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ABSTRACT  
Background When salt affected soils are reclaimed by the application of 
different amendments like gypsum, sulfuric acid etc., a number of nutrients 
are leached down and resulting in low soil fertility. . Generally, the losses of 
nitrogen (N) through volatilization are high due to alkaline soil pH. 
Furthermore, soil salinity also reduces the efficiency of fertilizer such as N, 
phosphorus (P) and potassium (K). The crops grown in such soil need about 
25% additional dose of N and other plant nutrients to get optimum yield.      
Methodology A field experiment was conducted during 2010-11 at four 
different sites on the farmer fields in district Hafizabad (S1), district 
Sheikhupura (S2), district Gujranwala (S3) and district Sialkot (S4) to 
determine the response of wheat to NPK fertilizer application in gypsum 
amended saline-sodic soil. Saline-sodic soils at all the four sites were 
selected and reclaimed by applying gypsum @ 100% gypsum requirement 
(GR) using rice crop. Wheat variety (cv. Inqulab-91) was sown as a test crop 
on reclaimed soil. Four different rates of N (0, 85, 130 and 175 kg ha-1), P2O5 
(0, 70, 105 and 140 kg ha-1) and K2O (0, 40, 60 and 80 kg ha-1) were applied 
in ten combinations. The system of layout was randomized complete block 
design (RCBD) with three replications. The soil analysis before wheat 
sowing depicted that it was still slightly saline-sodic in nature, deficient in 
total N and available P but adequate in extractable K.  
Results The results showed that increasing fertilizer rates increased grain and 
straw yields significantly (p ≤ 0.05) over control. There was an increase in 
yield by the application of each increment of N fertilizer, whereas P and K 
had non-significant (p ≤ 0.05) effect except P at higher rate and K at lower 
rate. The optimum dose of fertilizer was 175-105-60 kg ha-1 as N, P2O5 and 
K2O, respectively for wheat on gypsum amended saline-sodic soil. The NPK 
contents both in grain and straw were significantly (p ≤ 0.05) increased over 
control.  
Conclusion The increasing level of N application increased the grain and 
straw yield of wheat. N concentration both in grain and straw of wheat was 
also increased with increasing N level, while P and K had mixed trend. Soil 
analysis after harvest of wheat showed that the extent of salinity/ sodicity 
decreased while fertility status of the soil was slightly improved.

 
INTRODUCTION 
 
Soil salinity is a major abiotic stress that poses severe 
threat to food security and safety (Ashraf et al. 2015). 
It has been reported that wheat yield on slightly and 
moderately salt affected soils is reduced by 36 and 

68%, respectively as compared to non-saline-sodic 
soils. According to Dong (2012), higher salt 
concentration in soil solution caused various 
physiological problems in cotton plants mainly due to 
salt effects on plant metabolism, enzyme activities, 
hormonal balance and water as well as ions uptake. 
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Khorsandi and Anagholi (2009) reported that 
excessive salt concentration in the rhizosphere 
interfered with seed germination and resulted in 
delayed and reduced seed germination, lower 
seedling emergence, decreased plant growth, and 
may finally lead to reduced yield and quality. The 
significant reduction in the growth and yield of 
different crops including rice and wheat is, at least, 
partly attributed to the imbalanced and inadequate 
fertilizer use (Qayyum and Malik 1988). 
Amelioration of saline-sodic/ sodic soils require the 
application of amendments preferably gypsum, and 
adoption of rice-wheat cropping is recommended 
(Oster 1982). Recently reclaimed soils are low in 
plant nutrients because of leaching of nutrients during 
reclamation process (Waseem 2004.). The  soils in 
Pakistan, particularly in Punjab province are mostly 
alkaline and calcareous in nature, low in organic 
matter, nitrogen (N), phosphorus (P), potassium (K) 
and micronutrients particularly in rice growing area 
(Tanaka and Yoshida 1975).  

Appropriate regulation of nutrient elements 
under salinity stress might be an important strategy to 
ameliorate the adverse effects of salinity. Many 
studies have demonstrated that deleterious effects of 
salinity can be mitigated by adequate regulation of 
plant nutrition depending upon many plant and soil 
related factors (Tuna et al. 2007; Ashraf et al. 2010; 
Ashraf et al. 2015). Among different mineral 
nutrients, N, P and K are particularly important 
because they play a crucial role in plant growth and 
development (Cuin et al. 2008). These nutrients are 
interacted with Na+ and Cl-, reduced their uptake and 
accumulation within plant body and thus reduced the 
damaging effects of salinity on plant growth and 
production (Ahmad et al. 2009). Some other studies 
on different crops had shown a large increase in yield 
on soils deficient in organic matter and available 
nutrients under increasing level of N, P and K 
application (Khan et al. 1987). Singh (2005) reported 
the response of P and K applied to rice and wheat and 
found that growth and yield of rice and wheat were 
significantly (p≤0.05) improved by the application of 
P and K. 

Although, a lot of work has been done to study 
the individual effects of different plant nutrients on 
plant growth under various biotic and biotic stresses. 
However, there is very little information regarding 
the combined effect of N, P and K to ameliorate salt 
toxicity in wheat on recently reclaimed soil. 
Accordingly, the present study was undertaken to 
evaluate the effectiveness of N, P and K to improve 
wheat growth and yield in gypsum amended saline-
sodic soil.  
 

MATERIALS AND METHODS 
 
Field experiments were conducted at four different 
sites i.e. S1: Thatta Langar (district Hafizabad), S2: 
Bhattal (district Sheikhupura), S3: Kot Hara (district 
Gujranwala) and S4: Jamke Cheema (district 
Sialkot). Saline-sodic soils were selected at all the 
sites which were reclaimed by applying gypsum @ 
100% gypsum requirement (GR) using rice crop 
during reclamation.  After rice crop, wheat crop was 
sown using different NPK fertilizers combinations as 
mentioned in Table 1. The plot size was 6 m x 4 m. 
The system of layout was randomized complete block 
design (RCBD) with three replications.  

Wheat variety (cv. Inqulab-91) was sown in 
November, 2003. The seed rate used was 150 kg ha-1.  
All the P, K and 1/3 N fertilizers at the time of 
sowing while 1/3 N at first irrigation and remaining 
1/3 N at 2nd irrigation were applied.  Chemical 
herbicides were used for the control of weeds. All 
cultural practices when required were performed 
uniformly for all treatments. Crop was harvested at 
maturity. Grain and straw yield data were recorded. 
Grain and straw samples were analyzed for NPK 
contents. All the analyses were done according to the 
methods given in Hand Book No. 60 (US Salinity 
Lab Staff 1954) except total N in soil and plant by 
Jackson (1962) and available P in soil by Watanabe 
and Olsen (1965). All the data were statistically 
analyzed by using variance technique (ANOVA) and 
least significant difference (LSD) test was applied to 
differentiate the treatment differences (Steel et al. 
1997) using M-STATC Version 1.10 software 
package while graphs were plotted in Microsoft 
Excel. 
 
Table 1 Description of the experimental treatments 

Treatments N P2 O5 K2 O 
(kg  ha-1) 

T1 0 0 0 
T2 85 105 60 
T3 130 105 60 
T4 175 105 60 
T5 130 0 60 
T6 130 70 60 
T7 130 140 60 
T8 130 150 0 
T9 130 105 40 
T10 130 105 80 

 
RESULTS AND DISCUSSION 
 
The soil samples were collected from all the sites i.e. 
Thatta Langar (district Hafizabad), Bhattal (district 
Sheikhupura), Kot Harra (district Gujranwala) and 
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Jamke Cheema (district Sialkot) before the 
transplantation of rice and analyzed for various 
physical and chemical characteristics (ECe, pHs, 
SAR, GR, total soil N, available soil P and 
extractable soil K). The chemical analysis of all the 
sites is given in Table 2. The results showed that all 
the sites were saline-sodic in nature having GR of 
3.91 to 5.45 tons acre-1. All the soils were reclaimed 
by applying gypsum at the rate of 100% GR using 
rice crop during reclamation. After rice, wheat was 
sown in the same layout. The results of wheat are 
given in the following paragraphs; 
 
Grain and straw yield 
The results of grain and straw yield are presented in 
Table 3. The yield was increased with the each 
increment of N fertilizer application while with P 
application, yield was increased only at higher rate 
(i.e. 140 kg P2O5 ha-1). In case of K application, the 
yield was improved only at 40 kg K2O ha-1 only at 
Thatta Langar and Bhattal in comparison to control 
and remained non-significant (p ≤ 0.05) at other two 
sites. The results showed that maximum grain yield 
was recorded in T4 (175-105-60) and minimum in T1 
(0-0-0) at all the four sites. Similar results were 
reported by (Singh 2005). The straw yield was also 
increased with the each increment of N fertilizer 
application while in case of P and K application, 
straw yield was increased only at higher rate (i.e. 140 
kg P2O5 ha-1). In case of K application, the yield was 
improved only at 40 kg K2O ha-1 at all the four sites 
in comparison to control and remained non-
significant (p ≤ 0.05) at higher application rate. The 
results showed that maximum straw yield was 
recorded in T4 (175-105-60) and minimum in T1 (0-0-
0) at all the sites except Kot Hara where it was 
maximum in T10 (130-105-80). Similar results were 
reported by Singh (2005) and Hayee et al. (1989).  
 
Nitrogen concentration in wheat grain and straw 
The data regarding N concentration in grain and 
straw of wheat are shown in Table 4. Maximum N 
concentration was recorded in T4 (175-105-60) and 
minimum in control (0-0-0). Each increment of added 
N increased N concentration in grain while P and K 
had non-significant (p ≤ 0.05) effect at all the four 
sites. Significantly higher N concentration in grain 
was at T4 (175-105-60 kg ha-1) at all the four sites. It 
was differed significantly (p ≤ 0.05) with T5 (130-0-
60), T6 (130-70-60), T7 (130-140-60) and T1 (0-0-0) 
and non-significantly (p ≤ 0.05) with remaining 
treatments. Except at Bhattal where it was 
significantly (p ≤ 0.05) different with control. The 
results are in line with Singh (2005) and Imtiaz et al. 
(1995). In case of wheat straw, again maximum N 
concentrations were recorded in T4 (175-105-60) and 

minimum in control (0-0-0). Each increment of added 
N increased N concentration in straw while P and K 
had non-significant (p ≤ 0.05) effect at all the four 
sites. Significantly higher N concentration was 
observed in T4 (175-105-60 kg ha-1) at all the four 
sites like N in grain. At Thatta Langer, Kot Hara and 
Jamke Cheema sites, it was differed significantly (p ≤ 
0.05) with T1 (0-0-0) and non-significantly (p ≤ 0.05) 
with remaining treatments while at Bhattal, it was 
differed significantly (p ≤ 0.05) with T7 (130-140-
60), T8 (130-150-0), T2 (85-105-60) and T1 (0-0-0), 
and non-significantly (p ≤ 0.05) with remaining 
treatments. The results are in line with Singh (2005). 
 
Phosphorus concentration in wheat grain and straw 
Results about P concentration in wheat grain and 
straw at all the four sites are given Table 5. It was 
indicated that the effect of additional P on P 
concentration in grain remained significant over 
control while N and K had non-significant (p ≤ 0.05) 
effect which might be due to dilution effect. 
Phosphorus concentration was found relatively higher 
in T2 (85-105-60) at all the four sites. At Thatta 
Langar site, it was non-significant (p ≤ 0.05) with T3 
(130-105-60) and T8 (130-150-0) and significantly 
different with all other treatments, at Bhattal site it 
was non-significant with T8 (130-150-0), at Kot Hara 
site it was non-significant (p ≤ 0.05) with T3 (130-
105-60), T4 (175-105-60), T2 (85-105-60), T1 (0-0-0), 
T8 (130-150-0) and T9 (130-105-40), at Jamke 
Cheema site it was differed non-significantly (p ≤ 
0.05) with all the remaining treatments except 
control. As for as P concentration in wheat straw is 
concerned, the effect of added P on P concentration 
in straw like grain remained significant over control 
while N and K had non-significant effect at Thatta 
Langar and Jamke Cheema.. At Thatta Langar site, it 
was maximum in T4 (175-105-60) and minimum in 
T1 (0-0-0), at Bhattal and Kot Hara sites it remained 
non-significant. The maximum P concentration at 
Jamke Cheema site was noted in T4 (175-105-60) 
which differed significantly with T5 (130-0-60) and 
T1 (0-0-0) and non-significantly (p ≤ 0.05) with all 
the remaining treatments. The results are in line with 
Khan et al. (2016) who reported that P concentration 
in cotton was increased by increasing P level in the 
growth medium.  
 
Potassium concentration in wheat grain and straw 
Results regarding K concentration in wheat grain and 
straw at all the four sites are given in Table 6. It 
indicated that K concentration in wheat grain was 
increased by K fertilizer significantly (p ≤ 0.05) over 
control. But the effect of increasing levels of N and P 
remained non-significant (p ≤ 0.05) at all the four 
sites. It was found maximum in T2 (85-105-60) and  
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Table 2 Physicochemical analyses of soils of the selected sites before experimentation at four locations of various 
districts of Punjab province 

Sites ECe  
(dS m-1) 

pHs SAR  
(mmol L-1) 1/2 

 GR  
(t ac-1) 

Total N 
(%) 

Available  
P (mg kg-1) 

Extractable  K 
(mg kg-1) 

Hafizabad 
(Thatta Langar, S1) 

6.90 9.28 58.26 5.45 0.016 3.20 129.0 

Sheikhupura 
(Bhattal, S2) 

6.82 9.05 47.68 4.26 0.019 4.60 104.0 

Gujranwala 
(Kot Hara, S3)  

6.90 9.10 50.64 4.38 0.021 4.30 99.0 

Sialkot 
(Jamke Cheema, S4)  

6.54 8.95 45.28 3.91 0.023 3.60 106.0 

GR: Gypsum requirement; SAR: Sodium adsorption ratio 

 
Table 3 Effect of different combinations of NPK fertilizers on grain yield and straw yield of wheat grown on saline-
sodic soils at four locations of various districts of Punjab province 

N-P2O5-K2O 
(kg ha-1) 

Grain yield (t ha-1) Straw yield (t ha-1) 
S1 S2 S3 S4 S1 S2 S3 S4 

0-0-0 1.27f 1.12f 1.51e 1.69f 1.40f 1.23f 1.68g 1.84f 
85-105-60 1.76de 1.56de 2.16c 2.12d 1.96e 1.72e 2.63e 2.35d 
130-105-60 1.99bcd 1.76bcd 2.47b 2.56bc 2.26bcd 2.20bcd 3.02d 2.92b 
175-105-60 2.27a 2.27a 2.81a 2.81a 2.63a 2.63a 3.51abc 3.25a 
130-0-60 1.69e 1.50e 1.72d 1.93e 1.88e 1.65e 2.08f 2.12e 
130-70-60 1.89b-e 1.67b-e 2.36b 2.41c 2.15cde 1.88cde 2.88d 2.70c 
130-140-60 2.12ab 2.08ab 2.71a 2.80a 2.45ab 2.41ab 3.31c 3.23a 
130-105-0 1.81cde 1.60cde 2.73a 2.48bc 2.02de 1.77de 3.38bc 2.82bc 
130-105-40 2.03abc 2.01abc 2.83a 2.60b 2.31bcd 2.06bcd 3.58ab 3.01b 
130-105-80 2.08ab 2.05ab 2.86a 2.52bc 2.32bc 2.12bc 3.63a 2.86bc 
LSD value 0.224 0.198 0.163 0.164 0.271 0.237 0.224 0.196 

Values followed by similar letter(s) are not statically different at p ≤ 0.05. 

 
Table 4 Effect of different combinations of NPK fertilizer on N concentration in grain and straw of wheat grown on 
saline-sodic soils at four locations of various districts of Punjab province 

N-P2O5-K2O 
(kg ha-1) 

N concentration in grain (%) N concentration in straw (%) 
S1 S2 S3 S4 S1 S2 S3 S4 

0-0-0 1.51d 1.41b 1.33c 1.65e 0.51b 0.52 e 0.53b 0.56c 
85-105-60 2.23abc 2.20a 2.23ab 2.26bcd 0.74a 0.70d 0.73a 0.74b 
130-105-60 2.26ab 2.28a 2.20a 2.30ab 0.77a 0.74abc 0.76a 0.78ab 
175-105-60 2.27a 2.28a 2.30a 2.32a 0.79a 0.75ab 0.78a 0.81a 
130-0-60 2.20bc 2.20a 2.20b 2.23cd 0.76a 0.74abc 0.76a 0.78ab 
130-70-60 2.18c 2.17a 2.19b 2.22d 0.74a 0.73bc 0.74a 0.77ab 
130-140-60 2.18c 2.17a 2.19b 2.21d 0.73a 0.72cd 0.74a 0.76ab 
130-105-0 2.26ab 2.24a 2.27ab 2.29ab 0.77a 0.76a 0.77a 0.80ab 
130-105-40 2.25ab 2.24a 2.27ab 2.28abc 0.75a 0.74abc 0.76a 0.79ab  
130-105-80 2.24ab 2.22a 2.26ab 2.26bcd 0.74a 0.73bc 0.74a 0.76ab 
LSD value 0.07 0.79 0.10 0.57 0.23 0.18 0.20 0.07 

Values followed by similar letter(s) are not statically different at p ≤ 0.05. 
 
minimum in T1 (0-0-0) at all the four sites. At Thatta 
Langar site, it was maximum in T2 (85-105-60) 
which was at par with all other treatments except T7 
(130-140-60) and T1 (0-0-0) which were significantly 
(p ≤ 0.05) different, at Bhattal and Kot Hara sites it 

was maximum in T2 (85-105-60) and minimum in T1 
(control), and at Jamke Cheema site was maximum in 
T2 (85-105-60) which differed significantly (p ≤ 0.05) 
with all the remaining treatments  applied. Similar 
results were reported by Ashraf et al. (2015) who   
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Table 5 Effect of different combinations of NPK fertilizer on P concentration in grain and straw of wheat grown on 
saline-sodic soils at four locations of various districts of Punjab province 

N-P2O5-K2O 
(kg ha-1) 

P concentration in grain (%) P concentration in straw (%) 
S1 S2 S3 S4 S1 S2 S3 S4 

0-0-0 0.18c 0.20d 0.20c 0.21c 0.08b 0.09NS 0.10NS 0.09c 
85-105-60 0.35a 0.33ab 0.35a 0.38abc 0.11a 0.12 0.13 0.12abc 
130-105-60 0.35a 0.33ab 0.35a 037ab 0.12a 0.11 0.11 0.13ab 
175-105-60 0.32ab 0.32abc 0.34ab 0.35a 0.13a 0.10 0.12 0.14a 
130-0-60 0.32ab 0.31bc 0.33ab 0.35bc 0.13a 0.08 0.09 0.10bc 
130-70-60 0.30b 0.30c 0.31b 0.33a 0.10ab 0.11 0.11 0.14a 
130-140-60 0.29b 0.30c 0.31b 0.32a 0.12a 0.12 0.13 0.15a 
130-105-0 0.35a 0.34a 034ab 0.37a 0.13a 0.09 0.11 0.13a 
130-105-40 0.32ab 0.31bc 0.32ab 0.35ab 0.12a 0.09 0.10 0.13ab 
130-105-80 0.31b 0.31bc 0.31b 0.34abc 0.11a 0.08 0.10 0.12abc 
LSD value 0.04 0.04 0.04 0.03 0.03 - - 0.04 

Values followed by similar letter(s) are not statically different at p ≤ 0.05. 
 
Table 6 Effect of different combinations of NPK fertilizer on K concentration in grain and straw of wheat grown on 
saline-sodic soils at four locations of various districts of Punjab province 

N-P2O5-K2O 
(kg ha-1) 

K concentration in grain (%) K concentration in straw (%) 
S1 S2 S3 S4 S1 S2 S3 S4 

0-0-0 0.29c 0.21e 0.30e 0.32d 1.53c 1.38b 1.40b 1.60b 
85-105-60 0.58a 0.46a 0.48a 0.51a 2.44ab 2.25a 2.30a 2.33a 
130-105-60 0.55ab 0.44ab 0.45b 0.48b 2.42ab 2.26a 2.30a 2.34a 
175-105-60 0.55ab 0.41bcd 0.44bc 0.47b 2.35b 2.24a 2.25a 2.27a 
130-0-60 0.55ab 0.43abc 0.45b 0.48b 2.42ab 2.26a 2.28a 2.31a 
130-70-60 0.53ab 0.39d 0.43bcd 0.46b  2.37ab 2.24a 2.28a 2.29a 
130-140-60 0.51b 0.40cd 0.41d 0.43c 2.35b 2.25a 2.26a 2.28a 
130-105-0 0.54ab 0.42bcd 0.44bc 0.47b 2.46a 2.28a 2.30a 2.35a 
130-105-40 0.52ab 0.41bcd 0.42cd 0.46b 2.43ab 2.29a 2.31a 2.34a 
130-105-80 0.52ab 0.41bcd 0.41d 0.46b 2.42ab 2.27a 2.30a 2.34a 
LSD value 0.07 0.18 0.03 0.05 0.11 0.87 0.90 0.74 

Values followed by similar letter(s) are not statically different at p ≤ 0.05. 
 
reported that exogenous application of K increased K 
concentration in sugarcane plants and improved plant 
tolerance to salinity.  In wheat straw, K concentration 
was affected by the application of different 
combinations of N-P-K at all the four sites. The 
results showed that K concentration in wheat straw 
increased by NPK fertilizer significantly (p ≤ 0.05) 
over control. But the effect of increasing levels of N, 
P and K remained non-significant at all the four sites. 
The K concentration in wheat straw at Thatta Langar 
and Jamke Cheema sites was maximum in T8 (130-
150-0) and minimum in T1 (control), at Bhattal and 
Kot Harra sites it was maximum in T9 (130-105-40) 
which remained statistically (p ≤ 0.05) at par with the 
applied treatments except T1 (control). The results are 
in line with Akram et al. (2009) who reported a 
significant increase in plant K concentration with 
exogenous application of K2SO4 and KNO3.  
      
Soil analyses 
Pre-sowing and postharvest soil samples from all the 

four sites were analyzed for ECe, pHs, SAR, total N, 
available P and extractable K. The chemical 
characteristics are presented in Table 7 and 8, which 
showed that there was an erratic effect of fertilizer 
rates on these characteristics. The ECe after wheat 
harvest was decreased in comparison to original in all 
the treatments at all the sites. Similarly, pHs and SAR 
were also decreased after wheat harvest. The effect of 
various rates of NPK on these soil characteristics was 
erratic, indicating that the increasing rates of NPK 
fertilizers did not affect the chemical characteristics 
of the soils. The ECe after wheat at Thatta Langar site 
ranged from 3.96 to 4.29 dS m-1. Maximum reduction 
in ECe was observed in T2 (85-105-60), which 
differed significantly (p ≤ 0.05) with all the 
treatments (Table 7). The ECe at Bhattal site ranged 
from 4.10 to 4.32 dS m-1. The minimum ECe was 
observed in T2 (85-105-60), which remained at par 
with T1 (0-0-0), T3 (130-105-60), T4 (175-105-60), T5 
(130-0-60), T8 (130-150-0) and T9 (130-105-40) 
statistically and differed significantly (p ≤ 0.05) with  
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Table 7 Changes in pHs, ECe and SAR of soil after wheat harvest at four locations of various districts of Punjab province  
N-P2O5-K2O 
(kg ha-1) 

pHS ECe (dS m-1) SAR ( mmol L-1)1/2 
S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 

0-0-0 8.70 ± 0.03 8.60 ± 0.04 8.62 ± 0.02 8.68 ± 0.05 4.31 ± 0.03 4.15 ± 0.04 4.14 ± 0.03 4.68 ± 0.08 29.24 ± 2.10 28.02 ± 1.90 25.25 ± 1.67 28.34 ± 2.13 
85-105-60 8.60 ± 0.02 8.63 ± 0.03 8.64 ± 0.04 8.62 ± 0.06 3.96 ± 0.04 4.10 ± 0.02 4.10 ± 0.06 4.70 ± 0.06 28.42 ± 1.79 26.42 ± 1.68 26.25 ± 1.80 26.22 ± 1.96 
130-105-60 8.62 ± 0.08 8.65 ± 0.05 8.65 ± 0.03 8.59 ± 0.03 4.10 ± 0.02 4.17 ± 0.03 4.11 ± 0.04 4.57 ± 0.05 27.30 ± 1.90 28.32 ± 2.11 25.13 ± 1.46 26.18 ± 1.76 
175-105-60 8.61 ± 0.05 8.61 ± 0.03 8.70 ± 0.06 8.53 ± 0.04 4.20 ± 0.05 4.18 ± 0.07 4.21 ± 0.04 4.69 ± 0.07 28.82 ± 2.02 26.28 ± 1.80 22.28 ± 1.60 27.28 ± 1.88 
130-0-60 8.63 ± 0.04 8.60 ± 0.07 8.63 ± 0.04 8.60 ± 0.05 4.27 ± 0.02 4.11 ± 0.05 4.11 ± 0.08 4.62 ± 0.04 27.80 ± 2.19 27.82 ± 2.03 24.29 ± 1.90 26.12 ± 1.60 
130-70-60 8.71 ± 0.03 8.61 ± 0.04 8.66 ± 0.02 8.56 ± 0.03 4.31 ± 0.03 4.24 ± 0.03 4.23 ± 0.07 4.89 ± 0.05 28.32 ± 1.67 27.32 ± 1.90 25.76 ± 2.01 27.26 ± 2.01 
130-140-60 8.66 ± 0.03 8.60 ± 0.05 8.72 ± 0.03 8.52 ± 0.07 4.15 ± 0.03 4.32 ± 0.02 4.22 ± 0.04 4.64 ± 0.03 31.33 ± 3.02 27.40 ± 1.84 26.11 ± 2.30 26.23 ± 1.90 
130-105-0 8.70 ± 0.06 8.59 ± 0.06 8.70 ± 0.04 8.55 ± 0.03 4.29 ± 0.04 4.13 ± 0.05 4.12 ± 0.06 4.68 ± 0.08 25.72 ± 1.39 21.42 ± 1.45 24.33 ± 1.49 26.99 ± 1.80 
130-105-40 8.69 ± 0.07 8.58 ± 0.03 8.68 ± 0.06 8.52 ± 0.02 4.26 ± 0.06 4.20 ± 0.03 4.14 ± 0.04 4.55 ± 0.04 30.21 ± 2.48 25.28 ± 1.56 21.99 ± 1.73 27.45 ± 2.20 
130-105-80 8.70 ± 0.03 8.59 ± 0.04 8.61 ± 0.05 8.44 ± 0.04 4.21 ± 0.07 4.23 ± 0.06 4.17 ± 0.05 4.71 ± 0.06 28.70 ± 2.03 28.56 ± 2.13 24.75 ± 1.92 26.90 ± 2.04 
±: SE (Standard error of difference between two mean values) 
 
Table 8 Changes in total soil N, available soil P and extractable soil K after wheat harvest at four locations of various districts of Punjab province 
N-P2O5-K2O 
(kg ha-1) 

Total soil N (mg kg-1) Available soil P (mg kg-1) Extractable soil K(mg kg-1) 
S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4 

0-0-0 220 ± 8.7 240 ± 10.4 250 ± 9.8 290 ± 9.6 4.30 ± 0.18 4.90 ± 0.21 5.00 ± 0.20 4.30 ± 0.18 132 ± 10.3 110 ± 7.4 104 ± 6.8 112 ± 7.2 
85-105-60 240 ± 10.5 270 ± 11.9 290 ± 11.4 300 ± 11.3 4.50 ± 0.19 5.40 ± 0.24 5.50 ± 0.24 4.60 ± 0.20 135 ± 9.8 114 ± 7.8 107 ± 6.4 116 ± 7.6 
130-105-60 270 ± 12.6 280 ± 12.3 300 ± 11.8 330 ± 12.5 4.70 ± 0.21 5.50 ± 0.22 5.70 ± 0.26 4.70 ± 0.23 136 ± 11.4 116 ± 8.1 109 ± 6.9 118 ± 7.9 
175-105-60 300 ± 13.4 310 ± 13.4 310 ± 12.3 340 ± 11.9 4.80 ± 0.23 5.60 ± 0.26 5.80 ± 0.23 5.00 ± 0.26 140 ± 11.9 118 ± 7.9 110 ± 7.3 116 ± 8.5 
130-0-60 250 ± 9.8 290 ± 12.7 280 ± 10.6 320 ± 11.3 4.40 ± 0.20 5.30 ± 0.20 5.50 ± 0.21 4.40 ± 0.17 134 ± 10.7 116 ± 6.9 108 ± 7.1 118 ± 7.9 
130-70-60 260 ± 11.3 320 ± 13.8 290 ± 11.2 320 ± 10.7 4.70 ± 0.22 5.50 ± 0.22 5.70 ± 0.28 4.50 ± 0.19 136 ± 12.3 116 ± 7.3 109 ± 8.1 117 ± 8.1 
130-140-60 290 ± 13.5 330 ± 14.1 300 ± 12.2 340 ± 12.8 5.10 ± 0.23 5.90 ± 0.27 5.90 ± 0.28 5.20 ± 0.22 137 ± 13.2 117 ± 8.3 109 ± 7.9 116 ± 7.8 
130-105-0 230 ± 8.9 310 ± 10.6 290 ± 11.9 320 ± 9.7 4.60 ± 0.19 5.40 ± 0.23 5.70 ± 0.19 4.40 ± 0.18 135 ± 11.8 116 ± 7.4 110 ± 8.2 115 ± 9.2 
130-105-40 240 ± 9.6 340 ± 11.9 300 ± 13.1 330 ± 11.8 4.68 ± 0.21 5.60 ± 0.24 5.72 ± 0.22 4.50 ± 0.17 135 ± 10.6 119 ± 9.3 113 ± 8.0 119 ± 9.4 
130-105-80 230 ± 10.3 330 ± 10.7 300 ± 11.8 350 ± 13.2 4.70 ± 0.23 5.70 ± 0.25 5.76 ± 0.20 4.50 ± 0.20 136 ± 11.7 124 ± 9.8 117 ± 8.4 123 ± 8.8 
±: SE (Standard error of difference between two mean values) 
 
remaining treatments. The ECe at Kot Hara site remained non-significant at 
all the treatments. The ECe at Jamke Cheema site ranged from 4.55 to 4.89 
dS m-1 being minimum in T9 (130-105-40) and maximum in T6 (130-70-60). 
The pHs after wheat at Thatta Langar site ranged from 8.60 to 8.71. The 
minimum pHs was recorded in T2 (85-105-60) which differed significantly 
with T6 (130-70-60), T7 (130-140-60), T8 (130-150-0), T9 (130-105-40) and 
T10 (130-105-80) but non-significantly with T3 (130-105-60), T4 (175-105-
60) and T5 (130-0-60). The pHs at Bhattal site ranged from 8.58 to 8.65. The 
minimum pHs was recorded in T9 (130-105-40) which differed significantly 
with T3 and remained at par with all the remaining treatments (Table 7). The 
pHs at Kot Hara site ranged from 8.61 to 8.72. The minimum pHs was 
recorded in T10 (130-105-80) which remained at par with T1 (0-0-0), T2 (85-

105-60), T3 (130-105-60), T5 (130-0-60) and T6 (130-70-60) and differed 
significantly with all the remaining treatments. The pHs at Jamke Cheema 
site ranged from 8.44 to 8.68 being minimum in T10 (130-105-80) and 
maximum in T1 (0-0-0).  The SAR after wheat at Thatta Langar site ranged 
from 25.72 to 31.33 being minimum in T8 (130-150-0) and maximum in T7 
(130-140-60). The SAR value at Bhattal site ranged from 21.42 to 28.56 
being maximum in T10 (130-105-80), which remained statistically at par 
with T3 (130-105-60), T5 (130-0-60), T6 (130-70-60) and T7 (130-140-60) 
while minimum SAR was noted in T8 (130-150-0) that differed significantly 
with all the remaining treatments (Table 7). The SAR value at Kot Hara site 
ranged from 21.99 to 26.25 being maximum in T2 (85-105-60) and 
minimum in T9 (130-105-40). The minimum SAR value in T9 (130-105-40) 
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remained statistically at par with T4 (175-105-60) and 
differed significantly (p ≤ 0.05) with all the 
remaining treatments. The SAR value at Jamke 
Cheema site remained non-significant with all the 
treatments. The reason for the decrease in these 
parameters (i.e. ECe, pHs and SAR) after wheat might 
be that decaying of rice root (grown during 
reclamation) and increasing biomass of wheat roots 
produced acidic exudates which dissolved CaCO3 
present in these soils and resulted in the production of 
gypsum that helped in reclamation (Patrick et al. 
1985). 

N content in soil after the harvest of wheat crop 
is presented in Table 8 which showed a non-
significant (p ≤ 0.05) increase in N contents at Thatta 
Langar (S1), Bhattal (S2), Jamke Cheema (S4) and 
significant at Kot Hara (S3). These results also 
indicated that increasing rates of N increased N 
contents in soils and increasing rates of P and K did 
not increase the N contents in soils significantly with 
all the treatments except control. The total N content 
in soil remained non-significant (p ≤ 0.05) after 
wheat harvest at Thatta Langar site. At Bhattal site, 
maximum N was recorded in T9 (130-105-40) which 
remained at par with T4 (175-105-60), T6 (130-70-
60), T7 (130-140-60), T8 (130-150-0), T9 (130-105-
40) and T10 (130-105-80) while minimum value of 
total N concentration was noted in T1 (0-0-0).  The 
total N concentration at Kot Hara site was non-
significant in all the treatments. At Jamke Cheema 
site, T10 (130-105-80) remained statistically at par 
with all the treatments except control. The results are 
in line with Awan et al. (2003) and Singh (2005). 

The available P content in soil after harvest 
wheat is presented in Table 8. The data showed that 
the increasing rates of P application had significant (p 
≤ 0.05) effect on soil available P at all the sites and 
minimum available P was noted in control at all the 
sites. The available P concentration after the harvest 
of wheat indicated that available P concentration in 
soil at Thatta Langer site ranged from 4.30 to 5.10 
mg kg-1 being maximum in T7 (130-140-60) which is 
at par statistically with T4 (175-105-60) and differed 
significantly (p ≤ 0.05) with all the remaining 
treatments. The available P concentration in soil after 
wheat harvest at Bhattal site remained non-
significant. The available P concentration in soil at 
Kot Hara site ranged between 5.00 to 5.90 mg kg-1 
being maximum in T7 (130-140-60 kg ha-1) and 
minimum in control. As for as available P 
concentration in Jamke Cheema maximum value was 
noted in T7 (130-140-60 kg ha-1) that was statistically 
at par with T3 (130-105-60) and T4 (175-105-60), and 
differed significantly with all the remaining 
treatments. The results are in line with Rehman 
(2004) and Singh (2005). 

Results about extractable K content of soil after 
harvest of wheat is presented in Table 8. The results 
showed that the application of different rates of NPK 
fertilizers had non-significant (p ≤ 0.05) effect on the 
K contents of soils at Thatta Langar (S1) and Bhattal 
(S2), Jamke Cheema (S4),  while it was significantly 
(p ≤ 0.05) affected at Kot Hara (S3) and the effect of 
K application rates on soil K at all site was also non-
significant. The K concentration in soil after wheat 
harvest was maximum in T10 (130-105-80 kg ha-1) 
which differed significantly with all the treatments 
except T9 (130-105-40 kg ha-1). The results are in line 
with Ranjha et al. (1994) and Singh (2005) who 
found that K contents in soil was increased with the 
increasing rates of K application.   
 
CONCLUSION    
 
It was found that grain and straw yield of wheat was 
increased with different combinations of NPK, with 
maximum increase in case of NPK 175-105-60. 
Among NPK, N had prominent effect on wheat yield, 
while P and K had non-significant (p ≤ 0.05) effect 
except P at higher rate and K at lower rate. The 
optimum dose of fertilizer to produce better grain 
yield of wheat on gypsum amended saline-sodic soil 
was found to be 175-105-60 kg ha-1 as N, P2O5 and 
K2O, respectively. The NPK contents both in grain 
and straw were significantly (p ≤ 0.05) increased over 
control, however the increase in N content was more 
pronounced. Soil characteristics in term of EC, SAR 
and pH were not significantly influenced but soil 
fertility status was improved up to some extent by 
different levels of NPK.   
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