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Abstract 

Background For the purpose of utilising hybrid vigour to produce possible hybrids with a suitable level of stabil-
ity, the knowledge of gene activity and combining ability is a crucial prerequisite before choosing desirable parents. 
The present study was carried out with six parents crossed in full diallel fashion and generated 30  F1 hybrids. These 
hybrids were evaluated in two replications in Randomized Block Design at Department of Cotton, TNAU for combin-
ing ability and gene action. Diallel analysis was carried out according to Griffing’s method-I (parents +  F1 + reciprocals) 
and model-I and Hayman’s graphical approach by using INDOSTAT software.

Results Analysis of variance for combining ability indicated that mean square values of GCA, SCA and reciprocals 
were highly significant for all the traits except for the uniformity index. RG763 and K12 showed highly positively 
significant GCA effects for most of the yield traits while PA838 and K12 for fibre quality traits, so they were found 
as best general combiners. PAIG379 × K12 and PDB29 × K12 for yield traits, and PDB29 × PA838, RG763 × PA838, 
and CNA1007 × RG763 cross combinations for fibre quality traits could be recommended for future breeding 
programms.

Conclusion The results of both Griffing’s and Hayman’s approaches showed that non-additive gene action predomi-
nates as SCA variance was bigger than GCA variance, so heterosis breeding is thought to be a more fruitful option 
for enhancing GCA of many traits.
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Background
The "White Gold" of textiles, cotton, has long been pro-
duced in India. Commercial cultivation of it is practised 
in more than 70 nations’ temperate and tropical regions. 
Around 9% of India’s total agricultural crop land is used 
for cotton farming. India’s overall agricultural crop is 
made up of 14%–16% cotton. Tetraploid cotton culti-
vars are currently facing socioeconomic difficulties that 
are putting them into the hands of money lenders since 
growing tetraploid cotton varieties and hybrids is riskier 
and more unprofitable (Deshpande 2007). Because of the 
high cost of seeds, extra plant protection, and heavy fer-
tiliser use, these cotton hybrids require more money to 
cultivate. Contrarily, low-cost seeds, minimal or no costs 
for plant nourishment and protection are associated with 
diploids. If this situation was taken into consideration, 
one would be extremely optimistic for the cultivation of 
desi cotton, assuming that it had yields comparable to 
those of tetraploid cotton varieties and hybrids and had 
fibre of a desirable quality.

The fact that some crossings are better than others at 
passing on advantageous parental features or genes to 
their progeny is a well-known phenomenon among cot-
ton breeders. Exploiting the hybrid vigour that cotton 
possesses is crucial for the development of potential 
hybrids. The most crucial factor, which depends on both 
the ability to combine and the diversity of the parents, 
is the choice of parent for the hybridization. The most 

effective breeding approach for identifying and select-
ing superior genotypes as parents with desirable traits 
and imposing a promising rise in production per unit 
area is combining  ability analysis  with selection. For 
the purpose of utilising hybrid vigour to produce pos-
sible hybrids with a suitable level of stability, knowledge 
of gene activity and combining ability  is a crucial pre-
requisite before choosing desirable parents. In contrast 
to special combining ability (SCA), which is the per-
formance of parents in particular cross combinations 
judged by non-additive gene activity, general combining 
ability (GCA) is the average performance of strains in 
a series of crosses (Sprague and Tatum 1942). Diallel is 
one of the ways that is frequently used to evaluate the 
parents’ additive and non-additive gene actions. The 
breeder can identify promising recombinants created by 
mixing the parental individuals and potential genotypes 
by diallel mating design.

Materials and methods
Thirty hybrids  (F1s) were produced in the current study’s 
full diallel crossing of six parents, which was conducted 
during summer 2022 (Fig.  1). The parents used for this 
study includes PDB29, PAIG379, RG763, CNA1007, 
PA838, and K12. At the Department of Cotton, Centre 
for Plant Breeding and Genetics, Tamil Nadu Agricul-
tural University (TNAU), Coimbatore, these hybrids were 
raised in a Randomized Block Design (RBD) with two 

Fig. 1 Overview of a six-parent full diallel design (Each parent crossed to all different parents)
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replications and a spacing of 90 cm (row to row) × 60 cm 
(plant to plant) in Kharif, 2022. Practices for crop man-
agement were carried out. Doak’s method of hand emas-
culation and pollination was used to generate hybrids 
(Doak 1934). These hybrids and parents were evaluated 
for combining ability and gene action.

Thirteen quantitative parameters, viz., days to 50% 
flowering (d), plant height (cm), the number of mono-
podia per plant, the number of sympodia per plant, the 
number of bolls per plant, the number of locules per 
boll, the number of seeds per boll, days to boll bursting 
(d), boll weight (g), seed cotton yield per plant (g), seed 
index (g), lint index(g), ginning out turn (%) and five fibre 
quality parameters such as upper half mean length (mm), 
fibre strength (cN·tex–1), uniformity index, elongation 
per cent (%), and fibre micronaire using High volume 
instrument (HVI) were recorded by randomly selecting 
five plants from each replication of each cross. GCA and 
SCA effects in diallel analysis was carried out accord-
ing to Griffing’s method-I (parents +  F1 + reciprocals) 
and model-I and Hayman’s graphical approach by using 
INDOSTAT software.

Results and discussion
Analysis of variance
Griffing’s approach was carried out to evaluate the com-
bining ability effects. Analysis of variance for combining 
ability was represented in Table  1 which indicated that 
mean square values of GCA were highly significant for 
all traits except for uniformity index. The mean square 
values of SCA and reciprocals were also significant for 
all traits except for uniformity index. Though the mater-
nal effects are non-significant for all traits, the maternal 
interactions were significant for all traits under study.

Combining ability effects
General combining ability effects were presented in 
Table  2. Parents PA838 and CNA1007 showed nega-
tive significant GCA effects for days to 50% flowering 
whereas PAIG379 and PA838 for the number of mono-
podia per plant. PA838 was found highly significant for 
almost all traits except for the number of locules per 
boll and elongation percent. Parents such as PDB29 and 
PAIG379 were found negatively significant for plant 
height, the number of sympodia, the number of bolls, 
the number of seeds per boll, seed cotton yield per plant, 
ginning out turn, and lint index. In case of boll weight, 
seed cotton yield per plant, lint index, and fibre strength, 
RG763 and K12 were highly positively significant and can 
be found as the best general combiner for these traits and 
this high GCA effect in desirable selection indicated the 
presence of additive genes for those traits. In case of fibre 

quality traits, PA838 and K12 can be used as the best gen-
eral combiners.

The SCA effects of 30  F1 hybrids were presented 
in Table  3. The hybrids PAIG379 × K12 followed by 
RG763 × PA838 and RG763 × K12 showed highly 
positive significant SCA effects for seed cotton yield 
per plant, the number of sympodia per plant, and 
the number of bolls per plant. Even RG763 and K12 
exhibited as the  best general combiners for these 
traits, these hybrids also exhibited the  highest SCA 
effects. The hybrids PDB29 × K12, PAIG379 × PDB29, 
PAIG379 × PA838, PAIG379 × K12, PA838 × RG763, 
and PA838 × CNA1007 showed positive significant 
SCA effects for boll weight and the number of seeds 
per boll. The hybrids PDB29 × K12, PAIG379 × K12, 
RG763 × PA838, and K12 × PDB29 showed posi-
tive significant SCA effects for ginning out turn. 
By these results, PAIG379 × K12 and PDB29 × K12 
can be recommended as the  best cross combina-
tions for most of the traits under study. For fibre 
quality traits, PDB29 × PA838, RG763 × PA838, and 
CNA1007 × RG763 cross combinations can be recom-
mended as they showed significant SCA effects.

Gene action studies
In our study, the magnitude of SCA variance was higher 
than GCA variance for all traits except for uniformity 
index (Table  4) indicating the preponderance of non-
additive gene action, which could be exploited by hetero-
sis studies and population improvement methods.

Hayman’s graphical approach
For all of the relevant features, the estimates of the uni-
formity test, t2, were not significant. Uniformity test 
provides insights into the consistency of the trait expres-
sion across the different genotypes. Genotypes with high 
uniformity are desirable as they exhibit consistent per-
formance. Results of this uniformity test demonstrated 
the validity of the diallel analysis assumptions provided 
by Hayman (1954) for all relevant features. Moreover, it 
can be a sign that no epistatic interactions exist. All of 
the investigated features had substantial variations in 
the regression coefficients (b) of Vr-Wr. It showed that 
the parental materials’ Vr (Variance of each array) and 
Wr (Covariance between parents and their offspring’s) 
graphs were beneficial for the genetic analyses of the par-
ents with regard to these qualities. These variance and 
covariance values were presented in Table 5. As a result, 
Vr-Wr can be plotted for all relevant features.

Among the components of variance, the values of dom-
inance components  (H1,  H2) were greater than the addi-
tive (D) and average degree of dominance  (vH1/D) which 
denoted the overdominance type of gene action for 
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almost all traits. Average degree of dominance(H1/D)1/2 
was more than unity for seed cotton yield per plant, gin-
ning out turn, upper half mean length, and uniformity 
index which indicated the overdominance type of gene 
action, whereas the number of sympodia per plant, the 
number of bolls per plant, boll weight, the number of 
seeds per boll, fibre strength and elongation percent were 
slightly less than unity that indicated partial dominance 
(Table 6, Fig. 2(A-K)). Both additive and dominance type 
values are almost similar in fibre micronaire, it showed 
a slightly complete dominance (Table 6, Fig. 2(K)).

In our study, there were differences between  H1 and  H2 
values which indicated dissimilar distribution of positive 
and negative genes as authenticated by  H2/4H1 value (not 
equal to 0.25).

In Vr-Wr graph, the numbers along the regression 
line indicated six parents used in the study (1- PDB29; 
2- PAIG379; 3-RG763; 4- CNA1007: 5- PA838; 6- K12) 
(Fig. 2). Parents close to the origin indicated presence of 
more dominant genes and above regression line indicated 
presence of duplicate gene action whereas below regres-
sion line indicated complementary gene action.

Fr values of each parent for all traits were pre-
sented in the Table  7. Parents which had positive Fr 

values indicated the presence of more dominant genes 
whereas the parents with negative values indicated the 
presence of more recessive genes for a particular trait.

Discussion
GCA 
The results of the study indicate that different parents 
showed varying effects on different traits related to cot-
ton plant growth and fibre quality. For example, PA838 
was found to have a highly significant positive effect on 
most traits, except for the number of locules per boll 
and elongation percent. On the other hand, parents like 
PDB29 and PAIG379 had negative significant effects 
on traits such as plant height, the number of sympo-
dia, the number of bolls, the number of seeds per boll, 
seed cotton yield per plant, ginning out turn, and lint 
index. Interestingly, RG763 and K12 were identified as 
best general combiners for traits like boll weight, seed 
cotton yield per plant, lint index, and fibre strength, 
as they showed highly significant positive effects. This 
suggests that these parents may carry additive genes 
that contribute to favourable traits related to cotton 
fibre quality. Similar findings were reported in previ-
ous studies by Reddy et al. (2017), Bilwal et al. (2018), 
Deshmukh et  al. (2021), Çetin and Çopur (2022) indi-
cating consistency in the results.

It’s worth noting that the study focused on general 
combining ability (GCA) effects, which represent the 
additive genetic effects of a parent on the performance 
of its progeny. GCA effects are important in plant 
breeding as they reflect the potential of a parent to pass 
on desirable traits to its offspring. However, it’s also 
important to consider specific combining ability (SCA) 
effects, which represent the non-additive genetic effects 
resulting from interactions between specific parental 
combinations. Both GCA and SCA effects play a role in 
determining the performance of progeny in a breeding 
program.

In conclusion, the study’s findings suggest that differ-
ent parents have varying effects on cotton plant traits, 
and some parents may be better general combiners for 
specific traits than others. PA838 and K12 were identi-
fied as the best general combiners for fibre quality traits, 
while RG763 and K12 showed high GCA effects for traits 
related to boll weight, seed cotton yield per plant, lint 
index, and fibre strength. These results provide valu-
able information for cotton breeding programs and high-
light the importance of selecting appropriate parental 
lines to achieve desired traits in cotton progeny. Further 
researches considering SCA effects and field perfor-
mance are warranted to fully understand the potential of 
these parental lines in cotton breeding programs.

Table 4 Estimation of gene action for various traits

DFF days to fifty per cent flowering (days), PH plant height (cm), NMB/P 
the number of monopodia per plant, NSB/P the number of sympodia per plant, 
NB/P the number of bolls per plant, NL/P the number of locules per boll, DBB 
days to first boll bursting (days), BW boll weight (g), NS/B the number of seeds 
per boll, SCY/P seed cotton yield per plant (g), SI seed index (g), LI lint index (g), 
GOT ginning out turn (%), UHML upper half mean length (mm), Str fibre strength 
(g·tex–1), UI uniformity index, EL elongation percentage (%), Mic micronaire

GCA Variance SCA Variance Ratio (GCA 
VAR/SCA 
VAR)

Gene Action

DFF 0.520 9 9.236 0.056 4 Non- additive

PH 39.057 7 361.086 5 0.108 2 Non- additive

NMB/P 0.025 8 0.328 8 0.078 4 Non- additive

NSB/P 1.125 1 6.006 3 0.187 3 Non- additive

NB/P 1.454 4 14.418 9 0.100 9 Non- additive

NL/B 0.003 1 0.039 9 0.078 4 Non- additive

DBB 1.289 6 6.641 4 0.194 2 Non- additive

BW 0.000 8 0.117 4 0.007 0 Non- additive

NS/B 0.639 6 17.080 1 0.037 4 Non- additive

SCY/P 6.350 3 86.227 6 0.073 6 Non- additive

GOT 2.127 4 26.749 1 0.079 5 Non- additive

SI 0.085 9 1.255 1 0.068 4 Non- additive

LI 0.013 6 0.133 6 0.101 6 Non- additive

UHML 0.299 2 1.038 4 0.288 2 Non- additive

UI 0.015 4 -0.474 7 -0.032 3 Non- additive

Str 0.554 8 1.486 3 0.373 3 Non- additive

EL 0.007 7 0.033 7 0.229 3 Non- additive

Mic 0.034 7 0.127 9 0.271 5 Non- additive
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SCA
The results of the study indicate that specific combin-
ing ability (SCA) effects also play a significant role in 
determining the performance of cotton hybrids for vari-
ous traits. The hybrids PAIG379 × K12, RG763 × PA838, 
and RG763 × K12 showed highly positive and significant 
SCA effects for traits such as seed cotton yield per plant, 
the number of sympodia per plant, and the number of 
bolls per plant, despite the fact that RG763 and K12 
were identified as the  best general combiners for these 
traits. Similar results for these traits are consistent with 
previous studies by Nidagundi et al. (2011), Kumar et al. 
(2014), Bilwal et al. (2018), Lokesh et al. (2018), Thom-
bre et al. (2018), Chinchane et al. (2020), and Deshmukh 
et al. (2021).

Based on these results, PAIG379 × K12 and 
PDB29 × K12 can be recommended as the best cross com-
binations for most of the traits studied. These findings 
are in line with previous studies for similar traits by Giri 
et al. (2006), Preetha and Raveendran (2008), Khan et al. 
(2015), Saravanan et al. (2010), Ranganatha et al. (2013), 
Kumar et  al. (2013), Kumar et  al. (2014), and Lokesh 
et  al. (2018). For fiber quality traits, hybrids such as 
PDB29 × PA838, RG763 × PA838, and CNA1007 × RG763 
showed significant SCA effects, indicating their poten-
tial for improving fibre quality. These findings for similar 
traits are consistent with previous studies by Reddy et al. 
(2016), Solanke et al. (2015), Patel et al. (2018), Thombre 
et al. (2018) and Shinde et al. (2022).

Gene action
The results of the study indicate that for all the traits stud-
ied, except for uniformity index, the magnitude of specific 
combining ability (SCA) variance was higher than general 
combining ability (GCA) variance. This suggests that non-
additive gene action plays a predominant role in deter-
mining the performance of these traits, indicating the 

potential for exploiting heterosis through hybrid breeding 
and other population improvement methods. These find-
ings are consistent with previous reports by Laxman et al. 
(2010), Patil et al. (2012), Pushpam et al. (2015), Choud-
hary et al. (2017), Anil et al. (2017), Vekariya et al. (2017), 
and Gunjiganvi and Patil (2018).

Non-additive gene action refers to the interaction 
between genes from different parental lines, resulting in 
progeny that exhibit traits that are not simply the aver-
age of the parental lines. This non-additive gene action 
can lead to the expression of superior traits in hybrids, 
known as heterosis or hybrid vigour. By exploiting non-
additive gene action through hybrid breeding and other 
population improvement methods, breeders can develop 
improved cotton varieties with desirable traits.

The higher magnitude of SCA variance compared with 
GCA variance for most of the traits studied suggests 
that specific parental combinations play a crucial role 
in determining the performance of cotton hybrids for 
these traits. This highlights the importance of evaluating 
hybrids and their specific combining ability effects in cot-
ton breeding programs, as it can lead to the identification 
of superior cross combinations that exhibit high heterosis 
and improved performance for target traits.

Hayman’s graphical analysis
The results of the study showed that for all the relevant traits 
investigated, the estimates of the uniformity test, t2, were 
not significant, indicating that the assumptions of the dial-
lel analysis proposed by Hayman (1954) were valid for these 
traits. This suggests that there may be no significant epi-
static interactions among the genes governing these traits.

The regression coefficients (b) of Vr-Wr, which rep-
resent the variance of each array and the covariance 
among parents and their offspring’s, showed substan-
tial variation for all the investigated traits. This indi-
cates that the Vr-Wr graphs of the parental materials are 

A B C G H I

D E F J K

Fig. 2 Vr-Wr graph for different traits. Note: 1- PDB29; 2- PAIG379; 3-RG763; 4- CNA1007: 5- PA838; 6- K12. A the number of sympodia per plant, B 
the number of bolls, C Boll weight, D Seed cotton yield per plant, E the number of seeds per boll, F Ginning out turn, G Upper half mean length 
(UHML), H Uniformity index, I Fibre strength, J Elongation percent, K Fibre micronaire
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useful for genetic analysis of the parents with respect to 
these traits.

The dominance components  (H1,  H2) were greater than 
the additive component (D) for most of the traits stud-
ied. This indicates that overdominance, where the het-
erozygotes (having two different alleles) exhibit superior 
performance compared with either homozygote (having 
two identical alleles), is prevalent for these traits. Specifi-
cally, for traits such as seed cotton yield per plant, gin-
ning out turn, upper half mean length, and uniformity 
index, the average degree of dominance  (H1/D) (1/2) was 
greater than unity, indicating complete overdominance. 
This means that individuals with two different alleles at 
these loci have an advantage in terms of performance 
compared with individuals with two identical alleles.

For other traits like the number of sympodia per plant, 
the number of bolls per plant, boll weight, the number 
of seeds per boll, fibre strength, and elongation percent, 
the average degree of dominance  (H1/D)(1/2) was slightly 
less than unity, indicating partial dominance. In partial 
dominance, the heterozygotes still have an advantage, 
but it is not as pronounced as in complete overdomi-
nance. Regarding the trait of fibre micronaire, both the 
additive and dominance components were found to be 
almost similar, suggesting slightly complete dominance. 
This means that both the heterozygotes and one of the 
homozygotes have comparable performance, with the 
other homozygote showing inferior performance.

These findings suggest that for the traits studied, over-
dominance plays a significant role in determining the phe-
notypic variation. It indicates that the presence of different 
alleles at these loci leads to superior performance, empha-
sizing the importance of heterozygosity in these traits.

The  H1 and  H2 values showed differences, indicating 
dissimilar distribution of positive and negative genes, as 
authenticated by  H2/4H1 value not being equal to 0.25. 
In the Vr-Wr graph, the position of parents along the 
regression line indicates the presence of more dominant 
genes for parents closer to the origin, and the presence 
of duplicate gene action for parents above the regression 
line, whereas parents below the regression line indicate 
complementary gene action. The Fr values of each parent 
for all the traits, as presented in Table 7, showed that par-
ents with positive Fr values have more dominant genes, 
while parents with negative Fr values have more reces-
sive genes for a particular trait. This suggests that parents 
with more dominant genes can be effectively utilized in 
the development of cotton hybrids.

Overall, the results of the study provide insights into 
the genetic architecture and gene action of the traits 
investigated, highlighting the importance of domi-
nance and overdominance effects in determining the 
performance of cotton hybrids. These findings can 

have implications for cotton breeding programs aim-
ing to develop improved varieties with desirable traits 
through exploiting gene action and utilizing parents 
with favourable gene combinations. However, further 
researches and validation in different genetic back-
grounds and environments are needed to fully under-
stand the underlying genetic mechanisms and potential 
for cotton improvement.

Conclusion
In breeding programs, it is crucial to  identify cross 
combinations with high mean performance and favour-
able SCA (Specific combining ability) effects that 
exhibit stability across different environments. Among 
the parents evaluated, RG763 and K12 showed highly 
significant positive GCA effects for most of the yield 
traits, while PA838 and K12 showed favourable effects 
for fibre quality traits, making them the best general 
combiners. Cross combinations such as PAIG379 × K12 
and PDB29 × K12 for yield traits, and PDB29 × PA838, 
RG763 × PA838, and CNA1007 × RG763 for fibre qual-
ity traits, were identified as promising options for 
future breeding programs.

The results obtained from both Griffing’s and Hay-
man’s approaches indicated that non-additive gene 
action, as evidenced by larger SCA variance compared 
with GCA variance, plays a predominant role in the 
inheritance of the investigated traits. This suggests that 
heterosis breeding, which exploits non-additive gene 
action, could be a more effective approach for improv-
ing the studied traits. These findings provide important 
insights for designing and implementing breeding pro-
grams to enhance various traits in cotton through het-
erosis breeding strategies.

Abbreviations
DFF  Days to fifty percent flowering (the number of days)
PH  Plant height (cm)
NMB/P  The number of monopodia per plant
NSB/P  The number of sympodia per plant
NB/P  The number of bolls per plant
NL/B  The number of locules per boll
DBB  Days to first boll bursting (the number of days)
BW  Boll weight (g)
NS/B  The number of seeds per boll
SCY/P  Seed cotton yield per plant (g)
SI  Seed index (g)
LI  Lint index (g)
GOT  Ginning out turn (%)
UHML  Upper half mean length (mm)
Str  Fibre strength (cN·tex–1)
UI  Uniformity index
EL  Elongation percentage (%)
Mic  Micronaire
GCA   General combining ability
SCA  Specific combining ability
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