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ABSTRACT 
 

An experiment was conducted to study the inheritance pattern of earliness in 
cotton at experimental area of Department of Plant Breeding and Genetics, 
University of Agriculture, Faisalabad, Pakistan during 2010-11. For this purpose 
a 5×5 diallel mating system was employed in F2 generation of cotton to study 
the inheritance pattern of earliness and yield related traits. Analysis of variance 
revealed significant variation (P<0.01) for all the traits studied. The regression 
coefficient deviated significantly from zero but not from unity for all the traits. 
The additive component (D) was significant for all the traits but less than the 
values of dominance components H1 and H2 for days to squaring (H125.40, 
H222.01), days to flowering (H132.64, H231.39), days to boll opening (H134.88, 
H226.64), maturity of bolls (H121.35, H220.90), node number for 1

st
 sympodial branch 

(H14.27, H24.04) and seed cotton yield (H1242.32, H2230.27) showing the 
preponderance of non-additive genetic effects. Estimates of narrow senses 
heritability were high for sympodial branches (70%), moderate for days to 
squaring (50%), node number to 1

st
 sympodial branch (45%) and earliness 

index (50%). Predominance of additive genetic effects in sympodial and 
monopodial branches along with seed cotton yield per plant is indicative of 
early generation selection. 
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INTRODUCTION 
 

Cotton (Gossypium hirsutum L.) occupies a pivotal position as fibre crop of 
masses of the world in general and of Pakistan in particular (16). To meet 
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fiber requirements of world’s burgeoning population, significant increase in 
cotton production universally realized (10). Research on cotton crop should 
be focused for developing cotton genotypes possessing better tolerance 
against CLCuV, high fiber quality and having earliness related traits. Plant 
breeders had made great contribution to exploit potential for evolving higher 
yielding cotton varieties.  
 
In Pakistan most of the varieties are either medium duration or late maturing 
and fewer varieties are available possessing earliness and better yield. The 
cultivation of late maturing genotypes results in delay planting of wheat in 
most parts of southern Punjab and Sindh province (21). Early maturing cotton 
varieties can avoid yield losses that occur due to diseases and insect pest 
complex (21, 22). Chu et. al. (4) had suggested that damage due to pink 
bollworm (Pectinophora gossypiella) can be minimized by cultivation of early 
maturing cotton cultivars, and in another study Wilson et al. (25) observed 
less damage by pink bollworm (Pectinophora gossypiella) by cultivation of 
early maturing cultivars. In Pakistan attack of pink bollworm and white fly 
during the month of September and first week of October is maximum in 
southern Punjab resulting severe crop damage. The cultivation of early 
cultivars will result in minimizing use of pesticides and expenses incurring on 
other inputs like irrigation water and fertilizer. Therefore, in order to breed 
early maturing and good fiber quality cotton varieties through selection and 
breeding, it is necessary for cotton breeders to have knowledge about the 
inheritance of plant characteristics related to early maturing, good fiber 
quality and high yielding traits Shakeel et al. (21) observed additive and non-
additive effects for earliness related traits. According to Ray and Richmond 
(18) node of first fruiting branch, number of vegetative branches, percent of 
bolls on vegetative branches were important attributes for earliness studies, 
while Gody (12) emphasized on measuring date of 1

st
 flower and date of 1st 

open boll for assessing early maturing cotton material. In the present study, 
F2 population developed by crossing five varieties in full diallel mating design 
was used for genetic studies of earliness and yield related traits. The 
information gained from the experiment will be helpful in breeding early 
maturing varieties of cotton having high yield potential. 
 

MATERIALS AND METHODS 
 

The experiment was carried out at experimental area of Department of Plant 
Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan during 
2010-2011. The experimental material comprised five parental genotypes 
namely; CP-15/2, NIAB Krishma, CIM-482, MS-39 and S-12. These parental 
lines were already crossed in complete diallel fashion (5 × 5). In June, 2011, 
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seed of 20 F2 families developed in the department (by crossing the five 
varieties (CP-15/2, NIAB Krishma, CIM-482, MS-39 and S-12) along with 
parents was planted in field in RCBD with two replications. Twenty five 
genotypes were planted in each replication. Ten seeds were sown in each 
row with 75 cm row to row distance and 30 cm plant to plant spacing. All 
agronomic practices like fertilizers, irrigation, hoeing and plant protection 
measures were adopted from sowing to harvesting of the crop. At maturity 
data was recorded from five guarded plants in each row on individual plant 
basis for analysis of selected plant traits. 
 
Measurement of studied traits: When first square of a size visible with 
naked eye appeared, number of days from sowing to appearance of square 
were recorded. The number of days taken to 1

st
 flower and boll opening were 

counted from sowing of seed to opening of first flower. Boll opening of all 
guarded plants in each genotype, boll maturation period in each family and 
replication was computed as: 
 

Boll maturation period (days) = Days taken to 1st boll opening- Days taken to 1st flower 

 
Average node number for 1

st
 sympodial branch was determined by counting 

number of nodes above the cotyledonary node (zero node) along the main 
stem, till the one that gave rise to first sympodial branch on plants. The 
monopodial branches were counted when the plant approached to maturity 
whereas sympodial branches were counted from the whole plant. Earliness 
index was calculated as mean yield of first picking divided by total yield and 
multiplied by 100 of each genotype in each replication for the purpose of data 
analysis. The data was averaged for each genotype in each replication for all 
the studied traits. 
 
Statistical analysis: The data were analysed by analysis of variance 
(ANOVA) following Steel et al. (24) to establish the level of significance of 
differences in plant traits. The characteristics which showed significant 
genotypic differences were further analyzed genetically following Hayman 
(13, 14). To test suitability of data for additive-dominance model a scaling 
test i.e. Joint Regression Analysis was carried out. According to Hayman (13) 
the regression co-efficient must deviate significantly from zero but not from 
unity for the data to be adequate for additive-dominance model. The 
information on gene action was obtained by plotting the covariance (Wr) of 
each array against its variance (Vr). The characters, qualifying for both the 
tests, were fully adequate for additive-dominance model and those qualifying 
only one test were considered partially adequate (7, 8, 9, 21). The 
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characters, showing full or partial adequacy, were subjected to diallel 
analysis with the following distinct steps according to Mather and Jinks (17). 

 
Estimation of Genetic components: Among the genetic components of 
variation (D, F, H1, H2, h2); the statistic, D was an estimate of additive effects 
while H1 and H2 were variation due to dominance effects of genes. F provided 
an estimate of relative frequency of dominant to recessive alleles in parental 
lines and will be positive when the dominant alleles are more frequent than 
the recessive alleles. The statistic h2 provided direction of dominance i.e. 
positive sign shows dominance of genes with increasing effect at most of loci 
and negative sign shows dominance of genes with decreasing effect. These 
components were used to compute further information as (H1/D) 0.5, mean 
degree of dominance; H2/4H1, proportion of genes with positive and negative 
effects in parents and equation in brackets [(4DH1) 0.5+ F]/[(4DH1)0.5-F] 
provides the proportion of dominant and recessive genes in parents. Narrow 
sense heritability (h2n.s.) and broad sense heritability (h2b.s.) were also 
based on these parameters that reflected the amount of additive and total 
genetic variation in parents. Heritabilities were rated as low, medium and high 
(23). 
 

RESULTS AND DISCUSSION 
 

Analysis of variance of earliness and yield related traits revealed highly 

significant results (Table 1). Additive-dominance model for various plant traits 

and validity of some of the assumptions underlying the genetic model, were 

tested by joint regression analysis (Table 2). The regression coefficient ‘b’ for 

all the traits departed significantly from zero but not from unity. This property 

of regression line indicated the presence of intra-allelic interaction, 

independent distribution of genes among parents for the trait, and genes 

were independent in their action (21). The unit slope of regression lines for all 

the plant traits studied suggested that all the assumptions underlying the 

additive-dominance model were met (17). 
 

Table 1. Mean squares obtained from simple analysis of variance of F2
 
hybrids and their parents 

for different earliness and yield related traits in Gossypium hirsutum L. 
 

Source of 
Variation  

DS  DF  DBO   BM  NNFS NMB NSB EI(%)  SCY(g) 

Replications  0.1568NS 0.00582NS 1.059968* 0.0578NS 0.0578NS 0.05445NS 0.0098NS 0.10672NS 0.0109 

Genotypes  3.658133** 4.864722** 3.89939* 4.25305** 1.151667* 0.176492** 1.527883** 15.61899** 35.2542 

Error  0.778467 0.522153 0.248318 0.528217 0.5803 0.030608 0.426883 0.243772 0.1934 

*, **Significant at 0.05 and 0.01 levels, respectively. NS = Non-significant, Abbreviations used: - DS=Days to squaring, DF= 
Days to flowering, DBO= Days to boll opening, BM= Bolls maturity, NNFS= Nodes number for first sympodial branch, NMB= 
Number of monopodial branches, NSB= Number of sympodial branches, EI= Earliness index (EI), SCY = Seed cotton yield 
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Table 2. Adequacy tests of additive-dominance model for 5×5 diallel in cotton. 

 
Characters Y-intercept 

(a) 
Joint regression  

(b) 
Test for 

b=0 
Test for 

b=1 
Remarks 

Days to squaring -0.59613 0.89±0.14 6.540149** 0.801565
NS

 Fit for additive-

dominance model 

Days to flowering -0.84256 0.72±0.12 6.011272** 2.302067
NS

  Fit for additive-

dominance model 

Days to boll opening -1.46079 0.96±0.26 3.668514* 0.133101
NS

 Fit for additive-

dominance model 

Maturity of bolls -0.71956 0.91±0.20 4.522981* 0.42553
NS

 Fit for additive-

dominance model 

Nodes No. for 1
st
 

sympodial branch 

0.006255 0.69±0.16 4.323408* 1.977122
NS

 Fit for additive-

dominance model 

Number of 

monopodial branches 

0.013353 0.54±0.16 3.355416* 2.81652NS Fit for additive-

dominance model 

Number of sympodial 

branches 

0.079426 0.87±0.24 3.568294* 0.552437NS Fit for additive-

dominance model 

Earliness index (%) 0.721246 0.95±0.09 10.55357** 0.556301
NS

 Fit for additive-

dominance model 

Seed cotton yield (g) -8.92016 0.83±0.23 3.5266* 0.745642
NS

 Fit for additive-

dominance model 

 
Estimation of components of variation and graphical presentation 
 
The genetic components of variation showed that value of D was positive and 
significant for all the traits indicating presence of additive effects in controlling 
inheritance pattern of all the studied traits (Table 3). But the presence of non-
additive effects in all these traits was due to higher values of H1 and H2 as 
compared to D. The values of H1 and H2 components were significant for all the 
traits indicating contribution of non-additive genetic effects in these traits. In 
previous studies Godoy and Palomo (11) reported that days to 1

st 
flower, 

days to 1
st
 boll opening, and node for 1

st
 fruiting branches were additively 

controlled and in contrast a study by Shakeel et al. (21) showed that days to 
squaring, days to flowering, and days to boll opening were controlled by non-
additive gene effects.  The F value was an estimate of relative frequency of 
dominant to recessive alleles in parental lines. The positive F values in traits 
like days to squaring, days to flowering, days to 1

st
 boll opening, node number for 

1st sympodial branch, and number of sympodial branches showed the importance 
of dominant genes for these traits. This was robustly supported by the values 
given in brackets [(4DH1)

0.5+F]/ [(4DH1)
0.5-F] which were more than unity for 

the traits showing positive value for F thus pointing towards high proportion of 
dominant to recessive genes in parents. The value of h^

2
 denoting the 

dominance effect due to heterozygous loci was positive for all the traits. 
The value of h^2 indicated the direction of dominance, mean that positive 
sign showed dominance of genes with increasing effect at most of loci and 
negative  sign  illustrated  dominance  of  genes  with  decreasing  effect  (3).   
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Table 3. Components of variation for different traits in Gossypium hirsutum L. in F2 
generation. 

 

Component 
of variation 

DS DF DBO BM NNFS 

E 0.10 ± 0.17 0.06 ± 0.21 0.04 ± 0.23 0.06 ± 0.11 0.07 ± 0.05 
D 3.51* ± 0.41 2.44* ± 0.51 2.71* ± 0.56 2.01* ± 0.27 0.77

*
 ± 0.11 

F 6.55* ± 1.02 3.36* ± 1.28 7.14* ± 1.39 0.06 ± 0.67 0.81* ± 0.28 
H

1
 25.46* ± 4.40 32.64* ± 5.56 34.88* ± 6.02 21.35* ± 2.89 4.27

*
 ± 1.23 

H2 22.01* ± 3.99 31.39* ± 5.04 26.64* ± 5.46 20.90* ± 2.62 4.04* ± 1.11 
H

2
 11.98* ± 2.70 22.35* ± 3.40 5.61 ± 3.69 12.56* ± 1.77 3.13

*
 ± 0.75 

¼ (H1/D)
1/2

 1.35 1.83 1.8 1.63 1.17 
H2/4H2 0.22 0.24 0.19 0.24 0.24 
Kd/Kr 5.5 2.2 6.53 1.02 2.6 
H

2
(NS) 0.50 0.27 0.34 0.26 0.45 

  NMB NSB EI (%) SCY(g) 
  0.004 ± 0.008 0.05 ± 0.05 0.03 ± 0.19 0.02 ± 1.27 
  0.12* ± 0.02 1.20* ± 0.11 11.33* ± 0.47 12.66* ± 3.12 
  0.04 ± 0.05 1.39

*
 ± 0.29 −3.71 ± 1.17 5.52 ± 7.79 

  0.74
*
 ± 0.22 3.78

*
 ± 1.24 37.98* ± 5.06 242.32* 33.70 

  0.67* ± 0.20 3.19* ± 1.13 32.24* ± 4.59 230.27* ± 30.57 
  0.07 ± 0.13 1.17 ± 0.76 16.55* ± 3.10 142.13* ± 20.64 
  0.96 0.89 0.92 2.19 
  0.22 0.21 0.21 0.23 
  1.36 4.76 0.7 1.22 
  0.39 0.72 0.50 0.18 

Abbreviations used: - DS=Days to squaring, DF= Days to flowering, DBO= Days to boll opening, BM= Bolls maturity, 
NNFS= Nodes number for first sympodial branch, NMB= Number of monopodial branches, NSB= Number of sympodial 
branches, EI= Earliness index (EI) 
 

Similarly,  value  of H2/4H1 ratio <0.25 and the information, H1-H2 ≠ 0, showed 
unequal gene frequencies in parents which indicated unequal distribution of 
genes for all the traits among parents. Heritability is a technique used by the plant 
breeders for efficiently separating the extent of genetic variability from total 
phenotypic variation. Selection efficiency for a plant trait depends on magnitude 
of heritability and genetic variation (5). The estimates of narrow sense heritability 
(h

2
(ns)) were higher for earliness index, moderate for days to squaring, node 

number for sympodial branch and number of sympodial branches hence, 
indicating better chance for improvement following selection procedure for 
developing early varieties. Normally the traits having high h2(ns)

 were accustomed 

by additive gene effects. Ali et al. (2) also showed high heritability due to the 
preponderance of additive effects and low heritability due to the presence of 
dominance effects for yield and its related traits in cotton (Gossypium hirsutum) 
and mungbean (Vigna radiata), respectively. The seed cotton yield is complex 
trait as it is the product of interplay between genetic and non-genetic 
components. In the present studies seed cotton yield was found to be 
controlled by both additive and non-additive gene effects, however non-
additive effects were predominant in genetic control of seed cotton yield. Due 
to presence of non-additive effects, the estimates of narrow sense heritability 
were low for seed cotton yield. Similar genetic information for seed cotton 
yield and its components have already been reported by Farooq et al. and 
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Shakeel et al. (9, 21) while the reports of Ahmad et al. and Hussain et al. (1, 
15) revealed that seed cotton yield and its contributing characters were 
affected by the genes showing additive effects. Saranga et al. (20) found that 
higher estimates of heritability in F2 may be due to greater recombination of 
genes or low environmental component. However, Falconer (6) suggested 
that the heritability estimates are subjected to environmental variation and 
therefore these must be used with great care while making selection in 
segregating material. 
 

 
 

 

 
 

The graphical presentation of earliness and yield related parameters agreed with 
the genetic components of variation (Fig. 1-9).  The regression line for traits like 
number of monopodial branches, number of sympodial branches and earliness 
index (%) passed above the origin showing the presence of additive gene action 
with partial dominance. While in traits like days to squaring, days to flowering, 
days to boll opening, maturity of bolls, node number for 1

st
 sympodial branch and  
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seed cotton yield it remained below the origin suggesting over dominance for 
these traits. Partial dominance for earliness index, days taken to 1

st
 boll opening 

and seed cotton yield was reported by Shakeel et al. (21) and same researchers 
found over dominance  for days taken to 1

st
 flower. This suggested that pedigree 

selection procedures could be utilized for genetic improvement in number of 
monopodial branches, number of sympodial branches and earliness index (%) 
but for all other traits later generation selection or hybrid vigour can be 
exploited. 

 
CONCLUSION 

 
The additive genetic effects were significant for all the traits but contribution 
of non-additive effects were predominant for majority of earliness related 
traits so later generation selection may be followed for these traits. However, 
for sympodial and monopodial branches along with earliness index 
percentage exhibited additive effects along with reasonable heritability 
suggesting pedigree method of selection for these traits. 
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