a user-

defined search radius [19]. All of the data points are used in the interpolation process and the 

node value is calculated by averaging the weighted sum of all the points [20]. 

Result and Discussion 

Maximum, minimum and average values of physiochemical parameters in groundwater 

samples are represented in Table 1. pH and EC, both plays an important role in evaluating the 

suitability of groundwater for irrigation purpose. The spatial variation in both the parameters, 

with respect to four different seasons in the study area has discussed in detail in the following 

sections:   

Hydrogen Ion Activity (pH)  

pH is one of the most important parameters for evaluating water's suitability for 

agriculture. The pH in the study area ranges between 6 and 8.5. Highest pH is observed in NEM, 

whereas lowest in SWM (Table 1) and it ranges between 6.5 to 8.4, acceptable for irrigation. If 

the pH exceeds beyond the limit of nutritional imbalances occurs or toxic ions can be triggered 

by irrigation water [2]. 

Electrical Conductivity 

The most important parameter in evaluating the irrigation water quality is electrical 

conductivity (EC), and it also an indicator of salinity hazard to crops [21]. The EC ranges between 

221μS/cm to 2596 μS/cm during PRM (Figure 3A,B,C,D) The eastern, northeastern and 

northwestern part of the study area shows lower EC. However, there is a sharp increase of EC 

along the southeastern part, due to the influence of coastal salinity influence in groundwater. 

Higher EC is observed along the central and western parts of the study area (Figure 3A), which 

is related to leaching of salts from underlying geological formation (Figure 3B). The spatial 
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distribution of EC during SWM ranges between 189μS/cm -2899 μS/cm. Higher EC during 

SWM may be associated with leaching or dissolution of the aquifer content or saline water mixing 

[22, 23]. The NEM EC ranges between 173 μS/cm and 2513 μS/cm during NEM (Figure 3C). 

The higher EC is noted along centre and eastern part during NEM, which may be due to the 

effect of backwaters in the shallow well [15]. During POM, EC ranges between 168μS/cm to 

2352 μS/cm (Figure 3D). The higher EC is observed in the southern part of the study area during 

POM. In general, lower EC is observed in the Northeastern region of the study area irrespective 

of seasons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Piper diagram showing the relative cation and anion composition of groundwater 

samples. 

Hydrochemical Facies 

Most of PRM samples fall with in the 1, 2, 3 and 4 fields (Figure 4).  Field 2 indicate 

process of adsorption or elimination of ions from the aquifer and reflecting discharge. Migration 

of samples from the mixed Ca-Mg-Cl to Na-Cl facies is noted, which can be related to seawater 

influence and long residence time in aquifer matrix [24]. In SWM, the sample clusters in fields 

1 and 4 (Figure 4), reflecting the influence of recharge [9]. 

The NEM sample clusters in field 1 shows dominance of alkaline and strong acid (Figure 

4). A few samples fall in field 4 of mixed Ca-Mg-Cl, and Ca-Na-HCO3 type. Lesser representation 

of sample is noticed in field 2 reflecting influence of saline water. POM samples are well 
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represented in mixed zone of Ca-Na-HCO3 and Ca-Mg-Cl type (Figure 4). Cluster of samples 

also represented in Na-Cl type reflecting influence of saline water. 

Evaluation of irrigation water quality 

Total Dissolved Solids (TDS), salinity and indices such as sodium adsorption ratio 

(SAR), Sodium Percentage (Na percent), Residual Sodium Carbonate (RSC) and Permeability 

Index (PI) are selected in this study to evaluate the suitability of water quality for irrigation. 

SAR indicate the degree to which irrigation water enters into soil and cation exchange 

reactions. The parameters are determined by using the formula: 

SAR = Na
+

/√ (Ca
2+

+Mg
2+

)/2). (Concentrations are in meq/L) (1) 

The SAR value beyond 26 indicates the unsuitability of water for irrigation purpose [25]. 

The SAR value of the present study ranges between 0.29 to 19.2. However, season wise, the 

value ranges between 0.3 and 19.2, 0.32 and 6.42, 0.67 and6.74, 059 and6.33 for PRM, SWM, 

NEM and POM respectively. Highest value of SAR is noted in PRM. The SAR in groundwater 

samples range between good to excellent (Table 2). Thus, these samples are appropriate for 

irrigation purposes regardless of season. Except for a few, all sampling sites are suitable for 

irrigation purposes for the present study. 

The suitability of the agricultural is also intented by the sodium percentage (Na%) of the 

samples [26,27]. Clay particles that dislocate the ions Mg 
2+

 and Ca 
2+

 and the Na exchange 

mechanism in soil for Ca 
2+

 and Mg 
2+

 in water appear to absorb Na
+

 ions, thus decreasing 

permeability and eventually resulting in soil with poor internal drainage. Therefore, during wet 

conditions, air and water movement is reduced, such soils are typically hard when dry [28,29]. 

Thus Na% is considered as an important parameter in evaluation of irrigation water quality which 

can be determined by using the following formula: 

Na% = (Na+K) / (Ca+Mg+Na+K) *100. (Concentrations are in meq/L) (2) 

The Na% for the local groundwater ranges between 9.17 and 89.43, However, season 

wise the value varies between 9.18 and 89.4,10.6 and 65.3,15.5 and 64.7 and 17 and 70.8 during 

PRM, SWM, NEM and POM respectively. The maximum value is noted during PRM. The 

sodium in the water will displace the soil's calcium and magnesium. This would result in a decline 

in the soil's ability to form stable aggregates and a loss of soil structure.  The bivariate plot between 

SAR and Na% shows that most of samples of four different seasons are within outstanding to 

permissible category suggesting, the suitability of water for irrigation (Figure 5). except for a few 

samples of PRM. 

Residual Sodium Carbonate (RSC) is an index used to assess the risk of bicarbonate in 

groundwater.  RSC is calculated by using the formula: 

RSC = (HCO3 + CO3) – (Ca +Mg) (Concentrations are in meq/L) (3) 
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Water with high bicarbonate concentrations, have a propensity towards calcium and 

magnesium to precipitate out as carbonates [30]. The RSC ranges between -1.82 and 5.78 in the 

present study. Month wise RSC varies between -5.1 and 4.61, -6.1 and 1.22, -10.9 and 5.7, -6.6 

and 2.8 during PRM, SWM, NEM and POM respectively The maximum RSC is noted in NEM 

samples. The bivariate plot of SAR and RSC indicates that, most of samples are within excellent 

category suggesting its suitability fr irrigation. A few representations of NEM and POM samples 

Table 2. The physio-chemical ranges for irrigation usage, the basis of spatial distribution and overlay 

analysis 

Category Range 

Spatial 

index 

value PRM (%) SWM (%) NEM (%) POM (%) 

N
a%

 W
il
co

x
 (

1
9
5
5
) Excellent 0-20 1 11.4 20.5 18.2 2.3 

Good 20-40 2 18.2 36.4 43.2 43.2 

Permissible 40-60 3 34.1 36.4 36.4 31.8 

Doubtful 60-80 4 29.5 6.8 2.3 22.7 

Unsuitable >80 5 6.8 0.0 0.0 0.0 

S
.A

.R
. 

R
ic

h
ar

d
s 

(1
9
5
4
) 

Excellent 0-10 1.25 93.6 100.0 100.0 100.0 

Good 10 - 18 2.50 3.2 0.0 0.0 0.0 

Permissible 18-26 3.75 3.2 0.0 0.0 0.0 

Unsuitable >26 5.00 0.0 0.0 0.0 0.0 

P
e
rm

ib
il
it

y 

In
d

e
x
 

Excellent < 18 1.25 0.0 0.0 0.0 0.0 

Good 18- 70 2.50 40.9 79.5 72.7 70.5 

Permissible 70 - 120 3.75 59.1 20.5 27.3 29.5 

Unsuitable >120 5.00 0.0 0.0 0.0 0.0 

N
P

K
 

Excellent <0 1.67 52.3 47.7 63.6 54.5 

Permissible 0-0.5 3.33 25.0 29.5 20.5 27.3 

Unsuitable 0.5-1 5.00 22.7 22.7 15.9 18.2 

E
C

 W
il
co

x
 (

1
9
5
5

) 

Excellent <250 1 2.3 6.8 6.8 4.5 

Good 250-750 2 29.5 20.5 22.7 25.0 

Permissible 750-2250 3 61.4 68.2 63.6 68.2 

Doubtful 2250-5000 4 6.8 4.5 6.8 2.3 

Unsuitable >5000 5 0.0 0.0 0.0 0.0 
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noted in fair to poor category (Figure 6). The samples showing negative RSC Figure 6) indicates 

that, calcium and magnesium are not fully precipitated [31]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Relationship between SAR and Na% of local groundwater. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Relationship between SAR and RSC of the groundwater samples 
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Figure 7. Rating of groundwater samples in relation to salinity hazard and sodium hazard 

(USSL 1954) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Index map of water quality classification for irrigation a) PRM b) SWM c) NEM d) 

POM 
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The long-term use of irrigation water impacts the permeability of soils. A criterion for 

determining the suitability of water for irrigation based on the permeability index (PI) 

(Concentrations are in meq/L) was defined by [32] and can be calculated as follows. 

PI= [{Na+ (√HCO3)}/ (Ca+ Mg+ Na)] * 100 (Concentrations are in meq/L) (4) 

The PI ranges between 27.5 and 98.5 in the groundwater. Season wise the value ranges 

between 37.2 and 98.4,28.9 and 58.7,27.5 and 90.4, 43.6 and 91.4 during PRM, SWM, NEM 

and POM respectively. Maximum PI value is noted in the samples collected during PRM.  The 

PI value of most of the samples are within the permissible range and thus, are suitable for 

irrigation.  

The EC and SAR value are considered as significant factors and the groundwater was 

classified into low, medium, high and very high hazard categories for irrigation (Figure 7).  The 

groundwater of four seasons PRM, POM, SWM and NEM in the study area falls in low hazard 

zone. However, there are a few representations of samples from all four seasons in medium 

hazard zone. Three samples of PRM fall in very high hazard zone and the corresponding 

locations are Keezhkumaramangalam, Sompet, Kakilapet. Thus, groundwater of these locations 

is not suitable for irrigation. However, the samples which fall within low and medium category, 

groundwater of these locations can be opted for irrigation with more caution, depending on the 

crop cultivated.  

The spatial index 

In order to describe the physiochemical parameters, the spatial index was graded as 

excellent, permissible, good, and unsuitable on the basis of EC, Na% S.A.R., PI, NPK values of 

groundwater (Table 2). Classification is accomplished based on [3, 26, 33] classification. Spatial 

maps are plotted for the above 5 parameters individually for four different seasons like PRM, 

POM, SWM and NEM (Table 2).  The spatial maps were compiled in the GIS platform to 

identify the regions of suitable irrigation water quality. The irrigation water quality is classified 

into four categories like excellent, good, permissible and unsuitable based upon the value 

provided in Table 2. The final index map shows that the western part is unsuitable for irrigation 

irrespective of seasons (Figure 8). Major portion of the study area falls within good and 

permissible category. However, the northeastern and central part of the study site is within the 

excellent category. Thus, it is inferred that, the groundwater of the study area is suitable for 

irrigation except the western region 

Conclusion 

To evaluate suitability groundwater for irrigation use, 176 groundwater samples were 

collected from existing wells and were analyzed for major cations and anions. It is observed that, 

EC is high in southeastern part of study area. The groundwater types of study reflect Ca-HCO3, 

Na-Cl, Ca-Na-HCO3, Ca-Mg-Cl, Na-HCO3water types. The water type has undergone significant 

rock-water interaction during PRM. The water type changed from Ca-Mg-Cl to Na-Cl reflecting 
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influence of saline water during PRM. The computed SAR Na%, RSC, EC, NPK and PI value 

shows that, groundwater samples are suitable for irrigation purposes, except few samples of PRM 

season. Though these samples fall in the moderate to good category in other selected parameters 

they have to be used in caution and it depends on the crop type cultivated. Spatial variation of 

various water quality parameters were produced using IDW interpolation technique in GIS. 

Final spatial index map was prepared by overlay analysis, assigning relative weight and quality 

rating scale for each parameter for four different season.  It shows that, groundwater samples 

have excellent and good water quality, for irrigation purpose except a few locations in the western 

part of the study area. These locations along western part needs management to use for irrigation 

purpose. Assessment of spatial variation of groundwater quality led to a better understanding of 

groundwater quality in the Pondicherry region and helps for planning of new groundwater 

schemes. 

References 

[1] A.M. Al-Bassam, Y.A. Al-Rumikhani, Integrated hydrochemical method of water 

quality assessment for irrigation in arid areas: application to the Jilh aquifer, Saudi 

Arabia, Journal of African Earth Sciences, 36 (2003) 345–356. 

https://doi.org/10.1016/S0899-5362(03)00046-0  

[2] R.S. Ayers, D.W. Westcot, Water Quality for Agriculture, Food and Agriculture 

Organization Irrigation and Drainage Paper, 29 (1985) 1-174. 

[3] L.A. Richards, Diagnosis and improvement of saline and alkali soils, Washington, US, 

78 (1954) 154. https://doi.org/10.1097/00010694-195408000-00012  

[4] M. Delbari, M. Amiri, M.B. Motlagh, Assessing groundwater quality for irrigation using 

indicator kriging method, Applied Water Science, 6 (2014) 371–381. 

https://doi.org/10.1007/s13201-014-0230-6  

[5] A.J. Ahamed, S. Ananthakrishnan, K. Loganathan, K. Manikandan, Assessment of 

groundwater quality for irrigation use in Alathur Block, Perambalur District, Tamilnadu, 

South India, Applied Water Science, 3 (2013) 763–771. https://doi.org/10.1007/s13201-

013-0124-z  

[6] Ali Gholami, Nooshin Shahinzadeh, Ali Afrous, Payvad Papan, An Assessment of 

Groundwater Quality for Agricultural Use (Case Study: Loor plain, Khouzestan, Iran. 

International Journal of Farming and Allied Sciences, 2 (2013) 890-894. 

[7] A.J. Ahamed, K. Loganathan, R. Jayakumar, Hydrochemical characteristics and quality 

assessment of groundwater in Amaravathi river basin of Karur district, Tamil Nadu, 

South India, Sustainable Water Resources Management, 1 (2015) 273–291. 

https://doi.org/10.1007/s40899-015-0026-3  

https://doi.org/10.1016/S0899-5362(03)00046-0
https://doi.org/10.1097/00010694-195408000-00012
https://doi.org/10.1007/s13201-014-0230-6
https://doi.org/10.1007/s13201-013-0124-z
https://doi.org/10.1007/s13201-013-0124-z
https://doi.org/10.1007/s40899-015-0026-3


Vol. 3 Iss. 2 Year 2021  Thilagavathi Rajendran et al., / 2021 

Intl J Civl, Env, Agri Engg, 36-50 / 48 

[8] S. Pethaperumal, S. Chidambaram, M.V. Prasanna, V.N. Verma, K. Balaji, R. Ramesh, 

U. Karmegam, P. Paramaguru, A study on groundwater quality in the Pondicherry 

Region, Journal Eco-Chronicle, 3 (2008) 85-90.  

[9] R. Thilagavathi, S. Chidambaram, M.V. Prasanna, C. Thivya, C. Singaraja, A study on 

groundwater geochemistry and water quality in layered aquifers system of Pondicherry 

region, southeast India, Applied Water Science, 2 (2012) 253-269. 

https://doi.org/10.1007/s13201-012-0045-2  

[10] Pethaperumal, Sivaraman and Chidambaram, Sabarathinam, Vijayaragavan, 

Kandasamy and Prasanna, Mohan Viswanathan, Anandavel, Kannan, Karmegam, 

Ulaganathan and Manivannan, Ramachandran, Anandhan, Paluchamy, Tirumalesh, 

Kesari, A Novel Approach for Groundwater Budgeting Using GIS in a Part of 

Pondicherry Region, India, Journal of Water Resource and Protection, 2 (2010) 585-

591. http://dx.doi.org/10.4236/jwarp.2010.26067  

[11] R. Thilagavathi, S. Chidambaram, C. Thivya, M.V. Prasanna, S. Pethaperumal, K. 

Tirumalesh, A Study on the Behaviour of Total Carbon and Dissolved Organic Carbon 

in Groundwaters of Pondicherry Region, India, International Journal of Earth Sciences 

and Engineering, 07 (2014) 1537-1550. 

[12] R. Ramesh, R. Purvaja, A. SenthilVel, National Assessment of Shoreline Change: 

Puducherry Coast, NCSCM/MoEF Report, 1 (2011) 57. 

[13] R.M. Murali, M. Ankita, S. Amrita, P. Vethamony, Coastal vulnerability assessment of 

Puducherry coast, India, using the analytical hierarchical process, Natural Hazards and 

Earth System Sciences, 13 3(2013) 291–3311. https://doi.org/10.5194/nhess-13-3291-

2013  

[14] CGWB (1999) Hydrogeological Framework for Urban Development of Bhopal City, 

Madhya Pradesh, Central Ground Water Board, North Central Region, Bhopal, India 

[15] R. Thilagavathi, S. Chidambaram, C. Thivya, K. Tirumalesh, S. Venkatramanan, S. 

Pethaperumal, M.V. Prasanna, N. Ganesh, Influence of variations in rainfall pattern on 

the hydrogeochemistry of coastal groundwater-an outcome of periodic observation, 

Environmental Science and Pollution Research, 26 (2019) 29173-29190. 

https://doi.org/10.1007/s11356-019-05962-w  

[16] A.W.W.A. Apha, (1998) Standard methods for the examination of water and 

wastewater, American Public Health Association, Washington. 

[17] Chidambaram Sabarathinam, Harish Bhandary, Khaled Hadi, CHIDAM -A software 

for chemical interpretation of the dissolved ions in aqueous media, Groundwater for 

Sustainable Development, 13 (2021). https://doi.org/10.1016/j.gsd.2020.100496 

https://doi.org/10.1007/s13201-012-0045-2
http://dx.doi.org/10.4236/jwarp.2010.26067
https://doi.org/10.5194/nhess-13-3291-2013
https://doi.org/10.5194/nhess-13-3291-2013
https://doi.org/10.1007/s11356-019-05962-w
https://doi.org/10.1016/j.gsd.2020.100496


Vol. 3 Iss. 2 Year 2021  Thilagavathi Rajendran et al., / 2021 

Intl J Civl, Env, Agri Engg, 36-50 / 49 

[18] S. Chidambaram, M.B.K. Prasad, M.V. Prasanna, R. Manivannan, P. Anandhan, 

Evaluation of Metal Pollution in Groundwater in the Industrialized Environs in and 

Around Dindigul, Tamilnadu, India, Water Quality, Exposure and Health, 7 (2015) 

307–317. https://doi.org/10.1007/s12403-014-0150-6 

[19] P.A. Burrough, R.A. McDonnell, C.D. Lloyd, (1998) Principles of geographical 

information systems, Oxford University Press, United Kingdom. 

[20] V.S. Adithya, S. Chidambaram, C. Thivya, R. Thilagavathi, M.V. Prasanna, M. 

Nepolian, N.Ganesh, A study on the impact of weathering in groundwater chemistry of 

a hard rock aquifer, Arabian Journal of Geosciences, 9 (2016). 

https://doi.org/10.1007/s12517-015-2073-3  

[21] Waqed Hameed, Al-Mussawi, Assessment of Groundwater Quality in UMM ER 

Radhuma Aquifer (Iraqi Western Desert) by Integration between Irrigation Water 

Quality Index and GIS, Journal of Babylon University/Engineering Sciences, 22 (2014) 

207-2017. 

[22] A.W. Hounslow, (1995) Water quality data - analysis and interpretation, CRC press, 

United States. 

[23] C. Singaraja, S. Chidambaram, N. Jacob, A study on the influence of tides on the water 

table conditions of the shallow coastal aquifers, Applied Water Science, 8, 11 (2018). 

https://doi.org/10.1007/s13201-018-0654-5  

[24] M.V. Prasanna, S. Chidambaram, A.S. Hameed, K. Srinivasamoorthy, Study of 

evaluation of groundwater in Gadilam basin using hydrogeochemical and isotope data. 

Environmental Monitoring and Assessment 168 (2010) 63–90. 

https://doi.org/10.1007/s10661-009-1092-5  

[25] L.V. Wilcox, (1955) Classification and use of irrigation water, U.S. Geological 

Department Agriculture, Washington. 

[26] L.V. Wilcox, (1984) The quality of water for irrigation use, US department of 

Agricultural Technical Bulletin, Washington. 

[27] Ramakrishna, (1998) Ground water, Hand book, India, 556. 

[28] R. Collins, A. Jenkins, The impact of agricultural land use on stream chemistry in the 

Middle Hills of the Himalayas, Nepal, Journal of Hydrology, 185 (1996) 71–86. 

https://doi.org/10.1016/0022-1694(95)03008-5  

[29] A. Saleh, F. Al-Ruwaih, M. Shehata, Hydrogeochemical processes operating within the 

main aquifers of Kuwait, Journal of Arid Environments, 42 (1999) 95–209. 

https://doi.org/10.1006/jare.1999.0511  

https://doi.org/10.1007/s12403-014-0150-6
https://doi.org/10.1007/s12517-015-2073-3
https://doi.org/10.1007/s13201-018-0654-5
https://doi.org/10.1007/s10661-009-1092-5
https://doi.org/10.1016/0022-1694(95)03008-5
https://doi.org/10.1006/jare.1999.0511


Vol. 3 Iss. 2 Year 2021  Thilagavathi Rajendran et al., / 2021 

Intl J Civl, Env, Agri Engg, 36-50 / 50 

[30] A. Sutharsiny, S. Pathmarajah, M. Thushyanthy, V. Meththika, Characterization of 

Irrigation Water Quality of Chunnakam Aquifer in Jaffna Peninsula, Tropical 

Agricultural Research, 23 (2012) 237 – 248. https://doi.org/10.4038/tar.v23i3.4661   

[31] S. Singh, N.J. Raju, C. Ramakrishna, Evaluation of Groundwater Quality and Its 

Suitability for Domestic and Irrigation Use in Parts of the Chandauli-Varanasi Region, 

Uttar Pradesh, India, Journal of Water Resource and Protection, 07 (2015) 572–587. 

https://doi.org/10.4236/jwarp.2015.77046   

[32] L.D. Doneen, (1964) notes on water quality in agriculture, water science and 

engineering, Department of Water Science and Engineering, University of California, 

Davis 

 

Acknowledgements: The Author RT wishes to express thanks to University Grants 

Commission (UGC) No. F.15- 1/ 201617/PDFWM201517TAM34825(SAII) for providing 

required economic support to carry out this Study" 

Funding: No funding was received for conducting this study. 

Conflict of interest: The Authors have no conflicts of interest to declare that they are relevant 

to the content of this article. 

About The License: © The Author(s) 2021. The text of this article is open access and licensed 

under a Creative Commons Attribution 4.0 International License 

https://doi.org/10.4038/tar.v23i3.4661
https://doi.org/10.4236/jwarp.2015.77046

