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Introduction

The agricultural sector support Pakistan’s economy 
in provision of food for the 211.17 million 

people (GOP, 2020) and increasing with the pace of 
2.10 percent per annum (World Bank, 2015). Over 
800 m.ha. of land around the globe is salt-affected 
either saline or sodic soils or both), associating to 
over six percent of the land area of the globe (FAO, 
2010). Furthermore, around 15 m. ha. of land faces 
yield reduction due to soil affected in less develop 
countries (Tilman et al., 2002). High salinity of soil is 
major environmental issue limiting thedevelopment 
of agriculture in coastal areas (Hillel, 2000; Yadav et 

al., 2011). Pakistan has atotal area of 79.6 million-
hectare (mha), with 22.05 mha. cultivated land (GOP, 
2020) and 6.28 mha affected by salt (GOP, 2012). 
Salinity has serious socioeconomic repercussions on 
agricultural communities of the country, which leads 
to affect living standard, rural urban migration, serious 
health issues, the collapsing of houses, and disturbing 
communications and transportation (Hollington, 
2001). Selection and breeding for improved tolerance 
against salinity in different cropsis considered as 
high priority due to its economic benefits and best 
alternative. The other strategies to mitigate salinity are 
costly and unaffordable for the farming community 
(Ashraf, 2009).
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Tolerance against salinity in two major cereal crops 
and stable food (wheat and rice) is considered as an 
important tool to mitigate world hunger and ensure 
food security among masses (FAO, 2010). Salinity 
applies adverse effect on wheat with a seriousdecrease 
in productivity (Aldesuquy and Ibrahim, 2002). 
Wheat may be produced efficiently with saline water 
irrigation if farmers adopt recommended salinity 
mitigation practices for its cultivation (Ghane et 
al., 2011). Lesser supplyof fresh water and gradual 
increasein the need for inspiringpractices creating 
motivating to stakeholder to apply marginal quality 
water in agriculture (Mojid et al., 2012). Irrigation by 
saline water has advantage of decrease the demand 
of fresh water for salt-tolerantcrops (Bath et al., 
2017). Butsoil salinity has its repercussions at critical 
stages of growth of crops and ultimately reduces crop 
productivity. This leads to management of saline water 
irrigation in suitableway for the specific crop.

Salts present in the soil water decreases 
evapotranspiration which leads to poor availability 
of water for crop, its exchange in the root zone 
(Heidarpour et al., 2009) soil structure disturbance 
and decreases biodiversity and human health 
problems (Williams, 2001;  Sheikhzeinoddin et 
al., 2016;  Shannon and Grieve, 1998). Salinity is 
a collective problem for Pakistan, as well as for 
developing and developed countries.

As per Food and Agriculture Organisation Land 
and Plant Nutrition Management Service, salinity 
or sodicity has affected above six percent of land in 
the world. Furthermore, the poor water quality as 
brackishwater is the major cause of plant stress. The 
intensity of stress is severe in areas of having high 
evaporation rate main in arid and semi-arid regions 
having fragmented saline soils whichincreases salinity 
and decreases land yield around the world (Atlassi et 
al., 2009). Secondary salinization is also considered 
to be the major cause of salinity in Pakistan (Inam et 
al., 2017).

The United Nations Environment Program estimated 
that around half of world cropland indicates stress 
due to salt (Yokoi et al., 2002). Irrigated lands are 
mostly affected by salt stress which is accounted for 
twenty percent of crop and in some countries like 
Egypt, Argentina and Iran, this figure approaches 
to thirty percent (Zink, 2003). Salinity also affects 
different parts of plant like in wheat phonological 

characteristics like leaf number, leafrate expansion, 
root/shoot ratio, and total dry matter yield (El-
Hendawy et al., 2005). Salinity adversely effects farm 
income (Inam, 2017) and price differential also exists 
among cultivated and uncultivated aquifers (Foster, 
2018). Rising water table is affecting agriculture 
productivity due to increase in salinity (Khan et al., 
2016). Salinity adaptation strategies have positive 
externalities for improving crop production and 
farmer’s income (Mustafa and Akhtar, 2019). Thus 
salinity is affecting land use and farmer’s income and 
ultimately to national economy. To investigate this 
factor in Punjab, this study was designed to explore 
the impact of salinity on land use pattern in diverse 
districts of Punjab.

Materials and Methods

Punjab province of Pakistan has diverse climate 
ranging from mountains to plains, irrigated delta 
and deserts. District wise data of salinity in Punjab 
(Figure 1) was obtained from Agriculture Census of 
1980, 1990, 2000 and 2010 (GOP, 1981, 1991, 2001, 
2011) on the basis of 1980 classification with little 
modification to avoid the duplications of Islamabad 
capital territory (ICT) and Hafizabad. As per 1980 
census, data of 17 districts were available. Further 
ICT and Hafizabad districts were added. In later 
census, the data of new districts created was merged to 
maintain harmony in data. Irrigated area, uncultivated 
area and percentage area under wheat were taken as 
variables to highlight their impact on salinity and vice 
versa.

Figure 1: Map of Punjab province on the basis of EC (Source: 
Directorate of Soil Fertility Research Institute Punjab).

Model formulation and data analysis 
Area under salinity was mainly caused due to over 
irrigation and leaving area uncultivated due to salinity 
and low productivity. Over 86% of the wheat crop is 
irrigated in Pakistan and covered almost 90% of Rabi 
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area and provide 45% of the daily calorie intake to the 
population. Punjab province provides 70% of wheat 
to the country (USDA, 2011). Area under wheat 
represents the dominant cropping pattern of the area.

Fixed and Random effect model was used for analysis 
of panel data of all districts of Punjab (Pakistan). 
Stata software was applied for drawing inferential 
and descriptive statistical analysis of the data. In the 
Stata, regression was run first with fixed effect, then 
with random effect to differentiate among fixed and 
random effect with Hausman test as this test perform 
well for penal data (Mutl and Pfaffermayr, 2011). 
The probability value of chi2 statistics χ2=0.2155 was 
greater than 0.05, therefore random effect model was 
applied in this study.

Statistical model
Area under salinity in Punjab is the function of area 
under irrigation by farmer’s uncultivated area and area 
under wheat.

Area under salinity = f (Irrigated area, Uncultivated 
area, Wheat area)

For the estimation purpose above equation can be 
rewritten as follows;

Where;
Sa is area under salinity; β’s are coefficients of X; X1 is 
irrigated area; X2 is uncultivated area; X3 is wheat area.

This represents the Population Regression Function 
(PRF) for estimation of effect of three variables on 
the dependent variable which is linear in nature. PRF 
describes the change of conditional means due to 
change in x (Das, 2019). For the estimation purpose, 
it can be transformed into Multiple Regression 
Function (Gujarati and Porter, 2003). 

μt is the error term or disturbance term in the model 
and indicate random variable with well defined 
probabilistic characteristics. The residual term μt 
different factors affecting dependent variable which 
are not considered explicitly.

Classical linear regression model (CLRM) is used 
as basis of the model with set of assumptions of 
least square estimators. The model is based on the 

assumption of good fit; if assumptions of CLRM are 
fulfilled. In case of violation of these assumptions, 
the results will be misleading (Zeng, 2019). Violation 
of these assumptions may be called limitation of 
the model. On the basis of these assumptions, the 
results are considered to be good fit if model has 
no autocorrelation, no heteroscedasticity, no multi-
collinearity and normally data.

Results and Discussion

The results of the study revealed that irrigation 
with brackish water had positive impact on salinity 
in all districts of Punjab. The intensity of salinity 
in Punjab increased due to use of brackish water 
as 47% of the underground water is marginally fit 
for irrigation (Chopra and Krishan, 2014). Results 
indicated thatone-unitincrease in irrigation with 
brackish water has increased salinity by 0.01 unit 
(Table 1). Concentration of salts in water (Salinity) 
is generally measured by electrical conductivity (EC) 
and application of low quality irrigation water in the 
cultivated land (Acosta et al., 2011). The underground 
water contains sufficient amount of salts which causes 
increase in salinity in the area (Acosta et al., 2011; 
Sagin et al., 2017). The variable is non-significant as 
p value of t stat is greater than 0.05 and positive signs 
indicates direct relationship with salinity (Atlassiet 
al., 2009). This can be controlled with manure and 
drainage management in Pakistan (Valipour, 2014).

Wheat is a staple food of Pakistan and hasinverse 
relationship with salinity. Results indicated that 
increase inone-unit wheat production on saline soil, 
decreased the salinity upto 0.018 units (Table 1). The 
p value of wheat area is greater than 0.05 indicating 
non-significant relationship and these results are 
consistent with (Aldesuquy and Ibrahim, 2002; 
Ghane et al., 2011). The reason might be the leaching 
down effect of salts through cultivation of wheat on 
saline soils.

Uncultivated area in saline districts of Punjab has 
positiveand significant impact on salinity. When 
uncultivated area increased, salinity increased (Geo 
et al., 2015). When farmers leave the cultivated area 
without cultivation due to low productivity, it becomes 
more vulnerable to salinity. Results indicated that 
salinitywas increased by 0.12 units due to a unit increase 
in uncultivated area (Table 1). P value of variable is less 
than 0.01indicatingsignificant effect of the variables 
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(P<0.01). Results follow economic theory as many 
global studies reported same results (FAO, 2010).

The more the area remains under cultivation, the lower 
the probability of salinity. Results indicated that more 
the area farmer cultivate under wheat (being major 
staple food and covering 90% of area in Rabi), the 
lower the probability of salinity. But area under wheat 
crop has non-significant effect on salinity as results of 
the model indicated (P>0.1) (Table 1). 

Table 1: Effect of salinity on land use of Punjab.
Salinity Code Coefficients Probability
Irrigated area (ia) +0.0143 0.105
Uncultivated area (ua) +0.1239 0.000
Wheat percentage (sw) -0.0182 0.188
-cons 2343.97 0.587

Different factors affecting salinity in Punjab districts 
was analyzed in Figure 2. This figure shows thesalinity 
status in different districts of Punjab in relation to 
irrigated area, uncultivated area and area under 
wheat, which are independent variables of the model. 
The uncultivated area of Muzaffargar his high while 
salinity is also second highest in the province. The 
irrigated area of Multan is very highand salinity is 
also highest in the province (Figure 2). The Central 
Punjab is highly polluted followed by Southeast 
Punjab as reported by Khan and Khan, 2020. The 
results indicated that salinity and area under wheat 
has inverse relationship. By focusing in these districts, 
wheat production was increased while salinity trend 
wasdecreased with the decrease of salinity in these 
districts according to Agri, Census of Punjab, 1980, 
(GOP, 1981).

Figure 2: Distribution of salinity in relation to uncultivated, 
irrigated and wheat area in 1980.

District wise analysis among salinity and independent 
variables revealed the salinity status of different 
districts in Punjab during 1990 (Figure 3). The 
uncultivated area of Muzaffargarh is very high in 

1990 (Figure 3) and corresponding yield of wheat is 
also high. It was found that wheat area was increased 
as salinity level decreased in Punjab during 1990.

Figure 3: District wise distribution of salinity in relation to 
uncultivated area, irrigated area and wheat share during 1990.

Figure 4: District wise distribution of salinity in relation to 
uncultivated area, irrigated areaand wheat share during 2000.

The comparison of the variables was made in cross 
sectional way. The uncultivated area of Muzaffargarh 
was high (Figure 4) as compared to others probably due 
to more deserts in the area. The area under wheat was 
also high in Muzaffargarh. Reduction in the salinity 
decreased uncultivated areain Punjab during 2000.

The irrigated area of Sargodha was high along with 
the wheat area. Reduction in salt-affected area was 
indicated showing enhancement inwheat produce 
in the province of Punjab in 2010 (Figure 5). The 
uncultivated area of the province of Punjab greatly 
reduced as well as salinity in 2010.

Figure 5: District wise distribution of salinity in relation to 
uncultivated area, irrigated areaand wheat share during 2010.
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The uncultivated area has direct and significant 
relationship with salinity in Punjab. It was revealed that 
the salinity in Punjab drops down as uncultivated area 
decreased during last four decades (Figure 6). Salinity 
and irrigated areas had also direct but non-significant 
relationship from 1980 to 2010 and this increase in 
salinization due to irrigation causes reduction in fruit 
yield (Rodrigues et al, 2018). Salinity was increased 
when land was irrigated with poor quality water. In 
Punjab, 0.588 million tube wellswere installedannually 
in 2003 and in 2018number of tube wells increased by 
1.1 million (Bureau of Statistics Punjab, 2020). The 
intensive extraction of underground water through 
tube wells causes salinization in Punjab (Hussain et 
al., 2017).

Figure 6: Comparison of factors affecting soil salinity during 1980-
2010.

Conclusions and Recommendations

The panel data study was conducted using secondary 
data of all districts of Punjab to analysis the effect of 
irrigated area, uncultivated area and area under wheat 
on salinity in Punjab province of Pakistan using 
random effect model. Results indicated that salinity 
is significantly influenced by mainly uncultivated 
area while other variables have non-significant effect 
on salinity. Uncultivated area has positive effect on 
salinity.

A three prong strategy is recommended for 
controlling salinity in Punjab based on finding of 
this study. First, farmer should keep cultivating area 
especially under wheat crop to control salinity in the 
country even if how severe the salinity is. Second, 
Government should use legislation/incentive for 
continuous cultivation of lands facing salinity issues. 
Third, research institutes should focus on developing 

salt tolerance wheat varieties as a measure to control 
salinity in the country.

Novelty Statement

Although many studies explored the secondary data 
on the salinity profile, none have assessed the district 
wise profile of secondary information (penal data) 
in special reference to spatial variation in land use 
patternslike irrigated area, uncultivated area and 
wheat sowing by applyingFixed and random effect 
model. Leaving land uncultivated due to salinity is 
the significant cause of spread of salinity in the area. 
The results will be helpful in designing mitigation 
strategies against salinity by the policy makers/
planners.
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