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Abstract 
The present research aimed to assess genetic diversity in sixty-one crosses 
concerning yield and yield-related traits. The study also delved into analyzing the 
associations between these traits. A robust positive and highly significant 
correlation was observed between plant height and main stem nodes (0.91). 
Additionally, there was a highly significant positive relationship between the 
number of squares per plant and both plant height (0.51) and main stem nodes 
(0.58). The number of flowers exhibited a moderately positive correlation with 
the number of squares per plant (0.31). In terms of bolls, green bolls showed a 
high correlation with main stem nodes (0.35) and plant height (0.37), while open 
bolls (0.38) had a significant impact. Conversely, Cotton leaf curl virus disease 
exhibited negative correlations with other morphological traits. Genetic diversity 
among parents forms the foundation of any breeding program and is pivotal for 
increasing yield. Principal component analysis unveiled a total variance of 53% 
among crosses, with PC-I contributing 34.3% and PC-II contributing 18.7% of 
yield-related traits. The number of squares per plant, the number of green bolls, 
and the number of flowers showed positive significant component loading on the 
first two factors. Clusters I and II exhibited maximum values for the number of 
squares, the number of green bolls, the number of flowers, and resistance to cotton 
leaf curl virus disease. Crosses in cluster II displayed reasonable values for the 
number of open bolls and the number of flowers but showed susceptibility to cotton 
leaf curl virus disease. This comprehensive information, derived through the 
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application of various statistical tools, essentially for assessment of diversity in 
crosses successfully developing an improved breeding program. 

 
Introduction 
Cotton is the largest source of natural fiber and 
the sixth-largest source of oil, and it plays a crucial 
role in Pakistan's economy by contributing to 
employment opportunities in rural areas. 
Unfortunately, in recent years, Pakistan has 
witnessed a notable decline in cotton production, 
with a 41% decrease from 8.33 million bales to 
4.91 million bales in last year (Pakistan Economic 
Survey 2022-23). 
Cotton, a member of the Gossypium genus, 
includes five allotetraploid and 45 diploid species. 
Notably, Gossypium hirsutum L., also known as 
upland cotton, dominates global cotton 
cultivation, accounting for around 90% of 
production (Wendall et al., 1992; Chen et al., 
2007). However, continuous breeding of 
Gossypium hirsutum L. has resulted in a narrowing 
of its genetic base (Seyoum et al., 2018; 
Abdurakhmonov et al., 2008; Tyagi et al., 2014; Li 
et al., 2023). 
This narrowing genetic base contributes to issues 
such as low production and poor fiber quality 
(Malik et al., 2014), making cotton crops 
vulnerable to the adverse effects of climate change 
(Nazir et al., 2013). Recognizing the importance of 
genetic diversity in helping crops adapt to 
changing climates, there has been a recent trend 
towards broadening the genetic base. In this 
context, researchers have conducted studies 
involving the crossing of genetically diverse parent 
plants to enhance the genetic diversity of cotton, 
particularly in modern cultivars (Zhu et al., 2019; 
Abdel-monaem et al., 2022; Shakeel et al., 2015). 
Assessing the diversity within germplasm is a 
critical step in initiating successful breeding 
programs (Campbell, 2009). Hybridization, the 
process of crossing genetically diverse parents, is a 
key strategy for exploiting genetic diversity, 
resulting in improved yields and fiber quality (Ali 
& Khan, 2007). Phenotypical and morphological 
traits serve as essential criteria for selecting 
distinctive parents for crossbreeding (Meredith & 
Bridge, 1972). 

In classical statistics, the assessment of genetic 
variation typically involves univariate or 
multivariate analysis. Principal component 
analysis (PCA) has gained recent popularity among 
breeders for its ability to group genotypes and 
identify key contributors to genetic diversity. PCA 
aids in evaluating genetic diversity and identifying 
promising genotypes for future breeding 
programs. Additionally, correlation analysis is 
applied to morphological traits to investigate 
causal relationships between them (Dewey & Lu, 
1959), while cluster analysis provides insights into 
genetic distances between genotypes, allowing for 
their classification into distinct groups. 
In the analysis of agronomic data, both PCA and 
clustering techniques were employed, resulting in 
graphical representations of F1 performance and 
their interrelationships based on agronomic 
parameters. This analysis provides a 
comprehensive overview of the genetic variability 
within the cotton germplasm, offering valuable 
insights for future breeding efforts. 
 
Material and Methods 
Experimental Site 
The study was carried out at the Cotton Research 
Institute, Multan, during the 2023 cotton growing 
season. The F1 hybrids were sown in plots of size 
10' × 2.5' comprising ten beds, using the boll-row 
sowing method. All recommended agronomic 
practices were followed throughout the season.  
Data were recorded manually on a fortnightly basis 
from randomly selected, tagged plants. 
 
Trait Measurement and Statistical Analysis 
Data were recorded on the following traits: plant 
height, first square on node number, main stem 
nodes, number of squares, number of flowers, 
number of green bolls, number of open bolls, and 
CLCuD (%), on a fortnightly basis. The mean of 
three months of data was used for statistical 
analysis, i.e., the cluster analysis calculated 
according to (Anderson & Boyes, 1957) and other 
most important elements estimates (PCA) through 
the statistical procedures by Sokal & Sneath, 
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(1973). The analysis was performed in r- 
programming. 
 
CLCUV Disease Incidence (%) Methodology: 
Disease incidence was calculated from fortnightly data using the formula given by Nazir et al. (2013). 

𝐷𝐼% =
𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑟𝑎𝑡𝑖𝑛𝑔

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠
 × 16.66 

 
Table 1. List of intraspecific cotton hybrids developed from different parental combinations 

Sr. No. Intraspecific Hybrids Sr. No. Intraspecific Hybrids 

1 CRP-212 × GT/Bt Okra 31 MNH-1045 × HLS 

2 CRP-213 × GT/Bt Okra 32 (MNH-1090 × MNH-875) × 875 

3 MNH-886/24 × Mac-07 33 (MNH-1090 × MNH-875/4) × 875/4 

4 CRP-254 × GT/Bt Okra 34 CRP-212 × Super Gold 

5 Super Okra × GRC-823 35 CRP-254 × CKC-6 

6 Super Okra × CRI-213 36 CRP-255 × CKC-6 

7 CRI-213 × Super Gold 37 (MNH-872 × SS-32) × 872 

8 MNH-1050(V2 SD) × MNH-Super gold 38 CRP-212 × FH-333 

9 CRI-823 × MNH-Super gold 39 MNH-872 × Mac-07 

10 CRI-134 × MNH-Super gold 40 CRP-212 × CKC-6 

11 CRI-212 × MNH-875 41 CRP-213 × CKC-6 

12 Super Gold × CRI-212 42 CRP-213 × Super Gold 

13 Super Gold × CRI-276 43 CRP-214 × Super Gold 

14 Super Gold × CRI-875/6 44 CRP-254 × Super Gold 

15 GRC-823 × CRI-875/6 45 CRP-255 × Super Gold 

16 Super Okra × CRI-276 46 CRP-212 × FH-333 

17 BC5F1(211009) × BtGT-8/23 47 (MNH-872 × SS-102) × 872 

18 (MNH-1027 × CRI-276) × VR-5 48 (MNH-872 × MNH-875/4) × 875/4 

19 MNH-1040 (valvet) × VR-5 49 MNH-Super Gold × CRP-208 

20 IS-29 × VR-5 50 MNH-Super Gold × CRP-2012 

21 217007 × VR-5 51 MNH-Super Gold × CRP-213 

22 IS-12 × VR-5 52 MNH-Super Gold × CRP-214 

23 CRI-234 × Super Gold 53 MNH-Super Gold × CRP-254 

24 CRI-276 × Super Gold 54 CRI-269 × MNH-Super gold 

25 MNH-1045 × VR-5 55 CRI-276 × MNH-Super gold 

26 MNH-1045 × VR-16 56 CRI-287 × CRI-212 

27 HLS × GRC-823 57 CRI-288 × CRI-294 

28 1045 R × CRI-276 58 CRI-289 × CRI-213 

29 Super GOLD × 1045 R 59 CRI-290 × CRI-291 

30 Super GOLD × HLS 60 CRI-294 × CRI-212 
  61 CRI-287 × CRI-212 
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Result and Discussion       
Mean Performance of Intraspecific Hybrids    
The tallest cross observed was (MNH-872 × MNH-
875/4) × 875/4, measuring (95.0 cm) in height, 
followed closely by (MNH-1090 × MNH-875) × 
875, which stood at 90.2 cm (Fig 1). In contrast, 
crosses with shorter heights included MNH-Super 
Gold × CRP-212, 50.1 cm and CRI-276 × Super 
Gold, 55.8 cm. The mean values for first square 
on node number within crosses, with the highest 
node numbers found in Super Okra × CRI-213 
(10.33), CRP-212 × GT/Bt Okra (10.00), and 
Super Gold × CRI-875/6 (10.00) (Fig 2). 
Conversely, crosses such as CRP-254 × Super 
Gold, CRP-255 × Super Gold, CRP-212 × FH-333, 
and (MNH-872 × SS-102) × 872 exhibited the 
lowest node numbers where the first 
sympodial/squares formed, measuring (6.00). 
For main stem nodes, (MNH-872 × MNH-875/4) 
× 875/4 displayed the highest number with 
(30.00), followed by (MNH-1090 × MNH-875) × 
875 with (27.17) (Fig 3). On the other hand, Super 
Gold × CRI-212 and MNH-Super Gold × CRP-
2012 had the minimum numbers of main stem 
nodes, measuring (18.17) and (15.75), 
respectively. Regarding the number of squares, the 
highest mean values were observed in (MNH-1090 
× MNH-875) × 875 (23.50), Super Gold × CRI-
875/6 (22.58), MNH-886/24 × Mac-07 (21.67), 
217007 × VR-5 (21.49), IS-12 × VR-5 (21.21), and 

(MNH-1090 × MNH-875/4) × 875/4 (19.830). In 
contrast, crosses like CRP-212 × CKC-6 (11.22) 
and Super Okra × GRC-823 (10.83) exhibited the 
lowest mean values in terms of squares (Fig. 4). 
When it came to the number of flowers, CRI-269 
× MNH-Super Gold displayed the highest mean 
value with 3.52, followed by Super Okra × GRC-
823 with 3.33. Conversely, crosses such as CRI-
287 × CRI-212 and MNH-Super Gold × CRP-212 
exhibited lower mean values, measuring 0.57 and 
0.33, respectively (Fig. 5). 
In terms of green bolls, the highest mean value was 
noted in (MNH-872 × MNH-875/4) × 875/4 with 
10.17, followed by CRP-255 × Super Gold with 
8.83 (Fig 6). Conversely, CRP-254 × CKC-6 had 
the lowest number of bolls with a mean value of 
1.28, and MNH-1040 (valvet) × VR-5 had 0.83 
bolls on average. High numbers of open bolls 
exhibit by CRI-269 × MNH-Super gold (5.29), 
followed by CRP-213 × Super Gold (5.25) lowest 
number of open bolls mean value found in (Fig 7) 
CRP-254 × GT/Bt Okra (0.00), Super Okra × 
GRC-823 (0.00). 
Lastly, the percentage of Cotton leaf curl virus 
disease (CLCuD%), with GRC-823 × CRI-875/6 
exhibiting the highest mean value at 35.40%, 
followed by CRP-213 × GT/Bt Okra (33.32%) and 
Super Okra × CRI-276 (33.32%). Conversely, the 
cross CRI-289 × CRI-213 exhibited the lowest 
disease incidence (Fig. 8).

 

 
Figure 1. Mean plant height (cm) in intraspecific hybrids 
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Figure 2. Mean first square on node number in intraspecific hybrids 

 

 
Figure 3. Mean main stem nodes in intraspecific hybrids 
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Figure 4. Mean numbers of squares in intraspecific hybrids 

 

 
Figure 5. Mean numbers of flowers in intraspecific hybrids 
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Figure 6. Mean number of green bolls in intraspecific hybrids 

 
Figure 7. Mean numbers of open bolls in intraspecific hybrids 
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Figure 8. Mean Cotton leaf curl virus disease % in intraspecific hybrids  

 

 
Figure 9. Pearson's correlation network showing the relationships among morphological traits in 

intraspecific cotton hybrids 
Correlation Network Based on Pearson correlation coefficient. Showing the correlation between agronomical traits. 
The Pink one showing positive correlation blue one showing negative correlation and thick the line between them 

strong the correlation thin lines showing weak correlation. 
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Pearson Correlation Analysis
Pearson correlation was applied to eight 
agronomic traits across 61 cotton crosses, which 
showed sufficient variability. The results of the 
simple correlation analysis align closely with those 
obtained from PCA (Table 2). Positive 
correlations are illustrated in pink and negative 
correlations in blue (Fig. 9). The strength of the 
correlation between traits is indicated by line 
thickness: thicker lines represent stronger 
correlations and thinner lines represent weaker 
relationships. Plant height showed a positive and 
highly significant correlation with main stem 
nodes, consistent with the findings of Saeed et al., 
(2015). The number of squares showed a positive 
and highly significant relationship with plant 
height and main stem nodes (Fig. 10). A weak but 
significant relationship was observed between the 
number of flowers and the number of squares, 
whereas the number of flowers showed a weak, 

non-significant relationship with plant height and 
main stem nodes. The number of open bolls 
showed a weak, negative, and non-significant 
relationship with the number of squares. Cotton 
leaf curl virus disease showed a significant and 
highly negative relationship with plant height, 
main stem nodes, and green bolls. CLCuD% also 
showed a weak, negative, and non-significant 
relationship with the number of open bolls and 
the number of squares; similar results were 
reported by (Sarwar et al., 2021) and (Nazir et al., 
2013). The first square on node number showed a 
negative but weak association with the other traits. 
The Pearson correlation coefficient was applied 
across seven traits to compare their relationships. 
The correlation matrix was calculated using the R 
package 'metan', and the correlation network was 
generated using the MetScape app in Cytoscape.

 
Figure 10. Pearson's correlation matrix showing the relationships among morphological traits in 

intraspecific cotton hybrids 
***, **, * significant level 0.1%, 1% and 5% respectively, ns= nonsignificant 
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Principal Component Analysis to Assess the 
Diversity in Intraspecific Hybrids 
Principal component analysis was performed on 
the morphological traits of cotton. PCA is a 
multivariate statistical approach used to examine 
complex, large datasets based on the associations 
between variables. In this study, PCA was applied 
to the cotton data to study the variation and 
identify the variables contributing to that 
variability. 
Principal component analysis identifies groups of 
genotypes with the characteristics required for 
breeding and helps in the selection of desirable 

genotypes (Imran et al., 2012). PCA reduces the 
observations to a manageable number of 
components. Components with lower variance 
contribute less to explaining the variability among 
the variables than those with higher variance. 
Therefore, components with an eigenvalue of less 
than 1 are considered trivial and are excluded 
from further interpretation. Eigenvalues serve as a 
quantitative measure of how much variance each 
component represents. The higher the eigenvalue 
of a component, the greater the proportion of 
variance it represents (Zhi et al., 2016). 

 
Table 2. Eigenvalues, cumulative variability, and principal component loadings for morphological traits 
in intraspecific cotton hybrids 

  PC1 PC2 PC3 PC4 
Eigenvalues 1.656 1.222 1.078 1.016 
Variability (%) 0.343 0.187 0.145 0.129 
Cumulative (%) 0.343 0.529 0.675 0.804 

Loading factor 
PH 0.554 -0.023 0.003 -0.16 
FSQN -0.142 -0.011 -0.497 0.705 
MSN 0.566 -0.062 0.018 -0.086 
SQ 0.421 -0.364 -0.127 0.167 
FL 0.145 -0.402 0.516 0.531 
GB 0.284 0.6 -0.068 0.075 
OB 0.043 0.535 0.55 0.338 
CLCuD% -0.269 -0.237 0.405 -0.2 
FSQN = First square on node number; FL = Number of flowers; SQ = Number of squares; PH = Plant height; MSN = Main stem nodes 
OB = Number of open bolls; GB = Number of green bolls; CLCuD (%) = Cotton leaf curl disease incidence 

 
 
Scree Plot 
Components with higher eigenvalues account for 
a greater proportion of the total variation (Zhi et 
al., 2016). Four of the eight PCs had eigenvalues 
greater than 1 and together accounted for 80.83% 
of the total variation, while the remaining PCs 
contributed 19.62%. PC1 accounted for 34.4% of 
the variation with an eigenvalue of 1.66 (Table 2), 
followed by PC2 (18.7%, eigenvalue 1.22), PC3 
(14.5%, eigenvalue 1.08), and PC4 (12.9%, 
eigenvalue 1.02), as shown in the scree plot (Fig. 
12). 
 
 
 

PCA Biplot 
The characteristic plant height, main stem nodes 
and number of squares have positive correlation of 
factor loading on PC Ⅱ while Cotton leaf curl 
virus disease % and first square on node number 
displayed significantly negative loading on PC Ⅰ. 
Similarly, PC Ⅱ explain most of the variance by 
number of green bolls and number of open bolls 
with positive loading on PC Ⅱ while other 
variables have negative factor loading on PC Ⅱ 
(Table 2). 
In PC Ⅲ the variables Numbers of flowers and 
Numbers of open bolls displayed positive factor 
loading while negative factor loading observed for 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


Spectrum of Engineering Sciences   
ISSN (e) 3007-3138 (p) 3007-312X   
 

https://thesesjournal.com                         | Bilal et al., 2026 | Page 4928 

First square on node number, Numbers of squares 
and Numbers of green bolls. Similarly, PC Ⅳ was 
explained by the variance of Number of flowers 
having positive factor loading on PC Ⅳ while 
Plant height and Main stem nodes discovered to 
be negative factor loading on PC Ⅳ.  
A PC biplot (Fig.11) demonstrated hybrids and 
variables are superb and inflict as a vector on plot. 
The gap within traits regarding PC Ⅰ and PC Ⅱ 
depicted contribution of these traits in creating 
variation of hybrids, Furthermore the length of the 
vector presented the proportion of variation of the 
specific variables. However, the overall Biplot 
diagram demonstrated that the Number of green 
bolls main stem nodes and squares significantly 
toward the genetic diversity within germplasm and 
Cotton leaf curl disease% and first square on node 
number varying from other variables. 
The PCA was conducted to dispense the aggregate 
variance into PCs which helps in selection of 
superior germplasm which would use for breeding 
program. In PCA the eigen value is the factor 
which explain variance for specific trait. The PCA 
is powerful tool provide easiness for obtaining 
suitable genotypes to initiate breeding programme 
(Nazir et al., 2013).  
Many researchers applied this method to 
formulize the diversity within germplasm Our 

present research also testifies the robustness of 
similar methods and in line with the previous 
findings obtained by (Saeed et al., 2015; Nadeem 
et al., 2022; Zafar et al., 2021; Jarwar et al., 2019).  
PCA Scatter Plot 
The scatter plot depicted that the hybrids which 
were close together are considered to be similar 
while examined against seven characters. Hybrids 
26(MNH-1045 × VR-16), 29( Super GOLD × 1045 
R), 50(MNH-Super Gold × CRP-212),12(Super 
Gold × CRI-212),14(Super Gold × CRI-
875/6),20(IS-29 × VR-5),21(217007 × VR-
5),22(IS-12 × VR-5),32((MNH-1090 × MNH-875) 
× 875),33((MNH-1090 × MNH-875/4) × 
875/4),48((MNH-872 × MNH-875/4) × 
875/4),47((MNH-872 × SS-102) × 872),45(CRP-
255 × Super Gold),46(CRP-212 × FH-
333),57(CRI-288 × CRI-294),61(CRI-287 × CRI-
212),44(CRP-254 × Super Gold),39(MNH-872 × 
Mac-07),42(CRP-213 × Super Gold),41(CRP-213 
× CKC-6),40(CRP-212 × CKC-6)  (Table 1) were 
farther from origin in term of eight character 
significantly different from the other hybrids (Fig. 
11) Furthermore, the crosses which forms group 
near the vector which means the variation due to 
the variables is high in these crosses. Similiter 
method was adopted by Shakeel et al., (2015) and 
Nadeem et al., (2022). 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030


Spectrum of Engineering Sciences   
ISSN (e) 3007-3138 (p) 3007-312X   
 

https://thesesjournal.com                         | Bilal et al., 2026 | Page 4929 

 
Figure 11. Biplot of PC1 and PC2 showing the contribution of morphological traits to the genetic 

variability of intraspecific cotton hybrid 

 
Figure 12. Scree plot showing the contribution of the first eight principal components (PCs) to the total 

variability in intraspecific cotton hybrids
Cluster Analysis in Intraspecific Hybrids of 
Cotton 
 

Cluster analysis performed on mean values of 61 
hybrids of cotton comprises from different 

parents. The letter 1 to 61 represents the crosses 
(Table 1).  May et al., (1995) reported the cotton 
genotype based on close to each other grouped in 
same cluster. Nazir et al., (2013) grouped 70 
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crosses and characterize them in ward’s linkage 
method. Shakeel et al., (2015) assessed the ward 
linkage cluster analysis and divide the similar 
genotype into same group. (Nadeem et al., 2022) 
used similar method and characterize twenty 
genotypes of cotton into two main cluster with 
division of sub cluster. 
 
Explanation 
The 61 hybrids, derived from different parents, 
were grouped into three clusters (Table 3). The 
cluster Ⅰ contained 12 crosses, Cluster Ⅱ 
comprised 11 crosses, and cluster Ⅲ comprised 38 
crosses. The crosses in cluster Ⅰ showed 
reasonable values for the number of squares, 
number of green bolls, and number of flowers. 
The members of cluster Ⅰ showed resistance to 
cotton leaf curl virus disease. The crosses in cluster 
Ⅱ showed reasonable values for the number of 
open bolls and number of flowers, but these 
crosses also showed susceptibility to cotton leaf 
curl virus disease. The member of cluster Ⅲ 
showed shorter height and fewer main stem nodes 

but had high values for number of open bolls and 
number of flowers; some members of this cluster 
also had high values for first square on node 
number but were highly resistant to CLCuD%. 
Cluster Ⅲ crosses can further be used for early 
maturity owing to their higher number of open 
bolls compared with the other clusters. This wide 
variation in germplasm is useful for selecting 
cotton for a range of breeding purposes. Based on 
cluster dendrogram (Fig. 14) these crosses are 
highly recommended for further use in breeding 
programme are IS-29 × VR-5, 217007 × VR-5, IS-
12 × VR-5, (MNH-1090 × MNH-875) × 875, 
(MNH-1090 × MNH-875/4) × 875/4, (MNH-872 
× SS 32) × 872, CRP-255 × Super Gold, CRP-212 
× FH-333, (MNH-872 × SS-102) × 872, (MNH-872 
× MNH-875/4) × 875/4, CRI-288 × CRI-294, 
CRI-287 × CRI-212. These crosses possess the 
quality of high flowering, high numbers of green 
bolls and numbers of open bolls with highly 
resistant to CLCuD% (Fig. 13). The members of 
other cluster can be used for various other traits 
for selection. 

 
Tabure 13. Hierarchical cluster heatmap of intraspecific cotton hybrids showing the relatedness 

among morphological traits. 
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Figure 14. Dendrogram generated using Ward's linkage method showing the clustering pattern and 

genetic variability among intraspecific cotton hybrids 

Table 3. Cluster membership of intraspecific cotton hybrids based on morphological traits using Ward's 
hierarchical clustering 

Cluster 
Ⅰ 

12 

IS-29 × VR-5, 217007 × VR-5, IS-12 × VR-5, (MNH-1090 × MNH-875) × 875, (MNH-
1090 × MNH-875/4) × 875/4, (MNH-872 × SS-32) × 872, CRP-255 × Super Gold, CRP-
212 × FH-333, (MNH-872 × SS-102) × 872, (MNH-872 × MNH-875/4) × 875/4, CRI-
288 × CRI-294, CRI-287 × CRI-212. 

Cluster 
Ⅱ 

11 
Super Gold × CRI-276, MNH-1045 × HLS, CRP-212 × Super Gold, MNH-872 × Mac-
07, CRP-212 × CKC-6, CRP-213 × CKC-6, CRP-213 × Super Gold, CRP-214 × Super 
Gold, CRP-254 × Super Gold, CRI-269 × MNH-Super gold, CRI-276 × MNH-Super gold. 

Cluster 
Ⅲ 

38 

CRP-212 × GT/Bt Okra, CRP-213 × GT/Bt Okra, MNH-886/24 × Mac-07, CRP-254 × 
GT/Bt Okra, Super Okra × GRC-823, Super Okra × CRI-213, CRI-213 × Super Gold, 
MNH-1050(V2 SD) × MNH-Super gold, CRI-823 × MNH-Super gold, CRI-134 × MNH-
Super gold, CRI-212 × MNH-875, Super Gold × CRI-212, Super Gold × CRI-875/6, 
GRC-823 × CRI-875/6, Super Okra × CRI-276, BC5F1(211009) × BtGT-8/23, (MNH-
1027 × CRI-276) × VR-5, MNH-1040 (velvet) × VR-5, CRI-234 × Super Gold, CRI-276 
× Super Gold, MNH-1045 × VR-5, MNH-1045 × VR-16, HLS × GRC-823, 1045 R × 
CRI-276, Super GOLD × 1045 R, Super GOLD × HLS, CRP-254 × CKC-6,CRP-255 × 
CKC-6, CRP-212 × FH-333, MNH-Super Gold × CRP-208, MNH-Super Gold × CRP-
2012, MNH-Super Gold × CRP-213,MNH-Super Gold × CRP-214, MNH-Super Gold × 
CRP-254, CRI-287 × CRI-212,CRI-289 × CRI-213, CRI-290 × CRI-291, CRI-294 × CRI-
212. 
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Conclusion 
In this study, we aimed to explore genetic 
divergence in intraspecific crosses and analyze 
their trait associations. Positive and significant 
correlations were found between plant height and 
main stem nodes (0.91), as well as between the 
number of squares per plant and both plant height 
(0.51) and main stem nodes (0.58). Moderate 
positive correlations existed between the number 
of flowers and squares per plant (0.31). Green 
bolls showed high correlations with main stem 
nodes (0.35) and plant height (0.37), whereas open 
bolls (0.38) also had a significant impact. 
Conversely, Cotton leaf curl virus disease 
exhibited negative correlations with other 
morphological traits. 
Genetic diversity is crucial for breeding programs 
and yield improvement. Principal component 
analysis revealed 53% total variance among PC-Ⅰ 
and PC-Ⅱ, with PC-I contributing 34.3% and PC-
II contributing 18.7% of yield-related traits. 
Squares per plant, green bolls, and flowers showed 
significant positive loading on these factors.  
Clusters I and II demonstrated high values for 
squares, green bolls, flowers, and resistance to 
cotton leaf curl virus disease. Cluster II, while 
having reasonable open boll and flower numbers, 
was susceptible to the cotton leaf curl virus. 
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