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ABSTRACT
Background Good quality water assists to maintain productivity of
agriculture and soil fertility. In Pakistan, the main threat for sustainable
agriculture is soil degradation and poor quality of groundwater because it
affects both soil fertility and productivity. While, agricultural activities in
Pakistan depend on surface water and groundwater as the main sources for
irrigation.
Methodology A study was planned by the use of global positioning system
(GPS), with the use of evidence of quality, grading and classification of
groundwater and soil fertility for different tehsils of Sargodha district
scheduled for future research, planning and advisory prospects. Soil samples
from six tehsils (Bhalwal, Kotmomin, Sargodha, Shahpur, Sahiwal and
Sillanwali) were collected from surface (0-15cm) and were analyzed for
various physicochemical properties of soil (i.e. soil texture, pH, EC, organic
matter, available phosphorus and extractable potassium). Similarly, tube well
water samples from these tehsils were collected to study the different water
quality parameters i.e. electrical conductivity (EC), sodium adsorption ratio
(SAR) and residual sodium carbonates (RSC).
Results The results of the study on overall basis indicated that soil analysis
showed 97.14% area had normal pH and 2.85% area was sodic soils. On EC
basis 86.76% area was normal and 13.28% was saline. But 44.46% and
61.98% soils were found poor in organic matter and phosphorus,
respectively. The potassium status of 99.64% soil was satisfactory. The
texture of the soils varied from sand to clay loam. Similarly, the results of
water analysis indicated that on EC basis 45.99% water samples fell under fit
category, 26.67% marginally fit and 27.33% were found unfit for irrigation.
On the other hand, 42.08% water samples were recorded fit on the basis of
SAR, 39.62% marginally fit and 18.28% declared unfit for irrigation. While
on basis of RSC, 64.42% water samples were fit, 30.41% marginally fit and
5.17% were unfit for irrigation.
Conclusion The reclamation of the saline soils to be carried out by canal
water or good quality groundwater and growing of high salt tolerant crops to
reduce the hazards of poor quality water and to improve the fertility of soil.
It is concluded that high EC and low SAR in all the wells showed that the
water from these wells could be used for irrigation purposes with special
management.
quality. Soil fertility is affected by various physicochemical properties of soil. The soil physical
properties mainly soil texture and chemical properties
such as pH, electrical conductivity (EC) and organic
matter content and concentrations of macromicronutrients play a main role in the estimation of

INTRODUCTION
A number of factors and their interactions affect the
sustainable growth of agriculture. These include loss
of soil fertility due to intensive cultivation and soil
degradation due to the use of irrigation water of poor
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soil fertility and its productivity (Katyal 2003). Most
of the Pakistani soils have poor status of available
plant nutrients which cannot fulfill the requirements
plant growth to obtain optimum levels of crop
productivity (Ahmed and Rashid 2003).
Soil analysis provides information about the
availability of nutrients in the soil that forms to
maximize yields on the basis of the recommendations
of fertilizers. In addition, to perform card for a
specific domain to be very beneficial for farmers,
manufacturers and planners (associated with fertilizer
marketing and distribution), soil fertility to meet the
requirement of different fertilizers in a season
determine/year and forecasts for the increased
demands on the basis of the pattern and cropping
intensity. Water quality is of paramount importance
because the poor quality of surface and groundwater
is not only a limiting factor in agricultural
production, but also continues the indiscriminate use
caused secondary salinization. The extent and nature
of the salt concentration and the degree of alkalinity
of the soil depends on the quality of water for
irrigation (Zaka et al. 2003). The water supply
channel is insufficient to meet rising in the intensive
culture system in Pakistan, the water needs of plants.
Farmers are forced to use groundwater for
irrigationwith70‒75% of water is brackish.
Use of this poor quality water can cause soil
salinity/sodicity problem. Bennetts et al. (2007)
found that the use of brackish water in the soil
without good management is a major source of soil
salinity. Similarly, Ghafoor et al. (2002)
recommended a good management of irrigation to
minimize Login salts in the soil through the use of
poor quality irrigation water. There is a network of
Soil and Water Testing Laboratories in the country to
provide advisory service to farmers on soil and water
management (Ahmed and Rashid 2003).
The main objectives of the study were to collect
information on the quality of groundwater and soil
fertility status of Sargodha district and
recommendations for the management of land and
water for agricultural production on a sustainable
basis.

year 2011-2013. Samples were air dried, passed
through 2 mm sieve and analyzed for soil texture
(Malik et al. 1984), electrical conductivity (EC) by
preparing 1:10 soil and water suspension (Soil
Salinity Lab Staff 1954), pH (Schofield and Taylor
1955), organic matter (Walkley and Black 1934),
available phosphorus (Olsen et al. 1954) and
extractable potassium (Jackson 1967). The available
nitrogen was estimated from organic carbon content
of the soils while nutrient index (NI) was calculated
by following formula (Parker et al. 1951).
NI = ((Ni × 1) + (Nm × 2) + (Nh × 3) / Nt
Where
Nt = Total number of samples analyzed in a given
area
Ni = Number of samples falling in low category of
given nutrient
Nm = Number of samples falling in medium category
of given nutrient
Nh= Number of samples falling in high category of
given nutrient
The criteria used to categorize the soil samples for
various classes of texture, salinity/sodicity and
nutrients were according to classification of Malik et
al. (1984).
Water samples from tube wells were also
collected in same year in six tehsils of Sargodha
district. The depth of these wells varies from 100-150
feet. The elevation of these villages varies from 150m
to 200 m (this is the level above the sea). These water
samples were collected after half an hour running of
tube wells. The analytical work was carried out by
using the methods described by US Salinity
Laboratory Staff (1954). These samples were
analyzed for EC, cations (Ca2+ + Mg2+), anions (CO32, HCO3-, Cl-, SO42-) and then SAR and RSC were
measured by using the following equations.
SAR= Na+/√ (Ca2+ + Mg2+)/2
RSC= (CO32- + HCO3-) ‒ (Ca2++Mg2+)
For assessing the suitability of samples, the results
were compared with the irrigation water criteria used
by Malik et al. (1984).

MATERIALS AND METHODS
A study was conducted to evaluate the soil fertility
status and groundwater quality of six tehsils of
Sargodha district. Surface soil (0-15 cm depth)
samples were collected from six tehsils (Sillanwali,
Shahpur, Sargodha, Bhalwal, Sahiwal, Kotmomin)
sites following the standard procedures of soil sample
collection. The soil samples were analyzed at Soil
and Water Testing Laboratory, Sargodha during the

RESULTS AND DISCUSSION
pH and EC of soil samples
Soil pH of Sargodha district ranged from 7-10.1.
Range of pH of different tehsils is given in Table 1.
Results of tehsil Kotmomin soil was normal
whereas, rest of the tehsils showed little sodicity
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problem (2.85%). Maximum sodicity problem was
observed in Sahiwal. On the basis of EC, maximum
area had normal soil (86.76%). However, there were
some patches of salinity in all tehsils which was
13.28% of total samples analyzed (Table 2).
Maximum numbers of salt affected soil samples were
observed in tehsil Sahiwal (25.6%) followed by tehsil
Shahpur (22.4%) and tehsil Sargodha (15.3%).
Overall, EC ranged from 0.26-24.70 dS m-1. When
the mean values are taken in consideration, the soils
look free from salinity and sodicity problem. Overall,
83.86% soil samples were normal, 13.28% saline and
2.85% were sodic in district Sargodha (Figure 1).
Similar results regarding pH and EC were
reported by Aslam et al. (2011) in soil samples
collected from different citrus orchards of these six
tehsils of Sargodha district. The salinity and sodicity
is the basic problem of arid and semi-arid region as
district Sargodha falls in subtropical semi-arid region
and have plenty of rainfall along with abundant
supply of canal water in few tehsil areas even then
there was recorded the problem of salinity and
sodicity. An overview in mapping of soil pH in six
tehsils of district Sargodha was given in figure 2.

content. The SOM content ranged from 0.10 to
2.18%. Except Shahpur (2.7%) all the rest of these
were poor in SOM. Maximum deficiency of SOM
was observed in Sillanwali (76.4%) followed by
Bhawal (53.0), Sargodha (46.0%) and Kotmomin
(46.6%). Soil of tehsil Shahpur had sufficient SOM
(Table 2).
The soils of Pakistan are quite low in organic
matter. Generally, the soils of Punjab contained less
than 1% organic carbon (Azam 1988). The causes of
low organic matter are high temperature, low rainfall
and removal of almost all the crop residues except the
roots. It has number of important roles to play in
soils, both in their physical structure and as a medium
for biological activity. Organic matter makes its
greatest contribution to soil productivity. It provides
nutrients to the soil, improves its water holding
capacity and helps the soil to maintain good tilth and
thereby better aeration for germinating seeds and
plant root development (Sarwar et al. 2008). An
overview in mapping of soil organic matter in six
tehsils of district Sargodha was given in figure 3.
Available phosphorus (P)
The phosphorus contents ranged from 2.6‒25.2 mg
kg-1. The mean values tehsil Sargodha (11.58 mg
kg‒1) and Kotmomin (8.53 mg kg‒1) showed that soil
of these tehsils had satisfactory P level whereas
others were deficient (Table 1). But Bhalwal
(86.5%), Sillanwali (71.1%), Sahiwal (70.9%) and
Shahpur (70.7%) samples were deficient in P.

Soil organic matter (SOM)
Nitrogen (N) requirements are usually recommended
on the estimation of N released by the SOM content
(Cooke, 1982). The data revealed that 44.47% soils
of Sargodha district were poor, 44.49% were
satisfactory and 10.75% were adequate in SOM

Table 1 Range and mean values of soil samples of six tehsils of Sargodha district
Tehsil

Sillanwali
Shahpur
Sargodha
Bhalwal
Sahiwal
Kotmomin

Range
pH
7.3-9.2
7.3-9.1
7.0-10.1
7.5-9.2
7.4-9.9
7.1-8.5

EC
(dS m-1)
0.26-9.99
0.30-24.7
0.75-9.99
0.71-9.91
0.78-9.99
0.78-9.99

OM (%)
0.1-1.29
0.47-2.18
0.1-1.66
0.1-1.29
0.16-1.29
0.1-2.07

P

K
mg kg-1
3.1-20.4 90-310
2.7-19.5 70-406
2.6-25.2 90-386
3-17.3
72-354
3-21.1
80-322
3-22.1
100-390

Mean Values
pH
EC
(dS m-1)
7.96
1.82
7.92
3.00
7.87
2.65
8.00
2.10
8.00
3.14
7.83
1.88

OM
(%)
0.64
1.34
0.86
0.78
0.75
0.87

P

K
mg kg-1
7.02
210
7.09
180
11.58
235
5.44
174
6.74
171
8.53
227

Table 2 Percent of soil samples of six tehsils of Sargodha district falling in different categories
Tehsil
Sillanwali
Shahpur
Sargodha
Bhalwal
Sahiwal
Kotmomin

EC (dS m-1)

pH
Normal
96.4
98.3
97.7
96.2
92.8
100.0

Sodic
3.6
1.7
2.3
3.8
7.2
0.0

Normal
91.7
77.6
84.7
94.7
74.4
94.1

Saline
8.3
22.4
15.3
5.3
25.6
5.9

Phosphorus (P)

OM (%)
P
76.4
2.9
46.0
53.0
42.2
46.8

Categories: P: Poor; S: Satisfactory; A: Adequate
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S
23.6
43.3
48.3
47.0
57.8
45.2

A
0.0
53.8
5.7
0.0
0.0
8.0

P
71.1
70.7
35.6
86.5
70.9
55.9

S
20.6
19.5
32.1
11.7
21.9
28.9

Potassium (K)
mg kg-1
A
P
S
A
8.3
0.0 34.4 65.6
9.8
1.4 56.2 42.4
32.2 0.0 24.8 75.2
1.9
0.8 59.4 39.8
7.2
0.0 64.7 35.3
15.2 0.0 29.8 70.2
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Figure 1 Percentage of normal, saline and sodic soil samples in Sargodha district

Figure 2 An overview in mapping of soil pH in six tehsils of district Sargodha
(Figure 2). Malik et al. (1984) reported that 75‒95%
soils in Punjab are deficient in P. They also indicated
that 61% soils contained up to 3 mg kg-1 and 34%
soils had 3‒12 mg kg-1 P contents. Soils of Pakistan
are alkaline and mostly calcareous in nature. An

Sargodha (64%) and Kotmomin (44%) samples
showed maximum P satisfactory level as compared to
rest of the tehsils (Table 2). Overall in Sargodha
district 61.98% samples were P deficient, 23.29%
were satisfactory and 14.73% were adequate in P
15

J. Environ. Agric., 1(1): 12-21; 2016

overview in mapping of soil phosphorus in six tehsils
of district Sargodha was given in figure 4.

available K (Figure 5). It ranged from 70-406 (mg
kg‒1) (Table 1). Tehsil wise data showed deficient of
K in Shahpur (1.4%) and Bhalwal (0.8%). All tehsils
had sufficient K in soil (Table 2). The higher content
of available K might be attributed to the prevalence
of Illite ‒ a K rich mineral in these soils. The K
content had invariably been reported as adequate in

Available potassium (K)
The available potassium content in soil samples of
Sargodha district was medium (42.42%) to high
(57.22%), and only 0.35% soil samples tested low in

Figure 3 An overview of soil organic matter in six tehsils of district Sargodha

Figure 4 An overview of soil phosphorus in six tehsils of district Sargodha
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Figure 2 Percentage of poor, satisfactory and adequate soil samples in Sargodha district
Punjab soils except eroded or light textured soils
(Bajwa 1990). An overview in mapping of soil
potassium in six tehsils of district Sargodha was
given in figure 6.

an area, was calculated as described by Parker et al.
(1951). Present study showed that SOM levels were
low in Sillanwali and Bhalwal, satisfactory in
Sargodha, Sahiwal and Kotmomin and adequate in
Shahpur. K level was found in medium range for
Shahpur, Bhawal and Sahiwal and adequate for
Sillamwali, Sargodha and Kotmomin tehsils. P level
was found in poor range for all six tehsils of Sargodha

Soil nutrient index (NI)
The nutrient index, i.e. a single index (weighted
average) which indicates the overall fertility status of

Figure 6 An overview of soil potassium in six tehsils of district Sargodha
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Table 3 Nutrient index of soil samples of six tehsils
of Sargodha district
Tehsil
Sillanwali
Shahpur
Sargodha
Bhalwal
Sahiwal
Kotmomin

Organic
matter (%)
1.24
2.51
1.60
1.47
1.58
1.61

Available
P (mg kg-1)
0.96
1.00
1.32
0.92
0.93
1.02

Available K
(mg kg-1)
2.66
2.41
2.75
2.39
2.35
2.70

district (Table 3). Nutrient index value of <1.5 was
taken as low, values between 1.5‒2.5 indicated
medium and > 2.5 as higher fertility status of the
given area (Ahmed and Rashid 2003).
WATER ANALYSIS
Conventionally, irrigation water quality was assessed
by the values of EC for total soluble salts and by
SAR and RSC for sodicity hazards. Salts in soil or
water could reduce water availability to crop plants
and cause reduction in growth and yield of crops.
SAR is a measure of sodicity of water due to low
Ca2+ + Mg2+ or high Na+ concentration. High SAR
showed soil dispersion and structural deterioration
leading to infiltration problems, specific ion toxicity,
nutrient deficiency or toxicity and ultimately a
reduction in crop yields. The RSC is also a measure
of sodicity CO32- + HCO3– over low Ca2+ + Mg2+.
High RSC could cause Ca2+ + Mg2+ deficiency

through precipitation, infiltration problems and
increase soil solution SAR by promoting
precipitation of CaCO3 in soils (Ghafoor et al. 2002).
Hazard of irrigation water due to high CO32- + HCO3–
over low Ca2+ + Mg2+.
Results showed that the EC of the water samples
ranged from 250‒16660 µS cm‒1 (Table 4). 10527
samples out of 22892 have EC ≤1000 µS cm‒1, 6107
samples had EC 1001‒1250 µS cm‒1 and 6298 had
EC greater than 1250 µS cm‒1. SAR and RSC
represent the relative proportion of Na+ to Ca2+ +
Mg2+. Minimum SAR values was recorded as nil
while the higher was 133.5 (mmol L-1)1/2. On the
basis of SAR, 9635 samples were found fit, 9071
marginally fit and 4186 declared unfit. While in case
of RSC, 14748 were fit, 6963 marginally fit and 1181
found unfit for irrigation (Table 5).
RSC ranged from 0‒56.1 (me L-1). When the
mean values were taken in consideration, ground
water fell in marginally fit and unfit category (Table
5) regarding EC which showed the presence of high
salt concentration which can cause salinity problem
by long term application of this water in the fields.
Only Bhalwal tehsil had water samples in safe limit
of SAR values while rest of the tehsils had
marginally fit SAR values. All tehsils except
Sillanwali (marginally fit) had safe RSC value (Table
5). On basis of mean values, it could be concluded
that only soil of Bhawal had danger to face salinity
problem and rest would had salinity and sodicity
problem with usage of this poor quality water. An
overview in mapping of groundwater quality on the

Table 4 Range and mean values of different parameters of water samples of six tehsils of Sargodha district
Tehsil

Sillanwali
Shahpur
Sargodha
Bhalwal
Sahiwal

Range
EC (µS cm-1)
251-6310
250-16660
313-9980
273-13800
285-2919

SAR
(mmol L-1)1/2
0-10.1
0-133.5
0-22.8
0-110
0-21.8

RSC (me L-1)

Mean values
EC (µS cm-1)

0-54.5
0-55
0-54
0-53.5
0-39.5

1339.5
1233.0
1143.7
1009.7
1062.3

SAR
(mmol L-1)1/2
7.5
8.0
6.9
5.2
7.2

RSC (me L-1)
1.3
1.2
1.0
0.9
0.0

Table 5 Number of water samples of six tehsils of Sargodha district falling in different categories
Tehsil
Sillanwali
Shahpur
Sargodha
Bhalwal
Sahiwal
Kotmomin

F
519
1547
2098
2614
1835
1914

EC (µS cm-1)
MF
UF
323
645
1388
1405
986
1343
540
872
1322
828
1548
1165

F
515
1411
1972
2538
1415
1784

SAR (mmol L-1)1/2
MF
UF
528
444
1566
1363
1616
839
1219
269
1927
643
2215
628

F: Fit; MF: Marginal fit; UF: Unfit
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F
798
2387
3009
2730
2812
3012

RSC (me L-1)
MF
UF
551
138
1688
265
1205
213
1072
224
1032
141
1415
200
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Figure 7 An overview of groundwater quality on the basis of EC in six tehsils of Sargodha district
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Figure 8 Percentage of fit, marginal fit and unfit water samples in Sargodha district

19

RSC

J. Environ. Agric., 1(1): 12-21; 2016

Figure 9 An overview of groundwater quality on the basis of RSC in six tehsils of Sargodha district

Figure 10 An overview of groundwater quality on the basis of SAR in six tehsils of Sargodha district
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basis of EC was given in figure 7. Overall in
Sargodha district 45.99% water was fit, 26.68%
marginally fit and 27.34% unfit on EC basis and on
SAR basis 42.09% was fit. 39.63% marginally fit and
18.19% was unfit (Figure 8). An overview in
mapping of groundwater quality on the basis of RSC
(Figure 9) and SAR (Figure 10) in six tehsils of
district Sargodha.
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CONCLUSION
To reduce the hazards of poor quality water and to
improve the fertility of soil, following management
practices could be adopted:
1) The reclamation of the saline soils to be carried
out by canal water or good quality groundwater
and growing of high salt tolerant crops. For
sodicity problem add FYM regularly with deep
ploughing, add gypsum @ 0.5 tons per acre.
2) For low OM content, the farmers were
recommended to use well rotten FYM and use
green manuring crop in rotation.
3) Water samples having high EC will cause
salinity problem. It could be used by mixing
with good quality water in the ratio of 2:1 (two
parts of tube well water and one part of good
quality water).
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