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PERFORMANCE OF COTTON VARIETIES IN SALINE SODIC SOIL
AMENDED WITH SULPHURIC ACID AND GYPSUM

M. Sadiq, G. Hassan, A.G. Khan, N. Hussain, M. Jamil, MR. Goundal and M. Sarfraz.
Soil Salinity Research Institute, Pind.! Rhattian, Hafizabad, Punjab.

A field experiment was conducted to study the performance of six cotton varieties/lines (NIAB-98, SLH-257, VH-
142, NIBGE, MNH-236 and FH-901) in ameliorated (with H2S04 and gypsum) and non-ameliorated soils. A saline
sodic soil having ECa 3.8 to 5.4 dsrn", pHs 9.00 to 9.20, SAR 33.00 to 36.00 (m mol r1

)1/2 and G.R. 2.50 to 3.00 t.
acre' was selected. The field was divided into three equal parts. One part was ameliorated with gypsum (100%
GR), second with H2S04 (50% equivalent of GR.) and third part kept untreated (control) and all the six
varieties/lines of cotton were sown in ameliorated and non-ameliorated plots. The results indicated that
germination percentage, plant population, number of bolls and yield of seed cotton were significantly higher in
ameliorated soil than non-ameliorated. Performance of NIAB-98 was the best in terms of yield and yield
components like germination percentage, number of plants (sustained) and number of bolls per plant. Yield of this
variety, however, was comparable statistically with FH-901, VH-142 and SLH-257. All these varieties remained
statistically superior to MNH-236. Moreover, soil health improved due to application of gypsum and Sulphuric
acid.
Key words: Amelioration, gypsum, sulphuric acid, cotton and saline sodic soil.
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INTRODUCTION

Salinity and Water-logging are the major constraint of
irrigated agriculture in Pakistan. Salt affected lands in
Pakistan are estimated as about 6.8 m ha (Khan,
1998), while water-logging on temporary or permanent
basis has affected an area of 6.17 m ha (Rafiq, 1990).
Salinity and water-logging (water table within 2 meters)
co-exist in an area of 1.013 m ha (Rafiq, 1975). The
problem of water-logging, soil salinity and sodicity in
most of the irrigated area in this country is caused by
the continuous seepage and percolation from irrigation
and lack of adequate drainage system. Massive efforts
have been made under many Salinity Control and
Reclamatior. Projects (SCARPs) to overcome the
problerr S of water-logging and salinity. But there is a
general consensus that these problems are not yet
cornpletel; tackled even ir, the completed SCARPs
(Yaseer et al; 1997).
The characteristics of salt-affected soils differ widely
and it is unscientific to generalize procedures for their
reclamation To bring the salt-affected soils under
cultivation, the crop scientists are adopting the concept
of "adoption and selection of plant cultivars according
to soil environment" through screening of plant
cultivars to be cultivated in salt-affected soils (Abdullah
and Qureshi, 1990). Several research efforts have
been made for different crops to identify cultivars
tolerant to salt affected and waterlogged root media.
Mostly the crop cultivars were either screened for
tolerance to specific type of salt stress under
controlled/semi-controlled, lab/green house conditions
or their tolerance limit was taken as indicator of their
survival/growth in salt affected fields (IRRI, 1981,
Ahmad et al., 1988; Chang et al., 1991; Javed et aI.,
1998 and Shabbir et aI., 2001). But the evaluation of

every new cultivar/line needs to be conducted in real
field conditions so that its performance could be
checked before its distribution to the farmers.
Cotton (Gossypium hirsutum L.) the "White Gold"
occupies a pivotal position in Pakistan's economy.
Besides providing fibre, food and fuel, it also sustains
thousands of people for their livelihood by providing
raw material to different cotton based industries.
Cotton also adds 60% to our foreign exchange
earnings (Govt. of Pakistan, 2001). Pakistan is ranked
third in cotton production and third as an exporter of
raw cotton in the world. It is cultivated on an area of
974.27 million hectares with an annual production of
512 kg/hectare (Anonymous, 2001).
The sodic soils are characterized by high pH, high
exchangeable Na, deficiency of Ca anrl poor physical
conditions. Sod.urn dominated soils have problems of
poor aeration and low hydraulic conductivity, both of
which are responsible for oxygen stress to plants.
Ponding of water occurs and salts can not leach into
lower profile during reclamation. Reclamation of sodic
soils, therefore, is of serious concern. Vadyanina and
Roi (1974) have concluded that sulphuric acid is more
effective in correcting exchangeable sodium
percentage (ESP) of the soil than gypsum. Bower et al.
(1951) has reported that sulphuric acid was more
effective in decreasing soil pH than gypsum and sulfur.
Farooq and Syed (1994) prepared the cotton suitability
map of cotton zone and reported that some soils of
Multan are salt affected having moderate to severe
degree of salinity and sodicity that may be used for
general cropping after reclamation. Seed be placed
7.5cm down on one side of ridge for sowing of cotton in
salt affected soils. This provides good drainage
condition and r-mlmlzed the toxic effect of salts during
germinating of seed. Similarly, Yahia et a/; 1975
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concluded that H2S04 was more effective than
gypsum, especially for soil having higher ESP value.
But Haq (1966) reported comparable results in respect
of reduction in pH, ECe and ESP with H2S04 and
gypsum treatments. Sulphuric acid dissolved CaC03,

which in turn enhanced water penetration. Hassan et
a/; 2001 indicated that paddy yield and 1000-grain
weight were more in ameliorated soil than non-
ameliorated.
Keeping in view the salinity/sodicity problems and
importance of cotton in Pakistan, the present study
was conducted to see the performance of newly
evolved varieties/lines of cotton in ameliorated with
gypsum (100% GR.) and H2S04 (50% eq. of G.R.) and
non-ameliorated saline-sodic soils.

MATERIALS AND METHOD

A field experiment was conducted at Agricultural
Research Farm of Soil Salinity Research Institute,
Pindi Bhattian during Kharif, 2002 in sandy loam saline
sodic soil. The experiment was laid out according to
split plot design with three replications having plot size
of 6M X 3M. Soil management treatments were kept in
main plots and varieties/lines were sown in sub-plots.
Gypsum was applied one month before sowing of crop
and H2S04 (50% eq. of G.R.) was applied at.the time
of soaking irrigation (Rouni) of the field. The crop was
sown on 05-06-2002. Seed was sown on shoulders of
ridges at field capacity (wattar) condition keeping
distance of 75cm from line to line and 30cm from plant
to plant. Seed was used @ 25 kg/ha and fertilizer
(NPK) was applied @ 115-90-70 kg/ha. A salt affected
field [ECi 3.80 to 5.4 dsm', SAR, 33.00 to 36.00 (m
mol 1'1)1/ , pHs, 9.00 to 9.20 and G.R. 2.50 to 3.00
t.acre"] was selected. Following three soil
management treatments and six varieties/lines were
studied in the experiment.
A. Soil Management

1. Control (Untreated)
2. Gypsum (100% equivalent of G.R.)
3. Sulphuric Acid (50% equivalent of G.R.)

B. Varieties/advanced lines
V1 NIAB-98
V2 SLH-257

V3 VH-142
V4 NIBGE
V5 MNH-236
v, FH-901

All other agronomic practices were kept uniform for all
treatments. Seed cotton data of three pickings were
recorded. Yield components were also recorded during
the course of study and were analyzed statistically by
employing the analysis of variance technique and
treatment means were compared by using LSD test at
5% level of probability (Steel and Torrie, 1984). The
soil analysis of each plot of the experiment was done in
the laboratory after harvesting of the crop to know the
salinity/sodicity level and the effect of gypsum and
sulphuric acid on the soil improvement.

RESULTS AND DISCUSSIONS

Data indicated that sulphuric acid and gypsum
application in the field reduced ECe, SAR and pHs
considerably (table 6). Resultantly, the soil condition
became better and parameters like germination
percentage, plant population, boll formation and yield
improved in ameliorated than non-ameliorated soil.
Detailed discussion is as under:
1. Germination Percentage
The results (table 1) revealed that gypsum and H2S04

application had significant effect on germination
percentage. The highest germination (82.11 %) was
recorded in plots ameliorated with H2S04 (50% eq. of
G.R.) which was followed by amelioration with gypsum
(100% G.R.) with a value of 77.83%. The lowest
germination was observed in non-ameliorated plots i.e.
53.11 %. It might be due to high level of salinity/sodicity
in non-ameliorated plots (table 6). Differences among
amendments were non-significant but both significantly
better than controlled. The results are in line with
Ahmad et a/ (1995) and Raghav and Pal (1994) who
have reported that seed germination decreased with
increase in salinity. Among the cotton varietiesllines,
the maximum germination percentage (76.66%) was
that of variety NIAB-98 which was followed by MNH-
236 giving 72.55% germination. However, all the cotton
varieties/lines remained at par statistically (table 1).

Table 1. Effect of soil amendments on germination percentage of cotton varieties in saline sodic soil.

------ NIAB-98 SLH-257 VH-142 NIBGE MNH-236 FH-901 Average

Control 62.333 58.00 46.00 46.00 48.667 50.667 53.111 B

H2SO4 81.00 79.667 88.00 77.33 83.33 33.333 82.111 A
(50% equivalent of G.R.)

Gypsum of 100% G.R. 86.667 71.00 75.00 70.00 85.667 78.667 77.833 A

Average. 76.667 69.558 72.00 64.44 72.556 70.889 •.....---
L--.

Cd1 for soil management = 4.746

100



Cotton varieties in saline sodic soil

Analysis of variance table
Source Degrees of Freedom Sum of Squares Mean Square F Value Probability

Replication 2 863.370 431.685 16.4162 0.0118
Factor A 2 8822.926 4411.463 167.7599 0.0001
Error 4 105.185 26.296 ------- -------
Factor B 5 725.426 145.085 1.8120 0.1406
AB 10 801.963 80.196 1.0016 0.4642
Error 30 2402.111 80.070 ------- -------
Total 53 13720.981 ------- ------- -------

Coefficient of Variation = 12.60%

Table 2. Effect of soil amendments on number of plants/ha of cotton varieties sustained in saline
sodic soil.

------ NIAB-98 SLH-257 VH-142 NIBGE MNH-236 FH-901 Average
Control 19077.70 17407.00 14999.70 13518.00 7962.33 14814.33 14629.84 B
H2SO4 39814.33 39073.33 46481.00 39073.66(50%equivalent of G.R.) 35184.66 40740.66 40061.12 A

Gypsum of 100% G.R. 39629.00 35370.00 39073.33 41481.00 34259.00 39259.00 38178.55 A
Average. 32840.34 30616.77 33518.01 31357.55 25801.99 31604.66 ------

Cd1 for soil management = 3649.00

Analysis of variance table

Source Degrees of Freedom Sum of Squares Mean Square F Value Probability
Replication 2 284910397.815 142455198.907 9.1639 0.0321
Factor A 2 7321439183.815 3660719591.907 235.4871 0.0001
Error 4 62181221.074 15545305.269 ----- -----
Factor B 5 364264499.704 72852899.941 1.4855 0.2239
AB 10 243936564.852 24393656.485 0.4974 ------
Error 30 1471264144.444 49042138.148 ----- ------
Total 53 9747996011.704 ------- -------

..Coefficientof Variation = 22.55 %
2. Plant Population

The results shown in table 2 revealed that maximum
plant population (33518.01 plants/ha) was recorded for
variety, VH-142 which was followed by NIAB-98
maintaining 32840.34 plants/ha. However, all the
varieties/lines of cotton were found to be non-
significant statistically in both ameliorated and non-
ameliorated soils in respect of sustaining the plants.
As regards soil amendments, the maximum plant
population (40061.12 plants/ha) were recorded due to
amelioration with H2S04 which was followed by
38178.55 plants/ha when soil was ameliorated with
gypsum. The minimum plant population 14629.84
plants/ha was noted in non-ameliorated plots. The
results showed significant difference among
ameliorated and non-ameliorated plots. It may be due
to improvement of soil health (table 6) in ameliorated
plots and more salinity/sodicity in non-ameliorated

I

plots. Earlier Qureshi et al. (2000) found that plant
height, shoots and root fresh and dry weights and stem
diameter decreased with increase in salinity levels in
Eucalyptus Camaldu/ensis. Rehman et al. (2000) has
also reported that salinity significantly affected the
plant height, root length, leaf area, root and shoot dry
weight of wheat. Qadir and Shams (1997) studied
some physical aspects of salt tolerance in cotton. They
found that leaf area, stem thickness, shoot and root
weight decreased with increasing salinity.

3. Number of Bolls/Plant

Like other yield parameters, number of bolls/plant was
significantly higher in ameliorated soils than non-
ameliorated soil (table 3). Number of bolls/plant in the
plots ameliorated with H2S04 was more (25.39) than
ameliorated with gypsum (24.11). However, these were
found statistically at par.

101



Sadiq, Hassan, Khan, Hussain, Jamil, Gounda/ & Sarfraz

Table 3 Effect of soil amendments on number of bolls/plant of cotton varieties in saline sodic soil.

•.•.---- NIAB-98 SLH-257 VH-142 NIBGE MNH-236 FH-901 Average

Control 12.00 gh 11.00 ghi 11.33 ghi 9.00 hi 4.00j 6.00 hij 8.89 B

H2SO4
(50% equivalent of 25.33 abode 23.00 ede 24.66 abcde 20.00 ef 29.33 abc 30.00 ab 25.39 A

G.R.)
Gypsum of 100% G.R. 27.00 abed 16.00 fg 20.66 def 25.66 abede 31.00 ab 24.33 bede 24.11 A

Average. 21.44 16.67 18.88 18.22 21.44 20.11 ------

Cd1 for soil management = 2.990 Cd1 for interaction = 6.386

Analysis of variance table

Source Degrees of Freedom Sum of Squares Mean Square F Value Probability

Replication 2 18.926 9.463 0.9068 -------

Factor A 2 3033.593 1516.796 145.3540 0.0002

Error 4 41.741 10.435 ------- -------

Factor B 5 161.648 32.330 2.2043 0.0800

AB 10 619.519 61.952 4.2240 0.0010

Error 30 440.000 14.667 ------- -------

Total 53 4315.426 ------- ------- -------

Coefficient of Variation = 19.68%

The interaction between soil amendments and
varietiesllines was also found significant statistically.
The variety MNH-236 produced maximum number of
bolls/plant (31 bolls/plant) in soil ameliorated with
gypsum (100% G.R.) that was followed by FH-901
producing 30 bolls/plant ameliorated with H2S04'
However, both varieties were found at par statistically
in ameliorated as well as non- ameliorated soils. These
varieties (FH-901 & MNH-236) produced the minimum
number of bolls/plant (6 & 4 respectively) in non-
ameliorated (saline sodic) soil. It seems that both the
varieties are more sensitive to salinity/sodicity
regarding bearing of bolls. The results are in
accordance to the findings of Haq (1966) who found
comparable results with H2S04 and gypsum treatments
regarding reduction of salinity/sodicity. Ashraf and
Khan (1994) have also reported that salinity affected
dry matter production, ionic relations, water status,
physiological disorders and biochemical reactions.
All the varieties/lines of cotton showed non-significant
differences among themselves. However, on overall
average basis maximum number of bolls/plant (21.44)
was recorded in NIAB-98 and MNH-236 (table 3).

4. Plant Height (cm)
More height is not considered as a good character in
cotton but least growth due to salinity is also not better.
The results (table 4) revealed that all the varieties, soil
management treatments and interaction between

varieties and soil management treatments were found
significant statistically. Maximum height of variety
NIBGE was measured (138.33cm) which was followed
by VH-142 (127.33 ern) and FH-901 (125.00 cm).
NIAB-98 was found the shortest (77.33 ern) one among
all the varietiesllines studied. These differences may
be due to genetic character of varieties/lines.

As regards the soil management treatments,
ameliorated soils produced longer plants as compared
to non-ameliorated. Sulphuric acid proved slightly
better than gypsum giving plant heights of 134.16 ern
and 133.66 cm respectively but differences were non-
significant. Vadyanina and Roi (1974) and Bower et at;
(1951) had reported that H2S04 was more effective in
decreasing soil pH than gypsum and Sulfur. Farooq
and Syed (1994) have reported that some soils of
Multan may be used for general cropping after
reclamation.
Maximum plant height (175 cm) of variety NIBGE was
recorded when soil was ameliorated with gypsum.
Whereas, ameliorated soil with H2S04 gave 165cm
height of the same variety NIBGE. Haq (1966) had
found comparable results with H2S04 and gypsum
treatments regarding reduction of salinity/sodicity
parameters that ultimately increased the growth of
crop.
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Table 4. Effect of soil amendments on plant height (cm) of cotton varieties in saline sodic soil.

------ NIAB-98 SLH-257 VH-142 NIBGE MNH-236 FH-901 Average

Control 25 h 30 h 65 g 75 fg 70 g 120 d 64.167B

H2SO4 120 d 140 c 157 b 165 ab 88 ef 135 c 134.167 A
(50% equivalent of G.R.)

Gypsum of 100% G.R. 87 ef 100 e 160 b 175 a 160 b 120 d 133.666 A

Average. 77.33 E 90.000 127.33 B 138.33 A 106.00 C 125.00 B ------
Cd1 for soil management = 10.71
Cd1 for varieties = 7.999
Cd1 for interaction = 13.86

Analysis of variance table

Source Degrees of Freedom Sum of Squares Mean Square F Value Probability

Replication 2 192.148 96.074 0.7179 -------

Factor A 2 58429.037 29214.519 218.3054 0.0001

Error 4 535.296 133.824 ------- -------

Factor B 5 25211.426 5042.285 73.0335 0.0000

AB 10 23904.519 2390.452 34.6238 0.0000

Error 30 2071.222 69.041 ------- -------

Total 53 110343.648 ------- ------- -------

Coefficient of Variation 7.51%=

5. Yield of Seed Cotton (t. ha')

The yield of seed cotton (table 5) like yields
components (germination percentage, plant population
and number of bolls/plant) was also affected positively
with amelioration of soil. The soil amendments
(gypsum and H2S04) were found significantly better
than control (non-ameliorated) in respect of yield of
seed cotton. But the difference between the soil
amendments remained statistically at par (Table 5)
giving yields of 1.49 and 1.55 t. ha" respectively. It
was due to decrease in salinity (table 6) and increased
availability of nutrients to the plants with the application
of gypsum and H2S04. The results are supported with
the findings of Verma and Abrol (1988), Singh et al.
(1981), Siddique et al. (1988) and Hassan et al. (2001).
Whereas, non-ameliorated soil produced the lowest
seed cotton yield (0.58 t. ha"). Maximum mean yield
of NIAB-98 variety was recorded followed by FH-901,
VH-142 and SLH-257 respectively. However, all these
varieties were found superior to MNH-236 which
remained at the bottom (table 5).

6. Soil Health

A considerable improvement in soil health occurred
within the period of cotton growth (Table -6). The soil

ECe was brought within permissible limits of less than 4
dsrn' due to amelioration with either of the
amendments. Exactly similar results were recorded for
soil SAR. However, soil pHs was still some what higher
than the limit of 8.5 after the harvest of cotton. It is
evident that the soil rehabilitation due to reclamation
strategies was clearly responsible for good crop growth
and enhanced the yields significant.

CONCLUSIONS

Application of gypsum or Sulphuric acid is directly
needed to obtain good yield of cotton when grown in
saline sodic soils. The varietal differences were not
significantly except MNH-236 which proved sensitive to
salinity stress.
A considerable improvement in soil health occurred
within the period of cotton growth (Table -6). The soil
ECe was brought within permissible limits of less than 4
dSm-1 due to amelioration with either of the
amendments. Exactly similar results were recorded for
soil SAR. However, soil pl-l, was still some what higher
than the limit of 8.5 after the harvest of cotton. It is
evident that the soil rehabilitation due to reclamation
strategies was clearly responsible for good crop growth
and enhanced the yields significant.
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Table 5. Effect of soil amendments on the yield (t. ha") of seed cotton of cotton varietiesllines in
saline sodic soil.

------ NIAB-98 SLH-257 VH-142 NIBGE MNH-236 FH-901 Average
Control 0.78 0.72 0.70 0.37 0.29 0.59 0.58 B

H2SO4 1.71 1.44 1.62 1.48 1.25 1.77 1.555 A(50% equivalent of G.R.)
Gypsum of 100% G.R. 1.46 1.42 1.51 1.63 1.33 1.58 1.49 A
Average. 1.32 A 1.19 A 1.28 A 1.16 A 0.96 B 1.31 A ------

cd, for soil management = 0.1941 Cd, for varieties = 0.1877

Analysis of variance table

Source Degrees of Freedom Sum of Squares Mean Square F Value Probability
Replication 2 0.000 0.000 0.0014 -------

Factor A 2 10.801 5.401 123.7782 0.0003
Error 4 0.175 0.044 ------- -------

Factor B 5 0.850 0.170 4.5056 0.0035
AB 10 0.501 0.050 1.3285 0.2606
Error 30 1.132 0.038 ------- -------

Total 53 13.460 ------- ------- -------

Coefficient of Variation = 16.07 %

Table 6. Soil status after harvesting of crop.

------ ECe (dSm") pHs SAR (m mol r')1/2
Control 3.4 to 5.1 8.97 to 9.15 22.45 to 23.90

H2S04 (50% equivalent of G.R.) 1.4 to 3.2 8.86 to 9.0 11.00to11.55
Gypsum of 100% G.R. 1.42 to 2.75 8.67 to 9.05 10.91 to 11.15
Original Soil Status. 3.8 to 5.4 9.00 to 9.20 33.00 to 36.00
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