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ABSTRACT 

 

In a study conducted in the Department of Plant Breeding and Genetics, 
University of Agriculture, Faisalabad, Pakistan during 2005-07 a complete 
diallel cross comprising five cotton cultivars (MNH-147, LRS-5166, S-12, FH-682 
and DPL-2775) was made to investigate the inheritance mode of various 
quantitative traits. The results revealed varietal differences (P < 0.01) for all 
parameters. Adequacy tests showed that data for boll weight, seed cotton yield, 
lint percentage, fibre fineness and fibre strength were fit for additive 
dominance model while those of monopodia per plant, sympodia per plant, 
number of bolls and staple length were unfit for further analysis. Additive 
component of variation (D) was significant (P < 0.01) and prominent over H1 
and H2 components for boll weight, seed cotton yield, lint percentage and fibre 
fineness, while dominant genes (H1 and H2) were main controlling factors for 
fibre strength and it was confidently sustained by the value of H1/D

0.5
. Values of 

h
2
 and H2/4H1 demonstrated asymmetrical and unequal distribution fo dominant 

genes in parents for all characters. Boll weight, seed cotton yield, lint 
percentage and fibre fineness exhibited high narrow sense heritability (h

2
n.s) 

due to the existence of additive gene action. However, fibre strength acquired 
low heritability due to dominance effects. The genetic analysis recommended 
that boll weight, seed cotton yield, lint percentage and fibre fineness could be 
upgraded through any selection procedure, while exploitation of heterosis 
breeding would be progressive for fibre strength. 
 
KEYWORDS: Gossypium hirsutum; heritability; agronomic characters; 

Pakistan. 

 
INTRODUCTION 

 
The most important factor in the process of crop production has always been 
a good variety in any crop. Continuous improvement in genetic architecture of 
crop plants for increasing production per unit area is the prime principle of 
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breeding philosophy (4, 15). Therefore cotton breeders have managed to 
evolve high yielding varieties with better fibre quality through different genetic 
manipulations and breeding practices. To evolve high yielding varieties with 
acceptable fibre quality, the genetic information about different polygenic 
traits may assist the breeders in upgrading the genetic makeup of the plant in 
a particular direction (1, 3, 11). For this purpose use of already existing 
genetic variability in breeding material and creation of new variability 
alongwith its genetic understanding, is of crucial importance in a breeding 
programme (15). 
 
Diallel mating system is one of the most widely used techniques, which has 
been utilized to create and determine type of genetic variation controlling the 
quantitative characters in upland cotton. Diallel analysis also helps select (7, 
10) suitable parents for use in hybridization programme as well as in choice 
of appropriate breeding procedure for genetic improvement of various 
agronomic traits in crop species (16). 
 
Previously, many breeders took interest to identify the inheritance pattern of 

quantitative traits in cotton. Some scientists (1, 4, 6, 7, 12, 16, 19) observed 

additive type of gene action for most of the traits under study. However, 

some others reported the presence of dominance effects for number of 

monopodia and sympodia (2), boll weight (14) lint percentage (7) and seed 

cotton yield (8, 14). Iqbal et al. (10) and Haq and Azhar (8) reported additive 

type of gene action for fibre length and fibre strength. Ajmal et al. (3), Khan 

et al. (11) and Ahmad et al. (1) investigated non-additive type of gene action 

for staple length while additive effects for fibre strength. 

 
The present study was conducted to unravel the genetic understanding about 
some quantitative characters in upland cotton according to Mather and Jinks 
(13). 
 

MATERIALS AND METHODS 
 
This study was conducted in the Department of Plant Breeding and Genetics, 
University of Agriculture, Faisalabad, Pakistan during the years 2005-07. The 
experiment material was developed by crossing five parental genotypes 
(MNH-147, LRS-5166, S-12, FH-682 and DPL-2775) in all possible 
combinations. The seeds of these parents were sown in earthen pots (10 
pots with three plants per pot) placed in greenhouse during November 2005. 
During germination and growth, optimum conditions (light and temperature) 
were possibly provided and required agronomic practices were followed. At 
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the time of flowering the parental lines were crossed in a complete diallel 
fashion to generate 20 F1 crosses (direct and indirect) and 5 selfs. All 
necessary precautionary measures were adopted to avoid contamination of 
genetic material at the time of crossing and selfing. Temperature in the 
glasshouse was maintained at 30°C during day and 25°C during night by 
using steam as well as electric heaters. The plants were exposed to natural 
sunlight and supplemented with artificial lighting, a photoperiod of 16 hours 
(16). Seedlings were thinned to one plant per pot after two weeks of planting 
and after every 14 days 0.25 g of urea (46% N) was added to each pot and 
plants were watered daily (5). 
 
At maturity, crossed and selfed bolls were picked and seed cotton of each 

cross was ginned separately using single roller electric ginner. F0 seed from 

all crosses alongwith their selfed parents was sown in the field in RCBD with 

three replications during June, 2006. In a replication, each of 25 entries was 

planted in a single row having 15 plants with plant to plant and row to row 

distances of 30 cm and 75 cm, respectively. All recommended agronomic 

practices and crop protection measures were applied from sowing till 

harvesting of crop. At maturity, data were recorded for plant height, number 

of monopodia, number of sympodia, number of bolls per plant, lint 

percentage, seed cotton yield, staple length, fibre strength and fibre fineness 

from 10 plants of each entry, both in field as well as laboratory on individual 

plant basis. For fibre analysis, total seed cotton of all plants in each entry was 

ginned with a single roller electrical gin in the laboratory on individual plant 

basis. Lint was conditioned by placing at 65 percent humidity and 18-20°C 

temperature in an airconditioned room using humidifier before fibre testing. 

High volume instrument (HVI-900-SA; Zelwiger, Uster, UK) was used for fibre 

analysis (5). 

 
The data collected were subjected to standard techniques of analysis of 

variance (18) to establish level of genotypic differences for plant traits under 

study. The characters showing significant genotypic differences were further 

analyzed genetically following additive-dominance model of genetic analysis 

developed by Mather and Jinks (13) and followed by Singh and Chaudhary 

(17). 

 
RESULTS AND DISCUSSION 

 
Primary analysis of variance pointed out significant divergence among the 
genotypes for all characters (Table 1). The mean squares for the traits 
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described high significance of ‘F’ test for all characters and provided the data 
fit for further genetic manipulation. 
 
            Table 1.  Estimates of mean squares for quantitative characters in cotton. 

 
Parameters Mean squares 

 Genotypic Error 

Monopodia/plant 2.71** 0.070 
Sympodia/plant 32.91** 1.022 
Number of bolls/plant 42.88** 1.263 
Boll weight 0.516** 0.008 
Seed cotton yield 126.61** 9.710 
Lint percentage 53.48** 3.217 
Fibre fineness 0.295** 0.021 
Fibre strength 5.748* 1.828 
Staple length 10.17** 2.872 

 
The validity of some of assumptions was assessed by using joint regression 
analysis and analysis of variance of (Wr + Vr) and (Wr – Vr). The regression 
analysis (Table 2) revealed that regression coefficients for boll weight, seed 
cotton yield, lint percentage, fibre fineness and fibre strength departed 
significantly from zero and not from unit which was suggestive of the absence 
of non-allelic interaction and an independence of genes distribution among 
the parents. Earlier researchers (4, 7, 10, 15, 16) found similar results. The 
regression coefficients regarding monopodia per plant, sympodia per plant, 
number of bolls and staple length did not deviate significantly both from unit 
as well as zero, which was an indication of non-additive variation included 
epistasis or multiple allelism. Hence, the data for these traits did not fulfill the 
diallel assumptions and were inadequate for additive-dominance model. This 
proposed that additive-dominance model offered reasonable foundation for 
interpreting the results (14). The unit slope of regression lines suggested that 
all diallel assumptions have been met (13). 
 

Table 2. Test of regression coefficient for various polygenic traits in cotton. 
 

Parameters Regression 
coefficient 

(b) 

Standard 
error for b 

T value for 
 b-0 

T value for 
1-b 

T
2
 value 

Monopodia/plant 0.96 0.41 2.321 0.082 0.295 
Sympodia/plant 1.21 0.46 2.613 -0.453 1.432 
Number of bolls/plant 1.00 0.55 1.813 -0.016 0.772 
Boll weight 0.99 0.09 10.25* 0.149 0.001 
Seed cotton yield 0.94 0.10 8.834* 0.550 0.145 
Lint percentage 0.92 0.27 3.354* 0.282 0.17 
Fibre fineness 0.85 0.25 3.80** 0.182 0.403 
Fibre strength 0.92 0.21 4.21** 0.346 0.0001 
Staple length 0.87 0.69 1.252 0.183 0.76 
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The appropriateness of data was also experienced with the analysis of 
variance of (Wr + Vr) and (Wr - Vr) (Table 3). Evidence of dominance effects 
was absent as the mean square between arrays for Wr + Vr was non-
significant for most of the characters except boll weight, lint percentage and 
fibre fineness, while mean square between arrays for Wr – Vr was also non-
significant for all parameters except lint percentage. Both the regression and 
analysis of variance of (Wr + Vr) and (Wr – Vr) revealed that data of boll 
weight and fibre finess were fully adequate for genetic manipulation while 
seed cotton yield, lint percentage and fibre strength. The similar types of 
findings were also reported earlier (4, 7, 15) where full fitness of data have 
been advocated for additive dominance model for these characters. Lint 
percentage revealed significant differences at P < 0.01 level for the Wr + Vr 
which advocated the presence of dominance. However, mean squares of Wr 
– Vr were also highly significant which indicated the presence of non-allelic 
interactions that rendered the data of this trait partially fit for the additive 
dominance model as regression coefficient (b = 0.92 + 0.27) for the trait 
significantly deviated from zero and non-significantly from unit (13). Similarly, 
data for seed cotton yield and staple length exhibited non-significant mean 
square values of both Wr + Vr and Wr - Vr which suggested that linkage or 
epistasis may involved in the phenotypic expression of these traits. But again 
the fitness of regression coefficients for these characters recommended them 
for additive dominance model (13, 17). 
 
With regard to genetic components anticipated by diallel analysis (Table 4), 

the additive component (D) was highly significant at P < 0.01 for boll weight, 

seed cotton yield, lint percentage and fibre fineness. However, it was 

significant (P <0.05) for fibre strength. Performance of additive component 

(D) over H1 and H2 components for boll weight, seed cotton yield, lint 

percentage and fibre fineness suggested the presence of additive effects of 

genes with incomplete dominance. This advocated that selection can be 

helpful for the improvement of these traits. Some earlier findings (1, 4, 8, 10, 

12, 15, 16, 17) also reported additive genetic effects for most of these 

parameters. Nadeem and Azhar (16) and Basal and Turgut (7) reported 

dominance effect of genes for lint percentage. 

 
Dominance components (H1 and H2) were significant for all characters except 
seed cotton yield, which showed dominance effects of genes for quantitative 
parameters (Table 4). However, higher and significant values of H1 and H2 
over D component revealed that genetics of fibre strength were controlled 
mainly by dominant genes (7). This exposed that genetics of these 
characters  were  primarily  handled by dominance effects. Preponderance of  



M. A. Ali  et al.  

J. Agric. Res., 2010, 48(1) 

30 

 



Inheritance pattern of some multigenic characters in cotton 

J. Agric. Res., 2010, 48(1) 

31 

dominance effects for fibre strength suggested that exploitation of hybrid 
vigour might be advantageous for betterment of characters (7, 5). 
Conversely, Ahmad et al. (1), Iqbal et al. (10) and Haq and Azhar (8) 
reported additive type of gene action for fibre strength and recommended 
selection breeding for progress of this parameter. 
 
F component which was positive for boll weight, seed cotton yield, lint 
percentage, fibre fineness and fibre strength denoted the excess of dominant 
alleles in the parents. The significance for component h

2
 for fibre strength 

advocated that dominance was uni-directional. Considerably blocking effects 
(E) were involved in the variation for seed cotton yield and fibre strength. The 
ratio (H1/D)

0.5
 a determinant of overall degree of dominance, was less than 

unit indicating additive effects with partial dominance in genetic manipulation 
of boll weight, seed cotton yield, lint percentage and fibre fineness. 
Contrarily, degree of dominance for fibre strength was above unit which 
supported the presence of over-dominance in inheritance of this parameter. 
The ratio H2/4H1, an estimator of frequency of negative versus positive alleles 
at loci presenting dominance, was less than 0.25 for all characters except 
seed cotton yield. It indicated that additive components did not contain all 
dominance effects in all traits while the heritage of seed cotton yield was 
mostly controlled by additive genes. 
 
Approximation for dominant ratio to recessive genes in the parents [(4DH1)

0.5
 

+ F/(4DH1)
0.5

 -F] for all traits was more than unity except seed cotton yield, 
which indicated the presence of an excess of dominant genes for each trait in 
the parents. For seed cotton yield more recessive genes were present in 
parental material. 
 
All characters showed high narrow sense heritability except fibre strength. 

The traits determined by additive gene action such as boll weight, seed 

cotton yield, lint percentage and fibre fineness displayed higher estimates of 

narrow sense heritability (4, 10, 15). On the other hand, fibre strength 

possessed a lower narrow sense heritability estimate as a result of presence 

of dominant genetic effects (5, 7). Elevated estimation of narrow sense 

heritability characterizes fixed and heritable variation, which is an indicative of 

rapid selection response for these characters. In addition to many other 

factors, epistasis can also decrease or increase the degree of dominance 

which would affect heritability estimates (9). 

 
The study concludes that predominance of additive genes together with high 
estimates of narrow heritability for boll weight, seed cotton yield, lint 
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percentage and fibre fineness recommended any selection procedure i.e. 
pedigree, half sib, full sib and recurrent selection for progress of these 
parameters. However, presence of dominant genes in preponderance for 
fibre strength alongwith lower estimates of narrow sense heritability 
advocated that this trait could be improved through heterosis breeding. 
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