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Abstract
The problem of ground water quality has become more imperative than the quantity, as the ecological glitches are getting 

more severe in various zones of the globe. Numerous factors such as pollution due to agricultural, industrial and human activities, 
poor groundwater governance and other ecological surroundings in which the water ensues to stay or move and intermingle with 
ground and living organisms. These impacts prominently on the ground water quality of specific zone. Therefore, a field study was 
planned in Land Reclamation Sub-Division Thal in 2016 to assess the quality of ground water being pumped. Thal Sub-Division 
includes Layya, Kundian, Ahmad Pur Sial and Bhakkar districts. Overall 370 water samples each in pre and post Mon soon season 
2016 were collected. The water samples were analyzed for their quality characteristics. Data for quality of irrigation were analyzed, 
from electrical conductivity (EC) point of view : fit [(EC< 1 dS m-1), marginally fit (EC = 1-1.25 dS m-1) and unfit (EC > 1.25 dS m-1)]; 
from residual sodium carbonate (RSC) point of view, fit (RSC < 1.25 me L-1), marginally fit ( RSC=1.25-2.5 me L-1) and unfit (RSC 
>2.5 me L-1) and in case of sodium adsorption ratio (SAR), fit (SAR< 6 mmol L-1)½, marginally fit (SAR=6-10 mmol L-1)1/2 and unfit 
(SAR >10mmol L-1)1/2. The results indicated that 47% water samples were found unfit in the study area for irrigation purpose. The 
deleterious effects of salts could be mitigated by mixing of brackish water with canal water in different extents and/or spasmodic 
flushing of soil profile with decent feature irrigation water. This practice may be carried out periodically to avoid economic yield 
losses.
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Introduction
Water plays the all-important role for successful cultivation of 

crops under an arid and semi-arid environment. The agriculturally 
productive areas are consistently subjected to continuously or 
intermittent non-availability of water during the crop growth. 
Pakistan is also facing the similar situation, as its most part lies in an 
arid environment [1]. During the most part of the season, sufficient 
quantity of good quality canal water is not available for exploiting 
the potential yield of crops. Thereby, ground water resources are 
utilized to meet the wholly or partial demand of crop. Umair et al.  

 
[2] reported that in most of the cases, the quality of ground water 
resources for irrigation purpose is un-fit for crop production and 
produces negative impacts on productivity of crops. Ishaq et al. [3] 
enumerated that 75% of the tube wells installed in Sahiwal area are 
extracting water, which is unfit for direct application as irrigation 
water and needed appropriate treatments prior to application 
to reduce the deleterious effects of salts for sustaining crop 
production. Salinization of soils is a major threat to agriculture, 
which is being further aggravated by irrigating the soils with poor 
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quality groundwater. It has been monitored that ground waters 
being taken from district Multan differed greatly in its chemical 
composition and 58% water samples were analyzed as unfit for 
irrigation purpose [4]. 

Corresponding to this, the proportion of quality of irrigation 
water varied in terms of 35% unfit, 27% marginally fit and 38% 
fit for irrigation use in district Layyah [5]. Various workers quoted 
that out of the total, 48% and 76.6% installed tube wells in districts 
Gujrat and Lahore, respectively, were pumping water unfit for 
irrigation use [6,7]. Likewise, Mehboob et al. [8] pointed out that 
ground water being pumped in Chunian, Pattoki, Kot Radha Kishan 
and Kasur areas was 60%, 90%, 90% and 86%, respectively, 
classified as unfit for irrigation. 

This study further concluded that 97% water samples were 
unfit due to EC (1.25 dS m-1), 63% (SAR > 10 mmol L-1)1/2 and 97% 
(RSC> 2.5 me L-1) among the lot. The irrigation water having too 
much concentration of chloride, sulphate, bicarbonate, sodium, 
calcium, magnesium, potassium and nitrates causes not only 
reduction in the fertility of soils, but also alleviating the economic 
yield [9]. The reduction in yield is in proportion to alone and/or 
combined action of these ions on stage of plant growth and crop 
varieties [10]. This may be due to the reason that surplus salts 
lessen the ability of plant to absorb water and causes stunted 
vegetative and root development. Burman et al. [11] concluded 
that yield of many crop plants may be reduced by 50-70 %, because 
of higher amounts of toxic salts. Apart from surveys conducted in 

other parts of the province, a little documented data is available 
about the quality of water being pumped in Thal area. The farmers 
resort to apply tube well water during the short supply of good 
quality canal water. Therefore, a research plan was framed to find 
out the quality status of water being pumped by the tube wells in 
Thal Sub-Division Bhakkar.

Materials and Methods
Extensive water quality sampling was necessary to understand 

chemical composition and evaluate water quality for irrigation use. 
Present study was planned to get groundwater samples for their 
chemical analysis for irrigation purpose. In this survey 370 water 
samples were taken (including 160 from Bhakkar, 120 from Layyah, 
40 from Ahmad Pur Sial and 50 from Kundian area of Thal Sub-
Division) by maintaining 6 * 6 KM grid during each in Pre and Post 
Monsoon Season 2016 and the average values of these two seasons 
were discussed as there was no change in the suitability of these 
samples in both the seasons (Table 1). The water samples were 
collected from running tube wells in clean plastic bottles. On an 
average, the bore depth of tube wells was about 110 feet. Map 1 
shows the GPS (global positioning system) of the selected tube well 
points with respect to EC. Collected water samples were analyzed 
in the laboratory at room temperature for the chemical parameters 
such as electrical conductivity (EC), soluble cations Ca2+, Mg2+, Na+ 
and anions CO3

2-, HCO3
-, and Cl- as described by Page et al. [12]. 

Whereas Sodium Adsorption Ratio (SAR), and Residual Sodium 
Carbonate (RSC) were calculated as follows 

Map 1: Fit, unfit and marginally fit points in Thal sub-division Bhakkar for the year 2016.

Table 1: Criteria for quality of irrigation water.

Status EC (dS m-1) SAR (mmol L-1)1/2 RSC (me L-1)

Fit <1.0 6 <1.25

Marginally Fit 1-1.25 10-Jun 1.25-2.5

Unfit >1.25 >10 >2.5

Source: Malik (1984).
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Table 2 shows the textural composition of the study area. Taking 
into account textural classification ground water quality goes on 
deteriorating from Kundian to Bhakkar and so on to Layyah and the 
poorest ground water quality exists in Ahmad Pur Sial.

Table 2: Textural analysis of different areas, Thal sub-division Bhakkar.

Location Sand (%) Silt (%) Clay (%) Textural Class

Kundian 70 23 7 Loamy Sand

Bhakkar 65 25 10 Loamy Sand

Layyah 61 24 15 Sandy Loam

Ahmad Pur Sial 50 32 18 Sandy Loam

Results
Electrical Conductivity (EC) of Groundwater

Figure 1 explains that out of 370 groundwater samples 70 
from Bhakkar, 50 from Layyah 12 from Ahmad Pur Sial and 21 
water samples from Kundian were found fit for irrigation purpose. 

Whereas, 17,15,3 and 7 no of samples were marginally fit for 
irrigation from Bhakkar, Layyah, Ahmad Pur Sial and Kundian 
respectively. Out of 370 water samples collected from different 
tube wells of Thal Sub-division 73 from Bhakkar, 55 from Layyah, 
25 from Ahmad PurSial and 21 from Kundian were found unfit for 
irrigation.

Figures 1: Fit, unfit and marginally fit points in Thal sub-division Bhakkar for the year 2016.

Sodium Adsorption Ratio
The extent to which the irrigation water tends to be involved 

in cation exchange reaction in soil can be specified by the sodium 
adsorption ratio, since sodium reinstates adsorbed calcium and 
magnesium in soil [13]. Out of the total unfit (174) water samples 
33 were unfit (Table 3) due to higher values of both EC and SAR 
in Thal sub Division. Table 4 explains that in Bhakkar the values 
of SAR ranged from 0.25 to 16.6 (mmol L-1)1/2 with a mean value 

being 6.13 (mmol L-1)1/2 (Table 4). In case of Layyah area the 
values of SAR ranged from 0.25 to 29.7 (mmol L-1)1/2 with a mean 
value of 6.78(mmol L-1)1/2. While in Ahmad Pur Sial area the SAR 
values ranged from1.24 to 14.62 (mmol L-1)1/2 with a mean value of 
6.00(mmol L-1)1/2. In Kundian area the SAR values varied from 0.20 
to 13.15 (mmol L-1)1/2 with a mean value of 5.28 (mmol L-1)1/2. Map 
2 gives an excellent idea of groundwater quality points in Thal with 
respect to SAR.

Table 3: Detail of unfit water samples with respect to EC, SAR, RSC and cumulative effects of these parameters in 2016.

Location EC SAR RSC EC+ SAR EC+RSC SAR+RSC EC+SAR+RSC TOTAL

Bhakkar 14 12 14 15 6 3 9 73

Layyah 21 4 1 16 2 3 8 55

A. P. Sial 5 - 14 - - 1 5 25

Kundian 7 3 1 2 2 3 3 21

Total 47 (27%) 19 -11% 30 -17% 33(19%) 10(6%) 10(6%) 25(14%) 174
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Table 4: Detail of unfit water samples with respect to EC, SAR, RSC and cumulative effects of these parameters in 2016.

Parameters Bhakkar Layyah Kundian Ahmad PurSial

EC (dS m-1)

Minimum  0.40(0.78 kg salt ha-1) 0.25(0.487 kg salt/ha) 0.32(0.623 kg salt/ha) 0.32(0.623 kg salt/ha)

Maximum  2.1(4.1 kg salt ha-1) 6.86(13.4 kg salt ha-1) 2.79(5.44 kg salt/ha 1.8(3.51 kg salt/ha)

Standard Deviation 0.44 1.1 0.62 0.42

Average 1.14 1.49 1.08 1.01

SAR (mmol L-1)1/2

Minimum 0.25 0.25 0.2 1.24

Maximum 16.6 29.7 13.15 14.62

Standard Deviation 4.7 5 4.35 3.57

Average 6.13 6.78 5.28 6

RSC (me L-1)

Minimum 0 0 0 0

Maximum 8 5.4 5.32 7.1

Standard Deviation 1.21 1.1 1.28 1.96

Average 1.33 0.58 0.78 2.29

*EC (dSm-1) × 640 = mg L-1 and 1-acre foot irrigation water = 198 × 220 × 1 = 43560 cubic feet One cubic feet = 28.3 liters, 1-acre foot 
= 43560×28.3 = 1232748 liters Parts per million (ppm) = 1mg or10-6 kg L-1. So, 1-acre foot irrigation = 10-6× 1232748 = 1.23275 kg salts, 
OR I hectare foot irrigation =3.04488 kg salt ha-1.

Figures 2: GPS map of the quality points with respect toSAR in the Thal area.

Residual Sodium Carbonate (RSC) of Groundwater
Out of the total 174 unfit water samples in Thal area30 were 

unfit solely due to high values of RSC (Table 3). The values of RSC 
ranged from0.00 to 8.00me L-1 and a mean value of 1.33me L-1 in 
Bhakkar area (Table 4). Whereas, in Layyah RSC values varied 
from 0.00 to 5.40me L-1 and a mean value of 0.58 me L-1. In case 
of Ahmad Pur Sial the values of RSC ranged from 0.0 to 7.10me 
L-1 and a mean value of 2.29 me L-1 and in Kundian minimum and 
maximum RSC values varied from 0.00 to 5.32me L-1 respectively 
with a mean of 0.78 me L-1. Whereas, 25 water samples were unfit 
due to the cumulative effect of EC, SAR and RSC (Table 3). Map 3 

shows distribution of groundwater quality points in Thal area with 
respect to RSC.

Discussion
The results (Table 3) show that majority of groundwater 

samples (27%) taken from the area were not suitable for irrigation 
because of higher electrical conductivity values, however, causing 
no sodicity problem insight. The reason being that soils of Thal sub-
division are medium textured, alluvial in nature and contain high 
content of CaCO3

-2 and saline groundwater of the area [14]. There 
are estimates that presence of higher EC may result in the buildup 
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of salts from 565.11 to 31,131.0 kg salts ha-1 [15]. Table 4 shows 
the addition of salts (kg ha-1) per irrigation of groundwater in study 
area of Thal sub-division Bhakkar. Pervaiz et al. [6] suggested that 
irrigation water having EC up to 4.5 dS m-1 could be used safely 
on light and medium textured soils by avoiding any significant 
reduction in most of crop yields. In general, water containing EC 

less than 0.75 dS m-1 may not cause any problem of salinization 
and is suitable for irrigation purpose. The findings of this study 
agree with results of many other researchers [6,7,16] that quality 
of ground water was quite inconsistent with regard to irrigation 
purpose. About 70% of tube well water in the Punjab province is 
unfit for irrigation use [17].

Figures 3: GPS map of the quality points with respect toRSC in the Thal area.

The application of brackish water directly causes buildup of 
salts to an unacceptable limit with concurrent heavy reduction in 
crop yields. This scenario could be reduced by suitable management 
of irrigation water before its usage. The agronomic measures 
including deep tillage practices, addition of soil amendments, use 
of salt-tolerant varieties, growing crops on ridges, alternatively 
proper mixing of brackish water with quality graded water and/
or alternate watering of crops with brackish and quality water. The 
salt tolerant crops, for example wheat, rice, barley, sorghum and 
fruit trees for example guava, citrus, dates, and blueberry could be 
irrigated with marginally unfit waters. The poor-quality irrigation 
water may also be used for growing timbers e.g. trees Eucalyptus, 
Acacia and Atriplex spp. for grazing purpose in Thal area [8,18].

The water having substantial SAR and RSC may be ignored 
for crop growth. This is because, ground water bearing significant 
amounts of sodium, carbonates and bicarbonates enhance the 
development of salinization, and at the same time disturbing the 
soil hydraulic and permeability [19]. Mostly, where the source of 
irrigation water is exclusively reliant upon the brackish water, 
then special water treatments and farm management operations 
required to be done to moderate the lethal impacts of salts [20,21]. 
The negative effects of RSC and SAR containing irrigation water 
could be reduced by addition of gypsum (CaSO4.2H2O), commercial 
sulphuric acid (H2SO4) and acid forming amendments either in 
soil or water [7,8]. The application of organic material (pressmud, 
poultry manure, farmyard manure), deep ploughing and cultivation 
of salt-tolerant crop varieties are being engaged and encouraged 
to restructure the toxic effects of brackish water [8,20]. These 

practices may be carried out periodically to avoid economic yield 
losses in the area [22-24].

Conclusion 
The field survey conducted in Thal area revealed that a sufficient 

number (47%) of tube wells extracted marginal to unfit water for 
irrigation purpose. The groundwater is considered unfit mainly due 
to higher values of electrical conductivity, and cumulative effect of 
EC and SAR. The quality of ground water underlined by hard pan 
of calcium carbonate coupled with saline nature of parent material 
is generally unfit for irrigation. Substantial number of tube wells 
installed in the study area accelerates discharge component thereby 
causing the dissolved salts upward direction making the soil saline.
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