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ABSTRACT 

 

The aim of this field trial was to estimate the fitness of groundwater quality for 

irrigation need in Toba Tek Singh. Forty four tube wells were selected in the 

area. All the selected tube wells were purposeful. 6 x 6 km grid vise sampling 

was executed to select representative samples of groundwater for chemical 

composition. Twenty soil samples were also taken from the command area of 

the tube wells. Groundwater samples were tested for Ca
2+

+Mg
2+

, K
+
, Na

+
, CO3

2-
, 

HCO
3 

, Cl
-
, and SO4

2-
,  besides pH and electrical conductivity (EC).  Moreover, 

the Sodium Adsorption Ratio (SAR) and Residual Sodium Carbonate (RSC) 

were also worked out. Whereas, soil samples were tested for EC, pH, organic 

matter, accessible  phosphorus, accessible  potassium, saturation percentage, 

texture and gypsum requirement. Out of 44 groundwater samples, 11 indicate 

EC values less than 1.5 dS m
-1

 and the left over 33 samples ≥ 1.5 dS m
-1

, RSC  

varied from 0.1 to 21.7 meq L
-1

, SAR values varied from 0.9 to 87.26 mmol L
-1

  

and pH varied from 7.5 to 9.2. Chloride ion concentrations in groundwater 

ranged from 1.4 to 57 (meq L
-1

); bicarbonate from 1.7 to 20.5 (meqL
-1

); and 

sulphate values ranged from 0.6 to 75.4 (meq L
-1

). In soil samples, EC values 

fluctuate from 1.43 to 5.44 dS m
-1

 (at 25°C), and pH values vary from 7.6 to 8. 

Organic matter values are well below 5 percent in these selected soils, only a 

few samples of soil show organic matter >1 percent accessible phosphorus 

ranged from 1.05 to 11.85 mg kg
-1

, while accessible potassium ranged from 40 

to 190 mg kg
-1

. Saturation percentage of these samples ranged from 32 to 

46.Textural classes were loam, clay loam, silt loam and silty. Gypsum 

requirement was noted and ranged from 0.5 to 4.2 tones per acre. The results 

indicate that the groundwater in general is unsuitable for irrigation purpose. In 

the case of soils about 80 percent of the soil samples indicate hazardous 

situation. However, i) to get a full yield impending; ii) to maintain it for 

prolonged time;  iii) to eliminate the prospect of boost in salinity, and iv) to 

eliminate the sodicity and toxicity hazards in expectations, planned irrigation 

programme is needed in the form of crop choice, fertilizer utilization and 

proper substitute supervision.   
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INTRODUCTION 
 
There has been a great increase in requirement for clean water due to 
inhabitants’ development and extreme farming actions. Nature of under 
groundwater is as necessary as its magnitude due to the appropriateness of 
water for irrigation purpose. Alteration of groundwater quality in a locality is a 
role of physical and chemical indicators that are highly affected by 
environmental configurations and human actions (19). Groundwater is the 
major source of water supply for agriculture sector of the country. Bad 
condition of water seriously influences crop progress. Numerous works have 
reported in both developed and developing nations that municipal 
improvement, manufacturing and farming actions directly or indirectly 
influence groundwater condition (8, 17, 18). In contrast, there is a little 
information on groundwater quality data in developing countries, like Pakistan 
as well as lack of comprehensive data which is based on the appraisal of 
water condition standard with particular emphasis on the contemplation of 
physical and chemical properties of the soil and the effect on crop production. 
This may be due to unavailability of economic help for technical investigation, 
ecological strategy and rules for control and checking of groundwater. In 
countryside wherever these occur, organizations in charge don’t have the 
essential facility to make sure fulfillment and implementation of policies (5). A 
suitable estimation of the fitness of groundwater needs the determination of 
concentrations of some important indicators like pH, Electrical Conductivity 
(EC), Total Dissolve Solutes (TDS), total hardness, Ca

2+
, Mg

2+
, K

+
, Na

+
, Cl

-
, 

HCO
3-
, SO

2-
4, F

-
 and PO4

3-
 and comparing with the guideline values set for 

potable water (4). As groundwater in district Toba Tek Singh is intensively 
used for irrigation water supply, it thus turns out to be necessary to resolve 
the existing condition of groundwater on the base of its quality and fitness for 
irrigation. So the current study has the intention of recognizing the 
groundwater contamination processes in Toba Tek Singh, due to the 
occurrence of a variety of pollutant resources and complex geochemical 
practices and the suitability of groundwater for irrigation purpose for a 
sustainable agriculture needs, to determine the degree of salinity, sodicity, 
and toxicity of the groundwater; and to examine the extent of soil salinity and 
sodicity of the irrigated area.  
 

Description of the experimental zone 

 

Location: The experimental zone is situated in middle Punjab, Pakistan, and 
is estimated to have an aerial coverage of 42 km

2
 (Fig.1).  
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Fig 1. Site map of the experimental zone. 

 

Initially inventory data of all tube wells that are available in the area was 
collected (table 1), 44 villages of district Toba Tek Singh were selected for 
this study. 

 
Table 1. Tubewell inventory data of the selected points 

 
Inventory data TW_type 

Diesel Electrical 

  Least Highest Normal Sum Least Highest Normal Sum 

Depth_bore(ft) 100 130 120 43 120 120 120 1 

Diameter(inches) 5 5 5 43 5 5 5 1 

Discharge(cs) 0 1 1 43 1 1 1 1 

Filter_length(ft) 65 120 91 43 90 90 90 1 

Rabi_cost (Rs) 80 400 142 43 200 200 200 1 

Kharif_cost (Rs) 160 600 262 43 400 400 400 1 

Diesels_cost_(Rs) 2800 7200 4245 43 . . . 1 

Elec_cost_(Rs) . . . 43 1600 1600 1600 1 
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METHODOLOGY 

 

Sampling  
 
Water samples from tube wells of each village were collected during May-
June 2013 in plastic bottles after 30 minutes of tube well operation. Tube well 
selection was made at random and depth of bores ranged from 80 to 100 
feet.  
 
Analytical work was carried out. These samples were analyzed for anions 
(CO3--, HCO3-, Cl-), cations (Na+, Ca++ + Mg++), pH and EC. Sodium 
adsorption ratio (SAR) and residual sodium carbonate (RSC) were calculated 
by following equations:  
                                              

                                                                                                 

                       RSC = (CO
3

-- 

+ HCO
3

-

) – (Ca
++ 

+ Mg
++

) 

Where the concentrations are expressed in milli equivalents per liter (me L
-1

) 
(15). 
 
Soil samples from the command area of the tube wells were also collected 
for chemical analyses. The samples were collected from the areas where the 
water samples were collected. Twenty soil samples were collected for 
analysis. 
 
Irrigation water quality parameters are given in Table 2. In the present study, 
water quality was assessed on the criteria given by Muhammad (13) while 
others are for comparison purpose.  

 
Table 2. Irrigation water quality criteria. 

 

Parameter  Status  
Richards, 

L.A. (1954)  

WAPDA 

(1981)  

Muhammad 

(1996)  

Malik et al. 

(1984)  

EC (dS m
-1

) 
Suitable  <0.75 <1.5 <1.5 <1.5 

Unsuitable               >2.25 >3 >2.7 >1.5 

SAR 
Suitable  <10 <10 <7.5 <10 

Unsuitable             >18 >18 >15 >10 

RSC(me L
-1

) 
Suitable  <1.25 <2.5 <2.0 <2.5 

Unsuitable  >2.5 >5.0 >4.0 >2.5 
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RESULTS AND DISCUSSIONS 

 

Soil status 
 
Twenty soil samples were taken from selected sites of the study area. The 
analysis results of soil samples are summarized in (Table 3). To guess the 
level of salts, soil samples from some selected sites of the study area were 
taken and evaluated for electrical conductivity (EC). The least and highest  
EC values were  1.43 dS/m and 5.44 dS/m at 25 °C, respectively, with a 
mean value of  2.9 dS/m ,and pH values ranged from 7.6 to 8. 
 

Organic matter values were well below 5 percent in these selected soils, only 
a few samples of soil had organic matter >1 percent. Available P varied from 

1.05 to 11.85 mg kg
-1

, while available K ranged from 40 to 190 mg kg
-1
. 

Saturation percentage of these samples ranged from 32 to 46.Textural 
classes were loam, clay loam, silt loam and silty. Gypsum requirement was 
compued and ranged from 0.5 to 4.2 tones per acre. 
 

Exchangeable Sodium Percentage (ESP), the proportion of exchangeable 
sodium to cation exchange capacity multiplied by 100 percent, was also 
considered as a parameter to evaluate the extent of sodicity of soils. Soil with 
more than 15 ESP associated with pH value of 8.5 and above is considered 
as sodic (7). 
 
ESP value for each soil sample was computed using the computed value of 
SAR for each respective soil sample. There are various relations developed 
between SAR and ESP. According to Levy (12), the soil ESP can be 
estimated from SAR of saturated paste extracts using an empirical 
relationships of ESP= 1.95 SAR + 1.8. 

 

Fitness of groundwater for irrigation uses 
 
Irrigated farming is reliant on an ample water supply of utilizable class. Now 
as each water is not fit for man, likewise, every water is not useable for crop 
growth. Water bearing contaminations, which are harmful to crop growth, is 
not acceptable for irrigation, and called substandard water.   In the study area 
since the source of water for irrigation is both canal and groundwater, 
suitability of groundwater for irrigation use was determined by appraising the 
prospective of the groundwater to generate soil or produce harms through 
salts, water permeation rate, toxicity and a collection of other various 
troubles. 
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The data generated for the groundwater samples are given in Table 4. Plans 
for description of water condition for irrigation are used to assess the fitness 
of the groundwater for irrigation (3). 

 

Salinity hazard  

 
The salinity is usually calculated by monitoring the electrical conductivity of 
water. For all the analyzed samples, electrical conductivity (EC) values are 
given in table 4. From the tested 44 water samples, 11 show an EC values 
less than 1.5 dS m

-1
 and the other 33 samples have an EC ≥ 1.5 dS m

-1
. So, 

on the basis of EC values, three categories of subsurface water are 
documented in the area: a subsurface water that is not harmful (with EC< 1.5 
dS/m) and needs no restriction at all (Fig-2) on use secondly a groundwater 
that is harmful to some extent (with EC 1.5-2.7 dS/m), whereas thirdly a 
groundwater (with EC> 2.7 dS/m) that needs serious treatment on utilization. 

    
Fig. 2.  EC wise distribution of the experimental  zone. 
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The first category water is applicable for crop growth for about all crops and 
for nearly all variety of soils. No soil or cropping harms will appear. But in 
case of second and third type tremendous salinity may develop and a drastic 
decrease in crop yield may occur due to sole application of this type of 
groundwater. 
 

Table 4. Summarized outcomes of the analyzed subsurface water samples. 

 

                        Groundwater descriptive analysis 

 

Sr. No 
N Min. Max. Mean Std. deviation 

44 1 44 22.5 12.845 

Na 44 1 98 30.18 28.425 

K 44 0.1 0.4 0.25 0.21213 

Ca_Mg 44 1 8 3.27 1.796 

C1 44 1.4 57 14.64 16.778 

SO
4
 44 1 75 18.73 20.104 

CO
3
 44 0 4 0.66 1.219 

HCO3 44 2 20 7.16 4.798 

CO3_HCO3 44 2 24 7.8 5.889 

RSC 44 0.2 21.7 4.52 5.869 

pH 44 8 9 8.36 0.487 

ECw 44 0 10 3.57 3.038 

SAR 44 1 87 26.16 26.225 

Valid N (listwise) 44         

 

 Infiltration (sodicity) problems  
 
A diffusion complexity associated to water condition appears as the usual 
diffusion pace for the given water or rainwater is substantially decreased and 
water stays on the soil surface so longer or diffuses too gradually to provide 
the crop with enough water to sustain satisfactory yields. Though the 
diffusion pace of water into soil changes extensively and can be seriously 
affected by the quality of the applied water, soil features such as 
arrangement of particles, degree of compaction, organic matter substance 
and chemical composition can also significantly control the intake rate.  
 
The two mainly familiar water condition factors that affect the usual diffusion 
rate are the salts of the water and its sodium concentration relation to the 
calcium and magnesium concentration (10). High EC water will enhance 
diffusion. Small EC water or water with more sodium to calcium and 
magnesium ratio will reduce diffusion. Both aspects may work at the similar 
time. The diffusion rate normally improves with rising EC and declines with 
either diminishing EC or growing sodium concentration relation to calcium 
and magnesium - the sodium adsorption ratio (SAR) (16). So, the two 
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aspects, EC and SAR, must be taken into account jointly for a good 
assessment of the eventual effect on water diffusion rate. Table 4 shows the 
SAR values of water samples. Most of the samples have SAR values 
>15mmol (+) kg

-1
. Out of 44 samples only 13 samples have SAR values less 

than 7.5, 9 have SAR between 7.5 to15 while 22 have more than 15 mmole + 
kg

-1
 ( fig. 3).            

 
Fig. 3.  SAR wise distribution of the study area. 

 

Toxicity hazards  
 
Since it has been made clear earlier, sodium adsorption ratios were worked 
out for the entire 44 samples.  Apart from 22 samples in all the other samples 
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the sodium adsorption ratios are well above 15, showing drastic sodium 
hazard will go up by applying the subsurface water as of these tube wells for 
crop growth. Residual sodium carbonate (RSC) indicates Na toxicity in the 
irrigation water. RSC in the subsurface water of experimental zone ranges as 
of 0.2 me L

-1
 at chak no 318 JB to 21.7 me L

-1
 at chak 392 JB. Overall, 15 

samples have RSC≤2me L
-1
, while 17 samples have 2-4 me L

-1
 and 12 

samples showed RSC > 4me L
-1
. Only the water having RSC < 2 me L

-1
 is 

most suitable for irrigation purpose, whereas groundwater with RSC 2-4 me 
L

-1
 is marginally fit and groundwater with RSC ≥ 4 me L

-1
 is unfit for irrigation 

and needs chemical treatment before application (13). The toxicity of chloride 
depends on its availability in the water. All the samples were analyzed for 
chloride. As shown in table 4, the chloride concentrations in the groundwater 
range from 1.4 to 57meq/l. This suggests that, if the subsurface water of the 
area taken into account for agricultural uses, chloride problem will grow up 
(14).     
 

Assorted troubles 
 
Bicarbonate though not generally contemplated to exist as a hazardous 

substance, is stated to bring about zinc scarcity in paddy field. Reviewed by 

Anon. (3), bicarbonate as high as 2 meq L
-1
 in water utilized for heavy 

irrigation as well as emerging paddy rice is declared to initiate strict zinc 

shortage. As it is shown in table 4, the intensities of bicarbonate in all the 

analyzed samples of the groundwater range as of 1.7 to 20.5 me L
-1
. Paddy 

is not an ordinary crop in the study zone. Nevertheless, during the upcoming 

time, if it is taken as a substitute produce and subsurface water is applied for 

crop growth, the bicarbonate intensity in the given water ought to be well 

thought-out to deal with zinc scarcity that might reduce yield under prevailing 

conditions of use. This can be cured by applying zinc to the field prior to 

heavy irrigation or at the occasion of initial emergence of the chlorosis. 

Definite zinc of 8 to 10 kg per hectare from zinc oxide or zinc sulfate is 

sprayed to stay in the upper 5 to 10 cm of field (3).  

 

pH  

 
The acidity or basicity of applied water is described as pH (< 7.0 acidic; > 7.0 

basic). The pH falls in alkaline class (fig. 4) for subsurface water in the 

experimental zone (Table 4). Commonly, from pH prospective the subsurface 

water of the study area is secure and can be applied for crop growth.  
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Fig. 4.  pH wise distribution of the experimental zone. 

 
CONCLUSIONS  

        
Usually, inside the study area the subsurface water is not fit for crop growth. 

The soil salinity/sodicity hazards exist. The majority (80 percent) of the soils 

are problem soils. However, to have a jam-packed yield impending, to carry 

on it for extended era of time, to eliminate  the chances of enhanced salinity, 

and to escape the probability of enhanced sodicity and toxicity hazards in 

prospect, appropriate irrigation system is vital in the form of crop  variety, 

compost procedure and proper substitute management.   
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RECOMMENDATIONS 

 
To maximize the benefits from irrigation activities the subsequent 
suggestions are proposed. Subsurface water prospective of the study area 
ought to be examined.  
 
Keeping in view the small land holdings of the farmers, the close spacing 
nature of the existing tube wells and to avoid the wastage of cultivable land, it 
is suggested that people should be guided on the location choice and boring 
of the wells.  
 
Subsurface water consumption and administration approaches must be 
framed and executed to control upcoming conflict in application of the 
subsurface water reserve in the area and also to maintain the sustainability of 
the irrigation scheme.  
 

Subsurface water recharging measures needs awareness by the public to 
sustain and capitalize on the availability of groundwater in the area. 
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