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IMPROVEMENT IN SALT TOLERANCE OF COTTON

A. Rauf, A. Razzaq, S. Muhammad & J. Akhtar
Department of Soil Science, University of Agriculture, Faisalabad

A pot experiment was conducted to evaluate the effects of presowing seed treat-
ments on vegetative growth of cotton under saline conditions. Delinted cotton seeds were
treated in 0.5 per cent solution/suspension of ZnSQ,, CaSO, and CaCl, for eight hours prior
to sowing. Three salinity levels, i.,e.,4,8and12dS m~' were developed with NaCl salt while
the soil as such (2.6 dS m™') was used as control. After 56 days of sowing the plants were
uprooted. Seeds treated with 0.5% CaSO,, ZnSO, and CaCl, produced 50, 37 and 17 per

cent more biomass, respectively than control. After harvesting, the analysis of plants showed
that calcium treatment enhanced the potassium selectivity against sodium whichwas almost

doubled as compared to control.

INTRODUCTION

Excessive concentration of solube
salts in the root zone is one of the major
tactors limiting cotton production and it was
indicated that cotton seed yield on slightly
salt affected soils was 41% lower than on
normal soil {Qayyum and Malik, 1988). Cot-
ton is quite sensitive to salt at germination
and seedling stages but comparitively resis-
tant there after (Bhatti and Rashid, 1980).
Any technique which may ensuré good
seedling establishment under saline condi-
tions would be highly desired. Presowing
seed treatment is a promising technique
which promotes the germination and plant
growth under both normal and saline condi-
tions (Henkel and Strogonov, 1961). Pres-
ent study was undertaken to investigate the
effects of some presowing seed treatments
on salt tolerance of cotton.

MATERIALS AND METHODS

A pot experiment was conducted in
the Department of Soil Science University of
Agriculture, Faisalabad using sandy loam

soil [ECe 2.6 dSm™', pH 7.9, SAR 4.6

(mM/1) 2 ] during 1989. Five kg of dried gro-
und and sieved soil was filled in each plastic
pot. Seeds of cotton var. NIAB-78 were
soaked for eight hours in 0.5% solution/

suspension each of ZnSO,, CasO, and

CaCl, betore ‘sowing them into salinized
pots. Canal water soaked seeds were used
as control for presowing treatments. Seven
seeds were sown in each pot and the seed-
lings were thinned to four after 10 days of
germination.

Three salinity levels (ECe 4, 8 and
12 dSm') were developed by adding NaCl
while the soil as such was used as control. A
basal dose of N and P (45-20 kg ha™) as
urea and SSPwas applied. Canal waterwas
used for irrigation as and when needed.Pots
were arranged accordingto Completely Ran-
domized Design with factorial combination
of treatments having three repeats.

~ At the end of eight weeks plants

were uprooted carefully and fresh weight ot
shoot and root was noted and then dry
weight was determined after oven drying at
60 C°. Comparison among treatments was
made by Duncan’s Multiple Range Test
(Duncan, 1955).

Potassium versus sodium selectiv-
ity was calculated according to the following
formula.

SK N‘a- - K/Na in plant tissue
! K/Na in soil extract

(pitman 1976)



RESULTS AND DISCUSSION
Piant growth
The length of shoots and roots
decreased gradually with progressive in-
crease in salinity (Table 1). Shoot lengths at
EC 2.6 and 4 dS m™* did not differ signifi-
cantly; however at EC 8 and 12 dS m™
reduction was 5 and 30 per cent respec-
tively, as compared to control. Presowing
seed treatments increased the shoot length
at all salinity levels, and CaSO, gave the
maximum mean shoot length (37.6 cm) fol-
lowed by CaCl, (32.7 cm) and ZnSO, (31.5
cm).Onan average, therewas 52,32 and 27
per cent increase in shoot lengthwith CaSO,,
CaCl,and ZnSO, applications, respectively,
as compared to control.
The maximum decrease of 21 per
cent in root length occurred at EC 12dS m™
-as compared to control; decrease at EC 8
was 18 per cent having non—significant dif-

ferences with EC 12 but significant with
control (EC 2.6) and EC 4 dSm™'. On the
ather hand, presowing seed treatments had
significantbenefical effects onthe rootiength.

CaSO, gave the maximum root length fol-
lowed by ZnSO, and CaCl,. On an average,
there was 70, 40 and 21 per cent increase in
the root length with the application of CaSO,,
ZnSO, and CaCl, respectively, over the

control.
Maximum shoot fresh weight was

obtained at EC 4 dSm™~' and was about 2%

. more than the control. Increase in salinity

decreased the shoot fresh weight by 8 and
45 per cent, respectively, at EC 8 and 12
dSm~' compared to control. All the presow-
ing seed treatments increased the fresh
weight of shoot significantly. There was about
48, 31 and 13 per cent mean increase over
control due to seed soakingin CaSO,, ZnSO,

and CaCl, solutions, respectively.

Table 1. Effect of presowing seed treatments on cotton at various salinity levels

(Average of three repeats)

EC, levels (dSm™)

Treatments 2.6 4 8 12 Mean
Shoot iength (cm)
Water 27.0 27.1 25.2 19.8 248d
0.5% ZnSO4 343 35.6 33.2 22.8 315¢c
0.5% CaSO4 40.0 41.2 404 29.0 376a
0.5% CaCI2 36.0 36.7 340 242 32.7b
Average 343a 35.1a 33.2b 239¢
Root length (cm)
Water 22.8 21.6 18.3 16.3 19.7¢
0.5% ZnSO4 30.5 33.0 23.0 24.3 27.7b
0.5% CaSO4 36.0 35.6 31.2 31.6 336a
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Table 1 continued

EC, levels {dSm™)

Treatments 2.6 4 8 12 Mean
0.5% CaCI2 25.6 27.3 218 20.6 238b
Average 28.7a 29.4a 23.6Db 23.2b
Shoot fresh weight (g pot™)
Water 35.5 358 30.7 16.4 296d
0.5% ZnSO, 435 45.6 41.3 25.5 389b
0.5% CaSO, 47.5 52.6 47.4 27.6 438 a
0.5% CaCl, 40.4 37.2 349 22.1 336¢C
Average 417 a 428 a 38.6a 229b
Root fresh weight (g pot™)
Water 2.4 2.7 2.0 1.2 21c¢
0.5% ZnSO, 4.6 53 44 3.8 45a
0.5% CaSO, 4.8 5.6 4.5 4.0 47 a
0.5% CacCl, 4.3 5.2 3.4 2.7 39b
Average 40a 47 a 36D 2.9¢c
Potassium contents (me 100g™' DM)
Water 173 14.8 12.1 10.7 13.7d
0.5% ZnSO4 18.2 15.0 13.1 A1.7 145¢
0.5% CASO4 22.7 19.5 16.8 15.7 18.6 a
0.5% CacCl, 21.7 18.6 16.1 15.4 179b
Average 20.0a 17.0b 145¢ 13.4d
Potassium selectivity over sodium
Water 8.6 2.3 1.6 1.1 34b
0.5% ZnSO, 10.7 29 2.0 1.3 42b
0.5% CaSO, 19.5 5.3 4.0 2.7 79a
0.5% CaCl, 22.3 55 3.6 2.6 85a
Average 153 a 40b 28¢c 19¢

Mean followed by same letter (s)

significance.

in rows and columns are statistically alike at 5% level of



Increasing salinity decreased the
root fresh weight significantly, however at
EC 4dSm™" there was a slight increase over
the control. On an‘average, the maximum
reduction (28 per cent) was found at EC 12
as compared to control followed by EC 8
dSm™'. The seed treatments improved the
root growth resulting in higher fresh weight.
It appears that the roots were relatively more
benefited by the seed treatments than the
shoots.

Potassium contents of shoot

There was a significant decrease in
potassium contents of shoot with increasing
salinity (Table 1). Maximum decrease (31
per cent) inpotassium contentwas observed
at EC 12 as compared to control. On the
otherhand, presowingtreatments showeda
pronounced effect on potassium contents
and an increase of 36 and 31 per cent over
controlwas observed where seedwas treated

"with CaSO, and CaCl,, respectively.

Potassium selectivity versus sodium
Increasing salinity levels decreased
the potassiumselectivity versus sodiumdras-
tically, even slight increase in salinity over
the control decreased potassium selectivity
tremandously. The decrease at EC 4, 8 and
12dSm~' was 74, 82 and 87 per cent respec-
tively compared to control. Presowing seed
treatments improved potassiumuptake from
the soil by plants and there was 30 and 49
per cent increase with CaSO, and CacCl,,
respectively as compared to control.
Reduction in shoot length under
saline conditions is eventually due to the
excess of salts which modify the metablic
activities of cell wall causing deposition of
various materials which limit the cell wall
elasticity and consequently the turgor pres-
sure efficiency in cell enlargement
(Aceves—N, et al., 1975). In addition to this,
decline in enzymes’ activity with increasing
salinity has been reported to be associated
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with change in osmotic potential of soil due
to higher salt concentration, specific ion tox-
icity and salting out effect of solube salts on
enzyms' proteins (Ahmad and Khan, 1988).
However increase in salt tolerance of cal-
cium treated cotton seed may be attributed
to calcium, which is absorbed during the
treatment phase and counteracts the harm-
ful effects of sodium (Chaudhri and Rajput,
1966). The beneficial effect of calcium on
root growth of cotton in saline environment
may be due to maintenance of potassium
sodium selectively and adequate caicium
status in the root (Kent and Lauchli, 1985).
However, a greater response in growth with
CaSO, than CaCl, could also be related to
the less toxicity of associated anions i. €.
SO, than Cl (Bhatti et al., 1981). The im-
provement in potassium selectivity is might
be due to the fact that calcium is maximally
effective in maintaining the integrity of selec-
tive absorption mechanism (Epstein, 1961).
Also, calcium reduces the efflux of cytosolic
potassium and retards the entry of sodium
by maintaining the cation selectivity of
membrane (Cramer et al., 1986).
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