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Abstract: A pot experiment was conducted to study the effects of conjunctive use of saline and fresh water on the
growth and biomass of cotton crop and to observe varietal variability for salinity tolerance and ion contents of cotton
genotypes. Four cotton genotypes (Sindh-1, BT-121, CRISS494, CRISS588) were irrigated with four treatments, C1
(control+ tape water), C2 (EC 4.0 dS m™, throughout growth period), ( (six irrigation with C2 + six irrigation with C1), C3
(EC 8.0 dS m™, throughout growth period), (six irrigation C1+ six irrigation C3), (six irrigation C3+ six irrigation C1), C4
(EC 12.0 dS m™, throughout growth period), (six irrigation C1+ six irrigation C4). The results showed that highest fresh
biomass, plant height, number of leaves plant”, number of bolls and boll weight was obtained in the treatment where
tape water was used. Whereas, these parameters were decrease significantly with the increasing salinity levels from 4 to
12 dS m™ and when saline water was applied continuously throughout growth period. The cotton genotypes Sindh-1 and
Bt-21 performed well under conjunctive use of saline and fresh water with maximum values in compare to genotypes
CRIS 494 and 588. The Na* and CI accumulation in cotton leaves and in soil significantly increased with rising EC levels
of irrigation water. However, Na* and CI contents were found more in CRIS 494 and CRIS 588 than Sindh-1 and Bt1. It

is concluded that Sindh-1 and Bt-121 may be cultivated in saline areas with alternate irrigation.

Keywords: Saline water, conjunctive use, Cotton genotypes growth.

1. INTRODUCTION

Water shortage is limiting the expansion of irrigated
agriculture in many regions of the world. In many
countries, fresh water is reasonably scarce, but there
are substantial sources of saline water, which could be
utilized for irrigation if suitable soil, crop and water
management practiced [1]. Fresh water shortage is a
universal problem, particularly in arid regions where
irrigation is necessary for crop production. To prevail
over this shortage, poor quality brackish or saline water
could be used for irrigation [2]. The salt tolerance of
crops depends on the type and frequency of irrigations.
As the soil water content decreases between
irrigations, the concentration of salt increases.
Therefore, plants are increasingly exposed to saline
water with time between irrigations. The plants
experience osmotic stress as well as matric stresses
during water shortage periods. The excessive salts
present in the root zone adversely affect the plants at
all growth stages [3].

The Cotton is a moderately salt tolerant crop with a
threshold level of 7.7 dS m™. The vintage is decreased
because low hatching due to salinity [4, 5]. Cotton crop
has extreme immunity against salt and it is founder
crop in saline land. Therefore lint quality, production
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and progress are affected by saline conditions [6]. The
salinity affects each stage of crop in cotton such as
germination, vegetative and maturity stages. However,
emergence and seedling stages are more prone to
salinity stress [7]. The early growth stages of cotton
crop such as emergence, germination and seedling
growth are very sensitive to salinity than later
reproductive stages [8].

Excessive salts in the soil cause a series of
metabolic disorders in cotton crop due to osmotic
effects such as dehydration in plants, nutritional
imbalance and ions toxicity sodium and chloride (Na*
and CI'). The metabolic disarrays may have caused of
reducing cotton growth and covering yield, plainly of
moderate to highly saline soils [9]. Irrigation water
containing excess salts can affect crop growth. Better
management strategies can be used to reduce the
impacts of salinity, providing increased efficiency in the
use of good quality water [10]. Ground water of arid
and semi arid parts of different regions is brackish.
Thus, growers are practicing to grow crops with the
less number of irrigation applications under the saline
conditions. Previously, saline water has been used in
agriculture as far as source of irrigation combines with
fresh water [11]. In arid and semi-arid regions where
water availability is low, crop improvement for salt
tolerance will allow the reuse of low quality irrigation
water [12].
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The type of irrigation its amount, time and the
factors which affect water use efficiency affected the
flowering and budding stages of cotton crop [13].

Plant growth and productivity are reduced under
salinity, the response of crops to soil salinity varies as
some plants tolerate high salinity while others are
susceptible to moderate salinity [14]. The poor
germination and emergence, lower shoot growth, lower
yield of seed and fiber quality is determined at medium
and high levels of salinity. At later growth stages, plants
become more tolerant to salt stress [15,16]. Salinity
negatively affects the growth of primary roots, leaf
area, shoot length, root fresh weight and growth;
however there are reports that indicated an increase in
root growth at moderate salinity [8]. Salinity affects
every aspect of crop including their morphological,
physiological and biochemical aspects.

The volume and quality of irrigation water is a key
factor in containing salt accumulation in soil and its
effects on crop so inadequate salt free irrigation cannot
guarantee enough leaching of soil salt and healthy crop
growth because of a minute infiltration capacity [17,
18]. The continuous use of brackish or saline water can
cause salt accumulation in the soil-plant system and
salt has adverse effects on soil biological processes,
physico-chemical properties and plant growth. This
study is proposed under the objectives to investigate
the response of cotton genotypes under the conjunctive
use of saline and fresh water, to assess the effects of
salinity on the growth and biomass of cotton crop and
also to observe genotypic variability of genotypes for
salt tolerance under salinity stress.

2. MATERIALS AND METHODS

A pot experiment was conducted at Department of
Soil Science, Sindh Agriculture University, Tandojam
during the year 2015-16. The experiment was arranged
in completely randomized design with factorial
arrangement in three replications. The details of
experiment are given as under.

2.1. Experimental Description

Cotton (Gossypium hirsutum L.) genotypes (SINDH
-1, BT- 121, CRIS-494, and CRIS -588) were collected
from two different research organizations. The
experimental design was Completely Randomized
Design (factorial) with three replications. Factor —A
Varieties: Four: V1 = Sindh -1, V2, = BT-121, V3, =
CRISS-494 and V4, =CRISS- 588. Factor —B Irrigation
treatments, which comprises , T1: C1 (Control+Tape

water), T2: C2 (EC 4.0 dS m’, throughout growth
period), T3: (Six irrigation C1+Six irrigation C2), T4:
(Six irrigation with C2+ Six irrigation with C1), T5: C3
(EC 8.0 dS m™, throughout growth period),T6: (Six
irrigation C1+ Six irrigation C3), T7: (Six irrigation C3+
Six irrigation C1), T8: C4 (EC 12.0 dS m™, throughout
growth period), T9: (Six irrigation C1+ Six irrigation
C4).

2.2. Pot Preparation

The fertile soil (plow layer) was collected from the
experimental field of Agriculture Research Institute,
Tandojam and brought to the Department of Soil
Science, Sindh Agriculture University Tandojam, the
soil was air dried, ground and sieved through 2mm
sieve. Six kg soil was placed in each plastic pot with
drainage holes in the bottom. The soil used in the
experiment was Silty Clay in texture, low in organic
matter content (0.61%), normal in reaction (pH-7.6) and
had no salinity problem (EC 1.21 dS m'1).

Planting of Cotton

The cotton seeds were delinted with HCL, soaked
for 6 to 8 hours, ten seeds of each cultivar were placed
in every pot, and after germination only two plants were
left to grow in every pot up to the maturity.

2.3. Saline Water Preparation

Irrigation water with different salt concentrations
include control (tape water) and EC, 4.0, 8.0, and 12.0
dS m” of each saline solution was made by dissolving
NaCl salt in tape water. In the control treatment, plants
were irrigated only with tape water but in saline (NaCl)
treatments, plants were watered as per treatment. The
volume of each solution and water applied to plants in
each treatment was calculated on the basis of field
capacity moisture.

2.4. Fertilizer Application

The recommended dose of NPK was applied to
each pot. Nitrogen from urea (46% N) at the rate of 150
kg N ha' was applied in three splits doses.
Phosphorus from single super phosphate (SSP) and K
from sulphate of potash (50% K20O) were applied at the
rate of 75 and 60 kg ha”, respectively at the time of
sowing.

2.5. Soil Analysis

Soil physico-chemical properties included soil
texture, EC, pH, Organic matter, Na*, K*, Ca*?, Mg*?
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and CI” were determined before sowing and after
harvest of the crop. Soil texture was determined by
Bouycos hydrometer method [19], pH and EC (dS m'1)
using digital meters (Schott Lab 960, and Sartorius PB”
' respectively). Soluble Na* and K* through EEL flame
photometer (Make-Elico-Model-CL220) having Na* and
K" filter in place, standardized with a series of Na* and
K" solutions as described by US salinity laboratory staff
(1954). Soil organic matter % was determined by
Walkely-Black method [20]. Calcium (Caz+) and
magnesium (Mg”) were determined by titration with
EDTA. Chlorides (CI") were determined by titration with
silver nitrate [21].

2.6. Plant Analysis

Plant samples were collected from each treatment
and digest in an oven at temp.700 C° for 48 hrs. Dry
samples (1.0 g) were ground and ash for 5 h at 500C*

in a muffle furnace. [22] dry ash method were used to
determined Na®, K*, Ca®, Mg", CI" contents in plant dry
matter. Agronomical data were also noted at harvesting
of the crop.

2.7. Statistical Analysis

The soil and plant data were statisticaly analysed
using appropriate statistical procedures. Mean
separations were done by SED, HSD and turkey’s pair
wise test by using Statistics version 8.1.

3. RESULTS

3.1. Plant Fresh Biomass (g pot™)

The results shown in Table 1 about fresh biomass
of cotton genotypes as effected by conjunctive use of
saline and fresh water showed significant differences

Table 1: Effect of Conjunctive Use of Saline and Fresh Water on Agronomic Traits of Cotton Genotypes

Salinity levels Plant fresh Plant height Number of Number of bolls Boll weight
y biomass (g pot™) (cm) leaves (plant™) (plant ™) (g pot™)
T1: C4 (control, Tape water) 12.50 A 28.49 A 9.00 A 5.82A 6.55 A
Ty C2 (EC4.0dSm™,
) 715F 15.41 G 5.87D 3.67E 3.95C
throughout growth period)
Ts: (Six irrigation C4+
L 10.50 B 24.83B 8.25B 517B 5.26B
Six irrigation C,)
T4: (Six irrigation with C,+
L . 10.58 B 23.49C 8.15B 5.10BC 518B
Six irrigation with C4)
Ts: C3(EC 8.0dSm™,
) 518G 11.24 H 427E 212F 277D
throughout growth period)
Te: (Six irrigation C4+
L 9.50C 22.49D 8.02B 495C 512B
Six irrigation C3)
T7: (Six irrigation Cj+
L 8.77D 18.99 E 6.25C 4.00D 415C
Six irrigation C,)
Te: C4 (EC 12.0dS m™,
. 4.25H 9.16 | 3.74F 1.96 F 245D
throughout growth period)
To: (Six irrigation C4+
L 8.25E 16.41 F 6.15C 3.80 DE 4.10C
Six irrigation C4)}
Cotton cultivars
Sindh-1 8.65A 19.85 A 6.84 A 4.25A 4.56 A
Bt-121 8.65A 19.73 A 6.84 A 4.22A 4.56 A
CRIS-494 843 A 18.25B 6.43B 3.90B 4.22A
CRIS-588 8.34 A 17.96 B 6.42B 3.88B 4.22A
Varieties (V) 0.1730 0.2753 0.0880 0.0710 0.2419
Salinity Level (S) 0.2595 0.4130 0.1320 0.1065 0.3628
VXS 0.5190 0.8260 0.2640 0.2130 0.7256

The means with similar letter(s) do not differ significantly at 5% level of probability.
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(p<0.05) among genotypes and their interaction. The
maximum fresh biomass (12.50 g pot'1) was obtained
in the treatment where tape water was used for the
irrigation purpose. However, the fresh biomass was
decreased significantly with the increasing salinity
levels from 4 to 12dS m™. The negative effect of saline
water were more found in the cotton crop where saline
water was applied throughout growth period. Whereas,
negative impact were comparatively low when the pots
were irrigated alternatively with the tape water.
Minimum fresh biomass (4.25 g pot'1) was witnessed in
the treatment in which saline water with EC 12.0 dS m™'
was used throughout growth period. The varietal
response at different treatments showed that Sindh-1
and Bt-121 performed well under conjunctive use of
saline and fresh water with maximum plant height
whereas CRIS -494 and 588 s’ response was poor and
had lowest plant height.

Other researcher [23] also reported that use of
saline water adversely affected the growth of cotton at
different stages including root distribution.

3.2. Plant Height (cm)

Data given in Table 1 revealed a significant
variation among the genotypes and their interactions
due to conjunctive use of saline and fresh water for
plant height. Salinity levels of 4, 8 and 12.0 dS m™
were applied throughout growth period, which reduced
the plant height significantly (p<0.05). However, tape
water alternatively applied along with the saline water
reduced the negative impacts of salinity on cotton
genotypes. Highest plant height (28.5 cm) was found in
the control treatment whereas lowest plant height (9.16
cm) was found in the treatment, where EC 12.0 dS m’
was applied throughout growth period of cotton. Among
the genotypes Sindh-1 and Bt-121 performed well
under conjunctive use of saline and fresh water with
maximum plant height, whereas, CRIS- 494 and CRIS-
588 had lowest plant height.

3.3. Number of Leaves Plant ™

The conjunctive use of saline and fresh water
significantly (p<0.05) affected the number of leaves
plant " of cotton genotypes (Table 1). The pots
irrigated with saline water had less number of leaves
plant and hence (3.74) least number of leaves (3.74)
plant " were counted in pots irrigated with water EC
120 dS m’ throughout growth period. While, more
number of leaves plant ™ (9.00) were recorded at
control. The cotton genotypes response at various

treatments showed that maximum number of leaves
plant " was found in Sindh-1 and Bt-121. However, the
lowest number of leaves plant'1 found in CRIS- 494 and
CRIS- 588.

3.4. Number of Bolls (Plant'1)

The number of bolls plant’ of cotton genotypes
under conjunctive use of saline and fresh water were
significantly affected (Table 1). The pots irrigated with
saline water had reduced number of bolls (1.96) hence
less number of bolls were observed at EC 12.0 dS m™
‘while, more number (5.82) of bolls were recorded at
control. In case of genotypes, maximum number of
bolls was found in Sindh-1 and Bt-121 whereas, the
lowest number of bolls found in CRIS- 494 and CRIS-
588.

3.5. Boll Weight (g pot™)

The cotton genotypes boll weight (g pot'1) was
significantly affected by conjunctive use of saline and
fresh water among the genotypes and their interaction
(Table 1). The maximum (6.55g pot'1) boll weight was
from the pots irrigated with tape water. However, the
boll weight was decreased significantly (p<0.05) with
the increasing salinity levels of water from 4 to 12.0 dS
m” EC. Adverse effect of saline water were more on
the cotton plants where saline water were used
throughout growth period with high salinity level of
water. Whereas, negative impact were comparatively
less when the pots were irrigated alternatively with the
tape water. Minimum (2.45 g pot'1) boll weight was
recorded in the treatment with saline water having EC
level of 12.0 dS m' and were applied throughout
growth period. The varietal performance against salt
treatments showed that boll weight of cotton genotypes
were non-significant different with each other.
However, Sindh-1 and Bt121 had non-significant
higher values in compare to CRIS- 494 and CRIS-588.
The results of our experiment are in accordance with
the findings of [24, 25] they reported that the irrigation
rate, type and amount effected on the cotton yield.

3.6. Leaf Na’ and CI' Concentration (%)

Mean data shown in (Table 2) revealed significant
differences among salinity treatment under cotton
genotypes and there interaction. The plants which
received saline water continuously had accumulated
more Na* and CI ions than the plants which were
received both saline and fresh water. Highest Na* and
CI' ions accumulation was found in the plants which
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Table 2: Effect of Conjunctive Use of Saline and Fresh Water on lon Content (meq L'1) of Cotton Genotype Leaves

Salinity levels Leaf Na“ (%) Leaf CI"" (%) Leaf K* (%) Leaf Ca™ (%) Leaf Mg (%)
T1: C4 (control, Tape water) 0.171 0.06 F 0.03A 0.04 A 0.03A
Ty C, (EC4.0dSm™,
) 0.30C 0.12C 0.02D 0.02D 0.01C
throughout growth period)
Ts: (Six irrigation C4+
L 0.19H 0.07E 0.02B 0.03B 0.02A
Six irrigation C,)
T4: (Six irrigation with C,+
L ) 021G 0.08 E 0.02C 0.03C 0.02B
Six irrigation with C4)
Ts: C3(EC 8.0dSm™,
. 0.39B 0.22B 0.01E 0.01E 0.00 CD
throughout growth period)
Te: (Six irrigation C4+
L 0.23F 0.10D 0.02CD 0.03C 0.02B
Six irrigation C3)
T7: (Six irrigation C,+
L 0.25E 0.11C 0.02CD 0.02D 0.02B
Six irrigation C,)
Te: C4 (EC 12.0dS m™,
) 0.48 A 0.53A 0.01F 0.01E 0.00D
throughout growth period)
To: (Six irrigation C4+ 0.11C
L 0.27D 0.02D 0.02D 0.01C
Six irrigation C4)}
Cotton cultivars
Sindh-1 0.27B 0.11B 0.02A 0.03A 0.02A
Bt-121 0.27B 0.11B 0.02A 0.03A 0.02A
CRIS-494 0.29A 0.20A 0.01B 0.02B 0.01B
CRIS-588 0.28 A 0.20A 0.01B 0.02 0.01B
Varieties (V) 0.002981 0.001908 0.0005264 0.0007454 0.001439
Salinity Level (S) 0.004472 0.002862 0.001574 0.0008212 0.002159
VXS 0.008943 0.005723 0.001579 0.001642 0.004

The means with similar letter(s) do not differ significantly at 5% level of probability.

were irrigated with highest salinity levels having EC
12.0 dS m” which were applied throughout growth
period of cotton. Minimum accumulation of both ions
was recorded in the control, however, genotypic
response against conjunctive use of saline and fresh
water were showed that CRIS- 494 and CRIS-588 had
accumulated more Na® as compared to Sindh-1 and Bt-
121. The findings of our experiment are supported by
the results of other studies [26] they reported that
application of saline water increased the accumulation
of Na and CI in plant leaf.

3.7. Leaf K" lon Concentration (%)

Potassium concentration (%) in cotton varieties
under the influence of conjunctive use of saline and
fresh water exposed in (Table 2) revealed, that K"
concentration decreased with the application of saline
water with higher level were applied continuously.
Increasing salinity level of irrigation water from 4 to 12

dSm’, ledtoa significant reduction in K* concentration
(%). However salinity impact was decreased with
inclusion of fresh water (non-saline). Hence more level
of K" accumulation was found in the cotton plants in
control pots. In case of genotypes used in this
experiment, Sindh-1 and Bt-121 had highest K"
concentration as compare to CRIS- 494 and CRIS-588.

3.8. Leaf Ca** lon Concentration (%)

The results given in (Table 2) for Ca**concentration
in cotton genotypes under the influence of conjunctive
use of saline and fresh water showed significant
differences among the treatments, varieties and their
interacton.  The  Ca’’concentration  decreased
significantly in those plants where saline water was
applied continuously. However salinity impact was
decreased with inclusion of fresh water (non-saline) in
the irrigation program. Hence more calcium (0.04)
accumulation in the cotton plant was found in control
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pots whereas, less (0.01) Ca®* accumulation was
recorded in the treatment where saline water with EC
12.0 dS m™ were applied throughout growth period. In
case of genotypes response, Sindh-1 and Bt-121 had
highest Ca’'concentration as compare to CRIS- 494
and CRIS-588.

3.9. Leaf Mg** lon Concentration (%)

Data presented in (Table 2) showed Mg** ion
concentration (%) in cotton genotypes under the
influence of conjunctive use of saline and fresh water.
ANOVA showed a significant (p<0.05) differences
among the treatments under genotypes and their
interaction. The treatments where saline water with
higher salinity levels applied continuously reduced
Mg2+ concentration. However, cyclic use and treatment
of low salinity water increased contents of Mg”,
therefore, more (0.03) Mg2+ accumulation in the cotton

leaves was found in control. Among the genotypes
tested Sindh-1 and Bt-121 had highest Mg2+
concentration as compare to CRIS- 494 and CRIS-588.

3.10. Na*, CI', K*, Ca** and Mg** (meq L™) in Soil

Mean contents of Na*, CI', K*, Ca®* and Mg*in soil
under conjunctive use of saline and fresh water in
cotton are presented in (Table 2). Results showed that
the reduced growth and biomass production of cotton
plants under salinity conditions could be related to the
accumulation of potentially toxic ions such as Na* and
CI', as well as by inhibiting the absorption of essential
nutrients (K, Ca®* and Mg®"). In this study, it was
observed that the salts applied via irrigation water
significantly affected the contents of Na*, CI', K, Ca*
and Mg®*in the soil. Nevertheless, these effects depend
on irrigation management strategies adopted in each
treatment. The highest concentration of Na" and CI in

Table 3: Effect of Conjunctive Use of Saline and Fresh Water on Residual lon Concentration (meq L'1) and EC of Soil

. Soluble Na* Soluble CI" Soluble K* Soluble Ca* Soluble Mg** EC
Salinity levels “ " 4 - (meq L) -1
(meq L") (meq L") (meq L") (meq L") q (dS m™)
T4: C4 (control, Tape water) 20.32 | 11.55 | 415A 21.33A 13.11 A 0.80E
Ty C, (EC4.0dSm™,
) 40.25C 30.22C 2.75DE 1711 E 10.11C 279C
throughout growth period)
Ts: (Six irrigation C4+
L 2711 H 13.22 H 3.82 AB 20.92 AB 11.11B 0.82E
Six irrigation C,)
T4: (Six irrigation with C,+
L . 28.25G 1422 G 3.67ABC 20.15BC 10.75 BC 0.84E
Six irrigation with C4)
Ts: C3(EC 8.0dSm™,
) 58.15 B 48.27B 2.06 EF 12.21 G 546 F 4.00B
throughout growth period)
Te: (Six irrigation C4+
L 30.25F 15.55 F 3.47 ABC 19.85 F 7.78D 0.89E
Six irrigation C3)
T7: (Six irrigation C,+
L 37.27E 23.75E 3.25BCD 19.80 B 7.47 DE 1.92D
Six irrigation C,)
Te: C4 (EC 12.0dS m™,
. 60.25 A 50.76 A 1.89F 10.96 H 496 F 450 A
throughout growth period)
To: (Six irrigation C4+
L 38.25D 25.57 D 3.07CD 18.11D 7.02E 1.99D
Six irrigation C4)}
Cotton cultivars
Sindh-1 37.74BC 25.89 AB 3.20A 17.63 A 8.65A 210A
Bt-121 37.63C 25.66 B 3.15A 17.44 A 8.64 A 210A
CRIS-494 37.94 A 26.14 A 3.10A 17.28 A 8.63 A 2.08 A
CRIS-588 37.83 AB 25.91 AB 3.05A 1717 A 8.63 A 1.98B
Varieties (V) 0.0867 0.4180 0.2310 0.2628 0.2211 0.0407
Salinity Level (S) 0.1301 0.6269 0.3466 0.3943 0.3316 0.0611
VXS 0.2602 1.2539 0.6931 0.7885 0.6632 0.1221

The means with similar letter(s) do not differ significantly at 5% level of probability.
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soil was found where the cotton plants were irrigated
throughout the growth period with high salinity water
(T8) i.e 12 dS m™'. The highest accumulation of K,
Ca®* and Mg®‘was observed in control pots which
received non'saline water. [27] reported that Na content
defines the soil salinity levels because the ions that
form salinization increase in importance in the order:
Mg?**<< Ca®* < SO**< CI- = Na".

3.11. Effect of Conjunctive Use of Saline and Fresh
Water on Soil EC (dS m™)

Results given in Table 3 revealed that the contents
of sodium chloride (NaCl) in terms of salinization
increased the EC of soil. In the control treatment, soil
remained non'saline and no any significance rise in EC
was observed. However, the pots which received
higher salinity levels of irrigation water from EC 4.0 to
12.0 dS m” applied continuously throughout growth
period significantly (p<0.05) enhanced the EC of soil
after harvesting of the crop. Maximum EC of soil was
obtained at maximum (4.50) EC level of 12.0dS m’
where the same was applied throughout growth period.

4. DISCUSSION

Salinity is a cause of stress and large restraint to
cotton yield in Pakistan and globaly. Soil salinization is
one of the major environmental stresses, which causes
reduction in growth, development and yield of crop.
This problem is more severe in arid and semiarid
regions like Pakistan, particularly Sindh province,
where high temperature, low rainfall, sea water
intrusion, brackish groundwater strongly limit healthy
crop growth and yield of field crops [28]. Cotton is a
moderately to fairly salt tolerant crop with a threshold
level of 7.7 dSm™ yet its production is significantly
reduced due to lower propagation and consequent
irregular plant development below saline situations [5].
The use of saline water adversely affects the cotton
plant growth by restricting its root development [29].
Ever increasing water scarcity in semiarid areas has
accelerated the pace of groundwater use to sustain
irrigated agriculture. It has acquired the central role in
the food security and socio economic development of
rural poor in many south’Asian countries. In the Indus
Plains of Pakistan, the groundwater is already
contributing up to 50 percent of the total water available
at the farm gate. This groundwater is exploited by over
half a million private tube wells and used for irrigation
both in isolation and in conjunction with canal water.
The groundwater quality in the Indus is highly variable
ranging from fresh to extremely saline. By mixing
groundwater with the canal water, fanners tend to

decrease the risk of soil salinization. Farmers mix
groundwater with the canal water in different ratios
without full awareness of the hazards associated with
its long'term use. As a result, about 6 million hectares
in Pakistan are affected with salinity and about 40,000
hectares are being wasted every year. Therefore there
is every motivation to invest more money and efforts to
develop strategies for the sustainable use of
groundwater and surface water resources.

In this study conjunctive use of saline and fresh
water showed significant differences among the
treatment and cotton varieties. Maximum fresh
biomass, highest plants height, number of leaves plant’
1, bolls plant'1 and boll weight of cotton varieties were
found in the treatment where tape water was used for
the irrigation purpose. However, these studied traits
values were decreased significantly with the increasing
salinity levels from 4 to 12 dS m™. Adverse effects of
saline water were found more in the cotton plants
where saline water was applied throughout growth
period. Whereas, low negative impact were recorded,
when the pots were irrigated alternatively with the fresh
water. The results of our experiment are in agreement
with previous findings that irrigation with saline or
brackish water significantly decreases the biomass, N
uptake and yield of crops [23, 29].

The exploitation of useable groundwater provided
an opportunity for the farmers of these areas to
supplement their irrigation requirements and cope with
the vagaries of the surface supplies. The availability of
groundwater for irrigation has transformed the concept
of low and uncertain crop yields to more secure and
predictable form of crop production. However, the
present uncontrolled and unregulated use of
groundwater is replete with serious consequences as it
is depleting the fresh groundwater. The farmers are
using groundwater for irrigation without full awareness
of the hazard represented by its quality, which is
aggravating the problem of secondary salinization. As a
result, salt affected soils have become an important
ecological entity in the Indus Basin of Pakistan. It is
estimated that nearly six million hectares area is
already affected with this menace, of which about half
is in irrigated areas [30]. Out of this estimated area,
about two million hectare are abandoned due to severe
salinity [31]. In Pakistan, groundwater is used for
irrigation both in isolation and in conjunction with the
canal water. Isolated use of groundwater is mainly
adopted to accommodate significant fluctuations in the
canal supplies due to rotational system and breaks in
the rainfall in rain fed areas. Mixing of groundwater with
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the good quality canal water is done to increase the
flow rate for proper irrigation. By doing this farmers also
tend to decrease the salinity of the irrigation water in
order to reduce the risk of soil salinization. Although
evidences exist that mixing of saline and non'saline
irrigation water is less effective in keeping soil salinity
levels lower than applying cyclic irrigations this strategy
is widely practiced in Pakistan [32].

For drawing inferences, those options for
conjunctive use of fresh and saline water should hold
greater promise which produce higher yields for the
similar salt loads to soils. In this study salinity induction
in root medium significantly influenced the ionic
composition of cotton leaves. Sodium (Na') and
chloride (CI') concentration was significantly greater in
cotton leaves when plant grown underneath salinity
compared to those grown in control treatment. CRIS-
494, and CRIS-588 accumulated more Na® and CI.
Alternatively, K, Ca®* and Mg®* concentration were
decreased with increasing salinity levels. Sindh-1, and
Bt-121had more K*, Ca2* and Mg concentration than
rest of varieties studied.

The increase of sodium concentration in leaves with
increasing level of salinity may be due to greater
uptake of sodium as it was more available under saline
conditions. Sodium being a monovalent is very
effective for osmotic regulation [33]. However, with time
the greater concentrations of Na' in leaves also
become toxic and prime to salt injury [34]. Higher
concentrations of Na* results in a decreased K* uptake
and hence resulted K™: Na* ratio leads to reduce the
plant growth. The plants having greater tolerance to
salinity, generally sustain higher K*: Na® in their tissues
[4; 35]. The higher Na" concentration in leaf sap with
increasing salinity is one of the primary plant responses
to salinity stress [36] and its higher concentration
disturbs the different metabolic activities [37]. The
genotypes having ability to retain Na® in the root could
survive better under stress conditions [38].

The results regarding effect of different salinity
levels on K*, Na*, Ca**, Mg®* and CI" contents in soil
revealed that NaCl salinized water increased contents
of Na* and CI in pots while decreased K*, Ca®*, and
Mg® contents. Salinity is a chief abiotic stress
restrictive growth and productivity of plants in
numerous areas of the world due to greater use of
lower quality of water for soil salinization and irrigation
[39]. During the initial phases of salinity stress, water
absorption capacity of root systems decreases and
water loss from leaves is accelerated due to osmotic

stress of high salt accumulation in soil and plants, and
therefore salinity stress is also considered as
hyperosmotic stress [40].

5. CONCLUSIONS

It is concluded that all the growth traits of different
cotton genotypes were inhibited by increasing salt
concentration. The genotype Sindh-1and BT-121 was
found resistant against NaCl stress. Cotton genotypes
under this study performed better where six irrigation
were applied with fresh water conjunctively used with
six irrigation of saline water (< 4.0 dS m'1). It is further
recommended that, during the unavailability or short
supply of fresh water for irrigation saline water can be
used conjunctively with fresh water.

REFERENCES

[1] Rhoades JD, Kandiah A, Mashali AN. The use of saline
water for crop production. FAO Irrigation and Drainage
Paper. FAO (Food and Agriculture Organization) of the
United Nations, Rome 1992; 48.

[2] Verma AK, Gupta SK, Isaac RK. Use of saline water for
irrigation in monsoon climate and deep water table regions:
Simulation modeling with SWAP. Agricultural Water
Management 2012; 115: 186-193.
https://doi.org/10.1016/j.agwat.2012.09.005

[3] Saqib M, Akhtar J, Qureshi RH. Pot study on wheat growth in
saline and water logged compact soil. Soil and Tillage
Research 2004; 77: 169-177.
https://doi.org/10.1016/j.still.2003.12.004

[4] Khan TM, Saeed M, Mukhtar MS, Khan AM. Salt tolerance of
some cotton hybrids at seedling stage. Int J Agri Biol 2001; 3:
188-191.

[5] Tang L-S, Li Y, Zhang J. Biomass allocation and yield
formation of cotton under partial rootzone irrigation in arid
zone. Plant Soil 2010; 337: 413-423.

[6] Higbie SM, Wang F, Stewart J, Sterling TM, Lindemann WC,
Hughs E, Zhang J. Physiological response to salt (NaCl)
stress in selected cultivated tetraploid cottons. Int J Agron
2010; (1): 1-12.
https://doi.org/10.1155/2010/643475

[7] Ahmad S, Khan N, Igbal MZ, Hussain A, Hassan A. Salt
tolerance of cotton (Gossypium hirsutum L.). Asian J Plant
Sci 2002; 1: 715-719.
https://doi.org/10.3923/ajps.2002.715.719

[8] Dong H, Li W, Tang W, Zhang D. Early plastic mulching
increases stand establishment and lint yield of cotton in
saline fields. Field Crop Res 2009; 111: 269-275.
https://doi.org/10.1016/j.fcr.2009.01.001

[9] Dong H. Combating salinity stress effects on cotton with
agronomic practices. African J Agri Res 2012; 7(34): 4708-
4715.
https://doi.org/10.5897/ajar12.501

[10] Barbosa FDS, Lacerda CF, Gheyi HR, Farias GC, Junior
RCS, Lagel YA, Hernandez FFF. Yield and ion content in
maize irrigated with saline water in a continuous or
alternating system. Ciéncia Rural, Santa Maria 2012; 42(10):
1731-1737.
https://doi.org/10.1590/S0103-84782012001000003

[11] Oster JD, Grattan SR. Drainage water reuse. Irrig Drainage
Syst 2002; 16: 297-310.
https://doi.org/10.1023/A: 1024859729505




334 Journal of Basic & Applied Sciences, 2017, Volume 13

Gandabhi et al.

(2]

(3]

[14]

(18]

[16]

7]

(18]

[19]

[20]
[21]
[22]

(23]

[24]

(25]

[26]

Gorham J, Lauchli A, Leidi EO. Plant responses to salinity.
In: Stewart JM, Oosterhuis DM, Heitholt JJ, Mauney JR (eds)
Physiology of cotton. Springer, Netherlands 2010; 1(2): 129-
141.

https://doi.org/10.1007/978-90-481-3195-2_13

Hu S, Shen Y, Chen X, Gan Y, Wang X. Effects of saline
water drip irrigation on soil salinity and cotton growth in an
oasis field. Ecohydrology 2013; 6: 1021-1030.
https://doi.org/10.1002/ec0.1336

Munns R, Tester M. Mechanisms of salinity tolerance. Ann
Rev Plant Biol 2008; 59: 651-681.
https://doi.org/10.1146/annurev.arplant.59.032607.092911

Khorsandi F, Anagholi A. Reproductive compensation of
cotton after salt stress relief at different growth stages. J
Agron Crop Sci 2009; 195: 278-283.
https://doi.org/10.1111/j.1439-037X.2009.00370.x

Lauchli A, Grattan SR. Plant growth and development under
salinitystress. In: Jenks MA, Hasegawa PM, Jain SM, Eds.,
Advances in molecular breeding toward drought and salt
tolerant crops. Springer, Netherlands 2007; 1-32.
https://doi.org/10.1007/978-1-4020-5578-2_1

Wang R, Kang Y, Wan S, Hu W, Liu S, Jiang S, Liu S.
Influence of different amounts of irrigation water on salt
leaching and cotton growth under drip irrigation in an arid
and saline area. Agric Water Manag 2012; 110: 109-117.
https://doi.org/10.1016/j.agwat.2012.04.005

Liu MX, Yang JS, Li XM, Yu M, Wang J. Effects of irrigation
water quality and drip tape arrangement on soil salinity, soil
moisture distribution, and cotton yield (gossypium hirsutum 1.)
under mulched drip irrigation in Xinjiang, China. J Integr Agric
2012; 11: 502-511.
https://doi.org/10.1016/S2095-3119(12)60036-7

Kanwar JS, Chopra SL. Hydrometer method improved for
making particle-size analysis of soils. Agron J 1968; 53: 464-
465.

Jackson ML. Soil Chemical Analysis. Prentice-Hall, Inc.,
Englewood Cliffs, NJ. 1958.

Richards LA. Diagnosis and improvement of saline and alkali
soils. USDA Agric. Handbook 60. Washington, D.C. 1954.

Chapman HD, Pratt PF. Methods of analysis for soils, plant
and water. Univ. California, Berkeley, CA, USA 1961.

Min W, Guo H, Zhou G, Zhang W, Ma L, Ye J, Hou Z. Root
distribution and growth of cotton as affected by drip irrigation
with saline water. Field Crop Res 2014; 169: 1-10.
https://doi.org/10.1016/j.fcr.2014.09.002

Mai WX, Tian CY, Li CJ. Soil salinity dynamics under drip
irrigation and mulch film and their effects on cotton root
length. Commun Soil Sci Plan 2013; 44: 1489-1502.
https://doi.org/10.1080/00103624.2012.760573

Luo HH, Tao XP, Hu YY, Zhang YL, Zhang WF. Response of
cotton root growth and yield to root restriction under various
water and nitrogen regimes. J Plant Nutr Soil Sci 2015.
https://doi.org/10.1002/jpIn.201400264

Min W, Hou Z, Ma L, Zhang W, Ru S, Ye J. Effects of water
salinity and N application rate on water-and N-use efficiency
of cotton under drip irrigation. Journal of Arid Land 2014; 6:
454-467.

https://doi.org/10.1007/s40333-013-0250-3

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

(40]

Danierhan S, Shalamu A, Tumaerbai H, Guan D. Effects of
emitter discharge rates on soil salinity distribution and cotton
(gossypium hirsutum |.) yield under drip irrigation with plastic
mulch in an arid region of Northwest China. J Arid Land
2013; 5: 51-59.

https://doi.org/10.1007/s40333-013-0141-7

Munns R. Comparative physiology of salt and water stress.
Plant, Cell Environ 2002; 25: 239-250.
https://doi.org/10.1046/j.0016-8025.2001.00808.x

Zhang D, Li W, Xin C, Tang W, Eneji AE, Dong H. Lint yield
and nitrogen use efficiency of field-grown cotton vary with
soil salinity and nitrogen application rate. Field Crops
Research 2012; 138: 63-70.
https://doi.org/10.1016/.fcr.2012.09.013

WAPDA. PC-11. Perforrma for monitoring salinity control and
reclamation Projects, SCARPs. Lahore Pakistan. Publ 1989;
100: 60.

Wolters WT, Bhutta MN. Need for integrated irrigation and
drainage management, example of Pakistan. Proceedings of
the ILRI symposium on Towards Integrated Irrigation and for
t1 Drainage Management, Wageningen Agricultural
University, The Netherlands 1997.

Qureshi A, Akhtar SM, Masih |, Bilal M. Sustaining
groundwater boom: protecting food security and small
holder’s livelihoods in Punjab, Pakistan. Proceeding of the
Second South Asia Water Forum, Islamabad Pakistan 2002;
103-115.

Bernstein, Leon. Effects of salinity and sodicity on plant
growth. Annual Review of Phytopathology 1975; 13(1): 295-
312.

https://doi.org/10.1146/annurev.py.13.090175.001455

Serrano R, Mulet JM, Rios G, Marquez JA, de Larrinoa IF,
Leube MP, Mendizabal |, Pascual-Ahuir A, Proft M, Ros R,
Montesinos C. A glimpse of the mechanisms of ion
homeostasis during salt stress. J Exp Bot 1999; 50: 1023-
1036.

https://doi.org/10.1093/jxb/50.Special_lIssue.1023

Gorham J, McDonnell E, Jones GGW. Salt tolerance in the
Triticale. |. lemurs sabulosus. J Exp Bot 1985; 35: 1200-
1209.

https://doi.org/10.1093/jxb/35.8.1200

Meneguzzo S, Navari-Izzo F, 1zzo R. NaCl effects on water
relations and accumulation of mineral nutrients in shoots,
roots and cell sap of wheat seedlings. J Plant Physiol 2000;
156: 711-716.
https://doi.org/10.1016/S0176-1617(00)80236-9

Akram M, Malik MA, Ashraf MY, Saleem MF, Hussain M.
Competitive seedling growth and K+/Na+ ratio in different
maize (Zea mays L.) hybrids under salinity stresss. Pak J Bot
2007; 39: 2553-2563.

Khan AH, Ashraf MY, Azmi AR. Effect of NaCl on growth and
nitrogen metabolism of sorghum. Acta Physiol Plant 1990;
12: 233-238.

Gupta B, Huang B. Mechanisms of salinity tolerance in
plants: physiological, biochemical and  molecular
characterization. Inter J Genom 2014; 1(1): 1-18.
https://doi.org/10.1155/2014/701596

Munns R. Genes and salt tolerance: bringing them together.
New Phytol 2005; 167: 645-663.
https://doi.org/10.1111/j.1469-8137.2005.01487.x

Received on 10-05-2017

https://doi.org/10.6000/1927-5129.2017.13.54

© 2017 Gandahi et al.; Licensee Lifescience Global.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 24-05-2017

Published on 19-06-2017



