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Abstract 

Field studies were conducted to evaluate the industrial effluents (HCl and CaCl2) for reclaiming salt-affected 
soils for economical crop production. The soil under test was saline-sodic and clay-loam in texture. Four treatments 
viz., HCl, CaCl2, gypsum and control according to gypsum requirement were applied fifty days before sowing of 
wheat. Results showed significant increase in wheat yield and improvements in soil EC, pH and SAR by the 
application of these effluents. Increase in wheat yield was about 54, 96 and 117 % with gypsum, CaCl2 and HCl, 
respectively. The post harvest analysis of soil samples showed that significant improvement in soil chemical 
properties was obtained with HCl followed by CaCl2 and gypsum. Results showed that HCl was better in improving 
soil  properties i.e. reduction in pH  from 8.5 to 8.08, ECe  from 13.3 to 2.78 dS m-1,  SAR from 68.7 to 10.5  (mmol 
L-1)1/2 , Cl-1 from 146.2 to 25.7 meq L-1 and SO4

-2 from 120.5 to 18.6 meq L-1. 
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Soil salinity is a world wide problem which causes 

reduction in crop yield on about 10 million hectares of the 
worlds irrigated land (Rhoades and Loveday, 1990). In 
Pakistan, about 14% of irrigated land is badly affected by 
salinity (Ghassemi et al., 1995) and the areas affected by 
different levels and types of salinity is about 6.3 million ha 
(Qureshi et al., 2008). The shortage of good quality canal 
water in our country is compelling the farmers to use 
brackish underground water for growing crops. The 
continuous recycling and reuse of saline-sodic groundwater 
causes an imbalance of salts in the root zone. These salt 
affected soils are not only saline but also impermeable, 
devoid of organic matter and biological activity and their 
physico-chemical characteristics have altered so that they 
have become unproductive. These soils are characterized by 
high pH, high exchangeable Na, deficient in soluble Ca and 
poor in soil physical conditions. About 60 percent of the 
salt-affected soils are sodic and much of this land is 
cultivated by small holders (Qadir et al., 2006).  

The most appropriate reclamation procedure depends 
on the nature of ionic chemistry affecting the soil. 
Reclaiming sodic and saline sodic soils requires different 
approachs than saline soils and can considerably be more 
costly. These soils are reclaimed by increasing soluble 
calcium in the soil solution which replaces sodium from the 
exchange complex and physico-chemical properties of the 
soil are improved. Various amendments like gypsum 
(hydrated calcium sulfate), calcium chloride (Cardon and 

Mortvedt, 2000) and acids (HCl and H2SO4) can be used for 
amelioration and drainage improvement of such lands 
(Muhammad, 1990; Biggar, 1996 and Sharma et al., 1996). 
Being a cheaper source of calcium, gypsum is most 
commonly used in Pakistan but it is moderately soluble in 
water. It requires about 1 acre-foot of water to dissolve one 
ton gypsum. Precipitation of calcium as CaCO3 in the 
presence of sodium carbonate in soil solution further 
aggravates the situation (Rafique, 1990) by reducing the 
availability of soluble Ca2+ to replace Na+, whereas calcium 
chloride, a source of highly soluble calcium, is fast acting 
but too expensive to use as soil amendment (Cardon and 
Mortvedt, 2000). In Pakistan, calcium chloride is not 
expensive as it is generated as a waste effluent by Sitara 
Chemical Industries Ltd., Faisalabad, and Ithad Chemical 
Industries Kala Shah Kaku during the manufacturing of 
sodium hydroxide from sodium chloride by electrolysis. 
Hydrochloric acid is a byproduct of both these industries 
and has limited commercial utilization in our country. The 
industries waste the major amount of HCl by neutralizing it 
with marble stones, which is drained out as calcium 
chloride and creates environmental pollution. Keeping in 
view the situation, a field experiment was conducted to 
study the relative efficiency of gypsum, HCl and CaCl2 for 
reclaiming salt-affected wastelands to achieve economic 
productivity of wheat. Gypsum application improved grain 
yield in wheat (Rashid et al., 2008) and its application at 
full rate gave 14.3 % increase in grain yield than that at half 
rate (Haq et al., 2007).  
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The present field experiment was conducted to test the 
effect of industrial effluent (HCl and CaCl2) on salt-affected 
waste lands. The tube-well water used for alternate 
irrigation was analyzed for pH (7.6), ECe (1.5 dS m-1), SAR 
[15.05 (mmol L-1)1/2] and RSC (7.25 meq L-1). The 
industrial effluents, provided by the Sitara Chemical 
Industries Ltd., Faisalabad, Pakistan, were analyzed for HCl 
concentration and calcium chloride content by titrimetric 
methods as proposed in Hand Book-60.  The effluents were 
also analyzed for heavy metals (Table 1) by Inductively 
Plasma Spectrometer (ICP), HITACHI, Japan.   The soil 
samples were collected from the experimental site and were 
analyze for pHs (8.5), ECe (17.4 dS m-1), SAR [68.7 mmol 
L-1)1/2], Cl-1(146.2 meq L-1), SO4

-2 (120.5 meq L-1) and soil 
texture (clay loam).  Treatments of effluents (according to 
gypsum requirement, 6.8 tons acre-1) were applied fifty 
days before sowing and three consecutive irrigations (with 
15 days interval) were given to the field in order to leach 
down the salts. The experiment consisted of four treatments 
[i.e. effluent 1 (HCl, 33%), effluent 2 (Calcium chloride, 
21.7%), gypsum and control], five replications and 
contained randomized complete block design (RCBD). 
Wheat variety Bhakhar was grown in the experimental farm 
area of NIAB, Faisalabad and harvested at maturity. Before 
sowing, the soil was deep ploughed, leveled and 90 kg P2O5 
ha-1 and urea were applied as a basal dose in two splits, 
each dose consisted of 40kg N ha-1 imposed at tillering and 
flowering. The seeds of wheat variety Bhakhar were sown 
in early November and during the course of study, all the 
plots were irrigated six times with tube-well water and 
canal water alternatively. The yield of wheat obtained was 
calculated on kg ha-1 basis. After harvesting the crop, soil 
samples were again taken and analyzed for the same above-
mentioned parameters and effect of HCl, CaCl2, gypsum 
and control was estimated according to the reduction in pH, 
SAR. ECe etc. The collected data was statistically analyzed 
and means were compared according to Duncan’s New 
Multiple Range Test (Steel and Torrie, 1984). 

The physico-chemical analyses of the soil showed that 
it was clay loam in texture and highly salt affected having 
ECe of 17.4 dS m-1 and pH 8.5. The SAR of the soil was 
very high [68.7 (mmol L-1)1/2]. It also contained high 
concentration of Cl- and SO4

--. The data indicated that 
before the application of the gypsum and industrial 
effluents (HCl and CaCl2) the soil was unfit for crop 
cultivation. Tube-well water used for alternate irrigation 
was of high EC, SAR and RSC. Whereas heavy metals in 
both the effluents (Table 1), were within limits. The 
application of HCl and CaCl2 tremendously improved the 
soil properties (Table 2) as compared to gypsum and 
control. Maximum improvement in soil chemical properties 
were found with the application of HCl, which reduced  

ECe from 17.4 to 2.78 dS m-1 and pH from 8.5 to 8.08 
similarly  reduction  in  SAR  [from  68.7  to  10.5  (mmol 
L-1)1/2], Cl- (from 146.2 to 25.7 meq L-1) and SO4

-- (from 
120.5 to 18.6 meq L-1) was estimated (Table 2). 

The results indicated that application of HCl and CaCl2 
significantly enhanced the grain yield (Table 3). The 
maximum grain yield (2565 kg ha-1) was obtained in the 
plots treated with HCl followed by CaCl2 (2313 kg ha-1) 
and gypsum (1820 kg ha-1) while, minimum in control 
(1180 kg ha-1) and the cost benefit ratios of inputs were 
1:1.46, 1:1.42 and 1:1.38 while, yield wise it was 1:2.17, 
1:1.96 and 1:1.54, respectively, as compared to control. It 
has been observed that calcium deficiency is associated 
with sodicity of soil and influenced by plant water status, 
addition of Ca++ directly to soil solution or through foliar 
application or as amendment in irrigation water could be 
useful to mitigate damage to the crop (Feigin, 1985; Khan 
and Ashraf, 1988).  Calcium is an essential element and 
plays an important role in maintaining cell integrity and 
membrane permeability (Ashraf et al., 1992). By decreasing 
Na+ in plant tissue, Ca++ enhances pollen formation and 
growth and activates a number of enzymes for mitosis, 
division and elongation of cell (Mater et al., 1975; Ashraf et 
al., 1998). It may be important for protein synthesis and 
carbohydrate transportations (Hawker et al., 1974; Khan et 
al., 1995). Its presence may serve to detoxify the action of 
heavy metals in the plant. The heavy metals were present in 
very minute amount (Table 1) in the effluents (HCl and 
CaCl2) used for amendment. Therefore, they may not be 
toxic if transported in the plants and the grains produced 
cannot cause any heavy metal hazards. Faisalabad soil 
contains Cr, 24.1; Zn, 44.5; Pb, 11.6; Cd, 0.21; Ni, 36.2; 
and Cu, 22.8 mg kg-1 (Jeroen et al., 2010) and the effluents 
contained heavy metals in ppm or fraction of ppm, 
therefore, with the addition of effluents in the soil under 
study the increase in their concentration would be 
negiligable. On the other hand, some of the heavy metals 
present in the effluents could have been utilized as 
micronutrients which promoted the plant growth and 
increased the grain yield. The present finding indicated that 
amendment of HCl and CaCl2 increased the crop yield 
which may also be due to the reduction in Na+/Ca++ ratio 
and is supported by Aslam et al. (1993), they also reported 
that lowering Na+/Ca++ ratio by the addition of Ca++ to 
saline soil increased growth and yield of rice, however, Yeo 
and Flowers (1985) found no effect of Na+/Ca++ ratio in 
saline culture solution on the growth or Na+ concentration 
of rice shoots. Muhammad et al. (1987) advocated that 
decreasing Na+/Ca++ ratio of saline solution caused 
improvement in growth of shoot and root of rice. Amount 
of HCl and CaCl2 to be applied depends upon the soil 
analysis: greater the quantity of sodium in soil, larger will 
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Table 1. Heavy metals found in the effluents used for soil reclamation 

Metals Cr Zn Pb Cd Ni Fe Mo Cu 
Concentration  (mg L-1) in effluent-1 (HCl) 3.3 0.9 0.7 0.25 0.8 40.0 0.3 0.9 
Concentration  (mg L-1) in effluent-2 (CaCl2)  3.5 1.2 0.7 0.2 0.8 62.0 0.3 1.0 
Results are means of four replicates 

Table 2.  Soil chemical characteristics after harvesting wheat crop 

Treatment pH ECe (dS m-1) SAR (mmol L-1)1/2 Cl- (meq L-1) SO4
-- (meq L-1) 

Gypsum 8.26 bc 9.85 b 29.6 b 38.3 b 65.8 b 
CaCl2 8.12 a 2.97 a 12.9 a 30.6 a 21.4 a 
HCl 8.08 a 2.78 a 10.5 a 25.7 a 18.6 a 
Control 8.41 c 13.3 c 46.1 c 86.4 c 94.7 c 
Means followed by similar letter(s) do not differ significantly according to DMR test at 5% level of significance 

Table 3. Effect of gypsum, HCl and CaCl2 on plant height, number of spikes, number of grains spike-1 and grains  
yield of wheat under reclaimed saline-sodic soil conditions 

Treatment Plant height   
(cm) 

No. of  
Spikes m-2

No. of grains 
spike-1

Grain yield 
(kg ha-1) 

Increase in 
grain yield (% ) 

Gypsum 81.3 c 197 c 42 b 1820 c 54.24 
CaCl2   93.0 ab 210 b 51 ab 2313 b 96.02 
HCl 94.2 a  242 a 54 a 2565 a 117.37 
Control 62.5 d 176 d 30 c 1180 d - 
Means followed by different letter differ significantly according to DMR test at 5% level of significance 
e the amount of Ca++ required as a nutrient to improve Ca / 
Na ratio of the soil. The present study revealed that HCl and 
CaCl2 (industrial effluents) have improved the soil 
properties (Table 2) in addition to increase in wheat yield 
(Table 3). 

Conclusion  
Hydrochloric acid reacted with calcium carbonate of 

the soil that produced calcium chloride (100 % soluble in 
water) therefore the whole Ca++ became available which 
eplaced Na+ from the exchange complex resulting in 

development of soil aggregates and the toxic Na+ and Cl- 
eached down from the root zone. It is, therefore, concluded 
hat both the industrial effluents (HCl and CaCl2) can safely 

be utilized for reclaiming saline-sodic soils and achieving 
economical production for wheat crop. 
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