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Abstract | Decline in agriculture production due to salinity is one of the key problems in many areas around
the globe including Pakistan. Around the globe approximately, 800-million-hectare area is salt aftected and
it is estimated that up to middle of 21 century, 50 % of the arable land all over the world will be destroyed
due to salinization problem. Use of canal water is the only strategy where saline and good quality waters are
used in a cyclic manner for leaching down the salts that accumulated during irrigation with saline water. In
this manner, salt accumulation does not rise beyond critical limit of the crop. The experiment consisted of 4
treatments replicated four times and randomized complete block design (RCBD) was used to make layout.
Treatments were; T'1 = canal water, T2 = water of EC 2.0 dS m™, T3 = water of EC 3.0 dS m™* and T'4 = water
of EC 4.0 dS m™. Maize was sown as test crop. Pre and post-harvest soil analysis was carried out for different
physical and chemical characteristics. Soil samples were collected from all the plots and analyzed for different
chemical properties like EC, pH, SAR, CI, CO,, HCO,, Ca, Na, Mg, N, P and K. Results of the experiment
revealed that use of saline water irrigation impaired different chemical properties of the soil and also had
negative impact on fertility status of the soil. All the collected data were subjected to statistical analysis.
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Introduction many industries. Now a days, corn is also used in

the production of varnishes, ammunition, paints

|) {I aize (Zea mays L.) is highly cross-pollinated

species and monoecious crop of Asia, and
now a day considered poultry feed industry back
bone. Maize is very nutritious fodder and it is the
largest resource of livestock feed. Maize can be
grown for fodder purpose in all over the Pakistan
with extensive climatic range. It is be harvested after
8-10 weeks after sowing (Rashid and Igbal, 2012).
Maize is moderately salt sensitive crop (IVlaas et al.,
1983). It also has significant role for the production
of jelly glucose, flakes, energile, and custard in

shortening compounds, soaps and many other
products (Khan et al., 1999). Maize fodder contains
51.69 % neutral detergent fiber, 40.18 % fodder
crude fiber, 28.797 % fodder cellulose, 22.98 % acid
detergent fiber and maize seed grains contains 71.97
% starch in grain, 4.85 % oil in grains, 9.74 % protein
in grains, and 9.44 % crude fiber (Ali et al., 2014).
Weed pervasion, excessive or sometimes no use of
fertilizers and other factors are the main reasons due
to which yield and growth of maize crop is affected

(Khan et al., 2013).
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At present, global agriculture faces many problems,
such as 70% more food production versus 2.3 billion
additional people by 2050. While fighting against
hunger and poverty, more efliciently consuming rare
natural resources and adapting to change of drastic
climate (FAO, 2009). Because of various abiotic
stresses low productivity in most cases is attributed.
It has been expected that more than 50% of yield is
decreased because of abiotic stresses and the salt stress
is one of them (Rodriguez et al., 2005). Around the
globe, salt stress is foremost concern for agriculture

because it affects almost all the functions of the plant.
Greater than 6 % of the land in world and a third of the

arable lands are severely under salt stress (FAO, 2008).
Economy of Pakistan is based mainly on irrigated land
of the country that is 17 million hectares in total and
out of this, 6.3 million hectares is affected by salts.
'This salt-affected area has to be reclaimed to make the
country prospers and developed (Qadir et al., 2000).
'The development of soil salinity is due to two main
causes, one is the direct tide during the rainy season,
and the second is the upward movement of saline
groundwater during the dry season (Haque, 2006).

Salinity affects every plant at any growth and
development stage but germination rate, seedling
growth and percentage of germination affect in
different ways according to plant species (Gul et
al,, 1999). High concentrations of salts affect seed
germination, and the inability of water, causing ion to
be disrupted, leading to osmotic stress and ion toxicity.
The salinity causes osmotic stresses which are due to
decrease of soil water potential. (Khan and Panda,
2008). It has been reported a decrease in biomass,
changes in the capacity of photosynthesis in the
water of foliated leaf potential leaves due to salinity.
Reduction in the pigment content of the leaves is due
to rise in levels of salts that increases the level of Na
* CI while decrease in level of K* and Ca?* content
are also results of salinity (Mansour et al., 2005).
Consequently, installation of tube wells is growing
day by day. Using unfit water poses problems of salt
buildup in the rhizosphere. The increase of salinity in
the root zone can be detrimental to the crops grown.

The management of soils affected by salt involves
combination of various agricultural practices such
as water quality, chemical modification and local
conditions including climate, economic, cultural
and political environment of crops and the existing
agricultural system. Previously after lot of scientists

compiled effective tools to alter and use of several
modifications to improve the properties of saline soils
which may be either physical or chemical. To reduce
the problem of saltiness, there is no single procedures
have been invented by scientist but many practices
were utilized that performs adequately (Mashali,
1995). The significance of use of organic matter in
this regard has been recognized due to its effect on
the upgrading and altering the properties of saline soil
for the growth of the crop, as well as due to its role
as source of nutrients. Several organic amendments,
such as compost and manure have been examined for
their effectiveness in the recovery of saline soils. Use
of organic amendments for reclamation of sandy soil
is little alone but a big literature is available on its
effectiveness to perk up the physical properties of soil
(Sarwar, 2005).

The practice of domestic animal manure/dung has
been recommended for a long time because of its
value as nutrition for plants and as an alteration to the
properties of the soil. The efficiency of the compost
relies upon its composition, which difters according to
the age and type of animal, consumption of feed and
the management of waste. The application of organic
matter was found or incorporated with surface soil to
improve soil structure and increase the rate of water
leakage. Thus, farm yard manure (FYM) applied can
improve and conserve soil structure (Bhatnagar et al.,
1992). Organic matter like manure or compost has
capability to modify properties of clay and sandy soil.
Use of farmyard manure, N, P and K for a long term
improves hydraulic conductivity, total stability, water
retention capacity and porosity of soil (Darwish et al.,
1995). Singh et al. (1998) described that continuously
adding farmyard manure to saline soil results in a
reduction of soil pH and enhancement in carbon
content along with exchange capacity of replaceable
cations. Similarly, Gabir (1984) found that height
of plant and dry yield of alfalfa plant improved
significantly due to the use of organic materials, which
improves the filtration of salt and reduces the sodicity.
Chicken dung proved very effective in resisting the
effect of salinity, which was reflected in the relative
promotion of growth and yield in response to the
amount applied.

Materials and Methods

Harmful effects of saline water were evaluated on soil
chemical properties and fertility status after growing
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maize crop. This experiment was designed under
randomized complete block design (RCBD) having
4 treatments which were replicated four times. For
this purpose, plot of 4 x 4 m*size was used for each
treatment.

T = canal water; T,= water of EC 2.0 dS m™; T,=

1

water of EC 3.0 dS m™; T = water of EC 4.0 dS m

The bed for sowing of maize seeds was prepared
through cultivation of field for 2-3 times with tractor-
mounted cultivar. Maize variety “Sargodha 2002” was
sown using 37 kg ha™ seed rate. For weeds free crop,
twice hoeing practice was done to avoid competition
between weeds and crop. Before irrigation, water of
required range as mentioned in the treatment plan
was prepared and then applied accordingly. Inorganic
fertilizers {urea, diammonium phosphate (DAP) and
sulphate of potash (SOP)} were applied @ 190-150-
100 kg NPK per hectare respectively. At maturity,
crop was harvested. The soil samples were collected at
the depth of 0-15 cm with the help of soil auger. Soil
samples were analyzed for pH, SP, EC, Ca*", Mg*,
Na’, K*,N, P, CO, HCO, Cl' and SAR. Analytical
methods of Handbook 60 of USDA (1969) were used

for different determinations Table 1.

Statistical analysis
Statistical analyses of all the collected data were done
using Tukey’s test at five percent level of probability.

Results and Discussion

Soil pH

'The pH level of the soil has an essential role in growing
the plants. Soil pH mainly used to measure the acidity
and alkalinity of soils. Data indicated that pH of soil
differed significantly by the use of canal and saline
water. Maximum pH (8.45) of soil was recorded in
treatment T', with water of EC=4 dSm™ (Figure 1).1t
was also obvious from the data that differences among
various treatments were significant when seen through
the yardstick of statistics. Data explained that EC=
3 and EC= 2 dSm™ (T, and T,) produced 8.15 and
8.04 soil pH respectively. Minimum pH (7.92) was
noted with the use of canal water (T)). Statistically,
treatment T and T, (with water of EC=3 and EC=
2 dSm™) were non-significant. However, treatment
T, and T, were significant with results in term of
statistics. However, according to Hossain et al. (2015)

different levels of salinity had an impact on soil pH.

Findings of Murtaza (2019) were also in the same
directions who applied canal and saline water to grow
sorghum crop. Similarly, results of Manzoor (2019)
were also in the same direction who conducted a field
experiment to grow sorghum crop applying canal and
saline water.
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Figure 1: Effect of canal and saline water on pH of soil.
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Figure 2: Eﬁcz‘ of canal and saline water on EC of soil.

Soil EC (dSm™)

Electrical conductivity (EC) is associated with soil
characteristics that affects the productivity of crop,
soil organic matter, subsoil properties, soil drainage
capacity and texture, salinity and cation exchange
ability. Data of this experiment showed that EC,
of soil varied in all tested treatments. Considerable
statistical differences among treatments regarding
soil EC were observed (Figure 2). It was also
obvious from the data that differences among various
treatments were significant when seen through the
yardstick of statistics. The highest EC (2.7 dSm™) of
soil was analyzed with water of EC= 4 dSm™ (T)).
The determined value of soil EC for treatment T', and
T, (water of EC= 3 dSm™and water of EC= 2 dSm™)
were 2.21 and 1.9 dSm™ respectively. However, the
lowest value of soil EC (1.44 dSm™) was measured
where irrigation of canal water was used (T)).
Tedeschi and Aquila (2005) and Malik et al. (2015)
also reported that soil EC was also enhanced by using
saline water. Findings of Murtaza (2019) were also
in the same directions who applied canal and saline
water to grow sorghum crop. Similarly, results of
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Manzoor (2019) were also in the same direction who
conducted a field experiment to grow sorghum crop
applying canal and saline water.

Soil SAR

Sodium adsorption ration (SAR) is the water quality
trait that is used in the management of sodium-
affected soils. This is numerically derived property
which is based on the concentration of different
cations like sodium, calcium and magnesium. Data
showed irrigating with canal and saline water had
impact on soil SAR. All the treatments differences
to SAR of soil were significant when adjudged
through the yardstick of statistics (Figure 3). The
irrigation with water of EC= 4 dSm™ (T,) recorded
maximum SAR (14.4) of soil (Figure 3). In the same
way, T, (continuous irrigation with water of EC 3.0
dS m™) and T, (continuous irrigation with water of
EC 2.0 dS m) produced 12.15 and 9.95 values of
soil SAR respectively. The application of canal water
(T,) recorded the lowest SAR (7.6) of soil. Results
indicated that among all treatments, irrigation with
canal water is performed well as compared to all other
treatments. Malik et al. (2015), also recognized our
results who revealed that saline water reduced the
SAR of soil. Findings of Murtaza (2019) were also
in the same directions who applied canal and saline
water to grow sorghum crop. Similarly, results of
Manzoor (2019) were also in the same direction who
conducted a field experiment to grow sorghum crop
applying canal and saline water.
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Figure 3: Effect of canal and saline water on SAR of soil.
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Organic matter (%) of soil

Growth of plants is positively affected by usage
of organic matter because organic matter plays
significant direct impact on characteristics of soil like
physical and biological and chemical characteristics.
Understanding the role of organic matter in
maintaining a healthy soil is essential for developing
ecologically sound agricultural practices. Organic
matter (%) of soil was significantly affected by use of

brackish water. It was also obvious from the data that
differences among various treatments were significant
when seen through the yardstick of statistics. Data
regarding organic matter (%) of soil was presented in
Figure 4 which indicated that irrigation with canal
water (T') recoded maximum organic matter (0.92%)
of soil. Among all the treatments, canal water showed
superiority over all others treatments. The irrigation
with water of EC= 2 and EC= 3 dSm™(T, and T),)
produced 0.86 and 0.80% of organic matter in soil.
These both treatments were significant with each
other statistically. Minimum organic matter (0.73%)
of soil was analyzed with water of EC= 4 dSm™(T)).
Hossain et al. (2015) supported our findings who
described that salinity significantly affected the soil
organic matter (%) and reduction in soil organic matter
with rise in salt level. Malik et al. (2015) indicated
that use of brackish water irrigation significantly
reduced the organic matter (%) in soil. Findings of
Murtaza (2019) were also in the same directions who
applied canal and saline water to grow sorghum crop.
Similarly, results of Manzoor (2019) were also in the
same direction who conducted a field experiment to
grow sorghum crop applying canal and saline water.
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Figure 4: Effect of canal and saline water on organic matter of soil.

Phosphorous (ppm) of soil

Phosphorus is an important macro-element, required
for plant nutrition. It participates in photosynthesis,
transfer of energy and synthesis and breakdown of
carbohydrates. Data depicted that application of canal
and brackish water had a significant effect on the
phosphorous contents of soil. Data presented in Figure
5 indicated that application of canal water was better
than irrigation with water of EC= 2, 3 and 4 dSm-
1 It was also obvious from the data that differences
among various treatments were significant when seen
through the yardstick of statistics. The maximum
concentration of phosphorous (7.70 ppm) of soil was
measured where irrigation with canal water (T') was
applied. Data also showed that irrigation with water
of EC= 2 dSm™ (T)) recorded phosphorous contents
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6.95 ppm of soil. Application with water having EC=
3 dSm™and EC=4 dSm™ (T, and T,) produced 6.40
and 6.15 ppm phosphorous concentration respectively.
However, these both treatments (water of EC= 3
dSm™and water of EC= 4 dSm™) were statistically
non-significant. Our findings were also supported by
Malik et al. (2015) and they said that brackish water
caused reduction in phosphorous contents of the
soil. Similar to our results the Hossain et al. (2015)
reported that phosphorous contents in soil decreased
significantly by using saline water. Findings of
Murtaza (2019) were also in the same directions who
applied canal and saline water to grow sorghum crop.
Similarly, results of Manzoor (2019) were also in the
same direction who conducted a field experiment to
grow sorghum crop applying canal and saline water.
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Figure 5: Effect of canal and saline water on phosphorus of soil.

Potassium (meq/L) of soil

Potassium levels in soil were significantly aftected
by use of canal and brackish water. Data regarding
potassium contents of soil was presented in Figure 6
which showed that irrigation with canal water (T))
recoded maximum potassium contents (2.40 meq/L)
of soil. Among all treatments, canal water showed
superiority over all other treatments. It was also
obvious from data that differences among various
treatments were significant when seen through the
yardstick of statistics. The irrigation with water of
EC= 2 and EC= 3 dSm™ (T, and T,) produced
2.10 and 1.90 meq/L of potassium contents of soil
respectively. However, T, and T, were statistically
non-significant. The minimum potassium contents
(1.60 meq/L) of soil was obtained with water of
EC= 4 dSm™ (T,). Another researcher IHossain
et al. (2015) also reported similar findings as our
results revealing that increasing the salts, potassium
contents was reduced. Findings of Murtaza (2019)
were also in the same directions who applied canal
and saline water to grow sorghum crop. Similarly,
results of Zeeshan (2019) were also in the same

direction who conducted a field experiment to grow
sorghum crop applying canal and saline water.
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Figure 6: Effect of canal and saline water on potassium of soil.

Table 1: Analysis of experimental soil before cultivation.

Parameters Unit Value
pH, - 8.3
EC, dSm™ 0.73
Carbonates Milli equivalent per liter 1.5
Bicarbonates Milli equivalent per liter  3.12
Chloride Milli equivalent per liter  2.95
Sulfate Milli equivalent per liter  1.47
Calcium+Magnesium  Milli equivalent per liter  2.92
Sodium Milli equivalent per liter  3.65
SAR - 3.02
Organic matter % 0.81
P ppm 6.8

K ppm 109.8
Soil textural class - Clay loam

Soil cations (Na* and Ca®* + Mg**)

Sodium concentration in soil responds significantly to
application of canal and saline water. Among all the
treatments, irrigation with canal water found better
as compared to others. It was also obvious from the
data that differences among various treatments were
significant when seen through yardstick of statistics
(Table 2). Sodium concentration of soil increased
with increase in EC of irrigation water. The highest
sodium (17.28 meq/L) of soil was observed with
water of EC=4 dSm™ (4.9). However, irrigation with
water of EC=3 (T,) and EC= 2 dSm™ (T,) recorded
14.76 and 12.23 meq/L sodium in soil respectively
and these treatments were noted as statistically
significant. The minimum sodium (9.55 meqg/L) of
soil was obtained where irrigation with canal water

(T,) was applied.
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Table 2: Effect of canal and saline water on concentration
of cations and anions in soil.

Treatments  Cations (milli Anions (milli equivalent per
equivalent per liter) liter)
Sodi- Calcium + Car- Bicar- Chlo- Sul-
um Magnesium bonates bonates ride  fate
T1= canal 9.55 3.6 1.50 3.00 845 1.45
water
T2 = water of 12.23 3.05 1.57 330 1243 1.70
EC2.0dS m!
T3 = water of 14.76 2.95 2.30 3.83 14.17 1.80
EC3.0dSm™
T4 = water of 17.28 2.88 2.55 415 18.10 2.20
EC4.0dSm™

Calcium and magnesium play critical role in nutrition
as well as in cell wall deposition. Its helps to maintain
chemical balance in the soil, reduces soil salinity, and
improves water penetration. The highest Ca + Mg
concentration (3.16 meq/L) of soil was obtained
where irrigation with canal water (T,) was applied
(Table 2). It was also obvious from the data that
differences among various treatments were significant
when seen through the yardstick of statistics. The
other treatments (T, and T)), irrigation with water of
EC=2 dSm™ and water of EC= 3 dSm™ proved non-
significant in term of statistics. The water of EC= 2
dSm™ and water of EC= 3 dSm™ noted Ca + Mg
concentration of soil 3.05 and 2.95 meq/L respectively.
However, among all treatments, the lowest Ca + Mg
concentration (2.88 meq/L) of soil was obtained from

T, (irrigated with water of EC= 4 dSm™).

Soil anions (CO 7, HCO", CI and SO ")

Data indicated that carbonates concentration of
soil significantly influenced by using water of saline
nature. The maximum carbonates concentration
(2.55 meq/L) of soil was gained in the treatment
(T,) grown with water of EC= 4 dSm™ (Table 2).
In the same way carbonates of soil 2.3 meq/L was
noted with water of EC= 3 dSm™ (T,). Application
of irrigation water of EC= 2 dSm™ and canal water
(T, andT,) produced carbonates concentration of soil
1.57 and 1.501 meq/L respectively. Statistically, both
these treatments (T, and T) water of EC= 2 dSm-
!'and canal water proved non-significant with each
other. It was also obvious from data that differences
among various treatments were significant when seen
through the yardstick of statistics.

Data indicated that bicarbonates of soil differed
significantly by the use of canal and saline water. It

was also obvious from the data that differences among
various treatments were significant when seen through
the yardstick of statistics. The maximum value of
bicarbonates (4.15 meq/L) of soil was recorded with
treatment T ; water of EC= 4 dSm™ (Table 2). The
EC= 3 dSm™(T),) recorded bicarbonates 3.83 meq/L
of soil. Data also showed that irrigation with water of
EC= 2 and canal water (T, and T') produced 3.3 and
3.0 meq/L bicarbonates of soil respectively. However,
two treatments (canal water, water of EC= 2 dSm"
1) were statistically non-significant. Findings showed
that irrigation with canal water was more effective

than water of EC=2,3 and 4 dSm™.

Data depicted that irrigating with canal and brackish
water has pronounced impact on soil chlorides.
Differences among treatments with respect to
chloride were significant statistically (Table 2). The
irrigation with EC= 4 dSm™ (T ) recorded maximum
concentration of chlorides (16.22 meq/L) of soil. It
was also obvious from the data that differences among
various treatments were significant when seen through
the yardstick of statistics. In the same way, irrigation

with water of EC= 3 dSm™ and EC= 2 dSm™(T, and
T,) produced 12.77 and 10.37 meq/L of chlorides
in soil respectively. The application of canal water
recorded the lowest chlorides (7.90) of soil. Results
indicated that among all treatments, irrigation with
canal water is performed well as compared to other
treatments.

Sulfates concentration in soil responds significantly
by using canal and brackish water. Among all the
treatments, irrigation with canal water (T,) found
better as compared to others. It was also obvious from
the data that differences among various treatments
were significant when seen through the yardstick of
statistics. The sulfate concentration in soil increases
with enhancement in EC of irrigating water. The
greatest sulfate (2.45 meq/L) of soil was observed
with water of EC=4 dSm™ (4.14).The irrigation with
water of EC=3and EC=2dSm™ (T, and T)) recorded
2.10 and 1.80 meq/L sulfate in soil respectively, and
these treatments were statistically significant. The
minimum sulfate (1.50 meq/L) of soil was obtained
where irrigation with canal water was applied (Table 2).

Ragab et al. (2008) also supported our findings and
exposed that soil carbonates and bicarbonates increase
with increase in salinity levels from 0.43 (control),

4.85, 6.60 and 8.86 dSm™. The work of the previous
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researchers Tedeschi and Aquila (2005) also favored
these outcomes that Cl in brackish water elevated
chloride concentration in soil enhanced significantly.
Similarly, Hassanein et al. (1993) who revealed
that elevated salt concentration of irrigation water
enhanced concentration of carbonates. Findings of
Murtaza (2019) were also in the same directions
who applied canal and saline water to grow sorghum
crop. He concluded an increase in the concentration
of different cations like Na* and anions like CO*,
HCO," and CI* with the use of saline water as source
of irrigation. Similarly, results of Manzoor (2019)
were also in the same direction who conducted a field
experiment to grow sorghum crop applying canal
and saline water. He also noted that application of
saline water enhanced the concentration of sodium,
carbonate, bicarbonate and chloride in the soil but
that of calcium + magnesium was lowered.

Conclusions and Recommendations

It is concluded from this study that brackish/
saline water irrigation impart significant impact on
chemical properties of soil by increasing values of
pH, EC and SAR. Furthermore, concentration of
Na*, CO,>, HCO," and CI"" was also enhanced when
saline water was used as source of irrigation. On the
other hand, application of canal water proved the best
treatment to lower all these values in favorable and
desired range.
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