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Abstract | In Pakistan, renewable freshwater resources are decreasing due to unpredictable rainfall changes
and farming community is compelled to use underground brackish water. Therefore, a lysimetric study was
undertaken to remediate hazardous effects of brackish water on rice-wheat crops through practicable and
economical methods in two different textured soils. Treatments were: (A) Types of soils. 1) sandy loam, 2)
clay loam, (B) Remedial strategies, 1). canal water, 2) saline-sodic tube well water (continuous), 3) three
irrigations of tube well water and two of canal water in a cyclic manner (short cyclic use), 4) tube well water
+ gypsum @ RSC of water, 5) tube well water+ canal water in 1:1 ratio (conjunctive use). Data showed that
the highest biomass and paddy/grain yield were produced by canal water (T') followed by (T,) where three
irrigations of tube well water and two of canal water were used in a short cyclic manner. Whereas, growth
and yield of rice and wheat crops were significantly reduced by continuous use of brackish water (T) and
maximum pH, EC_and SAR were noted in this treatment in both textured soils. Different management
practices (use of gypsum and blending) also mitigated the ill effects of saline-sodic water. Therefore, it was
concluded that when fresh-water resources are finite and use of saline-sodic water is inevitable, cyclic use
of canal and saline-sodic water is a wise and profitable management strategy with marginal effect on crop
productivity and proves least detrimental for soil health. Comparison of two different textured soils also
revealed that brackish water deteriorated the soil properties of clay loam soil more in comparison to sandy
loam soil that highlighted the primary role of soil texture for salinity development and must be recognized
while using the brackish water for irrigation purpose.
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Introduction 2004). As the supplies of fresh water resources are

expected to diminish in the future and the supply of

ompetition among agricultural, industrial, and  canal water is unpredictable, farmers installed tube

municipal sectors dwindled the allocation of
freshwater resources to the agriculture sector (Tilman
et al., 2002). This situation is expected to exacerbate
in foreseeable future in countries of arid to semi-
arid climate like Pakistan, which already have been
suffering from climatic changes (Qadir and Oster,

wells as a more secure and extra water supply resource
which can contribute to the reliability of food
production and improve livelihoods of the farmers.
However, this reliability on the usage of groundwater
is threatening the health of soil and crop productivity
because 70-80% of pumped water is brackish (Latif
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and Beg, 2004). High evapotranspiration rate, due to
the semi-arid climate of Pakistan, resulted in the net
upward movement and accumulation of soluble salts in
surface soil which may develop a saline area of 3 x 10°
ha in the country (Rafig, 1990). Therefore, successful
and secure use of underground brackish water with
efficient and suitable management practices is one of
the most relevant approach to overcome the problem
of secondary salinity (FAO, 1999; Oster, 2000),
which will allow the farmers to use this valuable
water resource for their crop productivity. Therefore,
the development of an effective irrigation mode using
the limited canal water and adequate underground
brackish water is necessary to achieve the economical
and allowable yield of field crops without adverse
effects on soil properties.

Difterent researchers in the field experiment
demonstrated that use of fresh and brackish water is
feasible through blending or cyclic mode. In the cyclic
mode of irrigation, fresh water and brackish water
are used separately while in blending manner, both
waters are used simultaneously (Qureshi ez a/., 2004).
Cyclic mode of irrigation could maintain the crop
productivity without buildup of toxic salts in surface
soil if freshwater irrigation was used before sowing
(Verma ez al., 2012). Moreover, blending, or cyclic
modes of irrigation may result in the relative yield
up to 80-98% (Verma e al., 2014). Li ez al. (2019)
opined that under fresh water shortage conditions,
application of non-saline water at the seedling and
flowering stage while saline-water application at fruit
set-stage was the most suitable mode of irrigation
for high vyield production of tomato without
deteriorating the soil properties. Gandahi ez a/.(2017)
concluded from a pot experiment that cotton gave
the economical yield if six irrigations were provided
with saline water and six irrigations with non-saline
water in a conjunctive manner. Similarly, Chen ez a/.
(2018) suggested that the optimal mixing of non-
saline and saline water may be more beneficial for
cotton production and avoid secondary salinization
when using saline water.

Continuous use of saline-sodic water without any
suitable amendment might result in accumulation of
the toxic soluble salts, lowering the crop productivity,
and deteriorating the soil properties (Mandare ez
al., 2008; Wang ez al., 2015). The choice of suitable
remedial strategy to control the salinization problem
by brackish water depends on several factors such as

type of the selected crop, the salinity of brackish water,
crop growth stage, cultural practices, and chemical
amendment. Sodicity problem of brackish water
may be tackled by the application of some proper
amendment e.g., calcium chloride, gypsum (Gupta
and Gupta, 1997). Chaudhary ez al. (2003) stated
that gypsum reduced the ill effect of drainage water,
while drainage water without gypsum application
significantly affected the yield of cotton and wheat
crops. They stated that cyclic use of drainage and
canal water had lesser ill effects on soil properties
and crop productivity than the continuous use of
drainage water alone. Murtaza ¢ 2/. (2006) concluded
that gypsum and FYM applications neutralized the
detrimental effects of saline-sodic water and produced
the maximum grain and straw yield of wheat which
was non-significant with canal water and cyclic use of
brackish water and canal water.

Soil texture is one of the most important factors
which determines how brackish water affects the
soil properties. Different textured soils are affected
differently by the same concentration of salt in
brackish water, generally, light-textured soils (sandy
soils) show the least ill effect of brackish water as
compared to heavy textured (clay) soils. Yadav (1982)
noted that saline water (8.0 dS m™) reduced the yield
of wheat in sandy loam soil whereas the same crop
was unable to grow in clayey soil with saline water
of 4.0 dS m™. According to Chaudhary ez a/. (1983),
brackish water having RSC < 2 me L', EC = 3.2 dS
m™ and SAR < 5 (mmol L)"? could be used safely
for sandy loam soil than clay loam. They also observed
that wheat yield reduction was more in fine textured
soil than on coarse textured soil. Similar observation
was also noted by Abid ez 4/ (2003) that brackish
water affects the wheat yield more negatively in clay
soil than sandy textured soil.

Considering the previous research, the present study
was planned to assess the effects of different remedial
strategies to alleviate the ill effect of brackish water
used to irrigate rice and wheat crops in two different
textured soils.

Materials and Methods

This study was conducted at Soil Salinity Research
Institute Pindi Bhattian, Hafizabad. Treatments were:
(A) Types of soils. 1) sandy loam, 2) clay loam, (B)

Remedial strategies, 1). canal water, 2) saline-sodic
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tube well water (continuous), 3) three irrigations of
tube well water and two of canal water in a cyclic
manner (short cyclic use), 4) tube well water + gypsum
@ RSC of water, 5) tube well water + canal water in
1:1 ratio (conjunctive use). Two different textured
soils, sandy loam and clay loam were selected and
filled in lysimeter (180 cm length x 120 cm width
x 90cm height). The experimental was conducted in
factorial arrangement with completely randomized
design having three repeats. Rice-wheat crop rotation
was used for two years. Gypsum was applied in every
Kharif season, thirty days before transplantation of
rice in respective lysimeter. During the first Kharif
season, thirty days old seedlings of rice (Shaheen
Basmati) were transplanted in lysimeter. Fertilizers at
the rates of N 110, P 90, and K 60 kg ha! was used for
rice crop. All the treatments were employed according
to treatment plan and plant protection measures and
agronomical practices were carried out uniformly.
Rice crop was harvested at maturity and data about
biomass and paddy yield were documented. During
the Rabi season, in the same layout, fertilizers at the
rates of N 120, P 110, and K 70 kg ha™* were applied
and wheat (Inglab-91) was sown directly in the soil.
The crop was irrigated according to the treatment
plan throughout the growth season. At physical
maturity, data about biomass and grain yield were
documented. At the end of study, soil samples were
collected and analyzed for pH, EC_and SAR (U.S.
Salinity Laboratory Staff, 1954). The same treatments
and pattern of rice-wheat was replicated for the
second year. The collected crop data were subjected to
statistically analysis. The treatment mean comparison
was made using Least Significant Difference Test
@ 5% probability level (Steel ez a/, 1997) using
STATISTIX 8.1 package software.

Table 1: Physical and chemical properties of the study

soils.

Parameters Sandy loam Clay loam
Sand %age 70 44
Silt %age 13 26
Clay %age 17 30
pH, 8.06 8.10
EC, (dSm™) 1.28 1.35
SAR (mmol L9V2 3.15 3.35
Organic matter % 0.62 0.78
Available K mg kg™ 90 110
Available P mg kg™ 6.80 7.20

Table 2: Analysis of irrigation waters.

Parameters Brackish  Blended Canal
Water Water Water
EC_(dSm™) 2.72 1.62 0.32
SAR (mmol L1)2 23.85 11.35 0.53
RSC (me L) 5.8 2.70 Nil

Results and Discussion

First year

Data in Table 3 illustrated that during the first year,
rice biomass and paddy yield was affected significantly
(p < 0.05) by different management strategies. On the
mean value basis, maximum biomass (22.72 t ha™)
and paddy yield (3.44 t ha™) were produced by canal
water (T'), followed by cyclic mode of irrigation (T))
with biomass and paddy yield of 16.53 and 2.67 t ha™
respectively. While continuous use of saline-sodic
(T,) water negatively affected the biomass and paddy
yield of the rice crop and lowest biomass (12.40 t
ha') and paddy yield (2.16 t ha) were divulged in
this treatment. The use of gypsum and blending of
canal and tube well water (1:1 ratio) also remained
significant than the continuous use of saline-sodic
water. Comparison of two different textured soils also
showed a significant difterence with respect to biomass
and paddy yield. In heavy textured soil (clay loam),
significantly higher biomass (17.49 t ha') and paddy
yield (2.74 t ha') were recorded than light textured
soil (sandy loam). Interaction between treatments
and textured also showed significant differences in
rice biomass and paddy yield. Maximum biomass and
paddy yield was produced in clay loam soil with canal
water irrigation. Whereas, the continuous irrigation
with brackish water alone significantly decreased the
biomass and paddy yield in both types of soils.

Table 3: Effect of different remedial strategies and
brackish water on biomass and paddy yield of first rice
crop in two different textured soils (t ha™).

Treat- Biomass yield (t ha'") Paddy yield (t ha*)
ments  Gapndy  Clay Mean Sandy Clay  Mean
loam loam loam loam
T, 16.52 ¢ 2892a 22.72a 2.75c¢ 4.12a 344a
T2 12.40d 12.40d 12.40d 1.69g 1l.64g 2.16d
T, 12.40d 20.66b 16.53b 2.05ef 3.29b 2.67b
T4 826f 896c 86le 1.76g 219e¢ 198e
Ts 12.40d 16.53c 1447c 195f 247d 221c

Mean 12.39b 17.49a 2.04b 2.74a

Means sharing the same letters are statistically similar at p < 0.05.
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Data regarding the wheat crop also showed a similar
trend, different remedial strategies and soil texture
affected the growth performance of wheat crop
(Table 4). Continuous use of brackish water alone
significantly reduces the biomass and grain yield
as compared to other treatments and recorded the
lowest biomass (8.29 t ha™) and grain yield (3.02 t
ha'). Whereas different management practices (canal
water, gypsum, blending, and cyclic use) significantly
improved the biomass and grain yield. Maximum
biomass (12.99 tha) and grain yield (4.80 tha!) were
produced with canal water irrigation (T,) followed
by T, and T, where cyclic mode of irrigation and
gypsum were used. Biomass yield was also affected
by the texture of soils and maximum biomass (11.12
t ha?) was produced in clay loam soil. Maximum
grain yield (4.05 t ha?) was also produced by clay
loam soil, however, it was at par with grain yield
produced in sandy loam soil. Interaction among the
soil texture and remedial strategies showed that canal
water irrigation in clay loam soil produced maximum
biomass and grain yield while brackish water alone in
both types of soils showed a significant reduction in
these attributes.

Table 4: Effect of different remedial strategies and
brackish water on biomass and grain yield of first wheat

cyclic use of canal and brackish water (T,). Addition
of gypsum (T,) and blending of canal and brackish
water (T,) remained non-significant from each other.
With respect to soil texture, clay loam soil produced
maximum biomass (16.24 t ha') and paddy yield
(2.84 t ha') which differed significantly from the
yield of sandy loam soil.

Table 5: Effect of different remedial strategies and
brackish water on biomass and paddy yield of second rice
crop in two different textured soils (¢ ha™).

Treat- Biomass yield (t ha) Paddy yield (t ha®)
ments  Gandy  Clay Mean Sandy Clay Mean
loam loam loam loam
T, 16.70c 20.84a 18.76a 3.00c 3.80a 3.40a
T, 1091f 11.00f 1095d 1.78f 2.15e¢ 1.97d
T, 11.39f 19.22b 1531b 2.10e 3.24b 2.63b
T, 12.09e¢ 1636c 1423c 2.05e¢ 2.58d 232c¢
T, 12.28d 13.77d 14.03c 2.19e 241d 230c

Mean 13.07b 16.24a 221b 2.84a

Means sharing the same letters are statistically similar at p < 0.05.

Table 6: Effect of different remedial strategies and

brackish water on biomass and grain yield of second wheat

crop in two different textured soils (t ha™ ).

crop in two different textured soils (¢t ha™).

Treat-  Biomassyield (tha) Grainyield (t ha™)
TR Sandy Clay Mean Sandy Clay Mean
loam loam loam  loam

T, 12.42b 13.57a 1299a 4.63b 4.96a 4.80a
T, 846f 8.12f 829d 3.12f 291f 3.02d
T, 10.48de 11.40c 10.94b 4.15cd 4.21cd 4.18Db
T, 10.09 de 11.68 bc 10.88 bc 3.98 cde 4.26 ¢  4.12b
T, 9.74e¢ 10.82cd 10.28c 3.78¢ 3.89de 3.84c¢
Mean 10.24b 11.12a 393a 4.05a

Treat- Biomassyield (tha™) Grain yield (t ha™)
ments Gandy Clay  Mean Sandy Clay Mean
loam  loam loam loam
T, 8.07ab 8.51a 8.29a 3.29b 396a 3.63a
T2 6.63ef 584g 624c 254cd 245cd 2.50d
T3 7.15de 7.83bc 7.49b 3.01bc 3.19bc 3.10b
T4 6.70de 6.01bg 6.36¢c 2.64c 2.62c 2.63cd
T5 7.30cd 7.14de 7.22b 2.75c¢ 2.88bc 2.82bc
Mean 7.17a 7.66a 2.85a 3.02a

Means sharing the same letters are statistically similar at p < 0.05

Means sharing the same letters are statistically similar at p < 0.05

Second year

Results of the second year showed that reduction in
biomass and paddy/grain yield was more pronounced
with continuous use of brackish water as compared
to first year (Tables 5 and 6). Data about the second-
year rice crop revealed that the lowest yield of
biomass (10.95 t ha™) and paddy yield (1.97 t ha™)
were observed in treatment (T,) where brackish water
alone was used for irrigation (Table 5). Whereas,
maximum biomass (18.76 tha™) and paddy yield (3.40
t ha™) were noted with canal water (T ) followed by

Interaction among the treatments and soil texture
revealed that maximum biomass and paddy yield was
divulged in clay loam soil irrigated with canal water
and minimum biomass and paddy yield was recorded
in sandy loam soil irrigated with brackish water.

Data regarding the second-year wheat crop showed
that maximum mean value for biomass (8.29 t ha)
and grain yield (3.63 t ha™) were noted with canal
water which differed significantly from cyclic use
mode of irrigation. On the contrary, the lowest mean
value for grain (2.50 t ha') and biomass (6.24 t ha"
1) were recorded with brackish water irrigation. Soil
texture did not show the significant effect on biomass
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and grain yield and both parameters remained non-
significant during the second year. The interactive
effect of treatments and soil texture displayed that
maximum grain and biomass yield was observed with
canal water irrigation in clay loam soil. On the other
hand, minimum grain and biomass yield was observed
with brackish water irrigation in sandy loam soil.

Soil properties

Data regarding the soil properties showed that
continuous use of brackish water increased the final
pH, EC_and SAR in both soil texture. However, the
application of different remedial strategies lowered the
increasing trend of pH, EC_, and SAR. Soil texture
affected the final value of soil pH . Sandy loam soil
showed an increase of 8.43% while clay loam showed
an increase of 8.51% in final soil pH_ with respect to
their initial values in the treatment where brackish
water was used continuously (Table 7).

Soil EC_was also affected by soil texture and remedial
strategies, maximum EC_was developed by brackish
water which was 267% and 237% over their initial
values in clay loam and sandy loam soils, respectively
(Table 8). Data regarding soil SAR revealed that
brackish water irrigation showed an increase of 681%
and 654% with respect to their initial values in clay

loam and sandy loam soils, respectively (Table 9).

Shortage of freshwater resources in Pakistan due
to climatic change, compelling the farmers to use
underground brackish water, which results in loss
of crop productivity and deteriorates the soil health.
However, site-specific management practices may
be employed to counteract the hazardous effects
of poor-quality water. Therefore, in present work,
different remedial strategies were tested to alleviate
the detrimental effects of brackish water on rice and
wheat crops in two different textured soils. Results
showed that consistent use of saline-sodic water
alone adversely affected the growth and yield of
rice and wheat crops and negative effects were more
pronounced in second years. Reduction in paddy/grain
and biomass yield due to brackish water without any
proper management strategy may be explained that
accumulation of toxic salts in the rhizosphere exerts
the phenomenon of specific ion toxicity, osmotic
effect, and nutritional imbalance (Munns, 1993;
Amirjani, 2011; Pessarakli, 2016). Soil analysis at the
end of the study clearly demonstrated that salinity
and sodicity indicators i.e., EC_and SAR increased
significantly where saline-sodic water was used alone,
resultantly, this development of secondary salinity
adversely affected the crop growth.

Table 7: Effect of different remedial strategies and brackish water on soil pH_at the end of study in two different

textured soils.

Treatments Sandy % increase over Clay % increase over
loam initial value loam initial value

T, Canal water 8.09 0.37 8.09 0.12

T, Saline sodic tube well water (continuous) 8.74 8.43 8.79 8.51

T, Three irrigations of tube well water and two of canal 8.38 3.97 8.39 3.58

water in cyclic manner

T, Tube well water + gypsum @ RSC of water 8.34 3.47 8.35 3.08

T, Tube well water+ canal water in 1:1 ratio 8.49 5.33 8.53 5.30

Table 8: Effect of different remedial strategies and brackish water on soil EC at the end of study in two different

textured soils.

Treatments Sandy % increase over Clay % increase over
loam initial value loam initial value

T, Canal water 1.70 32 1.68 24

T, Saline sodic tube well water (continuous) 4.32 237 4.96 267

T, Three irrigations of tube well water and two of canal 3.40 165 3.76 178

water in cyclic manner

T, Tube well water + gypsum @ RSC of water 3.54 176 3.78 180

T, Tube well water+ canal water in 1:1 ratio 3.58 179 4.04 199
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Table 9: Effect of different remedial strategies and brackish water on soil SAR (mmol L™ )2 at the end of study in two

different textured soils.

Treatments

T, Canal water
T, Saline sodic tube well water (continuous)

T3 Three irrigations of tube well water and two of canal
water in cyclic manner

T, Tube well water + gypsum @ RSC of water

T, Tube well water+ canal water in 1:1 ratio

'The use of poor-quality water reduced the number
of tillers, leaf area, and biomass production in rice
crop (Castillo ez a/., 2007). Salinity stress before the
heading reduced the number and weight of panicle
in rice crop (Zeng and Shannon, 2003). Saline water
may reduce the grain yield by 47% in wheat crop
(Singh, 2004). Similarly, brackish water with EC_ of
1.5,2.0,and 2.85 (dS m™) decreased the wheat grain
yield by 7, 5 and 13 %, respectively (Chaudhary ez
al., 1986). According to Hamdy ez a/. (2005), saline
water having the EC,_ of 9 dS m™ reduced wheat
grain yields up to 25% in comparison to canal water
treatment. Current results are in agreement with
the earlier findings that the productivity of many
agronomical crops affected negatively by the brackish
water (Chaudhary ez a/.,2001; Avais ez a/.,2018; Qadir
et al.,2019). Salt stress in rice crop before the heading
reduced the number and weight of panicle during the
period of three leaf stage until booting (Zeng and
Shannon, 2003). Further, at flowering stage, salt stress
adversely affected the photosynthesis which resulted
in the formation of unfilled spikelet and ultimately
the number of filled grains in the panicle decreased
(Moradi, 2002; Zhang e# al., 2015). Brackish water
salinity results in reducing biomass, leaf area, number
of tillers, delay in flowering, and ripening in rice crop

(Kavosi, 1995; Castillo ez al., 2007).

However,at the same time,different remedial strategies
(cyclic use, blending, and use of gypsum) alleviated
the ill effects of saline-sodic water. Biomass and
paddy/grain yield produced with remedial strategies
were in between the canal water and brackish water.
'The basic principle of growing the agronomical crops
is that the salts level in rhizosphere must be under the
safe limits than the threshold level of that crop (Maas
and Hoffman, 1977; Munns and Tester, 2008). In
this perspective: blending, cyclic use of brackish, and
canal water or use of any amendment like gypsum
are very effective strategies to reduce the root zone

Sandy % increase over Clay % increase over
loam initial value loam initial value
7.74 145 9.02 169

23.78 654 26.18 681

14.89 372 15.82 372

12.92 310 13.22 294

18.10 474 19.58 484

salinity. In the current study, remedial strategies also
produced a better yield of rice and wheat crop than
brackish water alone which may be explained due to
their favorable effects on soil properties like dilution
of ionic contents in soil solution (Minhas e al,
2007), improved Ca*: Na* ratio (Minhas ¢z 4/., 2007,
Kahlon, 2011), and improved water content (Huang
et al., 2015). Results of post-harvest soil analysis also
supported the better yield of crops in these treatments
because the use of gypsum, blending or cyclic use
mode of irrigation reduced the development of
secondary salinity. Sekhon e¢s o/ (2019) in 5 years
field study demonstrated that blending of good
quality water having RSC = 0.6 mmol_L™* and EC
= 0.45 dS m™ with poor quality water having RSC
= 6.44 mmol_L* and EC = 2.22 dS m™ in 1:1 ratio
on loamy sand soil is a very reasonable and feasible
strategy to produce the tuber yield of potato under
water shortage scenario. Wang ez 2/. (2019) concluded
that fresh water, followed by brackish water, and then
fresh water is a very effective technique for the growth
of wheat crop without affecting the physiological
processes of the crop. Furthermore, with this strategy,
salt accumulation and water conservation were
maintained without the significant loss in soil health.
Use of gypsum to mitigate the detrimental effect of
poor-quality water may increase the wheat grain yield
up to 12 % (Chaudhary e a/., 2004) while rice yield
affected negatively by drainage water without the use
of gypsum (Qadir ¢z a/, 1996) that reinforced the

present results.

Soil texture also had a pronounced specific effect on
growth and yield of rice and wheat crops. Rice paddy
and biomass yield was significantly affected by the
texture of soil during both years while for the wheat
crop, this effect was not significant. Improved yield
in clay loam soil as compared to sandy loam may
be explained by the improved nutritional status of
clay loam soil (Table 2). Soil with more clay content
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retained more organic matter, mineral nutrients, and
water contents (Six ez a/l., 2000; Dou ef al., 2016)
which produced more favorable growth conditions
for crop growth. On contrary, sandy soils retained
less nutrients and provided easier passage for water
removal and consequently, unable to fulfill the nutrient
and water demand of plant, especially at the grain
development stage (Dou ez a/., 2016). Comparable
findings were described by Tsubo ez 2/ (2007) that
rice grown in heavy textured soil produced more
biomass and paddy yield than those grown in light
textured soil. Zhang ¢z a/. (2012) also stated that rice
crop produced more panicles in clay soil than sandy
soil. Rao ez a/. (2013) also observed a large variation in
spikelet panicle™ of rice crop which may range from
43 to 198, depending upon soil texture. Jalota ez al.
(2010) also observed the higher yield of wheat and
maize crops in silt loam than loamy sand and sandy
loam which may be explained due to more water
holding capacity of silt loam soil. Significant eftect
of soil texture on rice yield and yield attributes was
also reported by Dou ez a/. (2016). They reported that
rice grain yield and number of panicles were 46% and

25% higher in clay soil than sandy loam soil.

Soil properties were affected substantially by different
remedial strategies and brackish water. Quantity and
quality of water with respect to soluble salts are very
important for irrigation purpose (Sekhon ¢z a/.,2019).
Blending and cyclic use modes of irrigation water
caused the less development of secondary salinity, a
plausible reason was the dilution effect (Sekhon ez a/.,

2019).

Blending of brackish water with good quality water
in 1:1 ratio or their cyclic use produced the favora-
ble growth conditions by improving the infiltration
rate and lowering the soil SAR, ESP, pH and bulk
density (Choudhary and Ghuman, 2008; Choudhary
et al., 2011). Minhas ez al., (2007) stated that mix-
ing of good quality water with higher alkaline water
or cyclic use resulted in the lower value of soil ESP.
Soil texture also has primary importance in assessing
the development of secondary salinity. Comparison of
two soil texture revealed that the chemical properties
of heavy textured soil were deteriorated more as com-
pared to light textured soil using saline-sodic water.
A plausible reason for more deteriorated properties in
clay loam soil may be due to the clay dispersion, mi-
gration and clogging of soil pores which appeared to
cause the problem of increasing bulk density and poor

infiltration rate and ultimately the soil properties are
adversely affected (Grattan and Oster, 2003). Coarse
textured soils mostly contained macro pores and low
cation exchange capacity whereas, fine textured soils
possess micro pores filled with water and high cati-
on exchange capacity. Therefore, salt removed in less
quantity and higher value of SAR and EC_ was noted
in fine textured soil as compared to coarse textured
soil (Mirza and Zia, 2006; Mostafazadeh-Fard ez al.,
2008; Kahlon, 2011). Comparable results are stated
by different researchers that brackish water irrigation
increased the contents of soluble salts in heavy tex-
tured soils and their properties were adversely affect-
ed by brackish water as compared to medium textured

soil (Ma ez al., 2007; Farooq, 2009; Kahlon, 2011).
Conclusions and Recommendations

Conclusively, results showed that growth and yield of
rice and wheat crops were significantly reduced by the
continuous use of brackish water, however, different
management practices can be used to mitigate
the adverse effects of brackish water which would
permit the expansion and sustainability of irrigated
agriculture. When freshwater resources are finite and
use of poor-quality water is inevitable, cyclic use of
saline-sodic and canal water is a wise and profitable
management strategy with a marginal effect on crop
productivity and proves least detrimental for soil
health. Comparison of two different textured soils
revealed that brackish water deteriorated the soil
properties of clay loam soil more than sandy loam soil
that highlighted the primary role of soil texture for
salinity development which must be considered while
using the brackish water for irrigation purpose.

Novelty Statement

when fresh-water resources are finite and use of sa-
line-sodic water is inevitable, cyclic use of canal and
saline-sodic water is a wise and profitable manage-
ment strategy with marginal effect on crop productiv-
ity and proves least detrimental for soil health.
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