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Abstract – Genetic effects for yield components and fibre characteristics in cotton were assessed using a complete dial-
lel cross of six cultivars/lines, differing in salt tolerance. The salt tolerance of 36 crosses, including selfs, was assessed
in soil salinized with 140 mol·m–3 NaCl. The variance due to general combining ability (GCA) and specific combining
ability (SCA) were highly significant for all the traits studied except monopodia per plant where only SCA was highly
significant. This indicated that both additive and dominance gene effects were responsible for the inheritance of differ-
ent traits, except monopodia per plant. The GCA mean square values higher than those of SCA indicated the pre-domi-
nance of additive effect for all the traits. Considerable heterosis and maternal effects were observed for most of the
traits. However, the presence of high additive effects indicates that a significant advancement in salt tolerance is possi-
ble through appropriate selection. 

cotton / genetic components / genetic variation / salt tolerance / diallel crossing design 

Résumé – Effets génétiques sur les composantes du rendement et la qualité de la fibre du coton (Gossypium hir-
sutum L.) cultivé en condition saline.Les effets génétiques pour les composantes du rendement et les caractéristiques
de la fibre de coton ont été étudiés dans un croisement diallèle complet entre six cultivars et lignées différant pour leur
tolérance au sel (NaCl). Lors de l’expérimentation, les 30 croisements et les 6 autofécondations ont été cultivés, de la
quatrième semaine jusqu’à la maturité, en sol irrigué avec une eau à 140 mol·m–3 de NaCl. Les variances d’aptitude
générale (AGC) et d’aptitude spécifique à la combinaison (ASC) ont été trouvées hautement significatives pour tous les
caractères étudiés, à l’exception du nombre de tiges à croissance monopodiale par plante pour lequel seule l’ASC s’est
révélée significative. L’importance des carrés moyens d’AGC comparés à ceux d’ASC montrent qu’une part importante
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1. Introduction

Cotton is one of the oldest fibre crops. Four
species of the genus Gossypiumhave contributed
to a great demand for modern cultivated cotton.
Upland cotton(Gossypium hirsutum)and Egyptian
cotton (G.barbadense)account for more than 
99 per cent of the world supply of raw cotton for
factory use. The lint percentage of G.hirsutumis
35–45% or even more. Some strains of Pakistan
have 54% ginning out-turn and a 30–38 mm staple
length (Khan, personal communication).
Gossypium barbadenseproduces longer fibre 
(38 mm) [14]. The share ofGossypium arboreum
and Gossypium herbaceumto the total fibre pro-
duction is less than 1% because of their short sta-
ple lint and low ginning out-turn [8,14]. Cotton
crop, mainly grown for fibre purpose, is also an
important source of vegetable oil among its many
other valuable uses [2, 8]. In Pakistan, cotton pro-
duction accounts for 24% of the agricultural sec-
tor’s output, 60% of export earnings and over 50%
of edible oil. It is grown on 3.28 million ha. It pro-
vides raw material to 500 textile mills, 1135 gin-
ning factories and over 5000 oil expelling units [4].

In Pakistan, the total geographical area is 
80 million hectares, of which 33 million are con-
sidered suitable for cultivation, but about 
6.3 × 106 ha are affected by salinity [21, 30]. It has
been estimated that 40000 ha are annually lost due
to salinity in Pakistan that means a loss of 
US$ 0.33 billion [29]. This environmental hazard
has considerably affected the production of all
crops including the major cash crop, cotton [38].
The threshold salinity  (the maximum salinity level
at which a crop has no yield loss) of cotton is 
7.7 dS·m–1, and 50 per cent reduction in growth
occurs at 17 dS·m–1 of soil salinity [25].

Although a great achievement in increasing
yield per hectare has been made during the past
few decades, stil l Pakistan lags behind the
advanced cotton growing countries of the world
(Australia, USA, Uzbekistan, China, etc.). Besides
the other constraints responsible for low yield,
salinity is one which cannot be ignored at all and
needs urgent attention of plant scientists as this
crop is adversely affected by high concentrations
of ions in the growth medium [25]. High root zone
salinity has been reported to adversely affect lint
percentage, staple length, fibre fineness and fibre
maturity [1,13]. 

Considerable efforts have been made in the past
few decades for the development of salt tolerant
varieties of different crops through selection and
breeding [5, 6, 10, 12, 23, 28, 32, 33, 36, 39]. The
identification of variation for salt tolerance is a
pre-requisite for evolving crop cultivars for salinity
tolerance through selection and breeding. If varia-
tion does not exist for the character being studied,
the chances of improvement of the character
through various breeding methods are meagre. The
introduction of mathematical models into classical
Mendelian genetics has played an important role in
understanding the pattern of inheritance of a trait.
Therefore, to begin with breeding efforts, informa-
tion regarding the mode of inheritance of a particu-
lar trait is very important.

While aiming to select a desirable genotype, the
simple technique of crossing/hybridizing of con-
trasting parents has facilitated breeders to identify
the genetics of simply inherited characters. Yates
[40] proposed a series of crosses in all possible
combinations among parental lines. This diallel
technique has been widely used by different breed-
ers for the identification of genes of more complex
characters and selecting parental lines for their 

des effets génétiques est de type additif. De l’hétérosis et des effets maternels ont été observés pour la plupart des carac-
tères. Malgré tout, la prépondérance des effets additifs laisse penser que des progrès sur la tolérance au sel pourront être
facilement réalisés grâce à la sélection. Des géniteurs originaires de Porto-Rico ont été identifiés comme source possible
de variabilité pour améliorer les cultivars pakistanais.

coton / composantes génétiques / variation génétique / tolérance au sel / projet de croisement diallèle
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utilization in crossing programmes for developing
new varieties [18–20, 22, 24, 39].

Despite the considerable importance of under-
standing the genetic basis of variation for salinity
tolerance [15, 37], only a few studies, indicating
the genetic basis of salt tolerance, can be deci-
phered in the literature. For instance, in citrus root
stock [16] and in rice [27], it was found that salt
tolerance in these species are under polygenic con-
trol. In sorghum, salt tolerance during germination
and seedling growth stages was found to be con-
trolled by complementary gene action, incomplete
dominance and dominance or additive effects of
several genes [31]. Similarly, in alfalfa [7, 28], in
seven grass species [10] and in pearl millet [9], it
was found that salt tolerance in these species is
highly heritable. In another study, Azhar and
McNeilly [12] reported that both additive and
dominant genes appeared to be important for varia-
tion of salt tolerance in sorghum. In cotton,
Ledbetter [23] estimated narrow sense heritability
for salt tolerance to be 0.38 during germination and
emergence.

These studies, therefore, reveal that differences
in yield performance under saline conditions are
genetically controlled and varieties can be bred
which can withstand saline conditions. The knowl-
edge about mode of inheritance and estimation of
components of the genetic system under saline
conditions is very important. The present study
was, therefore, conducted to investigate the genetic
effects of some salinity related characteristics, e.g.
seed cotton yield, yield components and fibre traits
in cotton. 

2. Materials and methods

The seeds of six cultivars/lines of cotton, B-557,
MNH-156, MNH-147 (all three originated from
Pakistan), Culture 604-4, Culture 728-4 (both orig-
inally from Puerto Rico), and B-1580-ne (from
USA) were obtained from the Central Cotton
Research Institute Multan, Pakistan. B-557, MNH-
156, and Culture 728-4 were salt tolerant whereas
MNH-147, Culture 604-4, and B-1580-ne were salt

sensitive. The seed cotton yield per plant (g) of the
six cultivars/lines under normal non-saline condi-
tions [3] was: B-557 = 26.4; MNH-156 = 32.6;
Culture 728-4 = 29.8; MNH-147 = 28.2; Culture
604-4 = 29.7; B-1589-ne = 14.1. These parental
cultivars/lines were selected on the basis of their
response to salinity at different growth stages [3].
They were grown in normal soil under natural field
conditions during the month of June, 1997. At
flowering, during August-September, the parental
lines were crossed in a complete 6 × 6 diallel fash-
ion. Flowers were hand emasculated in the evening
and all necessary precautions were taken to avoid
alien pollen contamination. For this purpose, after
emasculation the flowers were covered with porous
polythene bags. As the stigma became receptive
next day of emasculation, the anthers from the
male parent were collected in sterilized Petri dish-
es. Pollens from anthers were dusted on stigma of
emasculated female parents which were covered
again with the respective polythene bag until boll
formation. Hands and all equipment in use were
sterilized with absolute alcohol before conducting
the next pollination. At maturity, crossed bolls
were picked and seed cotton was ginned with a
roller ginning machine.

For assessing the response of F1 hybrids and
their parents to NaCl salinity, the material was
grown in soil salinized with 140 mol·m–3 NaCl.
The salt treatment was started after four weeks of
normal growth and continued till maturity. The
experiment comprised 36 genotypes with 4 blocks.
At maturity, data were recorded for seed cotton
yield, bolls per plant, monopodia per plant, sympo-
dia per plant, plant height, seed oil content, ginning
out-turn, staple length, fibre fineness, fibre maturi-
ty and fibre strength.

2.1. Statistical analysis 

The data collected were subjected to analyses of
variance following Steel and Torrie [35]. The com-
bining ability analysis was carried out using
Method II and Model II of Griffing [17], i.e.
including parents, their F1s and reciprocals. Genetic
components of variation were also obtained using P
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the procedures described by Hayman [18] and
Mather and Jinks [26], and as given by Singh and
Chaudhry [34]. In the following section, we will
only express the results obtained with Griffing’s
method because the two approaches gave consis-
tent results. Nevertheless, in the discussion we will
sometimes refer to the results obtained following
Hayman [18] and Mather and Jinks [26].

3. Results

The analysis of variance (Tab. I) revealed highly
significant differences among the genotypes for all
the traits studied. It thus indicated an adequate
amount of variability present in the parental mater-
ial. The significant genotypic variance was further
partitioned into variance due to general combining
ability (GCA), specific combining ability (SCA)
and reciprocal effects.

The variance due to GCA and SCA were highly
significant for all the traits studied, except for
monopodia per plant where only SCA was highly
significant (Tab. I). This indicated that both addi-
tive and dominance gene effects were responsible
for the inheritance of seed cotton yield, bolls per
plant, sympodia per plant, plant height, seed oil
content, ginning out-turn, staple length, fibre fine-
ness (lower values indicate high fibre fineness),
fibre maturity and fibre strength whereas only
dominance gene effects for monopodia per plant.
The GCA mean square values higher than those of
SCA indicated the pre-dominance of an additive
effect for all the traits studied except monopodia
per plant for which the GCA variance was higher
than that of SCA but it was not significant. The
reciprocal effects for all the traits were highly sig-
nificant except seed oil content. The significant
reciprocal effects indicated the importance of
selection for male and female parents in these
traits.

Table I. Mean squares from analysis of variance of data for seed cotton yield, yield components and fibre characteris-
tics of 36 crosses, including selfs, and F1s of cotton when grown in soil salinized with 140 mol·m–3 NaCl.

Source   Degree Seed cotton Bolls Monopodia Sympodia Plant Seed oil 
of variation of freedom yield per plant per plant per plant height content  

Replications   3 8.3 ns 2.49 ns 0.017 ns 10.08 ns 141.51* 0.627 ns
Genotypes 35 280.52*** 54.25*** 0.58*** 32.1*** 1281.2*** 3.853***
GCA   5 353.86*** 70.95*** 0.23ns 24.92*** 1357.60*** 3.51***
SCA 15 28.96*** 4.61*** 0.15*** 5.20*** 237.02*** 0.69***  
Reciprocal 15 16.72** 3.38*** 0.12*** 5.21*** 12.23*** 0.39ns  
Error 105 27.38 4.68 0.09 5.31 48.93 0.91  

Source Degree Ginning Staple Fibre Fibre Fibre 
of variation of freedom out-turn length fineness maturity strength 

Replications   3   29.43*** 0.154 ns 0.004 ns 0.4 ns 3.12*
Genotypes 35 79.2*** 4.15*** 0.272*** 39.04*** 41.44***
GCA   5   78.01*** 5.80*** 0.42*** 40.00*** 49.75***
SCA 15 14.98*** 0.28*** 0.007*** 5.16*** 2.93***   
Reciprocal 15 5.20*** 0.21** 0.01*** 4.29*** 4.66***   
Error 105 3.11 0.348 0.007 1.021 1.034 

*, **, *** = Significant at 0.05, 0.01 and 0.001 levels, respectively.
ns = not significant.
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The GCA effects for each trait are presented in
Table II. The best general combiner with maximum
GCA was MNH-156 for seed cotton yield, bolls
per plant and fibre strength; B-557 for monopodia
per plant, sympodia per plant, plant height, seed oil
content; MNH-147 for ginning out-turn, and C-728
for staple length and fibre maturity. The genotype
MNH-147 was the best general combiner for fibre
fineness with maximum negative GCA value.

The mean results of different growth and fibre
attributes (Tabs. III a and III b) from progeny
plants grown in soil salinized with 140 mol
NaCl·m–3 are presented for assessment of perfor-
mance of different cross combinations and parental
genotypes. The salt tolerant line B-557 from
Pakistan had a small heterosis for seed cotton yield
(Tab. III a) when it was crossed with the salt toler-
ant cv. MNH-156 or salt sensitive B-1580.
However, considerable heterosis was observed
when it was crossed with the other salt tolerant line
C-728-4. Maternal effects were evident when it
was crossed with the salt sensitive lines, B-1580
and MNH-147. The other salt tolerant line C-728,
originally from Puerto Rico, showed significant
heterosis when it was crossed with the salt tolerant
lines, B-557 and MNH-156, and salt sensitive
lines, C-604 and MNH-147. Maternal effects of

C-728 were observed in its crosses with all three
salt sensitive lines. The third salt tolerant line
MNH-156 also showed heterosis when it was
crossed with the salt tolerant lines, B-557 and
C-728, and salt sensitive line C-604. The maternal
effect of this line in seed cotton yield was only
found when it was crossed with the salt sensitive
C-604. The salt sensitive line B-1580, originally
from USA, did not show heterosis with either line
in seed yield. However, its maternal effects were
significant in its crosses with all three salt tolerant
lines. Small heterosis was found when the salt sen-
sitive line C-604 was crossed with the other salt
sensitive lines, B-1580 and MNH-147, and mater-
nal effects of this line were only significant in its
crosses with the two salt tolerant lines, C-728 and
MNH-156. The third salt sensitive line, MNH-147
showed a small heterosis in seed cotton yield with
the other two salt sensitive lines and the maternal
effect of this line was only found in its cross with
the salt tolerant line, C-728. 

In bolls per plant (Tab. III a), only one salt toler-
ant line MNH-156 showed heterosis and maternal
effects in its crosses with two salt tolerant lines,
B-557 and C-728, and one salt sensitive line, C-604.
Although the other two salt tolerant lines did not
have heterosis with either line, their maternal effects P
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Table II. General combining ability effects for seed cotton yield, yield components and fibre characteristics of 36 cross-
es, including selfs, and F1s of cotton when grown in soil salinized with 140 mol·m–3 NaCl.

Genotypes Seed cotton Bolls Monopodia Sympodia Plant Seed oil Ginning Staple Fibre Fibre Fibre 
yield per plant per plant per plant height content out-turn length fineness maturity strength 

B-557 4.310 1.796 0.185 1.658 14.368 0.647 –2.426 0.454 0.176 0.728 1.997  
B-1580 –7.065 –3.356 –0.210 –2.638 –13.980 –0.476 1.256 –0.471 –0.193 –2.142 –1.924  
C-728 4.196 1.546 0.088 0.708 3.718 0.297 –3.126 0.8 0.178 2.106 1.508  
C-604 –3.477 –1.252 –0.088 –0.088 –5.320 –0.420 1.068 –0.535 –0.060 –1.297 –1.365  
MNH-147 –3.840 –1.638 –0.025 –0.047 –7.170 –0.549 3.726 –0.842 –0.233 –1.317 –2.215  
MNH-156 5.875 2.904 0.05 0.408 8.383 0.503 –0.199 0.594 0.132 1.922 1.999 

SE (Gi) 0.690 0.285 0.040 0.304 0.922 0.125 0.232 0.078 0.012 0.133 0.134  
SE (Gi – Gj) 1.068 0.442 0.062 0.470 1.428 0.194 0.360 0.120 0.017 0.207 0.208  
SE (Rij) 1.850 0.765 0.107 0.815 2.473 0.336 0.624 0.208 0.029 0.357 0.359 

SE (Gi) = standard error for any GCA effect.
SE (Gi – Gj) = standard error of the difference between any two GCA effects.
SE (Rij) = standard error of any reciprocal GCA.
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were significant when crossed with all salt tolerant
lines and two salt sensitive lines, B-1580 and
MNH-147. The salt sensitive line C-604 revealed
heterosis when crossed with the salt tolerant B-557

and the salt sensitive B-1580, and MNH-147 when
crossed with the salt sensitive B-1580. 

In monopodia per plant, the two salt tolerant
lines, B-557 and MNH-156 did not show heterosis

Table III a. Mean data for seed cotton yield, bolls per plant, monopodia per plant, sympodia per plan plant height and
seed oil content of F1 of cotton when grown in soil salinized with 140 mol·m–3 NaCl. 

Parents/F1 Seed cotton Bolls Monopodia Sympodia Plant height Seed oil 
yield (g·plant–1) per plant per plant per plant (cm) content (%) 

B-557 24.9 11.2     1.15 14.5 89.2 17.2 
B-1580 (ne) 4.4 2.3     0.40 7.7 42.2 17.5 
C-604-4 6.8 4.7     0.60 14.6 57.4 16.6 
C-728-4 23.4 11.9     0.72 16.7 79.7 18.5 
MNH 147 8.2 4.7     1.20 11.15 51.3 16.7 
MNH 156 19.1 9.0     0.60 13.5 76.9 18.4 
B557xB1580 19.1 9.0     0.60 13.5 76.9 17.5 
B557xC604-4 17.0 8.8     1.07 16.0 86.7 17.3 
B557xC728-4 31.3 13.0     0.45 15.0 100.0 18.5 
B557xMNH147 16.7 7.4     1.05 17.3 91.8 16.9 
B577xMNH156 26.2 10.9     1.05 17.6 80.0 18.7 
B1580xB557 10.6 5.2     0.95 8.9 58.9 16.8 
B1580xC604-4 9.8 2.3     0.75 10.9 35.2 16.1 
B1580xC728-4 6.0 2.7     0.75 9.0 44.4 16.7 
B1580xMNH147 13.0 4.3     0.55 14.2 34.0 14.9 
B1580xMNH156 18.7 5.3     0.57 10.9 40.6 17.1 
C604-4xB557 16.8 12.9     1.20 11.7 49.0 16.3 
C604-4xB1580 8.3 7.1     0.40 10.5 50.5 16.5
C604-4xC728-4 18.3 3.8     0.50 12.2 56.7 16.9 
C604-4xMNH147 11.2 7.7     0.70 16.0 47.2 15.7 
C604-4xMNH156 13.3 5.4     0.67 11.5 58.5 16.4 
C728-4xB557 28.2 6.7     1.23 14.0 65.7 18.0 
C728-4xB1580 14.3 13.0     1.10 9.5 43.7 16.2 
C728-4xC604-4 25.1 2.1     1.20 14.0 50.7 15.2 
C728-4xMNH147 24.9 10.8     1.70 11.9 53.7 17.0 
C728-4xMNH156 30.8 9.3     1.07 11.5 67.0 16.8 
MNH147xB557 12.2 6.1     1.15 15.4 46.5 16.1 
MNH147xB1580 11.8 6.9     0.20 8.7 48.5 15.8 
MNH147xC604-4 11.8 6.4     0.60 11.2 54.0 16.7 
MNH147xC728-4 11.1 4.9     0.50 13.9 50.2 16.6 
MNH147xMNH156 16.4 8.5     0.40 10.3 58.0 17.2 
MNH156xB557 33.1 15.5     0.90 14.8 81.5 18.4 
MNH156xB1580 14.2 7.2     0.60 10.02 58.0 16.0 
MNH156xC604-4 22.4 11.7     0.40 9.0 75.5 16.5 
MNH156xC728-4 32.6 15.2     0.80 17.4 96.0 18.4 
MNH156xMNH147 17.7 8.7     0.30 11.7 70.0 16.9 
Genotype mean squares 280.5*** 54.3***     0.58*** 32.1*** 1281.2*** 3.4*** 
! LSD 5% 7.4 3.06     0.424 3.26 9.89 1.22 

*** significant at the 0.1% level.
! LSD 5%= Least significant difference at the 5% level.
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with either line and the latter line also did not have
a maternal effect (Tab. III a). However, the mater-
nal effect of B-557 was evident in its crosses with
the salt tolerant line C-728 and the salt sensitive

B-1580. It is interesting to note that the salt tolerant
line C-728 had significant heterosis and maternal
effects in all crosses. The two salt sensitive lines B-
1580 and C-604 showed heterosis when crossed P

la
nt

 G
en

et
ic

s 
an

d 
B

re
ed

in
g

Table III b. Mean data for ginning out-turn, staple length, fibre fineness, fibre maturity and fibre strength of F1 of cot-
ton when grown in soil salinized with 140 mol·m–3 NaCl.

Parents/F1 Ginning out-turn Staple length Fibre fineness Fibre maturity Fibre strength
(%) (mm) (m.n.v) (%) (tppsi)  

B-557 42.7 24.9 3.9 73.4 85.7  
B-1580 49.1 23.9  3.1 68.3 82.6  
C-604-4 49.1 22.6 3.3 67.9 84.0  
C-728-4 45.0 25.2 3.7 74.9 88.8  
MNH 147 54.0 22.6 3.0 70.3 81.4  
MNH 156 48.9 25.3 3.3 73.7 75.0  
B557xB1580 40.9 24.8 3.5 75.2 88.8  
B557xC604-4 41.9 24.3 3.6 68.6 86.8  
B557xC728-4 38.2 25.6 4.0 77.8 90.9  
B557xMNH147 51.8 25.0 3.5 73.3 70.1  
B577xMNH156 45.2 25.1 3.7 75.7 89.2  
B1580xB557 47.4 23.6 3.1 68.7 82.0  
B1580xC604-4 56.1 22.7 3.1 67.4 79.3  
B1580xC728-4 41.1 24.1 3.4 72.3 83.6  
B1580xMNH147 57.2 22.4 2.9 68.9 78.2  
B1580xMNH156 42.7 23.2 3.5 74.8 80.7  
C604-4xB557 46.3 23.9 3.7 74.7 82.8          
C604-4xB1580 51.1 23.5 3.4 71.3 80.4  
C604-4xC728-4 44.1 23.8 3.6 74.5 82.9  
C604-4xMNH147 47.0 23.0 3.1 73.9 80.5  
C604-4xMNH156 46.0 24.0 3.4 74.6 83.5  
C728-4xB557 39.3 26.2 3.8 81.3 86.4  
C728-4xB1580 41.4 25.0 3.4 74.4 82.2  
C728-4xC604-4 44.4 24.4 3.5 75.9 83.2  
C728-4xMNH147 45.4 23.7 3.4 71.5 82.4  
C728-4xMNH156 45.4 25.8 3.6 76.7 86.3  
MNH147xB557 42.8 23.2 3.4 72.5 82.5  
MNH147xB1580 53.0 22.3 3.1 70.0 80.4  
MNH147xC604-4 50.1 23.4 3.2 73.0 80.8  
MNH147xC728-4 45.6 23.9 3.5 73.7 83.2  
MNH147xMNH156 45.7 23.9 3.4 74.0 83.2  
MNH156xB557 44.8 24.8 3.7 76.5 89.5  
MNH156xB1580 45.3 24.3 3.4 73.6 86.0  
MNH156xC604-4 46.4 24.6 3.4 73.9 85.2  
MNH156xC728-4 46.7 25.8 3.8 76.5 89.2  
MNH156xMNH147 50.1 24.7 3.3 74.4 85.7  
Genotype mean squares 79.2***   4.15*** 0.27*** 39.04*** 41.4***  
!LSD 5% 2.49 0.83 0.118 0.71 1.44  

*** significant at the 0.1% level.
! LSD 5%= Least significant difference at the 5% level.
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with the salt tolerant lines C-728 and B-557,
respectively, whereas the other salt sensitive line
MNH-147 did not show heterosis in either cross.

The cross combinations for sympodia per plant
(Tab. III a) show that the two salt tolerant lines,
C-728 and MNH-156 did not have heterosis in
either cross, although the maternal effects of both
lines were significant in their own reciprocal cross-
es. In contrast, the other salt tolerant line B-557
had a significant heterosis when crossed with the
salt tolerant MNH-156 and the salt sensitive
MNH-147, and the maternal effects of this line
were found in its crosses with the two salt sensitive
lines, B-1580 and C-604. The hybrid vigour of the
two salt sensitive lines, B-1580 and C-604 was evi-
dent in their crosses with the salt tolerant C-728
and the salt sensitive B-1580, respectively. In con-
trast, the third salt sensitive line MNH-147 did not
reveal heterosis in either cross.

In plant height  (Tab. III a), the salt tolerant line
B-557 showed heterosis and maternal effects when
it was crossed with the salt tolerant C-728 and the
two salt sensitive lines, C-604 and MNH-147. The
salt tolerant MNH-156 also showed both heterosis
and maternal effects in plant height when crossed
with the salt tolerant C-728 and the salt sensitive
C-604. The other salt tolerant line C-728 did not
show heterosis in either cross, and its maternal
effect could be discerned only in its cross with the
salt tolerant line MNH-156. All three salt sensitive
lines had no heterosis in either cross combination
in plant height. In oil content, neither heterosis nor
maternal effects were detected in all cross combi-
nations (Tab. III a).

Heterosis and maternal effects in some cross
combinations in fibre characteristics are evident
from the data presented in Table III b. In ginning-
out-turn, only one salt tolerant line B-557 showed
heterosis when it was crossed with the salt sensi-
tive line MNH-147, but it showed significant
maternal effects when crossed with all three salt
sensitive lines. In contrast, the other two salt toler-
ant lines, C-728 and MNH-156 did not show het-
erosis in either cross combination, and the maternal
effect of the latter line was significant with the salt
sensitive line MNH-147. Of the salt sensitive lines,

only B-1580 exhibited heterosis when it was
crossed with the other two salt sensitive lines.

In staple length and fibre fineness (Tab. III b),
neither salt tolerant nor salt sensitive lines showed
heterosis or maternal effects except the salt tolerant
line B-557 which had significant heterosis and
maternal effect in staple length when it was
crossed with the salt sensitive MNH-147. 

In fibre maturity (Tab. III b) all three salt toler-
ant lines showed heterosis. For instance, B-557
exhibited heterosis in its crosses with the salt toler-
ant line C-728 and the salt sensitive B-1580, C-728
with the salt tolerant B-557 and the salt sensitive
B-1580 and C-604, and MNH-156 with the salt tol-
erant B-557 and the salt sensitive MNH-147. The
salt sensitive line C-604 showed hybrid vigour in
all crosses with salt tolerant or salt sensitive lines,
but in contrast, the other salt sensitive line B-1580
showed heterosis with the salt tolerant MNH-156.
The salt sensitive MNH-147 revealed heterosis
with the other salt sensitive line C-604.

In fibre strength (Tab. III b), the salt tolerant line
MNH-156 showed heterosis in all cross combina-
tions, whereas B-557 showed it with all salt toler-
ant lines and one salt sensitive B-1580, and C-728
with the salt tolerant MNH-156. B-557 had mater-
nal effects in all cross combinations except with
the salt tolerant MNH-156. The other salt tolerant
line C-728 showed a maternal effect with the salt
tolerant B-557, and MNH-156 with the salt sensi-
tive B-1580. Of the salt sensitive lines, both
MNH-147 and C-604 revealed heterosis when
crossed with the salt tolerant line MNH-156. 

4. Discussion – Conclusion

The primary objective of the present study was
to estimate the components of genetic variation in
cotton and whether these components could be
effective for the improvement of the salt tolerance
trait in cotton. However, it is evident that a trait can
only be improved if different favourable genes can
be recombined in a new genotype [40]. Therefore,
the pattern of inheritance of salt tolerance of cotton
was assessed by measuring seed cotton yield, yield



Genetic effects in cotton under salt stress 925

components, seed oil content, and fibre characteris-
tics, from plants grown in salinized soil.

Both analyses carried out following Griffing
[17] and Hayman [18] showed that both additive
and non-additive gene effects were found to be
responsible in controlling the expression of salt tol-
erance. Thus the genetic system of salt tolerance in
cotton seems slightly complicated as has also been
reported for some other crops, e.g. rice [5, 27],
grain sorghum [12, 31] and chick pea [39].
Nevertheless, the high additive component of vari-
ation for seed cotton yield, bolls per plant, plant
height, staple length, fibre fineness, and fibre matu-
rity suggests that significant improvement in these
characteristics in response to soil salinity is possi-
ble through further selection and breeding. The ear-
lier studies on salt tolerance in different crop
species have also revealed that additive variance
was very useful for improvement of this character.
For instance, salt tolerance in Medicago sativawas
improved as a result of high heritable variation [6,
11, 28]. Similarly, Azhar and McNeilly [12] found
that salt tolerance in sorghum is significantly heri-
table (0.5). The high additive component of genetic
variation for salt tolerance in pulses was also
reported by Waheed [39]. In cotton, Ledbetter [23]
showed narrow sense heritability of 0.38 for salt
tolerance during germination and emergence.

From Tables III a and III b it is evident that the
response of some of F1 progenies to NaCl salinity
was significantly better than the others. These
results are in close conformity with the findings of
Strogonov [36] who found a 7–43 percent increase
in seed cotton yield of the hybrid resulting from a
cross of salt tolerant and salt sensitive selections,
under saline conditions. In addition to Pakistani
lines which had high performance under saline
conditions, C-728, originally from Puerto Rico,
appears well adapted to salt stress. Thus it could be
used as a new source of variability for enhancing
the yield of Pakistani lines under salt stress, and
principally as a female parent because it revealed
strong positive maternal effects when crossed with
salt sensitive lines. The other line C-604, also from
Puerto Rico, although salt sensitive in all yield and
fibre characteristics under saline medium, appears
a good combiner with Pakistani lines. So even if it

is salt sensitive it may also be a good source of
genes. Similarly, the other salt sensitive line B-
1580, originally from USA is a good combiner
with Pakistani lines in most of the fibre and yield
characteristics. 

It can be concluded that the additive genetic
component of salt tolerance is high in the cotton
cultivars/lines used for the present study, which
suggests that significant advancement in this char-
acter is possible through selection and breeding. 
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