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Abstract | Water scarcity is major constraint toward achieving sustainable agriculture in developing coun-
tries like Pakistan. Shortage of good quality water compels the farmers to use brackish water. Use of saline
water along with leaching fraction could be useful by keeping low concentration of salts in the root sur-
rounding area. This study assessed the role of leaching in alleviating the negative effect of saline water on
soil characteristics. Results of the studies indicated that 6.57% reduction in soil pH (7.6), 46.06% reduction
in EC (1.3 dS m™), and 46.41% reduction in SAR (5.3) while 17.34%, 5.4% and 5.66% increase in soil
organic matter, soil available phosphorus (P) and potassium (K) content respectively were obtained using
canal water with 20% leaching fraction (T). It was found that under scenario of good quality water scarcity,
systematic use of saline water with 20 % leaching fraction could be successfully used for betterment of im-
paired soil chemical properties (EC, pH, SAR). Our results showed that the leaching fraction was found to
be effective to alleviate the negative effects of saline water on the soil properties. However, verification of this
work at different agro-ecological zones and for other field crops will be required for future implementation.
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Introduction low rainfall areas, that’s why wastewater can be irri-

gated (Minhas ez a/.,2007; Kaledhonkar ez al.,2019;

Water is most significant for the growth of the Kaledhonkar ez a/.,2020).
plant and abundantly present in the growing

plant. Water is also a vital resource of a country and  Pakistan primarily falls under an arid and semiarid

a restrictive aspect for sustainable agricultural pro-
duction. Limited water supply is the key factor that
harms cultivated crops (Shahid ez a/., 2012; Hussain
et al., 2020). In dry climatic areas, shortage of water
is considered the most limiting growth factor due to
low rainfall (Anwar ez al., 2011). The growing pop-
ulation of the world and continuously lessening in
water resources has a damaging impression on food
security (Alam ez al., 2009; Hussain ez al., 2019).
There is not enough good quality water for crops in

region of the world, where frequent edaphic factors
including salinity of soils, low soil organic matter and
tertility as well, available poor quality of underground
water and drought that limits crop yields and produc-
tion. Even though the adverse change in rainfall be-
cause of climatic changes may increment water assets
in a few territories; this expansion can't be contrasted
with expanded future requests for freshwater assets
or resources (Fuller ez a/., 2012). The powerful wa-
ter quality rule on crop production is the water salt-
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iness risk as estimated by EC of soil that evaluates
the number of salts that dissolved ions or particles,
charged particles in a sample of water. Proper use of
available irrigation water is the best technique in low
rainwater areas (Pawlowski ez a/., 2009; Elhindi ez
al., 2020).

Soil salinity is the main determinant for crops affect-
ing 5-10 % of arable land worldwide, according to es-
timates, between 75 and 100 M ha (Szabolcs, 1994;
Munns, 2002). An excess of Na in soil with optimal
pH called coastal salinity (Munns e a/., 2002). An
excess of Na in the soil with a higher pH called so-
dicity (Ragab ez al.,2008). In sodic soils, because high
pH accessibility of micronutrients and destabilizes
the structure and porosity of the soil, which causes
water extraction (Munns and Tester, 2008). Although
salinity is common hurdle in agricultural productiv-
ity around the world (Abdelsattar ez a/., 2020) and
a wealth of knowledge is cited to understand about
genes which participate in tolerance for salinity, and
there are very few efforts made to improve salinity
tolerance (Flowers, 2004), except for barley (Igbal,
2015), or soybean (Carter ez al., 2005).

The soil affected by salt is not new, but its seriousness
is growing due to poor soil management techniques
(Khan, 1998), unveil that high temperatures and low
rainfall promote the movement of the increase in
salt from the soil solution, which causes salinization.
According to the survey (GOP, 2010) that 6,677 M
ha soil out of the total (79.61 M ha) are affected by
salt (Khan, 1998) and 23.04 M ha are cultivated land.
Around 56 percent of Pakistan’s salt-infected soil is
salt-sodic and needs an external calcium source (Mir-
bahar and Sipraw, 2000; Ghafoor ez al., 2012). The
higher SAR and EC levels in pumped soil water in
Pakistan negatively affected crop production and soil
quality (Murtaza ez al., 2009). In contrast, this water
is used efficiently and produced for irrigation by de-
cent soil management technologies in the first stage
of rehabilitation. Leaching fraction is the amount of
water applied additionally to the crop delta of water
(Qadir ez al.,2001; Manzoor ef al.,2019).

Soil with high Na* content has higher values of pH,
SAR,ESP,and EC . Higher pH of saline environment
affect the availability of micronutrients like iron, zinc,
manganese and copper (Lakhdar ez a/, 2009). The
high Na* and CI" concentration affects cells and plant
development (Munns and Termaat, 1986). The higher

soil salt level degrades the soil’s physical and chemical
properties (Wong ez al., 2009). Subject to the surface
and the screen, organic matter is lost significantly in
corroding due to the low content and higher organic
matter in the soil (Nelson and Oades, 1998). Total N
and organic C have been reduced by increased sodi-
um-rich irrigation, showed by Chandar ez a/. (1994).
Frankenberg and Bingham (1982) found that the ac-
tivity of the soil enzyme decreased due to high EC
value as salinity interrupts C, N, P and S cycles.

'The present study aimed to examine the impact on
soil properties with saline water of the leaching frac-
tion.

Materials and Methods

Experimental site and treatments

This experiment was conducted at research area of
College of Agriculture, University of Sargodha. The
city of Sargodha is placed in the arid to semi-arid
climate zone. It is situated at 193 m above sea level.
'The maximum summer temperature is 50°C (122°F)
till late spring while in winter temperature is low as
the point of solidification. The warmer season lies be-
tween April to October and the cooler season from
November to March. The Annual shower is around
400 mm and the monsoon season is in July and Au-
gust. For experiment nine treatments with four rep-
lications were applied using RCBD. Treatments in-
clude: T, = Continuous irrigation with canal water,
T, = Continuous irrigation with water of EC 2.0
dSm™ (the amount of 71.305 g NaCl salt was used to
prepare 100 liter water having EC = 2.0 dSm™ using
ground water as source), T, = Continuous irrigation
with water of EC 3.0 dS m™, T, = Continuous irri-
gation with canal water with 10% leaching fraction,
T, = Continuous irrigation with water of EC 2.0 dS
m™ with 10% leaching fraction, T, = Continuous ir-
rigation with water EC 3.0 dSm™ with 10% leaching
fraction, T, = Continuous irrigation with canal water
with 20% leaching fraction, T, = Continuous irriga-
tion with water of EC 2.0 dSm™ with 20% leaching
fraction and T, = Continuous irrigation with water

EC 3.0 dSm™ with 20% leaching fraction.

Crop husbandry

Sowing of sorghum seeds: Before sowing, prepara-
tion of seed bed was performed. Sorghum cultivar JS-
263 was used as a test crop. Distance between rows
was 75 cm and between plants was 25 cm while seed
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rate was 40 kg per acre. Performance of various agro-
nomic practices was done depending upon crop need.

Fertilizer application: Inorganic fertilizer including
N, P, K were applied @ 100-50-50 kg ha™, respective-
ly as urea, diammonium phosphate (DAP) and potas-
sium sulphate. Application of complete dose of P and
K was done at sowing while application of urea was
done in three splits (at sowing, 30 and 60 days after
treatment completion). For fertilizer application, 2
bags of DAP with 1 bag of urea per hectare was used.
Whole incorporation of DAP was done at sowing
while %2 bag urea was applied at planting, and another
14 bag of urea was applied at the first irrigation.

Harvesting: Crop harvesting was done at maturity
and collection of plant samples was done and ana-
lyzed for desired parameters. Pre and post-harvest
soil analysis were carried out for different physical
and chemical characteristics. Soil sampling was done
from all the plots and analysis was performed for EC,
pH, SAR calculation. Soil pH was determined using
pH meter. EC meter (Jenway Model-4070) was used
for determination of EC . Following formula was
used for the determination of SAR after determining
Na by flame photometer and Ca + Mg by titration
methods;
SAR = Na*/ (Ca? + Mg*/2) 12

All the ions were expressed in me L

Statistical analysis

Statistical analysis of collected data and calculation of
ANOVA was done by using statistix 8.1. Comparison
of means was done using Tukey’s (HSD) test (Steel ez
al.,1997).(Table 1 and 2).

Results and Discussion

Saline water effect on soil pH

Soil pH affects many chemical processes in the soil.
'The plant nutrients availability greatly influenced by
soil pH because it controls the chemical form of vari-
ous types of nutrients. The use of saline water affected
the soil pH significantly. Data in Figure 1 indicated
that the maximum value (8.4) of soil pH was meas-
ured under T, which was followed by T, and T that
produced 8.2 and 8.1 pH of soil respectively. The 7.9,
7.8 and 7.9 pH of the soil was recorded with T, T,
and T, respectively. However, the lowest (7.6) pH of
the soil was obtained having canal water with a 20
% leaching fraction (T) indicating 6.57% reduction

in pH over original pH value. Hossain ez a/. (2015)
revealed the application of saline water higher the salt
content in soil and also increased the soil pH. Ac-
cording to Luedelin ez a/. (2005) the soil pH increas-
es with an increase in salinity, however, by using the
leaching fraction technique it can be reduced signifi-
cantly. Manzoor ez al.(2019) and Sarwar ez al. (2003)
also concluded similar outcomes.

Table 1: Soi/ characteristics used in experiments.

Characteristics Unit Value
Saturation percentage % 29.0
pH, - 8.1
EC, dS m 0.89
CO, me L 3.60
HCO, me L! 6.30
Cl me L 4.10
SO, me L! 3.80
Ca + Mg meL? 450
Na me L1 10.8
SAR - 3.62
Textural Class - Sandy Clay Loam
Organic matter % 0.75
Available P mgkeg! 7.4
Wiater soluble potassium me L! 3.53

Table 2: Analysis of canal water used in experiment.

Characteristics Unit Value
EC dS m™ 0.21
Total soluble salts (T'SS) mmol L 7.20
Carbonates (CO,>) mmol L Nil
Bicarbonates (HCO,) mmol L 1.30
Chlorides (CI) mmol L 0.70
Sulphates (SO %) mmol L 0.10
Calcium + magnesium (Ca*+Mg*) mmol L! 2.0
Sodium (Na*) mmol L 0.10
Sodium adsorption ratio (SAR) (mmolLL-H)"2  0.10
Residual sodium carbonates (RSC) ~ mmol L! Nil

Saline water effect on soil EC (dS m™)

EC of soil affects the crop productivity as it correlates
with different soil characteristic like soil organic car-
bon, soil texture, salinity and cation exchange capacity.
Data regarding EC of soil presented which exhibited
that by the use of saline water EC of soil respond sig-
nificantly. Data in Figure 2 showed that the highest
(3.4 dS m™) soil EC was measured under T. The EC
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of soil for treatments T, T, T, T, and T, were 2.3,
2.4,2.3,2.1 and 2.3 dS m™ respectively (Figure 2).
Whereas the lowest EC (1.3 dSm™) of soil was ob-
tained in (T)) reflecting 46.06% reduction in soil EC
over original value. The increased EC value is due to
buildup of salt as a result of application of salty water.
'The work of the previous researcher also reported that
continuous irrigation with saline water enhanced the
soil pH, EC and SAR of soil due to the accumulation
of salts in the soil. Related results were described
by Zein et al. (2003) who stated that soil chemical
properties such as soil pH, EC, SAR, Na and Cl
increased significantly due to salinity. Manzoor ez
al. (2019) and Sarwar ez a/. (2003) also concluded

parallel findings.
a
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Figure 1: Systematic use of saline water with leaching fraction for
improving pH of soil.
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Figure 2: Systematic use of saline water with leaching fraction for
improving EC (dS m™) of soil.

Saline water effect on soil SAR

'The SAR of soil used to determine the sodium affect-
ed soil that is helpful to determine the management
practices. Soil SAR was significantly affected by the
use of saline water alone and along leaching fraction.

Among all the treatments, the T, was produced the
highest SAR (15.46) of soil which was followed by T',

and T,. The 13.61, 13.82 and 12.39 of soil SAR were
obtained under the treatments of T, T, and T, re-
spectively. The treatment T, recorded the lowest SAR
(5.21) of soil which was reflecting 46.41% reduction
in soil SAR over original value. According to Fard
et al. (2007) showed that irrigation with saline water
increase the SAR of soil and leaching efficiency was
helpful to decrease the water salinity that reduces the
SAR of soil. Manzoor ef al. (2019) and Sarwar ez al.
(2003) also concluded parallel findings (Figure 3).
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Figure 3: Systematic use of saline water with leaching fraction for
improving SAR of soil.

Saline water effect on Sodium (meq L) content of soil

Sodium (Na) presence in the soil solution stunted the
plant growth mainly due to a decrease in the water
uptake ability of the plant. Data revealed that the im-
pact of canal and saline water alone and along with
leaching fraction was found significant. The maxi-
mum concentration of sodium (17.85 meq L?) in
soil was observed for T . The 16.65 and 16.03 meq
Lof sodium concentration in soil was recorded for
T, and T, respectively. These treatments (T, T, and
T,) were proved significant with each other. The val-
ues of sodium concentration in the soil for T, T, and
T, were 16.34,16.54 and 14.65 meq L 'respectively.
The T, (canal water with 20percent leaching fraction)
recorded the lowest sodium concentration (7.50 meq
L) in soil. However, the 7.97 and 8.55 values of sodi-
um concentration in the soil for T, (canal water with
10percent leaching fraction) and T (canal water with
Opercent leaching fraction) were obtained. Similar
findings were reported by Manzoor ez al.(2019), Sar-
war efal.(2003) and Fard ez a/.(2007) who stated that
salty water usage increase the sodium concentration
in soil however, and suitable leaching fraction along
with saline irrigation water can be used to control the
sodium in the soils. Irrigation with saline water en-
hanced the soil sodium contents in the soil (Figure 4).
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Figure 4: Systematic use of saline water with leaching fraction for
improving sodium (meq L) of soil.

Saline water effect on soil organic matter (%)

To improve the soil structure, water holding capacity
and supply of nutrients, organic matter is very impor-
tant. The use of canal and saline water with or without
leaching fraction significantly affected organic mat-
ter (percent) soil. Figure 5 shown that organic matter
(percent) data in soil were found to be the highest
recorded organic matter (0.88 percent) in soil by T,
indicating 17.34% increase in soil organic matter over
original value (Figure 5). T, performed better among
all treatments. Treatments T, and T, produced 0.85
and 0.83 percent organic matter. While T, T, and T
produced the lowest organic matter in the soil (0.64
percent) (Figure 5). These three therapies (T, T, and
T,) have, however, been demonstrated to be signif-
icant. These results related to the findings of Malik
et al. (2015) who reported negative relation between
salty water application and organic matter (percent)
in soil. Manzoor efal.(2019) and Sarwar e al. (2003)
also concluded parallel findings.
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Figure 5: Systematic use of saline water with leaching fraction for
improving organic matter (%) of Soil.

Saline water effect on soil phosphorus (mg kg™)

'The function of phosphorus (P) in the soil is very es-
sential. Insufficient phosphorus content in the soil af-
tects root growth. Data showed a significant impact

on the phosphorous content of the soil when water-
ing from the canal and saltwater. The data shown in
Figure 6 reflected that the application of canal water
with or without the leaching fraction performed well
than water having EC = 2 and 3 dS m™ water. The
maximum phosphorus content (7.8 mg kg™) in soil
was obtained under T indicating 5.4% increase in soil
available P content over original value, followed by
T, and T, with the same soil phosphorus value (7.70
mg kg!) (Figure 6). However, the lowest phosphorous
contents (6.80 mg kg™) in soil was obtained with T
which was followed by T, that produced 7.00 mg kg™
phosphorous contents in soil. The results of Hossain
et al. (2015) are in line with our findings who de-
scribed that the nitrogen, phosphorous and potassium
contents of the soil decrease with an increase salinity
level of the soil. Manzoor ez al. (2019) and Sarwar ez
al. (2003) also concluded parallel findings.
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Figure 6: Systematic use of saline water with leaching fraction for
improving phosphorous (mg kg™) of soil.

Saline water effect on soil potassium (mel™”)

The availability of potassium (K) in the soil is very
essential for plant growth. The increased salinity sig-
nificantly decreased potassium availability in the soil.
'The application of canal and saline water has affected
the potassium content of the soil significantly. Figure
7 illustrated the data on soil potassium content show-
ing maximum potassium (3.73 me L) soil content
with T, indicating 5.66% increase in soil available P
content over original value, followed by T, and T, soil
potassium content of 3.51 and 3 me L}, respectively
in soils. However, a statistically significant interaction
between T, and T, was found. Among all the treat-
ments, canal water with or without leaching fraction
showed superiority. The values of potassium contents
in the soil for T), T, and T, were 2.92, 3.17 and 3.29
me L respectively. Whereas, minimum phosphorous
contents (2.81 me L) in soil was recorded with T,
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which was followed by T that produced 3.03 meL."
K contents in soil (Figure 7). Ashraf and Ali (2008)
stated that due to irrigation with saline water the po-
tassium contents in soil decreased. Manzoor e# al.
(2019) and Sarwar ez al. (2003) also concluded par-
allel findings.
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Figure 7: Systematic use of saline water with leaching fraction for
improving potassium content (me L) of soil.

Conclusions and Recommendations

'The research showed that the leaching fraction per-
formed better in terms of improving the impaired
chemical properties of soil. Use of canal water with
20 % leaching fraction proved superior among all
treatments and the soil characteristics such as pH,
EC and SAR were significantly improved with nu-
merically 6.57 %, 46.07 % and 46.41 % reductions re-
spectively while 17.34 %, 5.4 % and 5.66 % increase in
soil organic matter, soil available phosphorus (P) and
potassium (K) content respectively. Thus, under scarce
resources of good quality water, saline water can be
safely used along with leaching fraction.

Novelty Statement

Systematic use of saline water along with leaching
fraction can be used successfully for growing fodder
crops.
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