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A 6 × 6 complete diallel analysis was performed to study the inheritance of seedling traits in cotton. 
Significant differences among genotypes showed the genetic variation and formal analysis predicted 
the presence of both additive and non-additive genetic variation for inheritance of seedling traits. 
Further, the estimates of genetic components D, H1 and H2 confirmed the presence of both additive and 
non-additive genetic effects for all the characteristics. Dominant genes were responsible for the 
increase of seedling shoot length, root length, shoot weight and root weight. However, recessive genes 
were accountable for the increase of shoot root ratio by length and by weight. Seedling shoot length, 
root length and root weight can be improved through heterosis breeding. The magnitude of broad 
sense heritability was greater than narrow sense for all the six traits under study hence diminished the 
scope of selection in the early segregating generation therefore pedigree breeding method is suggested 
for the improvement of these traits.  
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INTRODUCTION 
 
Seedling parameters play important role in obtaining 
desirable crop stand. In cotton, healthy seedlings provide 
escape from early infection of insect pests and diseases 
at early stages of plant development. Robust seedling 
rooting systems in cotton have shown to be highly 
heritable, and progeny of crossing two robust seedling-
rooting genotypes showed increased robustness, sug-
gesting the opportunity for selection. Hence the endea-
vors of increasing cotton production have been made 
through developing improved seedling traits. Seedling 
traits also influence seed rate use for raising commercial 
crop. Lower seed rate play a vital role in economical 
cultivation of crop after the increasing use of seed 
treatment (for sucking insects), hybrid and transgenic 
seed. Knowledge of nature  of  gene  action  for  seedling 

 
 
 
*Corresponding author. E-mail: waqasmalik@bzu.edu.pk. Tel: 
0092619210073-75, Ext. 4032. Fax: 0092619210068. 

related traits would aid in the choice of effective and 
efficient breeding method and this accelerate the pace of 
improvement in these traits. For the proper accom-
plishment of this task, genetic analysis is a prerequisite 
for innovation in breeding. These analyses not only 
provide the information about genetic architecture of the 
character that help in formulating an appropriate selection 
programme but also predict progress through selection. 
The selection of cotton genotypes for plant parameters at 
the seedling stage would help in predicting their perfor-
mance at the maturity stage. The process of selection in 
breeding material is facilitated with basic information 
about the genetic components of variation. The diallel 
analysis technique developed by Hayman (1954) and 
Jinks (1954) provides information about heritability and 
genetic components of variation for various plant traits 
and thus facilities the selection process. Very little work 
on inherent pattern of seedling traits of cotton has already 
been done. El-Zik et al. (1990), Singh (1992) and 
Kassianenko   (2003)  studied  inheritance  in  cotton  and  
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Table 1. Mean squares for analysis of variance of different seedling traits in Gossypium hirsutum L. 
 

S.O.V. D.f 
Root 
length 

Shoot 
length 

S/R ratio 
length 

Root 
weight 

Shoot 
weight 

S/R ratio 
weight 

Repeats 2 0.005
NS

 0.025
NS

 0.002
NS

 3.231
NS

 25.148
NS

 0.046
NS

 

Genotypes 35 5.425** 0.853** 0.167** 1388.435** 8993.25** 0.806** 

Error 70 0.075 0.038 0.004 33.174 29.729 0.034 
 

*Significant (p ≤ 0.05); **, highly significant (p≤ 0.01); NS, non-significant; SOV, source of variability; D.f, degree of freedom. 
 
 

found variable results. However Crosbie et al. (1980), 
Hoard and Crosbie (1985) and Andrew (1982) studied 
seedling trait in maize. Mc Kenzie et al. (1980) and 
Akram et al. (2007) studied genetic components of seed-
ling traits in rice. Li et al. (1983) worked on sorghum for 
seedling traits. Present study was conducted to know the 
gene action of seeding traits in cotton, which will be use 
for the selection of genetically superior cotton genotypes 
because vigorous seedling can serve as precursor of 
healthy plants.   
 
 
MATERIALS AND METHODS 

 
Plant materials 
 
Plant materials comprised of three elite genotypes, MNH-700, VH-
142, SLH-279 and three commercial cultivars that is, FH-1000, 
BH160, MNH-552. The genotypeVH-142 are short stature with 
smaller seedling root weight and length, FH-1000 and BH-160 are 
medium stature and medium seedling root weight and length. MNH-
552 and SLH-279 are tall growing and have longer roots. 
 
 
Crossing plan 
 

During the 1
st
 year, these genotypes were crossed in a 6 × 6 com-

plete diallel fashion including 15 direct, 15 reciprocals and selfing of 
six parents at Cotton Research Station, Multan. At the 2

nd
 year, 

these reciprocal and direct crosses (F1) and selfed parents were 
planted in polythene bags 6" × 4" filled with pure sand, prewashed 
with water having pH value 7.0. Completely randomized design 
(CRD) with three replications followed for this experimentation. 
 
 
Data recording 

 
Sowing was done in June and seedling data was recorded after 
twelve days. During growth period, seedling plants were irrigated 
when needed and temperature was maintained at 25°C. The data 
of seedling plants were collected for shoot length (cm), root length 
(cm), shoot/ root ratio by length, root weight (mg), shoot weight 
(mg) and shoot/ root ratio by weight.  

 
 
Data analysis and fulfillment of diallel assumptions 
 
Before diallel analysis, the data were subjected to analysis of varia-
nce following Steel et al. (1997) using MSTATC software in order to 
determine the genotypic differences for all the recorded plant 
performance traits. Only those parameters were evaluated to fit the 
simple additive-dominance model for genetic analysis that showed 
significant genotypic differences (P ≤ 0.05). Moreover, the genotype 

sums of squares were partitioned into male, female and male × 
female interaction as described by Mather and Jinks (1977). The 
diallel crossing depends upon the following assumptions (Hayman, 
1954):  Homozygous parents, diploid segregation, no reciprocal 
effect, independent action of non-allelic genes, absence of multiple 
alleles and independent distribution of genes among the parents. 
The parental material was taken from the gene pool maintained in 
the Cotton Research Station Multan through induced selfing for 
many years. Therefore, the parents involved in crossing were 
assumed to be homozygous. Gossypium hirsutum L. is a naturally 
amphidiploid evolved by the combination of A and D genomes. 
Kimber (1961) and Endrizzi (1962) reported that the chromosomes 
segregation occur in diploid fashion. Reciprocal differences were 
removed by taking the means of direct and reciprocal crosses for all 
the traits.  

The other assumptions of the model that is, no epistasis, 
absence of multiple alleles in governing the expression of different 
traits and independent distribution of genes were tested by con-
ducting the formal analysis of variance of diallel tables. The 
adequacy of simple additive-dominance model was assessed using 
two scaling tests. The first test consisted of joint regression analysis 
of variance (Vr) and co-variance (W r). The assumptions of the 
genetic model were considered adequate if the regression co-
efficient (b) deviated significantly from zero, but not from unity 
(Mather and Jinks, 1982). The second test for the adequacy of the 
model comprised of analysis of variance of (Wr + Vr) and (Wr - Vr). In 
the presence of dominance, W r + Vr must changes from array to 
array at the same time if there is epistasis W r - Vr will vary between 
arrays, although if only dominance is present W r - Vr will not vary 
more than expected from error variation (Mather and Jinks, 1977). 
However the analysis was continued for those traits having partial 
adequacy of additive dominance model, but according to Hayman 
(1954) the estimates were less reliable, when all the assumptions 
have been fulfilled. In direct components, h

2
 reveal the contribution 

of dominance due to heterogeneity of loci and Fr, H1r indicated 
relative frequencies of dominance and recessive alleles in breeding 
material. These direct (D, H1, H2, h

2
, F and E) and derived genetic 

components (H1/D)
1/2 

, H2/4H1, H1 – H2, 1/2F/[D(H1-H2)]
1/2

, h
2
/H2, r = 

correlation between Wr + Vr and parental value, h
2
 NS = (heritability 

narrow sense), h
2
 BS = (heritability broad sense) were calculated 

according to Hayman (1954) and used by Singh and Chaudhry 
(1985). Heritabilities in narrow and broad sense were computed 
following Mather and Jinks (1977).  
 

 
RESULTS 
 

Analysis of variance and test of gene action  
 

The data revealed that genotypes under observation 
were significantly different from each other at p ≤ 0.01 
probability level for all the traits under study (Table 1). 
This indicated that there was ample scope for continuing 
the analysis for determination of genetic parameter.  



Malik et al.        1101 
 
 
 

Table 2. Mean squares of formal analysis of variance\test of gene action of different  seedling traits in Gossypium hirsutum L.  
 

Components D.F 
Mean square Retested C 

 

Mean square 

Root length Shoot length Shoot/root by length Root weight Shoot weight Shoo/root by weight 

a 5 27.4023** 3.7880** 23.6002** 0.8181** 7097.31** 45299.5** 3.8647** 

b 15 3.4730** 0.6149*  0.1220** 854.71** 5463.7** 0.5278** 

b1 1 33.1031** 5.8698**  0.7420** 7135.87
 NS

 41378.8** 0.4995
 NS

 

b2 5 0.8864
NS

 0.2002
 NS

  0.0813* 343.28
 NS

 2639.8** 0.7757
 NS

 

b3 9 1.6178* 0.2613**  0.0757** 440.93
 NS

 3042.06** 0.4099
 NS

 

c 5 0.0466
 NS

 0.1601*  0.0015
 NS

 16.40
 NS

 129.0
 NS

 0.0175
 NS

 

d 10 0.0674
 NS

 0.0341
 NS

  0.0011
 NS

 20.60
 NS

 202.9
 NS

 0.0144
 NS

 

Block 35 5.4281 0.8373  0.1697 1388.43 8889.3 0.7892 

B x a 10 0.1814 0.0520  0.0093 75.15 302.4 0.1415 

B x b 30 0.0962 0.0441  0.0054 91.02 374.8 0.1038 

B x b1 2 0.0134 0.0869  0.0014 69.79 437.0 1.1069 

B x b2 10 0.2440 0.0619  0.0140 73.05 207.0 0.1413 

B x b3 18 0.0234 0.0294  0.0014 103.37 461.1 0.0826 

B x c 10 0.0171 0.0302  0.0008 69.92 492.8 0.0605 

B x d 20 0.0196 0.0335  0.0009 54.29 337.8 0.0588 

Block interaction 70 0.0752 0.0402  0.0040 75.25 370.8 0.0901 
 

*, Significant (p ≤ 0.05); **, highly significant (p ≤ 0.01); NS, non-significant. 

 
 
Results for the formal analysis of variance/ test of 
gene action showed the maternal effects ‘c’ and 
reciprocal effects ‘d’ were non significant for all 
traits except seedling shoot length therefore the 
significance of ‘a’ and ‘b’ items were not retested 
(Table 2). Significant values of ‘a’ and ‘b’ items 
revealed that variations in these traits were 
controlled by additive and non additive genes, 
respectively, while at the same time retested 
values of ‘c’ for seedling shoot length also confir-
med the presence of additive type of gene action. 
 
 
Test of adequacy and estimation of genetic 
components 
 
The results of the two  tests  carried  out  using  F1  

data on six characters revealed that the Wr and Vr 
regressions were all significantly different from 
zero but not from unity for all traits (Table 3). The 
(Wr + Vr) array difference were also significant for 
all seedling traits but so were the (Wr – Vr) array 
difference with the exception of shoot length. For 
the other traits, there was evidence of inade-
quacies in the simple additive dominance models 
and hence possible biases in the estimates of 
genetic component of variance (Tables 3 and 4).  

The estimates of genetic components divulged 
that both additive (D) and dominance (H1 and H2) 
values were significant hence suggested that both 
additive and non-additive effects were responsible 
for the variation observed in the diallel cross 
population for all six traits under study (Table 4). 
The magnitude of H2 was lower than H1 for all 

traits, it confirmed the unequal allelic frequencies 
in parents and this influence was strengthened by 
the low ratio of H2/4H1 than 0.25. The further proof 
of this unequal distribution of alleles over loci was 
obtained from positive value of H1 - H2, which 

indicated that µ ≠ ν at all loci. In this context, µ 
refers to frequency of alleles, which increases the 
mean expression of the character and are situated 
at loci, which exhibited dominance, on the other 

hand ν correspond to the frequency of alleles at 
loci that decreases the expression of this 
character and was recessive. The significant and 
positive value of net dominance (h

2
) over all loci in 

heterozygous phase in the cross indicated that the 
direction of dominance was towards greater 
seedling shoot length, seedling root length and 
seedling shoot weight. The negative signifi-
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Table 3. Scaling test for the adequacy of additive dominance model for seedling traits in Gossypium 
hirsutum L. 
 

Traits 

Test 1 Test 2 

b+/- SE(b) 
b-0 

SE (b) 

1-b 

SE (b) 

Wr-Vr between 
array MS 

Wr+Vr between 
array MS 

Root length 0.925 ± 0.051 18.238* 1.475
NS

 0.0275** 0.234901** 

Shoot length 0.959 ± 0.092 10.446* 0.445
NS

 0.003299
NS

 0.005683** 

S/R by length 0.923 ± 0.057 16.182* 1.356
NS

 0.0000597** 0.0006239** 

Root weight 0.919 ±0.107 8.626* 0.763
NS

 1329.8** 11756.2** 

Shoot weight 0.997 ±0.101 9.884 0.029
NS

 4184.56** 45806.6** 

S/R by weight 1.203 ±0.163 7.395* -1.249
NS

 0.0024876* 0.025734** 
 

b, Regression coefficient;  SE(b), standard error of regression coefficient; NS,  non significant; **, highly significant 

at p ≤ 0.01; *, significant at p ≤ 0.05;  Vr,  variance;  Wr, co-variance; S/R, shoot root ratio. 
 
 
 

cant estimate of h
2
 showed that dominance occurred 

toward the parent exhibited lower seedling shoot root 
ratio by length and a substantial contribution to dominan-
ce was due to heterogeneity of loci. As h

2
 value was 

greater than H1 and H2, hence the suggested bi-
directional dominance for this character’s length in this 
material. The non-significant value of h

2
 for root weight 

revealed that substantial contribution to dominance was 
due to homogeneity of loci, while non significant and 
negative value of h

2 
revealed the direction of dominance 

was towards lower seedling shoot/ root by weight (Table 
4). An excess of recessive genes was found in parent for 
seedling shoot length, seedling root length and seedling 
root weight as value of F was negative. However its non 
significance indicated that parents having dominant and 
recessive alleles were equal in number. This excess of 
recessive alleles as compared to dominant was confir-
med from the value of (4DH1)

1/2
 + F/ (4DH1)

1/2
 – F, which 

was less than unity. The positive value of F showed the 
presence of higher number of dominant genes in parents 
and presence of dominant alleles were confirmed for 
these trait by the value of (4DH1)

1/2
 + F / (4DH1)

1/2
 – F. 

The values of average degree of dominance (H1/D)
1/2

 for 
all traits except seedling shoot length were less than one 
which suggested partial-dominance for these traits, while 
value of (H1/D)

1/2
 for seedling shoot length was larger 

than unity which suggested the presence of over domi-
nance in this set of diallel cross. The value of ration 1/2F / 
[D (H1-H2)]

1/2
 for all seedling parameters was less than 

unity. This implied that dominance level is not constant in 
all loci and it varied in some loci. It was observed that 
different number of genes controls the seedling para-
meters. The maximum dominance (h

2
/H2) value of seed-

ling shoot/ root by length suggested the involvement of 
nine groups of genes having dominance at seedling 
stage. Correlation between parental means (Yr) and the 
parental order of dominance (Wr + Vr) provided a 
meaningful estimate of the direction of dominance. The 
significant and negative value of (r) for seedling root 
length, seedling shoot weight and seedling root weight 

suggested that the dominant genes were responsible for 
the increase of these traits and most dominant genes 
acted in one direction and majority of recessive genes in 
opposite direction. The positive significant correlation bet-
ween Wr + Vr and parental value indicated that recessive 
alleles are associated with the increase of seedling shoot 
length, seedling shoot/root by length and seedling shoot/ 
root by weight. Estimates of narrow sense and broad 
sense heritability estimates were high but the amount of 
narrow sense heritability was low as compared to broad 
sense heritability (Table 4). The Fr and H1r values 
indicated that SLH279 carried maximum number of domi-
nant alleles and BH 160 possessed maximum number of 
recessive alleles for seedling shoot length. The data 
(Table 5) showed that H1r that is, non additive effect of 
array into different parents confirm the findings of Fr 
value. The Fr and H1r values indicated that MNH 552 had 
maximum number of dominant genes and VH142 had 
maximum number of recessive alleles for seedling root 
length and shoot/ root by length. It also revealed that 
variation due to dominance effect of genes controlled for 
gene distribution was mainly due to MNH 552 for 
seedling root length and shoot/root by length. The distri-
bution of varietals values revealed that MNH-700 had the 
greatest number of dominant genes followed by FH-1000 
for seedling shoot weight. The H1r value confirmed the 
presence of recessive alleles in BH160 for seedling root 
weight and Fr for shoot/ root by weight revealed that 
MNH-552 carried the most dominant genes. 
 
 
DISCUSSION  
 
There is a wide degree of variation within species in 
response to seedling growth and inheritance in the cotton 
plant. The robustness of cotton crop at seedling stage 
can be an indicator of healthy crop at maturity. Systemic 
work to examine genetic variability within crops is still in 
its infancy (Srivastava and Java, 1984). Different scien-
tists   studied  the  plant  growth  at  early  stage  of  plant  
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Table 4. Estimates of genetic components of variances and their standard error. 
 

Genetic component Shoot length Root length Shoot/Root length Shoot weight Root weight Shoot/root weight 

D 0.330* ± 0.025 2.698* ± 0.110 0.121* ± 0.005 6061.999* ± 355.905 684.986* ± 57.129 0.810* ± 0.051 

H1 0.438* ± 0.062 2.455* ± 0.280 0.098* ± 0.012 4566.176* ± 903.497 611.507* ± 145.028 0.524* ± 0.130 

H2 0.403* ± 0.056 2.288* ± 0.250 0.080* ± 0.011 3933.180* ± 807.117 543.716* ± 129.557 0.370* ± 0.117 

h
2
 2.122* ± 0.037 4.999*/ ± 00.168 - 0.736* ± 0.007 176.629* ± 543.243 66.344

NS 
± 87.201 - 0.529

NS 
± 0.078 

F - 0.62
NS

 ± 0.060 - 0.184
NS 

± 0.269 0.050* ± 0.012 1642.755* ± 869.476 - 29.841
NS 

± 139.567 0.536
NS 

± 0.126 

E 0.012
NS

 ± 0.009 0.024
NS 

± 0.042 0.001
NS 

± 0.002 93867
NS 

± 134.519 10.781
NS 

± 21.593 0.011
NS 

± 0.019 

Derived components 

(H1/D)
1/2

 1.152 0.954 0.901 0.868 0.945 0.804 

H2/4H1 0.230 0.233 0.204 0.215 0.222 0.177 

H1 – H2 0.03518 0.166079 0.018 632.9959 67.7905 0.153637 

(4DH
1
)
1/2

 + F 

(4DH1)
1/2

 – F 
0.849 0.931 1.601 1.37 0.955 2.396 

1/2F/[D(H1- )]
1/2

 - 0.288 -0.138 0.538 0.419 - 0.069 0.759 

h
2
/H2 5.2 2.18 9.1 0.045 0.122 1.43 

r.= correlation b/w Wr +Vr and parental value - 0.99265 -0.97751 0.914 - 0.99741 - 0.98192 0.497159 

h2 NS = (heritability narrow sense) 0.654 0.719 0.674 0.718 0.727 0.674 

h2 b = heritability broad sense) 0.962 0.988 0.978 0.997 0.980 0.964 
 

D, Additive; H1, variation due to dominant effect of gene; H2, variation due to dominant effect of gene correlated with gene distribution; h2, net dominance over all loci in heterozygous phase; F, relative 
frequency of recessive alleles; E, environmental variance. 
 
 
 

development (Noor et al., 2001; Bhatti et al., 
2006; Azhar et al., 2007; Sharifi, 2008). For the 
evaluation of crop plant at seedling stage, use of 
biometrical techniques can be helpful to under-
stand the genetic mechanism of these traits. 
Among these techniques, diallel matting system is 
an imperative technique which provided inform-
ation on the inheritance of quantitative traits 
(Sharifi, 2008). Diallel analysis is also helpful in 
identification of parents with additive and non 
additive genetic effects for a specific trait with a 
benefit in selection of best parents to be included 
in breeding program (Murtaza et al., 2005). In the 
present study, the results revealed the presence 
of both additive and non-additive genetic variation 
in the in-heritance of traits under study and retes-

ted value of ‘c’ for seedling shoot length sug-
gested that selection for this trait could be useful. 
Azhar et al. (2007) also found that root length is 
controlled by both additive and non additive 
effects and selection can play vital role for the 
improvement of this trait. The estimates of genetic 
components D, H1 and H2 confirmed the presence 
of both additive and non-additive genetic effects 
for all these traits. Preponderance of additive 
genetic was observed for seedling root length, 
shoot root ratio by length, root weight, shoot 
weight and shoot root ratio by weight. Lee et al. 
(1986) reported that the weight of 12 days old rice 
seedling was under the control of both additive 
and non-additive gene effects but additive effect 
were more important. On the other hand for 

seedling shoot length, non-additive genetic effects 
were found to be more important as compared to 
additive effects.  

Li and Rutger (1980) and Akram et al. (2007) 
also found both additive and non additive effects 
in F1 and F2 generations, and additive effects 
were consistent over both generations. This little 
contradiction in the finding was may be due to 
different crop and environmental conditions. The 
negative F component and value of (4DH1)

1/2
+ F/ 

(4DH1)
1/2

 – F less than unity revealed more reces-
sive alleles in the parents for seedling root length, 
shoot length, root weight where as more dominant 
allele appeared in seedling shoot root ratio by 
length, shoot weight and shoot root ratio by 
weight. Partial-dominance gene action was  found 
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Table 5. Relative frequencies of dominant to recessive alleles in parents Fr and H1r values. 
 

Parents Shoot length Root length S/R ratio length Shoot weight Root weight S/R ratio weight 

Fr 

MNH700 0.5380 -1.099 0.0813 1228.40 137.2922 0.838 

VH142 - 0.09263 - 5.552 - 0.220 - 1361.02 - 1336.11 - 0.119 

SLH279 0.8487 1.486 0.1400 - 1253.38 469.0922 0.535 

FH1000 - 0.565 3.335 0.1783 1419.24 536.5588 1.290 

BH160 - 0.9414 - 4.408 - 0.091 - 1882.76 - 1628.91 - 0.817 

MNH552 0.1603 5.1335 0.213 1193.08 1643.026 1.4862 

H1r 

MNH700 1.0383 1.54 0.129 1520.74 778.6399 0.826 

VH142 0.408 - 2.913 - 0.173 1562.39 - 694.76 - 0.131 

SLH279 1.349 4.124 0.187 - 9610.4 110.44 0.523 

FH1000 - 0.0644 5.973 0.225 4342.66 1177.907 1.278 

BH160 - 0.441 - 1.769 - 0.0434 1040.66 -987.56 - 0.828 

MNH552 0.340 7.772 0.261 1485.42 2284.37 1.474 
 

Fr = Covariance of additive and non additive effect in r
th
 array; H1r = variations due to dominant effect of genes in r

th
 array. 

 
 
 

in root length, shoot root ratio by length, root weight, 
shoot weight and shoot root ratio by weight whereas over 
dominance was found in shoot length. Asymmetry of 
positive and negative homozygotes among the six 
parents at non-additive loci was observed for all traits 
under study. The ratio 1/2F / [D (H1-H2)]

1/2
 was less than 

unity for all traits hence it implied that dominance level 
was not constant in all loci and it varied in some loci. 
Dominant genes were responsible for the increase of 
seedling root length, shoot length, root weight shoot 
weight however recessive genes were accountable for 
the increase of shoot root ratio by length and by weight. 
Seedling root length, shoot length and root weight can be 
improved through heterosis breeding. Among seedling 
parameters roots are most sensitive part of plant and 
heterosis may lead to robust of rooting system. The 
modification of rooting system can lead to cotton plant to 
be more tolerant to against drought (Basal et al., 2003). 

The estimation of heritability has a great value in 
prediction of the genotypic and phenotypic effects during 
the selection of plant material (Johnson et al., 1955; Teran 
et al., 1990). Both estimates of heritability are effected by 
environmental factors, therefore selection of breeding 
material based on heritability should be with great care. 
The low amount of narrow sense heritability than broad 
sense heritability reduced the efficiency of selection 
based on all seedling traits in early segregation gene-
ration because heritability is ratio of variance due to 
hereditary differences and genotypic variance to total 
phenotypic variance (Cruz et al., 2006). Azhar et al. 
(2007) also found the very low amount of narrow sense 
heritability for seedling root length and diminish the scope 
of selection in early generations. The high amount of 
broad sense heritability for root length and root weight 
seems to be genetically controlled. These findings are in 
agreement with the studies of Hanif et al. (2008). Relative 

frequencies (Fr and H1r) showed that MNH 552 and FH 
1000 can prove a good parental lines for the achievement 
of heterosis in F1 generation as both have maximum 
dominant genes for root length and seedling root weight. 

It may be suggested that the study of genetic bases at 
seedling stage can be a good indicator for the selection 
of robust parental line to be used in future breeding pro-
gramme for development of hybrid and elite genotypes 
and it is concluded from the study of gene action and 
heritability estimates that pedigree-breeding method 
could be helpful for the improvement of all these seedling 
traits in cotton. 
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