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Abstract: The study of genetic nature plays a key role to design a breeding program. Present experiment was
laid out to investigate the mode of gene action for number of bolls per plant, seed cotton yield per plant and
boll weight. A half diallel system of five cotton varieties was made along parents and diallel crosses were
evaluated in randomized complete block design with three replications with recommended agronomic practices.
Highly significant differences were found among genotypes for traits of study. Qalandri was found as the best
general combiner for number of bolls per plant and seed cotton yield per plant, while Acala P  proved to be the3

best general combiner for boll weight. Qalandri×Acala P  was the best specific combiner for number of bolls per3

plant and seed cotton yield per plant, whereas Qalandari×DPL-7340-424 was the best for boll weight. The traits
number of bolls per plant and seed cotton yield per plant were controlled by over dominance type of gene
action while boll weight was controlled by partial dominance. Results confirmed that the three subjected traits
were controlled by dominant genes.
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INTRODUCTION Yield is a trait of very complex genetic nature and

Cotton is grown all over the world from the times
immemorial [1]. At least seven genomes, designated A, B,
C, D, E, F and G have found in the genus Gossypium [2].
The most important cultivated cotton species are
Gossypium hirsutum L. and Gossypium barbadense L.
Both are allotetraploids of New World origin and
presumably of ancient cross between Old World and D
genomes. The upland cotton (Gossypium hirsutum L.)
contributes about 90 percent of the current world
production of cotton fiber [3].

Cotton (Gossypium hirsutum L.) is one of most
important fiber crops of Pakistan and many other
countries of the world. Pakistan ranks fourth largest
cotton growing country in area and production of cotton
in world [4, 5]. Pakistan has 9.36 percent of total world
area, 10.18 percent of production, 8.6 percent of
consumption and 4.55 percent of total world export of raw
cotton [6]. But with increasing world’s population the
increasing yield is still a target to reach.

controlled by many genes and their interaction in a
specific environment. Breeders always aimed to select the
genotypes with potential genes and to merge them in a
specific combination according to suitable combining
ability. The study about genetic nature and inheritance
pattern is very important to achieve the goal.

 The diallel analysis proposed by Jinks [7-9] and
Hayman [10, 11] attempts to partition phenotypic
variation, into genotypic and environmental components
and further sub-divides genotypic variation, into additive
and dominance components. These values can be used to
draw inference about the genetic system. This method
provides unique information about the nature of genetic
system and together it clearly resolves the mechanism of
inheritance.

The present study was designed to obtain the
genetic information for number of bolls per plant (NB),
seed cotton yield (SCY) and boll weight (BW) in 5×5 half
diallel cross. The information derived from this experiment
would be exploited to design a breeding program for
varietal improvement and production of hybrid cotton.
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MATERIALS AND METHODS Analysis of variance was computed according to

Present research work was carried out during the nature of gene action controlling targeted traits between
kharif season of 2004. The trial was conducted in the the intraspecific crosses of upland cotton, Gossypium
experimental field of Botanical Garden of Plant Breeding hirsutum L. were estimated through diallel analysis,
and Genetics, Sindh Agriculture University, Tandojam. proposed by Hayman [10, 11]. All the recorded data were
The experimental material contained ten F  intraspecific subjected to analyze different genetic parameters. 1

crosses developed from five parental varieties of
Gossypium hirsutum L. (Qalandri,  Sarmast,  Acala-P , RESULTS3

DPL-25, DPL-7340-424)in accordance with half diallel
mating system. The seeds of ten F  hybrids and their The averaged data revealed that the parental variety1

parents were sown in the field by dibbling method in a Sarmast produced maximum (31.64) NB and highest SCY
randomized complete block design (RCBD) with four (103.74g), while the lowest NB (15.81) and lowest SCY
replications. Three seeds per hill were sown and plants (51.32g) were  recorded  for  the  parent  DPL-7340-424.
were thinned to one seedling per hill to ensure uniform The highest (3.81g) and lowest (2.905g) BW was
stand of only one plant per hill. The plant to plant and row presented by DPL-25 and Qalandri, respectively. Among
to row distances were 30 cm and 75 cm, respectively were the hybrid combinations, Qalandri×Acala-P showed the
maintained. All the cultural practices were carried out highest performance of NB (42.105) and SCY (140.73g),
according to the recommended standards. whereas, the hybrid Acala-P ×DPL-7340-424 provided the

At maturity, ten guarded plants from each lowest NB (23.45) and lowest SCY (76.45g). The hybrid
experimental plot were selected at random and tagged. Qalandri×DPL-25 gave the highest BW (3.797g), while the
The data was recorded for number of bolls per plant (NB), lowest BW (3.13g) was attained by the hybrid
boll weight (BW) and seed cotton yield per plant (SCY). Qalandri×DPL-7340-424 (Table 1). The analysis of
Fully opened bolls were picked in two pickings from variance revealed that all parental varieties and hybrids
selected plants and total numbers of picked bolls were were significantly different (P>0.01) for all studied traits
counted and recorded as number of productive bolls per (Table 2).
plant. Picking was done at noon after complete
evaporation of dew. The seed cotton was kept separately Combining Ability: The highest array mean (35.3825) of
for each plant and weighed in grams by electronic balance Qalandri, followed by Sarmast (34.23)for NB, while
and recorded as seed cotton yield per plant. Boll weight (115.958 g) and (117.0875 g) for SCY, indicated them as
per plant was calculated by dividing the yield of seed better general combiners for mentioned traits.The lowest
cotton per plant by the number of bolls per plant and data array means of DPL-25 and DPL-7340-424 (26.043 and
was averaged for each plant. 26.628) for  NB  and  (89.316  g)  of  DPL-7340-424  for SCY

Steel et al. [12]. Breeding value of the material and the

3

3

Table 1: Average performance of 10 F  hybrids and their five parents for various characters in cotton.1

Genotypes Number of bolls per plant Boll weight (g) Seed cotton yield per Plant (g)
Qalandri X Sarmast 40.39 3.367 132.76
Qalandri X Acala-P 42.10 3.417 140.733

Qalandri X DPL-25 30.98 3.797 114.58
Qalandri X DPL-7340 -424 32.93 3.130 101.39
Sarmast X Acala-P 36.34 3.562 124.443

Sarmast X DPL-25 27.30 3.702 98.10
Sarmast X DPL-7340-424 35.47 3.445 126.39
Acala-P  X DPL-25 28.91 3.727 104.823

Acala-P  X DPL-7340 -424 23.45 3.372 76.453

DPL-25 X DPL-7340-424 26.03 3.632 91.02
Qalandri 30.50 2.905 90.33
Sarmast 31.64 3.327 103.74
Acala-P 23.12 3.417 79.403

DPL-25 16.99 3.810 63.15
DPL-7340-424 15.81 3.217 51.32
LSD (5 %) 3.351 0.232 10.854
LSD (1 %) 4.815 0.333 15.594
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Table 2: Analysis of variance for studied yield related traits
Mean squares
------------------------------------------------------------------------------------------------------------------------------------

Source of variation D.F No. of bolls per plant Boll weight (g) Seed cotton yield per plant (g)
Replications 3 2.266 0.007 58.03
Genotypes 14 234.3 0.262** 2617.5****

Error 42 7.951 0.038 83.375
** = Significant at P>0.01.

Table 3: Mean value, variance (Vr) and covariance (Wr) for parents and F1 generation of cotton for number of bolls per plant
Varieties Qalandri Sarmast Acala-P DPL-25 DPL-7340-424 Wr+ Vr Vr Wr3

Qalandri 30.505 40.395 42.105 30.980 32.9275 42.778 29.879 12.899
Sarmast 40.395 31.640 36.340 27.305 35.470 38.874 24.665 14.209
Acala-P 42.105 36.340 23.120 28.908 23.248 118.919 69.521 49.3993

DPL-25 30.980 27.305 28.908 16.993 26.030 54.712 29.021 25.691
DPL-7340-424 32.927 35.470 23.2475 26.030 15.815 112.72 61.637 51.0839
Total 176.912 171.15 153.72 130.215 133.49 368.004 214.723 153.281
Mean 35.3825 34.23 30.744 26.043 26.698 73.601 42.945 30.656
 Bold diagonal values represent parental values.
 Upper diagonal values represent direct cross values.
 Lower values represent reciprocal cross values.
 Vr represent variance values. 
 Wr represent covariance values.

Table 4: Average seed cotton yield per plant (g) variance (Vr) and covariance (Wr) for parents and F1 generation of cotton
Varieties Qalandri Sarmast Acala-P DPL-25 DPL-7340-424 Wr+Vr Vr Wr3

Qalandri 90.327  132.758 140.730 114.583 101.3925 581.7466 441.7109  140.036
Sarmast 132.75 103.743 124.445 98.1025 126.390 204.6148 231.1844 -26.57
Acala-P 140.73 124.445 79.40 104.823 76.455 1198.603 781.2010 417.4023

DPL-25 114.58 98.1025 104.823 63.150 91.0175 607.5632 379.4133 228.145
DPL-7340-424 101.392 126.390 76.455 91.0175 51.325 1301.332 782.985  518.347
Total 579.79 585.437 525.853 471.675 446.58 3893.86 2616.496 1277.36
Mean 115.958 117.088 105.171 94.335 89.316 778.772 523.2989 255.478
 Bold diagonal values represent parental values.
 Upper diagonal values represent direct cross values.
 Lower values represent reciprocal cross values.
 Vr represent variance values
 Wr represent covariance values

indicating their poor general combining ability. Among Gene Action: In Figure 1a and 2a, the interception of
the hybrids, the cross Qalandri×Acala-P  was best regression line on the Wr axis below the origin for NB and3

combination showing highest SCA effects (42.105) for NB SCY indicated the over dominance, while it was above the
and (140.370 g) for SCY followed by the cross origin for BW (Figure 3a) suggesting the partial
Qalandri×Sarmast (40.395) and (132.7575 g),while the cross dominance type of gene action. The position of array
Acala-P ×DPL-7340-424 was proved as poor specific points of Sarmast and Qalandri closer to origin on3

combiner for these traits (Table 3, 4). regression line inferred  that  these  varieties  had
Similarly, the highest array mean (3.734g) of DPL-25 maximum dominant genes for NB and SCY, while Acala-P

followed by Acala-P  (3.4995g) and  the  lowest  array and DPL-7340-424 had maximum recessive genes as they3

mean  (3.3235g)  of   Qalandri  demonstrating them as were away from origin. For BW, DPL-25 and Qalandri
better and  poor  general   combiners  for BW, showed the availability of maximum dominant and
respectively. Hence the cross of Qalandri×DPL-25 with maximum recessive genes by minimum and maximum
highest value of BW (3.7975g) may have the better distance from origin, respectively. Negative value of
specific combining ability effects for BW followed by correlation (r) between parental order of dominance
Acala-P ×DPL-25 (3.7275) and Sarmast×DPL-25 (3.7025g) (Wr+Vr) and parental values indicated that dominant3

(Table-5). genes controlled the traits.

3
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Table 5: Average boll weight (g) variance (Vr) and covariance (Wr) for parents and F1 generation of cotton
Varieties Qalandri Sarmast Acala-P DPL-25 DPL-7340-424 Wr+ Vr Vr Wr3

Qalandri 2.905 3.3675 3.4175 3.7975 3.130 0.2208 0.1120 0.1088
Sarmast 3.3675 3.3275 3.5625 3.7025 3.445 0.0649 0.0234 0.0415
Acala-P 3.4175 3.5625 3.4175 3.7275 3.3725 0.0592 0.0214 0.03783

DPL-25 3.7975 3.7025 3.7275 3.810 3.6325 0.0104 0.0053 0.0051
DPL-7340-424 3.130 3.445 3.3725 3.6325 3.2175 0.1001 0.0387 0.0614
Total 16.6175 17.405 17.4975 18.67 16.7975 0.4554 0.2008 0.2546
Mean 3.3235 3.481 3.4995 3.734 3.3595 0.4554 0.0402 0.0509
 Bold diagonal values represent parental values.
 Upper diagonal values represent direct cross values.
 Lower values represent reciprocal cross values.
 Vr represent variance values. 
 Wr represent covariance values.

Fig. 1a: Wr/Vr Graph of Number of Bolls per Plant Fig. 2a: Wr/Vr Graph of Seed Cotton Yield per Plant

Fig. 1b: Wr/Vr Graph of Number of Bolls per Plant Fig. 2b:Wr/Vr Graph of Seed Cotton Yield per Plant
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Fig. 3a: Wr/Vr Graph of Boll Weight Fig. 3a: Wr/Vr Graph of Boll Weight

In Table 6, the non-significant value of t-test results of the analysis of variance that H  is not
confirmed the adequacy of additive-dominance model significantly different from H . However, negative but
with no non-allelic interaction and revealed that the genes non-significant value of F (-16.4891) could not confirm
were independent in making their random combinations. that the recessive genes were frequent. The ratio h /H
The regression analysis also manifested  that  regression (2.0333) indicated that only two sets of genes exhibiting
coefficient (b) differed significantly from zero but non- dominance controlled this character and the dominance
significantly from unity which fulfills the  assumptions  of ratio was r =0.3638. The heritability (n.s) at 5% level of
the Hayman-Jinks model and makes the model adequate. significance was high (0.5794) showing the high

For components of variance in F  for NB, the additive heritability of additive variance. (Table7)1

(D), dominance (H , H ) and h genetic components of For SCY, except F and E, all other components i.e. D,1 2
2

variation were found to be significant while the variances (H , H ) and E were significant. The greater values of
F and E were non-significant (Table7). Additive dominance components (H , H ) than the additive one and
component (D) was smaller than both components of the dominance ratio vH /D (1.8690) displayed over
dominance (H , H ) and the mean degree of dominance dominance type of gene action for this trait. The closer1 2

(vH /D=1.3717) was more than 1 displaying non-additive symmetrical values of H  and H  presented balanced1

type of gene action in increasing position as also distribution of positive and negative genes, as confirmed
confirmed by positive and significant value of by the value of H /4H  (0.2453). The negative but non-
h (195.0686). However v4DH +F/v4DH -F (0.7938) was significant value of F (-172.4794) could not confirm the2

1 1

near to unity employing equality between the number of excess of recessive genes with increasing position due to
dominant and recessive alleles in the parents as confirmed positive and significant value of h  but the marginal
by almost equal values of H , H  indicating symmetrical excess of recessive genes was confirmed by the1 2

distribution of positive and negative genes, as well as by v4DH +F/v4DH -F (0.8005) ratio. The h /H  value (1.9632)
the estimated value, i.e., H /4H  (0.2436), agreeing with the indicated that perhaps two groups of genes governed the2 1

1

2

2
2

2

1 2

1 2

1

1 2

2 1

2

1 1 2
2

Table 6: Regression analysis of various yield traits

Parameters t -Test b/SE bo b12

No. of bolls 0.4719 0.8445±0.1557 5.4237* 0.9981NS  NS

Boll weight 0.3513 0.8761±0.1438 6.0918** 0.8613NS  NS

Seed cotton yield 0.5857 0.8342±0.1528 5.4590* 1.0844NS  NS

NS= non-significant, b0= significance of regression coefficient from 0, b1= significance of regression coefficient from 1, SE= Standard error
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Table 7: Genetic components of variance for F’1

Components Bolls per plant Boll weight Seed Cotton yield per plant

D 52.3108±5.0498** 0.0987±0.009** 416.5377±60.0687*

H 98.4349±13.6376** 0.0411±0.0243 1455.166±162.2227*1
 NS

H 95.9323±12.3694** 0.0385±0.0221 1428.371±147.1377**2
 NS

F -16.4891±13.4303 0.001±0.0240 -172.4794±159.7572 NS  NS  NS

h2 195.0686±8.3513** 0.071±0.0149* 2804.2673±99.3407**

E 1.8929±4.2501 0.0091±0.0036* 20.4215±24.5229 NS  NS

vH1/D 1.3717 0.6455 1.8690

H2/4H1 0.2436 0.2344 0.2453

v4DH +F1

/v4DH -F 0.7938 1.0161 0.80051

h  /H 2.0333 1.9997 1.96322
2

R -0.6032 -0.9377 -0.7281

r 0.3638 0.8793 053012

Heritability

(h ) 0.5794 0.7283 0.44922
(n.s)

S 21.2506 0.0001 3006.87912

Table 8: Frequency of dominant and recessive genes (Fr-values)

Cultivars Bolls per plant Boll weight Cotton yield per plant

Qalandri 45.1562 -0.2584 221.5712

Sarmast 52.9639 0.0533 975.8347

Acala-P -107.1260 0.0647 -1012.14193

DPL-25 21.2887 0.1623 169.9379

DPL-7340-424 -94.7286 -0.0169 -1217.5994

Mean-value (Fri) -16.4891 0.0010 -172.4794

trait of study, which exhibited dominance and the ratio r The heritability in narrow sense at 5% level of significance2

(0.530) showed the measurement of completely dominant was very high indicating the high degree of heritability of
parent. The observed narrow sense heritability was additive genes. (Table7)
medium at 5% level of significance. (Table7) The illustrated (Table 8) Fr-values of each cultivar

The genetic components of variation in F  for BW i.e. revealed the maximum and minimum amount of genes,1

D, h and E were significant, while F and both dominance assigned with negative and positive values which showed2

components (H , H ) were non-significant. The estimated frequency of recessive and dominant alleles respectively.1 2

additive (D) value (0.0987) was greater than dominance Graphic presentation of Wr+Vr/Vprevealed that the
components (H , H ) and the mean degree of dominance dominant genes were apparently responsible for NB and1 2

(vH /D=0.6455) being less than 1 indicated additive type the varieties Sarmast and Qalandri possessed the most2

of gene action with partial dominance. The value of h dominant genes for NB and SCY, while for BW, Qalandri2

(0.0771) showed that the genes were in increasing and DPL-7340-424 had maximum amount of recessive
position. The symmetrical value of H and H  indicating genes whereas Sarmast, Acala-P  and DPL-25 had1 2

random distribution of positive and negative genes was maximum amount of dominant genes.
confirmed by the value of H /4H  (0.2344) as well as by the2 1

value of v4DH +F/v4DH -F (1.0161) which showed that DISCUSSION1 1

dominant and recessive genes were in equal proportion.
However the positive and non-significant value of F For the characters NB and SCY, varieties Qalandri and
(0.001) confirmed that dominant genes were not Sarmast proved to be the best general combiners which
preponderant. The value of h /H  (1.9997) estimated two could be exploited in any breeding program aimed at2

2

sets of genes controlling this character and exhibiting improving yield, as these varieties seemed to be
partial dominance, it was also confirmed by r  (0.8793). preponderant   in    additive    genes   with   respect  to this2

3
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character. The crosses of Qalandri with Sarmast and dominant genes which leads the  selection  of  best
Acala-P  proved to the best specific combiners for NB and specific combiners for hybrid seed production. The3

SCY, which seemed to be significant for dominant genes evaluation of five genotypes revealed the significance of
and could be successfully utilized in hybrid cotton Sarmast, Qalandri and DPL-25 to contribute the yield
development. Iqbal [13], Ansari et al. [14], Baloch [15], components.
Odhano [16], Anisa et al. [17] and Laxman and Ganesh
[18] have also obtained significant GCA and SCA REFERENCES
variances indicating additive and dominant genetic
control of these traits. In accordance with Ahmed et al. 1. Cotton counts. 2004. The Story and Importance of
[19], Khan et al. [20] and Chandio et al. [21], the Wr/Vr Cotton from Field to Fabric-Harvesting and Seed
graph indicated that these characters were controlled by cotton storage. http//www.Cotton Org/ pubs/
over dominance type of gene action, whereas, negative cottoncounts/ story/importance//index.cfm.
value of correlation(r) also confirmed the role of dominant 2. Endrizzi, J.E., E.L. Turcotte and R.J. Kohel, 1984.
genes. These results are in conformation to those Qualitative Genetics, Cytology and  Cytogenetics.
obtained by Desphande and Baig [22], Laxman and pp: 28-129. In Kohel, R.J. and Lewis, C. F., Editors.
Ghanesh [18], Mehetre et al. [23], Zhang et al. [24] and Cotton. American Society of Agronomy, Crop
Anisa et al. [17], who also reported that this character was Science Society of America and Soil Society of
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Wr+Vr/Vp and Fr values indicated that varieties Sarmast, 3. Bhatti, I.M. and A.H. Soomro, 1998. Agricultural
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and DPL-25 for SCY could be successfully utilized in Directorate General Agriculture Research, Sindh
hybrid development programs of cotton breeding. Hyderabad, pp: 208-229.

For BW, the DPL-25 was the best general combiner 4. The ICAC. Recorder. 1998. Breeding for yield
and the crosses of this variety with Qalandri, Sarmast and improvement needs changes. Vol. XVI. No.1. March,
Acala-P  proved to be the best specific combiners for this pp: 1-17.3
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