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Abstract
Groundwater becomes a vital source of irrigation for agriculture in the recess of rainfall. The acceptable groundwater quality 
becomes essential for agriculture not only to get the utmost crop yield but also to protect the land from degradation. The main 
intent of the study is to investigate the condition of groundwater quality for crop irrigation of Pudukkottai districts using an 
irrigation water quality index. To achieve the objective of the study, the entire Pudukkottai district groundwater samples have 
been collected from twenty-six wells in the year 2000 and 2015. The water quality parameters of total dissolved substance, 
sodium adsorption ratio, electrical conductivity, sodium (Na+), calcium (Ca+2), magnesium (Mg+2), bicarbonate (HCO3), 
chlorine (Cl−) and pH have been analyzed. The study concludes that irrigation water quality has been reduced throughout 
the year from 2000 to 2015, and a water quality index additionally shows the worst-case situation in terms of the status of 
irrigational groundwater quality of the Pudukkottai district which ends up in land degradation.

Keywords  Groundwater · Irrigation · Land degradation · Water quality · Irrigation water quality index

Introduction

Agriculture may be a vital supply of financial gain and also 
the backbone of the Indian economy. Over 70% of the popu-
lations of the Republic of India are engaged in agriculture 
directly or indirectly for their supply of sustenance. It is our 
responsibility to preserve and augment the production of 
agriculture to sustain the growing population of the country. 
It becomes a challenge in the semiarid and arid regions of 
the country due to the amount and timing of rainfall which is 
not sufficient for the water requirement of agriculture. Effec-
tive management of available water for agriculture is most 
important to support the huge population of the country. 
Therefore, supplementary irrigation is essential to raise and 
support agriculture in any region particularly in the semiarid 
and arid regions. Groundwater becomes a significant source 
of irrigation for agriculture in the arid and semiarid regions. 
Agriculture requires good quality of water for the produc-
tion of high-quality crops, which can be supplied from 
groundwater. As compared to surface water, groundwater 
is considered as purest form. But, recent population growth 

threats the excellence of groundwater by overutilization of 
chemical fertilizer, industrial discharge, land-use practices, 
geological formation, rainfall pattern and rate of infiltra-
tion (Hammouri and El-Naqa 2008; Patil and Patil 2010; 
Babiker et al 2007). The application of deteriorated water 
in irrigation makes a negative impact not only on the crops 
but also on the soil where the crops are grown (Ayers and 
Westcot 1985). Quality of groundwater varies from place to 
place (Karanth 1987) and it greatly influenced by the geo-
logical formation and anthropogenic activities (Subramani 
et al 2005) which decides the suitability of groundwater for 
drinking, irrigation, industries and other purposes. For the 
long-term sustainability, crop productivity can be achieved 
by attaining the acceptable quality of irrigation water (Bohn 
et al. 1985; Brady and Weil 2002) which has to be consid-
ered as the most vital aspect to decide its appropriateness 
to grow crops and evaluate to minimize the negative impact 
on farming (Mohammed Muthanna 2011). In this study, an 
attempt is made to assess the water quality for crop irrigation 
through water quality index. The water quality index may be 
a range that offers the standard of water at a certain location 
using various water quality factors. Index of water quality 
may be a useful and efficient technique for critical suitability 
of water quality and converse the data on the overall quality 
of water. Geographical information system (GIS) platform 
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becomes the best and efficient tool for visual interpretation 
and overall analysis of the spatial distribution of irrigation 
water quality parameters (Al-Mussawi 2014; Khalaf and 
Hassan 2013; Delbari et al. 2016). The analysis intends to 
research the spatial distribution of irrigation groundwater 
quality and water quality index of the Pudukkottai district.

Objectives

1.	 To study the water quality parameter of Pudukkottai dis-
trict for the years 2000 and 2015.

2.	 To calculate the groundwater quality index for the years 
2000 and 2015.

3.	 To seek out the temporal changes in the irrigation 
groundwater quality.

4.	 To analyze the spatial distribution of groundwater 
quality for irrigation and groundwater quality index of 
Pudukkottai district for the years 2000 and 2015.

5.	 To demarcate the groundwater quality index map of 
Pudukkottai district for the years 2000 and 2015.

Study area

Pudukkottai is the central district of Tamil Nadu located 
between 78°25′ and 79°15′ east longitude and between 9°50′ 
and 10°40′ of the north latitude. The total area of the Puduk-
kottai district is 4663 km2 with the coastline of 42 km. The 
district is bordered by Bay of Bengal in the east, Sivagangai 
district in the south, district of Tiruchirappalli in the north, 
Thanjavur district in the northeast and district of Ram-
anathapuram in the south. As per the census of India 2011, 
the total population of Pudukkottai district is 1,618,345. The 
study area has an annual rainfall of about 900 mm, and it has 
the climatic type of tropical maritime and monsoon. The dis-
trict has very low fertility of soils with alkalinity problems 
in some locations. The geographical location of the district 
of Pudukkottai is given in Fig. 1.

Material and methodology

Pre-monsoon groundwater quality of the Pudukkottai dis-
trict has been collected from the state groundwater resources, 
Taramani, for 2000 and 2015. Groundwater quality parameter 
of total dissolved substance (TDS), sodium adsorption ratio 
(SAR), electrical conductivity (EC), sodium ion (Na+), cal-
cium (Ca+2), magnesium (Mg+2), bicarbonate (HCO3

−), chlo-
rine (Cl−) and pH has been analyzed. EC and pH are meas-
ured using portable EC meter and pH meter. Bicarbonate and 

chlorine have been analyzed by the titration method (Jackson 
1967). Magnesium, sodium and calcium are determined using 
visible spectrometer (Page et al. 1982; Jackson 1967). The 
sodium adsorption ratio has been calculated using the follow-
ing standard equation given by Ayres and Westcot 1999:

Statistical analyses of irrigation water quality are carried 
out with the aid of Microsoft Excel by estimating the most 
extreme esteem, least esteem, average and standard deviation 
given in Tables 1 and 2. The groundwater quality samples are 
taken from twenty-six locations spread over the whole Puduk-
kottai district. At first, the groundwater quality is categorized 
and prepared by a spatial sharing map of every parameter for 
the years 2000 and 2015 utilizing inverse distance weighted 
(IDW) interpolation in ArcGIS 10.2 software. IDW interpo-
lation is the procedure of calculating the value of unsampled 
sites within the area covered by existing observed points (Bur-
rough 1986). The IDW is deemed as one of the most applied 
and deterministic interpolation techniques in the field of water 
quality assessment (Meyer 2003; Flock et al. 2005; Robinson 
and Metternicht 2006). The complex groundwater quality data 
have been converted to simple understandable information 
using the water quality index prepared by Meireles et al (2010) 
and have been considered as an efficient method (Brhane 2016; 
Khalaf and Hassan 2013) for analyzing water quality. Iden-
tification of parameters more relevant for irrigation use has 
been considered for the creation of irrigation water quality 
index followed by finding quality measurement values (qi) 
using Eq. (2) and the given aggregation weight (wi) for water 
quality index by Meireles et al. (2010). Values of (qi) were 
calculated based on acceptance limits as shown in Table. 3, 
which was set up according to irrigation water quality param-
eters proposed by the University of California Committee of 
Consultants (UCCC) and the criteria established by Ayres and 
Westcot 1999.

where qimax is the extreme value of qi for the class; Xinf is 
the consequent value to the lesser limit of the class to which 
the factors belong; Xij is the monitored parameter value; 
qiamp is the class amplitude; and Xamp is the class amplitude 
for which the parameters belong. With the help of above qi 
(quality measurement parameter value) and wi (aggregated 
weight for the water quality parameter), water quality index 
can be found using Eq. (3)

(1)SAR =
Na+1

√

Ca+2+Mg+2

2

(2)Qi = qimax −

(

Xij − Xinf

)

∗ qiamp

Xamp
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The value of IWQI (irrigation water quality index) is a 
dimensionless parameter ranging from 0 to 100 which gives 
the restriction for using irrigation water and has been clas-
sified by Meireles et al. (2010).

Results and discussion

Electrical conductivity (EC)

The quantity of salt present in the water is measured 
in terms of electrical conductivity (EC). The EC of the 
water is directly proportional to the ionic concentration 
and pollutants of the water. Electrical conductivity of 

(3)IWQI =

n
∑

i=1

qi ∗ wi
the study region given in Table 1 has maximum EC of 
10,000 µS/cm and minimum EC of 170 µS/cm in the 
year 2000, and Table 2 provides the electrical conduc-
tivity of study area for the year 2015 which has maxi-
mum EC of 7870 µS/cm and least value of 260 µS/cm. 
Figure 2 exhibits the spatial distribution of electrical 
conductivity of the groundwater for the years 2000 and 
2015, respectively. The electrical conductivity value 
for the years 2000 and 2015 had been classified based 
on FAO: The value below 750 µS/cm is considered as 
no restriction, the value 750–3000 µS/cm is considered 
as moderate restriction, and EC value above 3000 µS/
cm is considered as a severe restriction. Figure 2 shows 
that the southeastern parts of the districts have a severe 
restriction, middle and northwestern sides of the dis-
trict have moderate restriction, whereas northeastern 
and southern sides of the Pudukkottai district have no 

Fig. 1   Study area—Pudukkottai district
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restriction during the year 2000. In the year 2015, south-
eastern parts of the district have a severe restriction; 
middle, south and northwestern sides of the districts 
have moderate restriction, and only northeastern parts 
of the districts have no restriction.

Average EC has been reduced from 2000 to 2015, and this 
may be due to fail in proper harvesting of rainfall. South-
eastern parts are practicing agriculture based on the avail-
ability of water which comes under the Cauvery delta region, 
whereas north and northwestern parts exclusively depend on 
the rainfall. After the year 2000, they start cultivating crop 
due to rainfall which consumes fertilizer.

pH

pH stands for the power of hydrogen which determines 
the acidic and alkaline nature of water. If the pH range 

is between 0 and 6.5, then the water is acidic and ranges 
between 6.5 and 8.4 where the water is normal for irriga-
tion. Finally, the pH range from 8.4 to 14 is alkaline water. 
The study area shows the range between a minimum of 7.00 
and a maximum of 8.80 in the year 2000 given in Table 1. 
In the year 2015, the values of pH in the Pudukkottai district 
range between a minimum of 6.80 and a maximum of 8.50 as 
given in Table 2. Figure 3 indicates that in the year 2000, the 
southern parts except for few areas in the southeast, north 
and northeast are alkaline water and all other regions are 
neutral groundwater ranging between 6.5 and 8.4, whereas 
in the year 2015 the major parts of north, northwest, north-
east and eastern are alkaline water and the remaining area 
of the study zone is neutral water. The average pH has been 

Table 1   Water quality and irrigational water quality index (IWQI) of Pudukkottai district—2000

S. no Village TDS (mg/l) pH EC (µS/cm) SAR HCO3 (mmol/l) Na (mmol/l) Cl (mmol/l) IWQI

1 Adanakkottai 104.36 8.20 170 1.23 1.05 0.66 0.78 31.16
2 Alangudi 206.46 8.20 330 1.25 2.57 1.09 1.00 42.08
3 Aranmanaippatti 288.72 8.60 460 2.62 6.50 2.09 0.44 51.19
4 Avudayarkoil 5276.00 8.50 9150 33.56 4.77 56.69 87.61 12.77
5 Cholagampatti 1153.35 8.30 1830 4.23 18.53 5.80 7.52 44.21
6 Karanapatti 713.54 8.30 1210 4.58 11.41 5.52 3.43 57.50
7 Karuppattipatti 273.04 8.50 470 1.54 4.54 1.44 1.78 53.87
8 Kilangadu 252.00 8.20 510 1.61 2.57 1.50 2.56 51.27
9 Manalur 2303.04 8.40 4060 12.74 10.91 21.53 34.51 27.76
10 Manamelkudi 1009.93 8.40 1780 9.76 5.76 9.61 12.95 35.70
11 Mandaiyur 703.29 7.60 1390 0.08 5.14 0.16 1.34 50.67
12 Mekkinipatti 283.69 7.90 570 2.54 3.52 2.15 2.31 57.59
13 Melpanaikkadu 386.46 8.30 840 2.84 5.43 2.53 2.65 56.93
14 Mudukulam 167.51 8.60 280 1.26 2.08 0.78 0.66 42.01
15 Muttukkadu 850.56 8.10 1420 1.58 4.09 2.71 3.00 53.75
16 Nagaram 1006.80 7.00 1860 2.72 1.90 4.46 7.74 44.57
17 Nagudi 5845.88 7.10 10,000 9.67 3.43 30.86 127.20 16.66
18 Nanjur 935.82 8.80 1240 2.97 6.12 4.59 2.31 56.39
19 Okkur 1213.17 8.60 2180 12.54 5.44 12.36 17.91 35.34
20 Peraiyur 544.99 8.60 920 2.78 11.37 3.43 2.43 56.34
21 Settippatti 316.53 8.10 600 3.79 4.76 3.09 1.34 60.30
22 Thekkattur 460.61 8.60 770 0.83 7.94 0.72 1.22 51.64
23 Thunaiyanur 281.78 8.40 470 1.31 4.54 1.22 1.78 53.93
24 Tittanviduthy 375.52 7.60 740 2.47 3.05 2.53 4.21 52.37
25 Vembanpatti 229.48 8.20 400 1.66 0.67 1.22 2.09 57.32
26 Vilappatti 605.36 8.10 1090 2.16 4.85 2.93 1.34 56.52

Maximum 5845.88 8.80 10,000 33.56 18.53 56.69 127.20 60.30
Minimum 104.36 7.00 170 0.08 0.67 0.16 0.44 12.77
Average 1105.36 7.80 1922.42 5.10 5.27 7.78 16.88 46.53
SD 1568.45 1.68 2677.45 7.22 3.93 12.96 35.83 12.88
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increased from 2000 to 2015 due to the high consumption 
of fertilizer, pesticide, and insecticide.

Total dissolved substances (TDS)

TDS stands for total dissolved substances which is used for 
measuring the salinity of the water. If the salinity in the 

water increases, then it would also increase the salinity of 
the soil. This becomes a serious issue because if the salin-
ity increases, then it would deposit on the root surface of 
the crop. This reduces the intake of water to the crop ulti-
mately reducing the crop yield. TDS value has been classi-
fied into three categories based on FAO (1985): The value 
below 450 mg/l has no restriction for the usage of irrigation, 

Table 2   Water quality and irrigational water quality index (IWQI) of Pudukkottai district—2015

S. no Village TDS (mg/l) pH EC (µS/cm) SAR HCO3 (mmol/l) Na (mmol/l) Cl (mmol/l) IWQI

1 Adanakkottai 135.00 7.20 260 0.94 0.62 0.44 3.12 45.25
2 Alangudi 233.00 7.30 430 0.71 0.62 1.78 3.89 52.26
3 Aranmanaippatti 522.00 7.70 940 2.16 2.50 4.21 10.66 43.87
4 Avudayarkoil 4163.00 7.20 7800 5.76 20.25 79.62 9.52 15.68
5 Cholagampatti 313.00 8.00 550 1.93 1.72 2.43 4.79 48.91
6 Karanapatti 1531.00 8.50 2610 5.67 9.80 18.60 6.28 27.61
7 Karuppattipatti 448.00 8.00 760 1.42 1.50 4.99 2.78 47.87
8 Kilangadu 315.00 8.20 560 0.97 0.90 3.09 3.99 52.12
9 Manalur 4669.00 8.20 7870 21.72 43.49 72.10 6.28 9.07
10 Manamelkudi 1020.00 7.90 1750 4.10 5.80 10.30 9.33 35.34
11 Mandaiyur 1864.00 7.40 3380 3.08 7.33 28.77 7.99 24.10
12 Mekkinipatti 267.00 8.30 490 1.45 1.25 1.44 5.82 49.44
13 Melpanaikkadu 507.00 8.50 890 2.83 2.87 4.99 6.66 42.61
14 Mudukulam 303.00 8.30 550 1.71 1.53 3.09 3.67 52.00
15 Muttukkadu 915.00 7.60 1500 8.47 7.80 7.64 7.61 37.71
16 Nagaram 892.00 7.60 1470 4.02 4.87 12.17 4.19 40.63
17 Nagudi 726.00 6.80 1250 3.39 4.27 8.95 2.85 45.04
18 Nanjur 701.00 8.50 1250 4.43 5.02 8.30 6.66 42.73
19 Okkur 1616.00 7.00 3000 2.13 5.02 28.55 6.66 22.61
20 Peraiyur 1693.00 7.10 3000 1.49 3.74 30.51 5.71 28.10
21 Settippatti 1118.00 8.20 1940 3.51 5.74 13.95 7.42 33.08
22 Thekkattur 541.00 8.10 940 2.37 2.43 1.65 14.08 43.80
23 Thunaiyanur 1212.00 7.90 2100 2.22 4.15 14.82 5.90 29.04
24 Tittanviduthy 192.00 8.00 360 0.73 0.59 1.09 3.86 52.28
25 Vembanpatti 281.00 8.20 500 1.28 1.12 2.65 3.07 52.38
26 Vilapatti 251.00 8.20 420 0.32 0.28 1.09 4.61 49.39

Maximum 4669.00 8.50 7870 21.72 43.49 79.62 14.08 52.38
Minimum 135.00 6.80 260 0.32 0.28 0.44 2.78 9.07
Mean 1016.46 7.84 1791.15 3.42 5.59 14.12 6.05 39.34
SD 1124.43 0.50 1994.75 4.18 8.77 20.26 2.70 12.24

Table 3   Quality measurement for qi calculation (Meireles et al. 2010)

qi EC (µS/cm) SAR Na+ (mmol/l) Cl− (mmol/l) HCO3 (mmol/l)

85–100 200 ≤ EC < 750 2 ≤ SAR < 3 2 ≤ Na < 3 1 ≤ Cl < 4 1 ≤ HCO3 < 1.5
60–85 750 ≤ EC < 1500 3 ≤ SAR < 6 3 ≤ Na < 6 4 ≤ Cl < 7 1.5 ≤ HCO3 < 4.5
35–60 1500 ≤ EC < 3000 6 ≤ SAR < 12 6 ≤ Na < 9 7 ≤ Cl < 10 4.5 ≤ HCO3 < 8.5
0–35 EC < 200 or EC ≥ 3000 SAR < 2 or SAR ≥ 12 Na < 2 or Na ≥ 9 Cl < 1 or Cl ≥ 10 HCO3 < 1 or HCO3 ≥ 8.5
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the value ranging between 450 and 2000 mg/l has moderate 
restriction for the usage of irrigation, and the TDS value 
above 2000 mg/l has severe restriction for the usage of irri-
gation. Tables 1 and 2 provide the value of TDS for the 26 
stations in the Pudukkottai district. Figure 4 exhibits the 
spatial distribution of TDS for the years 2000 and 2015, 
respectively. In the year 2000, southeastern parts of the dis-
trict are classified as severe restriction category for the use 
of irrigation, middle, north and northeastern sides of the 
study region have a moderate restriction for the usage of 
irrigation, whereas northeast and southern parts of the study 
area are classified as no restriction category for the usage of 
water for irrigation. In the year 2015, the southeastern side 
of the study area has a severe restriction for the usage of 
irrigation and the northeastern side has no restriction for irri-
gation. Middle, northwest and southern parts of the district 
are classified as moderate restriction for the use of irrigation. 
Due to inappropriate management of water bodies which 
prevent rainfall to percolate into the ground, the average 
value decreases during the study period. Southeastern parts 
are practicing agriculture based on the availability of water 
which comes under the Cauvery delta region, whereas north 
and northwestern parts exclusively depend on the rainfall. 

After the year 2000, they start practicing agriculture due to 
rainfall which starts to consume fertilizer.

Sodium (Na+)

Sodium ion becomes severe for the growth of the crop if 
the value is above 9 mmol/l. According to FAO (1985), the 
sodium value is classified into three categories: no restric-
tion for the value below 3 mmol/l, moderate restriction for 
the value between 3 and 9 mmol/l and severe restriction 
for the value above 9 mmol/l. The values of the sodium 
are given in Tables 1 and 2 for the years 2000 and 2015, 
respectively.

The highest and lowest value of sodium in the year 2000 
is 56.69 mmol/l and 0.16 mmol/l, respectively. The high-
est and lowest value for the year 2015 is 43.49 mmol/l and 
0.28 mmol/l, respectively. The southeastern side of the 
study area is classified as severe restriction for the usage 
of water for irrigation. The middle parts, few areas in the 
northern and northeastern regions, have moderate restric-
tion, whereas middle, northeast, northwestern and southern 
parts of the study area have no restrictions for the usage 
of water for irrigation shown in Fig. 5. As compared to 

Fig. 2   Spatial distribution of electrical conductivity (2000 and 2015)
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2000 in the year 2015, a few parts are converted to moder-
ate restriction areas from no restriction area. Southeastern 
parts have a severe restriction, middle parts, northwest-
ern parts and southern parts are categorized into moder-
ate restriction areas, whereas northeastern and few parts 
in the middle of districts have no restriction. The average 
value of sodium is doubled from 2000 to 2015 due to the 
high consumption of chemical fertilizer and connected 
with rainfall (Khatri and Tyagi 2015; Lahermo et al. 1990). 
Southeastern parts are practicing agriculture based on the 
availability of water which comes under the Cauvery delta 
region, whereas north and northwestern parts exclusively 
depend on the rainfall. After the year 2000, they start prac-
ticing agriculture due to rainfall which starts to consume 
fertilizer.

Bicarbonate (HCO3)

Bicarbonate is a significant anion in the quality of water 
for irrigation. The highest and lowest value of bicarbonate 
in the year 2000 is 18.53 mmol/l and 0.67 mmol/l, respec-
tively, whereas the highest and lowest value of bicarbo-
nate in the year 2015 is 14.08 mmol/l and 2.78 mmol/l, 

respectively, given in Tables 1 and 2. For spatial distribu-
tion of bicarbonate in the year 2000 (Fig. 6), the entire 
region is a moderately restricted (1.5–8.5 mmol/l) for 
the usage of water for agriculture except for few parts 
in the southwest, north and southeast which are severely 
restricted with the value greater than 8.5 mmol/l. The spa-
tial distribution of bicarbonate in the year 2015 indicates 
that severe restriction of bicarbonate for the irrigation 
water is established in southern parts and few regions of 
the southeastern parts of the districts, whereas the remain-
ing fraction of the districts are in moderate restriction of 
usage of water for agriculture. High consumption of ferti-
lizer leads to an increase in the average bicarbonate value 
from the year 2000 to 2015.

Chlorine (Cl−)

It is also a significant ion found in the irrigation water; 
if it exceeds in toxic, it would affect the leaf tissue. The 
highest and lowest value of the chlorine in the year 2000 
is 127.20 mmol/l and 0.44 mmol/l, respectively, given in 
Table 1. The highest and lowest value of the chlorine in the 
year 2015 is 76.62 mmol/l and 0.44 mmol/l, respectively.

Fig. 3   Spatial distribution of pH (2000 and 2015)
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Spatial distribution of chlorine in the year 2000 has severe 
restriction for the usage of water for agriculture (greater than 
10 mmol/l) spread on the southeastern parts of the district, 
moderate restrictions are spread in the middle parts of the 
districts, whereas entire north, south, northwest and south-
ern parts have no restriction for the usage of water for agri-
culture (FAO 1985). In the year 2015, severe restriction of 
chlorine is spread on the northwestern parts, southern and 
southeastern parts of the districts. The middle part of the 
study area has a moderate restriction (4–10 mmol/l), and low 
restriction of chlorine is spread on the northeastern parts of 
the district shown in Fig. 7. The severity of chlorine in the 
district has been increased due to the inappropriate use of 
chemical fertilizer. Southeastern parts are practicing agricul-
ture based on the availability of water which comes under 
the Cauvery delta region, whereas north and northwestern 
parts exclusively depend on the rainfall. After the year 2000, 
they start practicing agriculture due to rainfall which starts 
to consume fertilizer.

Sodium adsorption ratio (SAR)

The presence of high sodium ion in the irrigation water 
reduces the rate of infiltration into the soil that shows a 
negative impact on the growth of crop (Simsek and Gunduz 
2007) and decrease in the crop yield.

The concentration of sodium (Na+), magnesium (Mg2+) 
and calcium ions (Ca2+) in the water influences the rate 
of infiltration of water into the soil also called sodium 
adsorption ratio. The highest and lowest value of SAR for 
the year 2000 is 33.56 and 0.08, respectively, as given in 
Table 1. The highest and lowest value of SAR for the year 
2015 is 21.72 and 0.32, respectively, as given in Table 2. 
The spatial distribution of SAR for the district is shown in 
Fig. 8 for the year 2000. Southeastern parts of the districts 
have a high concentration of SAR, middle parts and few 
parts in the north and northwest have a moderate con-
centration of SAR, whereas remaining parts have a low 
concentration of SAR where infiltration of water is not 
affected. Figure 8 also shows the spatial distribution of 
SAR for the year 2015. The area of high concentration 
of SAR in the southeastern region has been reduced, the 
moderate concentration of SAR has been increased in 

Fig. 4   Spatial distribution of TDS (2000 and 2015)
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the southeastern and northwestern parts of the districts, 
whereas middle parts, northeastern and southern parts 
of the districts have a low concentration of SAR. Due to 
inappropriate use of chemical fertilizer in the study area, 
southeastern parts are practicing agriculture based on the 
availability water which comes under the Cauvery delta 
region, whereas north and northwestern parts exclusively 
depend on the rainfall. After the year 2000, they start prac-
ticing agriculture due to rainfall which starts to consume 
fertilizer.

Irrigation water quality index (IWQI)

IWQI for the Pudukkottai district has been found based on 
the Meireles et al. (2010) which has helped to locate the area 
having suitable water quality for agrarian purpose. Meireles 
et al. (2010) suggested the five most important and dominant 
parameter for finding IWQI: They are electrical conductiv-
ity, bicarbonate, chlorine, sodium and sodium adsorption 
ratio. Table 1 shows the value of IWQI for the year 2000, 
and Table 2 provides the value of IWQI for the year 2015. 
The minimum value of IWQI for the years 2000 and 2015 is 

12.77 and 9.07, respectively, whereas the maximum value 
of IWQI for the years 2000 and 2015 is 60.29 and 52.38, 
respectively (Table 4). 

According to the Meireles et al. (2010) classification of 
irrigation water quality index, the study area is classified into 
three classifications: moderate restriction, high restriction 
and severe restriction in the year 2000, whereas this clas-
sification is reduced into two classifications: high restriction 
and severe restriction in the year 2015. Around 23.07% of 
the samples have a severe restriction, 46.15% of the sam-
ples have a high restriction, and 30.76% of the samples have 
moderate restriction as shown in Table 5. The spatial dis-
tribution of the irrigation water quality index for the years 
2000 and 2015 is shown in Fig. 9. Southeastern side of the 
districts has severe restriction with value of 0 to 40 for the 
usage of water for crop irrigation, north, south, middle and 
northeastern sides of the study area have high restriction 
with value of 40 to 55 for the usage of water for irrigation, 
whereas northwestern parts of the district have moderate 
restriction with the value of 55 to 70 for the usage of water 
for irrigation. The spatial distribution of irrigation water 
quality index for the year 2015 has shown that southeastern, 

Fig. 5   Spatial distribution of sodium (2000 and 2015)
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Fig. 6   Spatial distribution of bicarbonate (2000 and 2015)

Fig. 7   Spatial distribution of chlorine (2000 and 2015)
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south and northwestern sides of the study area are classified 
as severe restriction, whereas the north and middle parts of 
the district are classified as high restrictions. Around 38.46% 
of the samples have severe restriction, and 61.53% of the 
samples have a high restriction of water for irrigation as 
shown in Table 5.

Fig. 8   Spatial distribution of SAR (2000 and 2015)

Table 4   Weights for the IWQI parameters (Meireles et al. 2010)

S. no Water quality parameters wi

1 Electrical conductivity (EC) 0.211
2 Sodium (Na+) 0.204
3 Chloride (Cl−) 0.194
4 Bicarbonate (HCO3

−) 0.202
5 Sodium adsorption ratio (SAR) 0.189
6 Total 1.00

Table 5   Irrigation water quality 
index change in area (km2)

Water quality index 2000 2015

Area (km2) Sample (%) Area (km2) Sample (%)

No restriction (85–100) 0 0 0 0
Low restriction (70–85) 0 0 0 0
Moderate restriction (55–70) 829.65 30.77 0 0
High restriction (40–55) 2901.92 46.15 2236.14 61.54
Severe restriction (0–40) 931.43 23.08 2426.86 38.46
Total area 4663 100 4663 100
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Conclusion

This research has been conducting to study the water qual-
ity status of the Pudukkottai district. It reveals that IDW 
interpolation in the GIS tool is extremely useful for the 
study comparing the spatial distribution of water quality 
parameters. It is found that SAR, TDS, chlorine, EC and 
sodium are present in a low concentration in the north and 
northwestern sides of the study area and high concentration 
on the southeastern side of the study region. pH is safe in 
the entire region except for few patches in the south and 

southeastern parts of the district. Bicarbonate has a mod-
erate concentration in the entire region, except for a few 
parts of north and northwest that were highly concentrated 
in the year 2000. In the year 2015, chlorine severity has 
been increased and TDS, EC, bicarbonate, sodium, SAR and 
pH also have been increased as compared to 2000. Table 5 
provides the area change, and Fig. 10 shows the variation 
of the water quality index for irrigation for the years 2000 
and 2015. Hence, it concludes that there is no area of safe 
groundwater (no restriction) or low restriction of groundwa-
ter for agriculture. In the year 2000, the moderate restriction 

Fig. 9   Spatial distribution of IWQI (2000 and 2015)

Fig. 10   Irrigation water quality 
index (2000 and 2015)
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area was 829.65 km2, the area of high restriction irriga-
tion groundwater was 2901.92 km2, and the area of severe 
restriction of groundwater for agriculture was 931.43 km2 
in the Pudukkottai district. In the year 2015, the district has 
2236.14 km2 of high restriction area, whereas 2426.86 km2 
of area has severe restrictions. Therefore, there is no area 
of safe groundwater for irrigation. This may be due to the 
severe and inappropriate application of chemical fertilizer 
for intensive agriculture and in the Pudukkottai district. 
Urgent needs must be taken to develop the superiority of 
water for the district of Pudukkottai that would improve 
agriculture as well as the fertility of the land that results in 
land degradation.

Funding  This study was not funded by any organization.

Compliance with ethical standards 

Conflict of interest  The author declares that there is no conflict of in-
terest.

Ethical approval  This article does not contain any studies with human 
participants or animals performed by the author.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

Ahamed AJ et al (2013) Assessment of groundwater quality for irriga-
tion use in Alathur block, Perambalur district, Tamilnadu, South 
India. Appl Water Sci 3(4):763–771

Al-Mussawi WH (2014) Assessment of groundwater quality in UMM 
ER Radhuma aquifer (Iraqi western desert) by the integration 
between irrigation water quality index and GIS. J Babylon Univ 
Eng Sci 1(22):201–217

Ayers RS, Westcot DW (1985) Water quality for agriculture. FAO 
Irrigation and drainage paper 29 rev. 1. Food and Agricultural 
Organization. Rome, vol 1, p 74

Ayres RS, Westcot DW (1999) The water quality in agriculture, 2nd 
Campina Grande: UFPB. Studies FAO irrigation and drainage 
paper 29

Babiker IS, Mohamed MAA, Hiyama T (2007) Assessing groundwater 
quality using GIS. Water Resour Manag 21(4):699–715

Bohn HL, Brain LM, O’Connor GA (1985) Soil chemistry, 2nd edn. 
Wiley, New York, pp 234–248

Brady NC, Weil RR (2002) The nature and properties of soils. Prentice 
Hall, Upper Saddle River

Brhane GK (2016) Irrigation water quality index and GIS approach 
based groundwater quality assessment and evaluation for irriga-
tion purpose in Ganta Afshum Selected Kebeles, Northern Ethio-
pia. Int J Emer Trends Sci Technol 3(9):4624–4636

Burrough PA (1986) Principles of geographical. Information systems 
for land resource assessment. Clarendon Press, Oxford

Delbari M, Amiri M, Motlagh MB (2016) Assessing groundwater qual-
ity for irrigation using indicator kriging method. Appl Water Sci 
6(4):371–381

FAO (1985) Water quality for agriculture. Food and Agriculture Organ-
ization, Rome

Flock M, Deitche SM, Hammer Levy K, Meyer C (2005) Ambient 
monitoring program annual report 2003–2004. Draft report of the 
Water Resources Management Section Pinellas County Depart-
ment of Environmental Management

Gowd SS (2005) Assessment of groundwater quality for drinking 
and irrigation purposes: a case study of Peddavanka water-
shed, Anantapur District, Andhra Pradesh, India. Environ Geol 
48(6):702–712

Hammouri N, El-Naqa A (2008) GIS-based hydrogeological vulner-
ability mapping of groundwater resources in Jerash area-Jordan. 
Int Geophys 47(2):85–97

Hu K et al (2005) Spatial variability of shallow groundwater level, 
electrical conductivity and nitrate concentration, and risk assess-
ment of nitrate contamination in North China Plain. Environ Int 
31(6):896–903

Hussain AZ, Mohamed Sheriff KM (2015) Assessment of Groundwater 
Quality for Irrigation on the Bank of Noyyal River at Tiruppur, 
Tamil Nadu, India. Int Lett Chem Phys Astron 57:1

Islam MS, Shamsad SZKM (2009) Assessment of irrigation water 
quality of Bogra district in Bangladesh. Bangladesh J Agric Res 
34(4):507–608

Jackson ML (1967) Soil chemical analysis prentice hallpvt. Itd. India, 
p 398

Karanth KR (1987) Groundwater assessment: development and man-
agement. Tata McGraw-Hill Education, New York

Khalaf RM, Hassan WH (2013) Evaluation of irrigation water quality 
index IWQI for Al-Dammam confined aquifer in the west and 
southwest of Karbala city, Iraq. IJCE 23:21–34

Khatri N, Tyagi S (2015) Influences of natural and anthropogenic 
factors on surface and groundwater quality in rural and urban 
areas. Front Life Sci 8(1):23–39. https​://doi.org/10.1080/21553​
769.2014.93371​6

Lahermo P, Ilmasti M, Juntunen RJ, Taka M (1990) Suomen 
Geokemian Atlas, osa 1. Suomen pohjavesien hydrogeokemial-
linen kartoitus. [Geochemical Atlas of Finland. Part 1. Hydrogeo-
chemical survey of the Finnish ground waters]. Geological Survey 
of Finland, Helsinki, Finland

Meireles ACM et al (2010) A new proposal for the classification of 
irrigation water. Rev Ciênc Agron 41(3):349–357

Meyer C (2003) Evaluating water quality using spatial interpolation 
methods, Pinellas County, Florida. Pinellas County Department 
of Environmental Management, USA

Mohammed Muthanna N (2011) Quality assessment of Tigris river 
by using water quality index for irrigation purpose. Eur J Sci Res 
57(1):15–28

Page AL, Miller RH, Keeney DR (1982) Methods of soil analysis; 2. 
Chemical and microbiological properties, 2. Aufl. 1184 S., Ameri-
can Society of Agronomy (Publications), Madison, Wisconsin, 
USA, pp 159–446

Pandian RR, Sashikkumar MC, Selvam S (2016) Appraisal of irri-
gation water quality study in coastal aquifers of Tuticorin city, 
Tamilnadu, India

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/21553769.2014.933716
https://doi.org/10.1080/21553769.2014.933716


	 Applied Water Science (2020) 10:82

1 3

82  Page 14 of 14

Patil VT, Patil PR (2010) Suitability assessment of groundwater for 
irrigation and drinking purpose in the northern region of Jordan. 
J Environ Sci Technol 5:274–290

Robinson TP, Metternicht G (2006) Testing the performance of spa-
tial interpolation techniques for mapping soil properties. Comput 
Electron Agric 50(2):97–108

Simsek C, Gunduz O (2007) IWQ index: a GIS-integrated tech-
nique to assess irrigation water quality. Environ Monit Assess 
128(1-3):277–300

Subramani T, Elango L, Damodarasamy SR (2005) Groundwater qual-
ity and its suitability for drinking and agricultural use in Chithar 
River Basin, Tamil Nadu, India. Environ Geol 47(8):1099–1110

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Geo-spatial analysis of irrigation water quality of Pudukkottai district
	Abstract
	Introduction
	Objectives
	Study area
	Material and methodology
	Results and discussion
	Electrical conductivity (EC)
	pH
	Total dissolved substances (TDS)
	Sodium (Na+)
	Bicarbonate (HCO3)
	Chlorine (Cl−)
	Sodium adsorption ratio (SAR)
	Irrigation water quality index (IWQI)

	Conclusion
	References




