Soil & Environ. 29(2): 172-176, 2010
www.se.org.pk

Online ISSN: 2075-1141

Print ISSN: 2074-9546

Ground water quality characterization and its correlation
with wheat yield

A. Hannan®", M. Ahmad?, A. Niaz®, L. Ali* and T. Waheed®
!Directorate of Land Reclamation, Irrigation and Power Department, Lahore
’Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad
#Soil Chemistry Section, Ayub Agriculture Research Institute, Faisalabad
*Adaptive Research Centre, Vehari
*Engro Fertilizer Limited

Abstract

Tube well water quality is the major contributing factor towards the low yield of crops in Pakistan, as it is not
fit for irrigation in most of the areas. This is a survey study in which100 water samples collected from farmer’s tube
wells were evaluated for their quality characteristics. The data depicted the average values of EC;,, SAR;, and
RSC;,, corresponding to 1.93 £ 0.67 dS m?, 12.2 £ 65.00 (mmol L'')" and 3.6+1.96 mmol L, respectively. The
range values noted for different water quality indications were 0.78 > ECy,, < 3.12 dS m™, 2.57 > SAR,,, > 23.98
(mmole L))" and 0.10 > RSC;,, < 7.10 mmole L. Within the conventional water quality indicators a significant
correlation was found between SAR;, and EC;, (r=0.84*%) showing that SAR;, is a function of total salinity in
irrigation water. However, RSC;, and EC;, were not significantly correlated (r=0.32). The significant correlation
coefficients showed an increase in SAR and EC of soil with the use of irrigation water of high EC;, and SAR. The
wheat yield harvested from the fields irrigated with tube well water was found to be more affected by the sodicity
compared with salinity of water, each having corresponding values of 2.08 > SAR < 22.38 (mmole™)" and 1.03
> ECe < 4.31dS m™. A statistically justified model (R°=0.934) Y = 8317[EC,J"""[EC,,]"** / [SAR;,]"**° [SAR J**'®
[RSC;,]"?* was developed to predict wheat yield trend under a given set of soil and water characteristics. It was
concluded that subsoil water of the region is of poor quality and should not be exploited by the farmers through

private tube wells. Its injudicious use would salinize or sodicate the soils.
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Introduction

Importance of good quality surface irrigation water for
agricultural sustainability can not be over emphasized.
Unluckily, in Pakistan, surface water supplies are not
adequate to support a fully developed agriculture. Forced
by the canal water shortage, farmers have started exploiting
groundwater resource to supplement the canal water (Javaid
et al., 1998a).

According to an estimate about 44 million acre foot of
ground water is being exploited for supplementing canal
supplies (Mohtadullah et al., 1993). Unfortunately, about
50-60 % of discharge of existing wells is brackish in nature
(Ashfaq et al., 2009) that requires interventions for
sustainable land use. According to another estimate, 25
percent of tube well discharge in the Punjab province is
useable, while 25% and 50% is marginal and unfit,
respectively, for irrigation (Malik et al., 1984; Ashfaq et al.,
2009). The quality of available ground water in most of the
villages in Lahore district is not suitable for sustainable
crop production and soil health (Ali et al., 2009). Similary,
48 percent of the water samples in Gujrat (Zahid et al.,

2003) and 20 percent in Rawalpindi (Rizwan et al., 2003)
were unfit for irrigation.

For sustainable crop production without damaging soil
properties, the quality of groundwater is the main concern
of the day. The injudicious use of poor quality groundwater
increases salinity and sodicity problems because of its
residual alkalinity (Javaid and Younis, 1998), high sulphate
content (Javaid and Ali, 1999) and increased Na/Ca ratios
(Ghafoor et al., 1997). Different water quality indicators
with highly unfit range induce soil dispersion (Girdhar and
Yadav, 1982; Khan, 1975) and subsequently decrease the
crop yield (Nadeem et al., 2006; Ahmed et al., 2008).

For the mineral contents of irrigation water applied as same
field conditions it was found that there was decrease in
yield with the increase in the electrical conductivity of
irrigation water (ECjy). At low ECy, (up to 1.5 dS m™) the
yields of most crops were not affected (Ashfaq et al., 2009).
In case of wheat, water having EC;, of 3 to 3.5 dS m™
caused about 10% reduction in yield (Hussain and Nishat,
1963). Effect of salinity on crop growth however, depends
on type of salinity, specific ion-effect and many other
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related factors (Richards, 1954; Parida and Das, 2005).
Literature also supports that wheat yield is affected when
EC. is > 6 dS m™ as root zone salinity (Ayers and Westcot,
1985). It is also reported that wheat crop in contrast to rice
is resistant to salinity but sensitive to sodicity (Ahmed and
Chaudhry, 1997).

With the above scenario in view, this study was
conducted to develop a relationship between soil
characteristics, brackishness of groundwater and wheat
yield in Lalian unit in district Jhang.

(i) Electrical conductivity (EC)

Data presented in Table 1 indicate that electrical
conductivity of groundwater ranged from 0.78 to 3.12 dS
m™? with an average value of 1.93+0.67 dS m™ The
coefficient of variation was 34.9 %. The data grouped into
frequency classes (Table 2) indicate that relatively more
water samples had an EC range of 1.01 to 1.50 with relative
frequency of 27.59%. Only 3.45 % water samples had EC
between 3.0 and 3.5 dS m™.

Table 1: Soil and groundwater saline characteristics along with yield range

Particular ECiv EC. SAR;, SARs RSC; Wheat yield
(dsm™) (dSm™) (mmol L)% (mmol L1’ (mmole, L™ (kg ha™)
Minimum 0.78 1.03 2.57 2.08 0.1 1140
Maximum 3.12 431 23.98 22.38 7.1 3797
Average 1.93+0.67 2.34%0.95 12.26%5.90 11.49+3.30 3.6+1.96 23424884
CV (%) 34.9 40.59 48.20 28.73 54.5 37.8

Materials and Methods

The area of Lalian unit in District Jhang was selected
for conducting this survey study. One hundred private tube
wells were bench marked and water samples were collected
in one liter bottles after operating the tubewells for half an
hour. The depth of tube wells ranged from 80 to 110 ft. The
average depth of ground water table in the area was from
14-38 ft. The water samples were analyzed for major
cations (Ca*?, Mg*, Na) and anions (CO5;?, HCOs CI,
S0,2) which were determined according to the procedures
described by Richards (1954). The EC;,, was determined by
EC meter. The residual sodium carbonate (RSC) and
sodium adsorption ration (SAR) were computed by using
the formulae:

RSC = (CO;” + CO5) — (Ca™ + Mg*)
SAR = Na*/ (Ca™ + Mg*)®° (concentration in mmol.L™?)

One hundred soil samples were also collected at
random from the selected wheat fields under going
irrigation with the tube well water in the whole unit of
Lalian. The soil samples (1 kg) were taken from 0-15 cm
depth with an auger after the harvest of wheat crop. The
grid density of the samples was 1 km x 1 km. The wheat
yield ha™ was recorded. A multiple regression model was
developed to establish the relationship between crop yield
and different soil and water quality indicators. The
correlation between different water quality indicators was
also worked out (Steel and Torrie, 1980).

Results and Discussion

(A) Characteristics of the groundwater

Table 2: Percent frequency distribution of different
water quality characteristics

Estimate Class interval Frequency
distribution
EC <1.00 6.89
(ds m™) 1.01-1.50 27.59
1.51-2.00 20.69
2.01-2.50 20.69
2.51-3.00 20.68
3.01-3.50 3.45
SAR <6.0 13.79
(mmole L™H)®® 6.01-10.0 27.59
10.01-14.0 20.69
14.01-18.0 24.15
18.01-22.0 6.89
22.01-26.00 6.89
RSC <1.25 6.89
(mmole, L% 1.26-2.50 24.15
2.51-3.75 27.59
3.76-5.00 10.34
5.01-6.25 20.69
6.26-7.50 10.34

(ii) Sodium adsorption ration (SAR)

The sodium adsorption ratio (SAR) exhibited a great
variation (C.V = 48.2 %) in the range of 2.57 to 23.98 with
an average value of 12.2625.90 (mmol L™)*® in Table 1.
Data grouped into frequency classes (Table 2) indicate that
13.79 % water samples had SAR less than 6.0. Maximum
frequency distribution was noted (27.59 %) in the SAR
range of 6-10 (mmole L™)*°, while 58.62 % water samples
had SAR between 10 and 26 (mmole L) ®°.
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(iii) Residual sodium carbonate (RSC)

The residual sodium carbonate (RSC) values ranged
from 0.1 to 7.1 mmole, L* with an average value of
3.6+1.96 mmol L™ (Table 1). The highest coefficient of
variation (54.5 %) among the water quality indicator was
noted in case of RSC. The relative frequency distribution
(Table 2) indicates that only 6.89 % water samples had
RSC less than 1.25 mmole, L™ Relatively, more water
samples (27.59 %) were found in the RSC range of 2.51 to
375 mmole, L™. Only 10.34 % water samples had RSC
between 6.26 and 7.5 mmole, L™.

Comparison among EC, SAR and RSC indicates that
maximum number of water samples was unfit for irrigation.
About 79 % water samples collected were found unfit on
the basis of individual or combined water quality
parameters. About 55.17 % water samples (Table 3) had all
the EC, SAR and RSC values above the permissible level
fixed at 1.5 dS m™, 10 (mmol L™?)°° and 2.25 mmole, L™,
respectively.

Table 3: Distribution of 79 unfit water samples out of
100 total samples on the basis of different

Table 4: Some statistical functions for different
groundwater characteristics

Regression equation Correlation coefficient

Water

SAR =-1.996+7.387 (EC) 0.84**
RSC = 0.582+1.560 (EC) 0.32ns
RSC = 0.381+0.262(SAR) 0.82**
Soil

EC. =-0.371-1.02 ECjy 0.68**
SAR; = 6.092+0.440 SAR; 0.74**
SAR; = 6.67=1.340 RSC;,, 0.75**

water quality indicators (individual or
combined)

Water quality indicator %

SAR basis -

RSC basis 13.79

EC basis 3.45

EC-SAR basis 3.45

SAR-RSC basis -

EC-RSC basis 3.45

EC-SAR-RSC bhasis 55.17

The literature supports that the use of water with high
EC or SAR may lower down the farm income by
deteriorating the soils undergoing irrigation with such
waters (Parida and Das, 2005). However, the extent of soil
deterioration depends upon soil type and management
practices.

(iv) Interaction within water quality parameters

The relationship between different water quality
parameters was worked out through regression and
correlation analyses of the data (Table 4). It was noted that
SAR;,, and EC;, significantly correlated with each other (r =
0.84™). The same was noted for RSC;,-SAR;, relationship
(r = 0.82™). However, a non significant correlation was
found between RSC and EC parameter (r = 0.32"). It shows
that SAR is a function of salinity i.e. the SAR together with
total salt concentration (EC) may be used as an index to
indicate salinity/sodicity hazard.

** = significant at P=0.01, ns = non-significant
B) Soil and brackish water relations

The EC, of soil ranged from 1.03 to 4.31 dS m™ (Table
1) with average EC, value of 2.34+0.95 dS m™. A wide
variation (40.59 %) in ECe of soil samples was noted.
Similarly, the minimum and maximum SAR values
corresponding to 2.08 and 22.38 (mmol L™)*° were noted
with an average magnitude of 11.94+3.30 (mmol L™%)*°,
Coefficient of variation was 28.73% showing a small
variation in case of SAR compared to EC. of the fields
samples.

A highly significant correlation was found between soil
and water characteristics (Table 4) showing the effect of
brackish water on soil salinization/ sodification. The
regression analysis of the data (Table 4) showed a
substantial increase in SAR of the soil with the increase in
each SAR and RSC of the irrigation water. An increase of
0.440 and 1.340 per unit increase in SAR;,, and RSC;,, was
worked out. It shows that RSC;, has relatively more
detrimental affect on soil as compared to SAR of irrigation
water. However, the degree of sodicity build-up in soils
depends upon farmer’s management practices. Similarly,
ECe of the soil gave a good correlation with EC;, (r =
0.68**). That high SAR;,, certainly creates sodicity front in
soil. The unscientific use of groundwater charged with
bicarbonate and sodium contents resulted in the alkalization
of certain soils of Pakistan (Bhatti, 1986). Under average
management practices, the SAR of soil increases
significantly in direct proportion to SAR;, (Khandelwal and
Pal, 1993) and is more harmful for soils as well as for crops
than water with higher salinity (Haider et a/., 1973).

C) Crop yield prediction in relation to soil and
water characteristics

The effect of different soil and water characteristics on
wheat crop was assessed. It was noted that the wheat yield
ranged from 1140 to 3797 kg ha™* with an average value of
23424884 kg ha' against EC,, SAR,, SAR;, and RSCj,
ranges corresponding to 1.03-4.31 dS m™, 2.08-22.38, 0.78-
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3.12 dS m™, 2.57-23.98 and 0.1-7.1 mmole, L™ (Table 1).
Based on the data coded in a multiple regression equation,
it was noticed that wheat crop was not affected by salinity.
The small differences in wheat yield at various EC levels
were due to the reason that wheat germination is little
affected by saline water upto 4.5 dS m™ (Francois et al.,
1986). Similarly, Hussain (1963) pointed out that irrigation
water up to 5.0 dS m™ did not reduce the yield in case of
wheat. It was noted that it is the sodicity of soil or water
which actually affects the wheat crop. It is also reported
that higher SAR;,, is more harmful than the total salinity of
water (Ali et al., 1981).

It is fact that crop yield is affected by a number of soil,
water and environmental factors. All these different factors
exert integrated effect on crop yield. It is not possible to
define the critical limits of EC;,, SAR;, and RSC;,, because
the effect of different qualities of water on soil health and
crop yield is governed more by the type of soil, climate and
soil and water management practices than the chemistry of
irrigation water (Ali et al., 1981; Singh et al., 1992).
However, to predict crop yield trend, a multi-dimensional
model is developed which covers the soil and water
characteristics. The model developed is statistically
justified (R* = 0.934**) and can be used effectively to
predict wheat yield trend in the region under study. The
empirical model used is given as under:

8317[ECe] 0.177[Eciw] 0.883
[SARWV] 0.396[SARS] O.416[RSCiW] 0.382

Y =

characteristics. Need, however, be felt to model irrigation
delta, soil and crop management practice etc.
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Figure 1: Relationship between actual and predicted
wheat yield (kg ha™)

Conclusion

As a strong relationship exists between the soil and
water characteristics, and wheat yield, so it is concluded
from the study that the multi-dimensional models should be
developed to appraise crop yield under a given set of soil
and water characteristics, keeping in view the water delta
and soil texture in addition to soil and crop water
management practices opted by farmers. Also, injudicious
ground water exploitation by the farmers themselves would
develop salinity/sodicity in the soil, hence reducing the crop

Table 5: Soil and water quality characteristics in relation to wheat yield (selected samples for model verification)

Sample EC. SAR; ECi SAR;, RSC Wheat yield
No. (dS m™) (mmol L)% (dS m™?) (mmol L)% (mmole, L™) (kg ha™)
W 2.81 10.23 2.50 15.14 5.13 1511
Wy, 3.09 11.22 2.51 15.85 5.37 1380
W9 4.07 16.59 2.95 22.38 6.76 1202
Wyo 3.31 13.49 2.50 16.59 5.62 1258
Wiy 3.09 12.02 2.51 16.22 5.50 1566
Weo 1.31 3.16 1.25 2.95 1.70 3368
We4 2.19 6.61 2.18 13.18 3.89 1905
W76 1.82 3.98 141 4.05 2.18 3019
Wy 2.64 8.70 2.29 14.45 4.05 1641
W, 1.26 2.09 0.79 2.57 0.80 3766
The data depicted via Figurel show that a very close Yield.
relationship exists between actual and the predicted values. References

To assess the compatibility, the selected data values on soil,
water and crop yield are given in Table 5, which are coded
as Wg, Wi, Wy etc. in the Figure 1. Soil and water
composition can be fitted in the model for tentative yield
prediction under a given set of soil and water
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