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Abstract 

Thirteen genotypes of cotton developed through hybridization and mutation breeding techniques were evaluated
during two consecutives years 2002-03-04 on eight locations covering most of the area of Punjab province including
Faisalabad, Toba Tek Singh and Jhang. The eight sets of experiments were conducted in the naturally highly saline 
sodic soils, EC ranges from 7.8-36.1 d/Sm, pH=8.1-8.8, SAR=10.1-40.5, Saturation percentage 31.3-40.8 and texture 
Sandy Clay loam and Clay loam. The seed yield data was collected at maturity and stability parameters were 
computed to know genotypic environment interaction and varietals performance. The combined analysis of variance 
showed highly significant variance in case of varieties, locations and varieties x environment (Lin) also showed
highly significant differences. It means that genotypes exhibited different behavior in different
locations/environments which is due to their different genetic make up. The behavior may be cross over (in which
significant change in ranking order occurs from one environment to another) or cross over nature (in which case the 
ranking of genotypes remains constant across environments and the interaction is significant because of change in the
magnitude of response) depending upon the ranking order of genotypes performance under different environments. In 
our study only S-12 behavior was of almost non cross over nature, while others had cross over type of interaction. 
Based on over all seed yield cotton variety NIAB-999 and CIM-707 produced highest seed yield cotton (3.2 t/ha, 
3.17t/ha). The lowest seed yield cotton was noted in S-12 (1.86 t/ha). All the three parameters of stability i.e. overall 
mean seed yield cotton, regression coefficient and standard deviation to regression provided clear evidence that
variety NIAB-999 and CIM-707 produced maximum stable yield compared to S-12.  
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Introduction
Cotton (Gossypium hirsutum L.) is a major cash

crop of Pakistan and is also grown on moderately
saline soils where its yield and quality is much lower
as compared to normal soils. It has played a
significant role in industrial development and
employment generation. It is known as backbone of
Pakistan’s agriculture, which is the backbone of
Pakistan’s economy. Its impact on the economic
development of the country is well established and
it is rightly known as the silver fiber of Pakistan. It
occupies the 2nd. position with respect to cultivated
areas of all the crops in the country and is cultivated
on an area of about 2.79 m. ha (Anonymous, 2003).
The development of new genotypes of a particular
crop is a continuous need due to degeneration of
genetic makeup because of appearance of new
biotic and abiotic stresses.

Although cotton is considered as being fairly
tolerant to salinity (Maas and Hoffman, 1977; Maas,
1986) yet its yield is drastically reduced due to poor
germination and subsequent abnormal plant

development under saline conditions (Khan, 1987).
A decrease of about 41% in seed yield in slightly
salt affected soils has been reported (Qayyum and
Malik, 1988).

Cotton is quite sensitive to salinity at germination
and seedling stages but comparatively tolerant there
after (Bhatti and Rashid, 1980). Therefore the spotty
pattern in crop stand at maturity under saline soil
conditions is actually initiated at the time of
germination and vegetative growth phase. Moreover
build up of certain ions in the cytoplasm may affect
certain metabolic processes. In saline soil, Na+, K+

and Cl- are the dominant ions affecting plant growth
(Khan, 1987 and Maas, 1993). Under these
conditions the activities of some essential nutrients
may also be reduced (Gratten and Grieve, 1992)
and plants may experience nutritional disorders.

It is now evident that some plant species can
tolerate high salinity (Glenn, et al., 1996 and
Rehman, et al., 1998). Significant differences in
character have also been reported among varieties
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of different species including wheat (Akhtar, et al.,
1994, 1998 and Saqib, et al., 1999) and cotton (Qadir
and Shams, 1997 and Ashraf and Ahmad, 2000).
The differential behavior of plant species may be
helpful for exploitation of these soils by growing
fairly tolerant genotypes.

The yielding ability of a variety is the result of its
interaction with the prevailing environment.
Environmental factors such as soil characteristics
and types, moisture, sowing time,  fertility,
temperature and day length vary over the years and
locations. There is strong influence of environmental
factors during various stages of crop growth (Bull,
et al., 1992), thus genotypes differ widely in their
response to environments. Many research workers
are of the view that average high yield should not
be the only criteria for genotype superiority unless
its superiority in performance is confirmed over
different types of environmental conditions (Qari,
et al., 1990; Kinyua, 1992; Golmirzaie, et al., 1990
and Liu et al., 1992).

Stability in performance of a genotype over a
range of environments is a desirable attribute and
depends upon the magnitude of genotype x
environment interactions (Ahmed, et al., 1996).

In Pakistan, 6.8 mha of land is salt-affected. Out
of this, 2.67 mha is in Punjab. Slightly saline land in
Punjab is 472.4, moderately saline 805, severely
saline 788 and very severe saline land is 652 thousand
hectares (Anonymous, 2003). So there is dire need
to screen cotton genotypes which have stable
performance over range of salt affected lands. This
will help a lot to improve and increase the cotton
area and production. Keeping all these factors in
mind, a multilocational experiments was designed
to study the performance of diverse types of cotton
genotypes over a range of salt affected lands. This
study has been done in Nuclear Institute for
Agriculture and Biology on 2003-2004.

Materials and Methods
In a multilocational experiment comprising 13

genotypes of cotton developed through mutation
breeding and crossing techniques was evaluated
during two consecutives years in summer season of
2002 and 2003. The experimental locations were
spread at 8 sites in the districts of Faisalabad, Toba
Tek Singh and Jhang. The experiment were
conducted on the naturally high saline sodic soils
with EC ranging from 7.8-36.1 d/Sm, pH = 8.1-8.8,
and SAR = 10.1-40.5. Saturation percentage, 31.3-
40.8 and texture sandy clay loam and clay loam.

The seed yield data were collected at maturity and
subjected to analysis of variance (Steel and Torrie,
1980) and stability parameters were computed
following (Eberhart and Russell Model, 1966).

Results
     Combined analysis of variance (Table 1) showed
highly significant differences among varieties,
environment and varieties x environments
interaction. Highly significant difference in the
genotypes of cotton under study may be due to
differences in their genetic make up and diverse
nature of origin. The highly significant differences
in locations indicated an existence of variation in
the prevailing environments. The highly significant
genotype x environment (G x E) interaction may be
either a cross over G x E interaction or a non cross
over nature. In crossover, significant change in ranks
occurs from one environment to another (Matus, et
al., 1997). In non cross over, G x E interaction,
ranking of genotypes remains constant across
environments and the interaction is significant
because of changes in the magnitude of response
(Baker, 1988; Blum, 1983; Matus, et al., 1997).
Genotypes showed highly significant differences in
their mean seed yield performance. In this study,
only S-12 almost showed non cross over nature G x
E interaction while other genotypes had cross over
type of G x E interaction.

Varieties also showed highly significant
differences in case of pooled analysis of variance
(Table 2). Varieties x environments (linear) was non-
significant and non linear (pooled deviation) also
showed non-significant differences.

Highly significant differences are very important
for determining G x E interaction. Relatively higher
value of the linear component as compared to non-
linear one, suggested the possibility of prediction of
performance for seed yield over the environments.
High values of linear components as compared to
non linear have been reported by many workers
(Khan, et al., 1987; Yadav and Tomar, 1985 and
Khan, 1988).

Over all mean seed yield performance (Table 3)
showed significant differences. Variety NIAB-999
and CIM-707 produced significantly the highest seed
cotton yield (3.21 t/ha) and (3.17 t/ha) respectively,
followed by NIAB-86 (2.95 t/ha). The lowest
performing genotype was S-12 (1.86 t/ha). This may
be due to its more sensitiveness to salt and non
adaptiveness in these conditions. S-12 showed highly
significant while CIM-482 significantly difference
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of regression coefficient than unity. One out of
thirteen genotypes under study showed highly
significant and one significant difference from zero
in case of standard deviation to regression
coefficient (Table 3). Stability analysis has also been
carried out in many crops such as wheat (Sial, et
al., 2000), Oat (Helm, 1993) lentil (Sarwar, et al.,
2003) and cowpea (Yousaf, et al., 2004).

Discussion and Conclusion
Regression coefficient (bi) is considered as

parameter of response and S2d as the parameters
of stability. For a given value of independent variable,
the value for dependent variable may be estimated
using the regression equation, provided S2d is not
significantly different from zero. 

Values Source Degree of 
freedom (d. ) Sum of squares (s.s) Mean square 

(m.s) F value Prob. 

1 Replication 2 0.107 0.054 5.4544** 0.0049 
2 Factor A 12 30.371 2.561 260.8827** 0.0000 
4 Factor B 7 10.139 1.448 147.5516** 0.0000 
6 AB 84 4.701 0.056 5.7009** 0.0000 
7 Error 206 2.022 0.018   
 Total 311 47.700    

Table 1:  Combined analysis of variance for cotton

Source Degree of 
freedom (d.f) 

Sum of squares 
(s.s) 

Mean square 
(m.s) F. Value 

Total 103 15.188 0.147  
Environments 7 3.379 0.483  
Varieties 12 10.242 0.854 55.954** 
Varieties x Environment 84 1.567 0.019  
Environment + Varieties x Environment 91 4.945 0.054  
Environment (Lin) 1 3.379 3.379 2.059* 
Varieties x Environment (Lin) 12 0.377 0.031  
Pooled Deviation 78 1.190 0.015 1.525 
Pooled Error 208 2.080 0.010  
 

Table 2: Pooled analysis of variance for cotton

 

Sr. # Variety/Mutant 
Name 

Mean Seed Yield 
(ton/ha) 

Regression co-efficient 
(bi) 

Standard deviation to regression 
(S2d) 

1 NIAB-86 2.947 B 1.507     0.072** 
2 NIAB-111 2.682 C 0.995 0.010 
3 NIAB-999 3.210 A 1.019    0.024* 
4 Strain PIM-80 2.635 C 0.489 0.020 
5 CIM-499 2.616 C 0.985 0.011 
6 NIAB-98 2.682 C 0.843 0.009 
7 Strain PIM-81 2.646 C 1.064 0.004 
8 CIM-473 2.650 C 0.993 0.008 
9 CIM-446 2.666 C 1.228 0.003 
10 CIM-497 2.662 C 1.158 0.002 
11 CIM-482 2.671 C   1.301* 0.003 
12 CIM-707 3.174 A 1.241 0.020 
13 S-12 1.855 D     0.177** 0.011 

Standard Mean     

Table 3: Stability parameter of cotton genotypes tested under various environments
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Assuming S2d = 0, a high value of bi will mean
more change in y for a unit change in (bi) In other
words, the variety is more responsive. Such variety
may, therefore, be recommended only for highly
favourable environments, say under high fertility
conditions. A relatively lower value of bi, say around
1, will mean less responsive to the environmental
change and therefore, more adaptive. If, however,
bi is negative the variety may be grown only in poor
environment. S2d, if significant from zero, will
invalidate the linear prediction. If S2d is non
significant, the performance of a genotype for a given
environment may be predicted. Accordingly, a
variety whose performance can be predicted (i.e.
S2d = 0) is said to be stable. Here stability means
predictability. Mutant variety NAIB-999 showed
highly significant regression coefficient differences
from unity. Compared to this variety CIM-707
exhibited non significant difference of regression
coefficient from unity. Variety CIM-707 also showed
non significant differences of standard deviation to
regression coefficient from zero. All the three
parameters of stability i.e. overall high mean seed
yield, regression coefficient and standard deviation
to regression, provided clear evidence that variety
NIAB- 999 and variety CIM-707 produced
maximum stable yield compared to S-12. From these
results of stability it may be concluded that in such
type of saline soils as studied here, the newly evolved
mutant line NIAB-999 and CIM-707 may be grown
safely for obtaining more economical yield potential
without facing any major drawback of adaptation to
this particular saline area. Furthermore, these studies
provided a clue that breeding techniques other than
conventional (mutation breeding) could be
successfully employed for the induction of variation
to select  the new genotypes with improved
agronomic and physiological characters suitable for
stress environment like salinity.
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