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Introduction 

The term "cotton" originates from the Arabic word "al qatan" 

and is widely referred to as "White Gold." As one of the greatest 

key cash crops, cotton occupies a crucial role in agriculture, 

contributing significantly to economic and social 

development. Cotton stands as the world's leading natural 

fiber and oilseed crop (1, 2). Cotton, often referred to as the 

"King of Fibers," is a valuable cash crop and a vital raw material 

for the textile industry. It supports millions of livelihoods 

globally through its extensive involvement in farming, seed 

production, marketing, industrial applications and research 

activities. Cotton belongs to the family Malvaceae and is 

classified within the tribe Gossypieae. Within this tribe, which 

comprises eight recognized genera, cotton is categorized 

under the genus Gossypium. Cotton exhibits remarkable 

genetic diversity, encompassing more than 50 species, of 

which 46 are diploid and 7 are tetraploid. Globally, only four 

cultivated species of cotton are widely recognized: G. 

herbaceum, Gossypium arboreum, G. barbadense and G. 

hirsutum. Notably, all four species are cultivated in India.  

 The top cotton producing countries include China, 

India, the United States, Brazil and Pakistan, with India leading 

in terms of the largest area dedicated to cotton cultivation, 

covering nearly 40 % of the global total. Remarkably, India 

pioneered the commercial utilization of heterosis in cotton, 

achieving a significant milestone with the release of the world's 

first commercial intra-hirsutum hybrid, H-4 (Gujarat-67 × 

American Nectariless), by the late Dr. C T Patel in 1971 at the 

Main Cotton Research Station, Gujarat Agricultural University, 

Surat (3). India ranks second in global cotton production, 
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Abstract  

Cotton (Gossypium hirsutum L.) is a versatile crop with multiple applications. The evaluation of 30 upland cotton genotypes was conducted to 

measure variability and divergence in seed cotton yield, yield-related attributes and fiber quality traits using multivariate analyses. The investigation, 
conducted during the Kharif season of 2022, was laid out in a randomized block design (RBD) with three replications at the Main Cotton Research 

Station (MCRS), Navsari Agricultural University (NAU), Surat. Analysis of variance (ANOVA) showed significant genetic variability between the 

genotypes for all traits. Morphological observations identified GISV-400 as the genotype with the highest seed cotton yield (148.00 g/plant). Fiber 

quality analysis highlighted GISV-391 as superior in upper half mean length (28.03 mm), fiber strength (28.37 g/tex) and fiber fineness (4.80 µg/inch). 
Seed cotton yield per plant displayed a significant positive relationship with the number of bolls per plant and boll weight. Principal component 

analysis (PCA) identified five components with eigenvalues greater than one, collectively explaining 78.66 % of the total variation. The biplot revealed 

GISV-399, GISV-398, GISV-391, GISV-322, GISV-323, GISV-313 and GISV-402 as the most genetically diverse genotypes. Hierarchical clustering further 

classified the 30 genotypes into five distinct groups. To identify the best-performing genotypes, the Multi-Trait Genotype-Ideotype Distance Index 
(MGIDI) was employed for the ranking of genotypes at 10 % selection intensity, four genotypes (GISV-389, GISV-395, GISV-394 and GISV-391) were 

identified as superior. Overall, seven genotypes (GISV-389, GISV-395, GISV-394, GISV-391, GISV-398, GISV-399 and GISV-400) were consistently 

identified as high-performing in terms of both yield and fiber quality based on PCA, hierarchical clustering and MGIDI. Overall, the study indicated that 

the existing variability in tetraploid cotton can be effectively utilized through hybridization and development of mapping populations.   
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contributing approximately 23 % to the world's total output. 

During 2022-23, cotton cultivation in India spanned about 

125.10 lakh hectares, with a production of 341.91 lakh bales 

and a productivity of 465 kg/ha. Cotton is not only a major fiber 

crop but also a key oilseed crop worldwide. Although primarily 

cultivated for its fiber, cotton also plays a significant role in the 

edible oil market, contributing 15-25 % of the global oilseed 

supply. Cottonseed oil, derived from cotton seeds, is prized for 

its premium quality and cholesterol-free properties, making it 

a popular and healthy dietary option (4). 

 Since breeding is an evolutionary process, it is crucial to 

conserve genetic resources, including high-performing cultivars, 

breeding lines and wild relatives, for the continued 

improvement of crops (5). Cotton breeding's major goal is to 

continuously improve the genetics of current plant germplasm 

to produce new genetic recombinants. The goal is to increase 

seed cotton yield possible per unit area while maintaining 

acceptable fiber quality under a variety of agroclimatic 

situations (6). Genetic diversity, which includes diverse 

agronomic and morphological features as well as their 

interactions with biotic and abiotic variables, has been exploited 

to promote breeding (7). The breadth and character of genetic 

variability in germplasm provide numerous options for 

application in successful breeding programs aiming at 

enhancing various traits. Effective varietal selection is critical in 

preserving genetic resources while ensuring consistent diversity 

of desirable attributes (8). The goal of the investigation was to 

assess the genetic variability and interrelationships among 

morpho-yield and fiber quality traits in cotton germplasm using 

correlation analysis and PCA and to identify high-yielding, 

superior fiber quality genotypes through MGIDI for use in 

breeding programs.  

 

Materials and Methods 

Experimental material and field evaluation 

The present study was conducted during the Kharif season of 
2021-22 at the MCRS, NAU, Surat. The station is situated in a 

tropical zone characterized by hot summers, mild winters and 

humid monsoon. Geographically, it is positioned at 21º N 

latitude and 72º E longitude, at an elevation of 12 m above 

mean sea level. The weather during the growing season was 

normal and favourable. The experiment consisted of 30 

distinct genotypes arranged in a RBD with three replications, 

aimed at evaluating morphological characteristics. A detail of 

genotypes and their sources along with pedigree are given in 

Supplementary Table 1. Each plot contained 12 plants, with 

120 cm spacing between rows and 45 cm between individual 

plants. To ensure healthy crop growth, appropriate and 

uniform agronomic practices were followed, along with timely 

plant protection measures.  

Phenotyping for yield, yield attributing and fibre quality 

traits 

For each genotype, five representative plants were randomly 

selected and marked within each replication. These plants 

were evaluated for various traits, including days to 50 % 

flowering (DFF), days to maturity (DM), plant height (PH; cm), 

monopodia per plant (MPP), sympodia per plant (SYPP), bolls 

per plant (BPP), boll weight (BW; g), seed cotton yield per plant 

(SCYP; g), ginning outturn (GOT; %), seed index (SI; g), upper 

half mean length (UHML; mm), fiber strength (FS; g/tex) and 

fiber fineness (FF; µg/inch). Additionally, plot-based 

observations were conducted for the phenological traits of DFF 

and DM, ensuring accurate data collection across the study. 

 For the analysis of fiber quality, 100 g of fiber samples 

were sent to the Central Institute for Research on Cotton 

Technology (CIRCOT) laboratory at NAU, Surat. The pooled 

fiber samples were evaluated for fiber quality characteristics 

under controlled conditions of 65±2 % relative humidity and 

27±2 °C. The analysis was conducted using the high-volume 

instrument (HVI) mode, adhering to the ASTM D-5867-2012 

standard to ensure precise and reliable results. 

Statistical analysis of data 

The data collected for the studied traits were subjected to 
ANOVA and the critical difference (CD) was calculated to 

identify significantly different genotypes using the R software. 

Correlation analysis was performed for each environment 

using the corrplot function of the metan package (9) in R. PCA 

and biplots were generated using paleontological statistics 

(PAST) version 4.16 c to detect high- and low-yielding 

genotypes. Additionally, hierarchical clustering analyses were 

conducted in R, utilizing the heatmap package for visualizing 

relationships among genotypes. The MGIDI, a novel method 

proposed (10), was employed to evaluate the proximity of 

genotypes to an ideal ideotype across multiple traits. The 

MGIDI was computed using the metan R package, with trait-

specific relative values (RVs) serving as the basis for the 

analysis, providing a robust framework for multi-trait genotype 

evaluation.  

 

Results and Discussion 

Analysis of variance and variability among the morpho-fiber 

quality traits 

Genetic variability encompasses the total genetic differences 

present among individuals within a population or community. In 

this study, the analysis of variance showed that the mean square 

for genotypes was highly significant (p ≤ 0.01) for morpho-fiber 

quality traits Table 1. These findings are consistent with the 

results reported (11-13). The significant differences among 

genotypes for various traits observed in the ANOVA highlight the 

presence of substantial variation within the studied genotypes. 

The significant variability observed for each character suggests 

the existence of ample genetic diversity, providing a robust 

foundation for the selection of promising advanced lines in 

cotton improvement efforts. Plant breeders consistently 

prioritize harnessing the genetic diversity found within existing 

germplasm to attain desired traits (14).  

Phenological and morphological traits  

Descriptive mean value of morpho-fiber quality traits was 

visualized using a box plot Fig. 1 and Supplementary Table 2. 

Early maturing genotypes provide considerable benefits, 

particularly in areas prone to recurrent terminal droughts. 

They can also avoid peak pest and disease outbreaks, adapt to 

unexpected weather conditions and ensure the timely planting 

of subsequent crops. Early flowering is desirable, with DFF 

ranging from 53.00 to 63.67 days (average 58.50). GISV 398 was 
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the earliest flowering in 53 days, while GISV 401 had the latest 

flowering time at 63.67 days. The significance of PH in cotton 

varies depending on the specific breeding objective. For 

machine harvesting, shorter sympodial varieties are typically 

preferred. However, under suboptimal management conditions, 

taller genotypes with more monopodial branches may be better 

suited. PH showed considerable variation among the genotypes, 

ranging from 92.60 cm (GISV-313) to 152.60 cm (GISV-391), with 

an average of 128.34 cm. Typically, dwarf plants like GISV-313 are 

ideal for high-density planting, which can enhance yield 

potential. 

 Monopodial (vegetative) and sympodial (fruiting) 

branches play a vital role in cotton, as they influence branching 

pattern, plant structure and fruiting efficiency. Monopodial 

branches contribute to the main stem and primary branches, 

whereas sympodial branches give rise to secondary and fruiting 

branches. Proper management and balance of their 

development are essential for optimizing crop yield and 

enhancing overall cotton productivity. In addition, monopodial 

genotypes can be planted with wider spacing, which reduces the 

need for expensive hybrid seeds and, as a result, lowers 

production costs. Generally, a lower number of monopodial 

branches per plant is preferred. The average number of 

monopodia ranged from 1.47 (GISV-319) to 3.40, with GISV-398 

exhibiting the highest count. The overall mean number of MPP 

was 2.00. The number of sympodial branches per plant 

stretched from 11.67 (GISV-322) to 17.00 (GISV-39), with an 

average of 14.73. Out of the 30 genotypes, 13 exhibited a higher 

number of sympodial per plant (SYPP) than the mean. 

 Bolls per plant (BPP) play a significant role in seed cotton 

yield. The 30 germplasms displayed a wide variation in the 

number of BPP, ranging from 18.04 (GISV-322) to 36.34 (GISC-

269). The overall average for BPP was 28.87, with 14 genotypes 

exceeding this average. Seed cotton yield is determined by the 

balance between flower production and the retention or 

shedding of flowers and bolls. Selecting germplasms with a 

higher number of effective bolls is crucial for maximizing yield. 

Genotypes with greater boll weight (BW) are key contributors to 

higher cotton yield and more efficient picking with reduced 

waste. A larger BW reflects the potential for increased cotton 

fiber production, thereby enhancing the overall yield per plant 

and per unit area. Breeding and selecting genotypes with higher 

boll weight is a crucial approach for enhancing cotton yield and 

productivity. BW ranged from 3.07 g to 4.87 g, with an average of 

4.01 g. Genotype GISV-386 demonstrated exceptionally high BW 

(4.87 g), while GISV-324 exhibited lower BW (3.07 g). 

Yield and yield attributing traits  

The primary goal of cotton breeders is to develop varieties and 

hybrids with enhanced yield potential while maintaining 

acceptable fiber quality. This focus on improving both yield and 

fiber traits serves two key purposes: increasing cotton 

Table 1. Analysis of variance and mean performance of quantitative characters in 30 genotypes  

Characters 
Replications 

(Df: 2) 
Genotypes 

(Df: 29) 
Error 

(Df: 58) 
Mean Range S. Em. ± CD at 5 % CV % 

Days to 50 % flowering 1.03 23.86 ** 9.39 58.50 53.00-63.67 1.77 5.01 5.23 
Plant height (cm) 5.00 517.31 ** 158.93 128.34 92.60-152.60 7.28 20.60 9.82 
Monopodia per plant 0.07 0.45 ** 0.04 2.00 1.47-3.40 0.12 0.33 10.21 
Sympodia per plant 2.58 4.90 ** 2.31 14.73 11.67-17.00 0.88 2.49 10.33 
Bolls per plant 31.17 63.67 ** 9.87 28.87 18.04-36.34 1.81 5.13 10.88 
Boll weight (g) 0.22 0.47 ** 0.07 4.01 3.07-4.87 0.16 0.45 6.9 
Ginning out turn (%) 1.17 11.42 ** 1.98 35.74 30.19-38.55 0.81 2.30 3.93 
Seed index (g) 0.08 0.40 ** 0.18 4.01 8.17-9.33 0.16 0.45 4.82 
Upper half mean length (mm) 0.94 5.37 ** 0.11 25.49 22.53-28.03 0.19 0.54 1.3 
Fibre strength (g/tex) 0.66 3.81 ** 0.15 26.96 24.50-28.83 0.22 0.63 1.4 
Fibre fineness (mv) 0.11 0.52 ** 0.08 4.89 3.70-5.83 0.16 0.47 5.82 
Seed cotton yield per plant (g) 276.80 1228.98** 147.33 115.27 72.90-148.00 7.01 19.84 10.53 

 

Fig. 1. Box plots displaying mean performance of the studied traits.  
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production to meet the textile industry's demands and 

promoting agricultural sustainability. Understanding the 

variability in yield, a complex polygenic trait, is essential for 

maximizing crop harvests. In the current study, seed cotton yield 

per plant varied significantly, ranging from 72.90 to 148.00 g 

across all genotypes. GISV 400, GISV 375, GISV 389, GISV 269 and 

GISV 399 exhibited high seed cotton yields and could serve as 

valuable parents for the development of high-yielding hybrids. 

 Ginning out turn (GOT) is a vital factor in the cotton 

industry, as it directly influences the quantity of lint obtained 

after ginning. A high GOT is beneficial for cotton producers as it 

enhances the market value of lint and boosts profitability. The 

GOT ranged from 30.19 % (GISV-216) to 38.55 % (GISV-398), with 

the overall mean at 31.29 %. These variations underscore the 

significance of GOT assessment in cotton, as it directly affects lint 

yield and overall cotton quality. Seed index plays a key role in 

determining yield. The average seed index of the 30 genotypes 

was 4.01 g, ranging from 8.17 g (GISV-323) to 9.33 g (GISV-380, 

GISV-384, GISV-391 and GISV-393). Larger seeds have a reduced 

surface area-to-seed mass ratio, which results in lower seed lint 

content. Therefore, seed index is considered a contrasting trait in 

cotton, with a lower seed index being more desirable. 

Fibre quality traits 

The UHML (Upper Half Mean Length) of cotton is a vital 

parameter in the textile industry for determining fiber quality. 

Longer UHML values are highly desirable, as they indicate 

stronger and more uniform fibers, which are ideal for 

manufacturing premium-quality textiles. Cotton with a UHML of 

less than 24 mm tends to exhibit diminished spinning efficiency, 

making longer fiber lint the preferred choice for cotton-based 

industries. In this study, UHML values ranged from 22.53 mm 

(GISV-402) to 28.03 mm (GISV-391), with an overall average of 

25.49 mm. The observed variation in UHML can be attributed to 

genetic differences among cotton species and the influence of 

diverse environmental conditions. Cotton varieties with superior 

tensile strength are highly valued in the textile industry for 

producing durable and high-performance fabrics. In this study, 

fiber strength varied from 24.50 g per tex (GISV-402) to 28.83 g per 

tex (GISV-322), with an overall average of 26.96 g per tex, 

consistent with findings reported in previous research. 

Micronaire, a crucial indicator of fiber fineness, is most desirable 

at lower values as it directly impacts the texture of the fiber 

determining whether it feels soft or coarse, silky or harsh. 

Environmental factors significantly influence these 

characteristics. In this study, the highest micronaire value was 

recorded in genotype GISV-387 (5.83 µg per inch), reflecting 

relatively coarser fiber compared to other genotypes. Conversely, 

the lowest micronaire value was observed in genotype GISV-375 

(3.70 µg per inch), indicating exceptionally fine fiber. The overall 

mean for fiber fineness across the genotypes was 4.89 µg per 

inch. 

 Based on the mean performance, the genotypes GISV 
400, GISV 375, GISV 389, GISV 269 and GISV 399 recorded high 

seed cotton yield thus it can serve as a potential donor for future 

breeding programs aimed at developing high-yielding hybrids. 

The genotype GISV-391 possessed long fibre length and average 

fibre strength with length and strength ratio nearly to one, which 

is desired by the textile industry and thus this genotype could be 

utilized for the development of suitable genotypes/hybrids for 

textile industry. Hence, these genotypes hold potential for 

utilization in crop improvement programs aimed at enhancing 

specific desirable traits. 

Correlation coefficient analysis  

Correlation heat maps were created to recognize the genotypic 

association between morpho-fiber quality variables with seed 

yield per plant Fig. 2. SCYP was highly significant and positively 

Fig. 2. Correlation matrices of the studied traits.  
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correlated with BPP (0.85) and BW (0.48) (Fig. 3). This suggests 

that these characteristics can be enhanced concurrently with 

SCYP through direct selection. Therefore, selecting these traits 

will help identify genotypes with improved SCYP. Similar 

outcomes have been reported (15-21). PH (r = 0.14), MPP (r = 

0.23), SYP (r = 0.36) and GOT (r = 0.08) revealed non-significant 

positive association with SCYP. Similar results for monopodia 

per plant were also detected (22, 23). However, SCY/P were 

negative association with DF (r = -0.10), SI (r = -0.11), UHML (r = -

0.16), FS     (r = -0.35*) and FF (r = -0.07). Among these, the 

negative correlation with FS (r = -0.35*) is the most significant, 

suggesting that higher fiber strength may come at the expense 

of seed cotton yield. This indicates a potential trade-off between 

yield and certain quality traits, which should be carefully 

balanced in breeding plans aimed at improving both yield and 

fiber quality. Akin outcomes were stated for DF and SI (24); BW 

(25).  

Principal component and biplot analysis 

Significant genetic diversity was identified among cotton 

components in this study. PCA, an advanced multivariate analysis 

technique, was employed to simplify and interpret complex high-

dimensional datasets (26, 27). We applied PCA to enhance our 

ability to differentiate between the measured traits based on their 

relationships. This method enabled the identification of key traits 

that contributed the most to overall variability, providing deeper 

insights into trait interactions. Among the twelve principal 

components (PCs), five components exhibited eigenvalues greater 

than 1, accounting for 78.74 % of the cumulative variability for the 

traits under investigation Supplementary Table 3 and Fig. 3A. 

 The cumulative contribution rate was 76.74 %. Principal 

component I (PC I) had an eigenvalue of 2.819, contributing 23.49 

% of the total variability. Germplasm in PC I had the most 

significant positive impact on BPP and SCY/P (Supplementary 

Table 3). Principal component II (PC II) exhibited an Eigenvalue of 

2.069, explaining 17.24 % of the variability. The germplasm in PC 

II showed positive effects on PH, SPP, BW and SI. Principal 

component III (PC III) had an Eigenvalue of 1.908, accounting for 

15.90 % of the variability. Germplasm in PC III positively 

influenced monopodia per plant. Principal component IV (PC IV) 

showed an Eigenvalue of 1.337, contributing 11.14 % of the total 

variability, with a favorable impact on UHML and FS. Principal 

component V (PC V) had an Eigenvalue of 1.076, explaining 8.97 

% of the variability, with positive results for FF. Germplasm lines 

exhibiting maximum positive PC scores and common presence in 

PC1, PC2, PC3, PC4 and PC5 are lines GISV-389, GISV-398, GISV-

Fig. 3. Summary of panels (A) Depict butterfly bar charts showing the variable percentage contribution of each principal component (PC) as 
well as the eigenvalue. (B) Quality of representation of different traits (cos2). Panels (C) and (D) display biplots involving PC1 and PC2, 

illustrating the allocation of 12 traits and 30 genotypes respectively. Scattered numbers across the plot indicates serial number of lines 
enlisted in materials and methods.  
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399 and GISV-400 (Supplementary Table 4). Selecting these lines 

can contribute significantly to the further advance of new high-

yielding varieties/hybrids.  

 The biplot, also referred to as a polygon, generated during 

principal component analysis, displayed the 30 germplasm 

based on their genetic characteristics. The germplasms GISV-399, 

GISV-398, GISV-391, GISV-322, GISV-323, GISV-313 and GISV-402 

were located at the vertices of the polygon, indicating the highest 

genetic diversity. These highly diverse genotypes have the 

potential to be valuable in future cotton improvement programs. 

Conversely, several germplasms were positioned close to the 

origin of the polygon, suggesting a higher degree of genetic 

similarity and minimal divergence due to their narrow genetic 

base. Germplasms such as GISV-392, GISV-318, GISV-323, GISV-

387, GISV-382 and GISV-397 were found nearer to the origin, 

indicating lower genetic diversity and suggesting their limited 

utility for broadening the genetic base in upcoming breeding 

efforts. The cos 2 (squared cosines or squared coordinates) values 

are used to estimate the quality of representation of the variables 

on factor map. A high cos 2 value indicated the good representation 

of the variable on the principal component whereas low cos 2 

indicated that the variable is not perfectly represented by the PCs 

Fig. 3B. 

 The biplot analysis effectively differentiated the 

associated traits based on their correlations: positively 

associated characteristics (> 90°), independent attributes (= 90°) 

and negatively associated traits (> 90°). In character biplot for the 

GY exhibited a strong association with SPP, BPP and BW as 

indicated by the very low angle between their corresponding 

lines Fig. 3C. SCYP showed a marked negative correlation with SI, 

UHML and FS, as indicated by the angle between their 

corresponding vectors being greater than 180°. The distance 

between the genotype and the biplot origin can be used to 

measure the 

genotypic performance in biplots. For one or more attributes, the 

distant genotypes may have the greatest value. The biplot of the 

PCA separates the GISV-389 and GISV-399 genotypes as remote 

genotypes that exhibit a strong positive association with SPP and 

BW. The biplot of the PCA separates the GISV-391 genotypes as 

remote genotypes that exhibit a strong positive association with 

SI, UHML and FS. The key traits identified in PC I and PC II, 

including BPP and SCYP. Principal component II (PC II) exhibited 

an eigenvalue of 2.069, explaining 17.24 % of the variability. The 

germplasm in PC II showed positive effects on PH, SPP, BW and SI 

were major contributors to the collective variability. These 

attributes should be prioritized in future cotton improvement 

programs. Similar findings, highlighting the contribution of these 

variables to cumulative variability and their potential in 

advancing cotton breeding, have also been reported (28-30). The 

genotypes GISV- 322, GISV- 324, GISV- 323, GISV- 313, GISV- 402, 

GISV- 399, GISV- 386 and GISV- 391 exhibited the highest diversity 

for various traits, as they were positioned far from the origin Fig. 

3D. 

Hierarchical clustering of genotypes and traits 

Researchers employ hierarchical cluster analysis to characterize 

genotypes based on similarities across several traits. The heat 

map provides a visual representation of how various genotypes 

perform relative to each other under both optimal growing 

conditions and heat stress. Based on average, the heat maps 

divided the wheat genotypes into various clusters and different 

groups based on the variation available in the studied traits Fig. 4. 

The distances between genotype pairs were calculated using the 

Euclidean distance method.  

 Following this, all genotypes were clustered together 

using the complete method to create a comprehensive 

dendrogram.  Among 30 cotton lines formed 5 clusters in the 

depicts that 9, 6, 1, 8 and 5 genotypes were included in Groups  -1, 

Fig. 4. Heat map study of different 12 characteristics.  
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-2, -3, -4 and -5 respective Fig. 4. The diagram shows the 

genotypes performance as a gradient of colors, from red to blue, 

which correspond to the highest and lowest performance, 

respectively. This visualization is acquired from clustering 

analysis conducted. Genotypes in group 1, such as GISV-318, GISV

-319, GISV-382, GISV-385, GISV-389, GISV-401, GISV-399, GISV-402 

and GISV-386 exhibited higher yields and attributing traits and 

moderate UHML, FF and FS values. However, genotypes within 

cluster-III, such as GISV-391 displayed good performance for 

UHML and FS traits, indicating their fiber quality traits.  

Selection of high yielding and good fiber quality genotypes 

using MGIDI 

There are various drawbacks to cluster analysis that can make it 

difficult to pick tolerant genotypes. These include subjective 

interpretation, difficulties managing missing data, inadequate 

dimensionality reduction, the inability to consider interaction 

effects and lack of statistical rigor (31). To address these constraints, 

it is critical to incorporate additional analytical approaches. Cluster 

analysis can be integrated with quantitative indicators such as the 

MGIDI to help identify high yielding with good fiber quality 

genotypes. MGIDI is an ideal method for genotypic selection due to 

its ability to address multicollinearity and eliminate the need for 

assigning weights (9). The method enhances breeding efficiency by 

reducing the time and resources needed to develop cultivars (32). 

This index relies on factor analysis, an efficient technique for 

modeling detected genotypes using undetected latent 

components, while exploiting the common variance among related 

genotypes. 

 To identify high yielding genotypes, the MGIDI was 

calculated using all attributes. Table 2 shows the findings of the 

factor analysis. The traits were clustered into five factors, FA1 - BPP 

and SCYP; FA2 - PH, SYP and BW; FA3 - DF, MPP and GOT; FA4 - SI, 

UHML and FS and FA5 - FF with the average communality equal to 

0.77. Broad-sense heritability (h2) was spread from 0.52 (SPP) to 0.97 

(UHML) for different traits Table 2. These high heritability estimates 

indicate that these attributes are strong candidates for cotton 

improvement through selective breeding. Table 2 displays the 

predicted average genotypic values and the selection gains. DF and 

Table 2. Estimated Factor analysis, broad sense heritability and genetic gain for the physio-quality characteristics in the MGIDI  

SOV FA1 FA2 FA3 FA4 FA5 Factor h2 (bs) SG (%) 

Days to 50 % flowering 0.08 0.00 0.61 0.07 -0.19 FA3 60.6 -1.52 

Plant height (cm) 0.04 -0.87 -0.02 0.04 -0.07 FA2 69.3 4.95 

Monopodia per plant -0.09 -0.1 -0.8 0.07 -0.02 FA3 90.8 6.81 

Sympodia per plant -0.39 -0.6 0.56 0.06 -0.09 FA2 52.7 0.76 

Bolls per plant -0.94 0.09 0.02 0.19 -0.08 FA1 84.5 1.54 

Boll weight (g) -0.2 -0.64 -0.37 -0.09 0.1 FA2 83.7 1.68 

Seed index (g) 0.16 -0.47 0.13 -0.59 0.31 FA4 54.3 1.01 

Ginning out turn (%) 0.22 -0.31 -0.53 0.46 -0.39 FA3 82.7 -0.138 

Upper half mean length (mm) 0.04 0.04 -0.01 -0.91 -0.12 FA4 97.9 5.92 

Fibre strength (g/tex) 0.28 0.00 -0.06 -0.87 -0.16 FA4 96.1 3.12 

Fibre fineness (mv) 0.12 -0.01 -0.18 0.18 0.86 FA5 84.6 2.05 

Seed cotton yield per plant (g) -0.92 -0.25 -0.19 0.12 -0.03 FA1 88.0 3.59 

Fig. 5. The MGIDI analysis of lines ordering is presented in ascending order (A, B). The genotypes with the highest rankings and selection are 
highlighted in red. The central red circle indicates the cut-off point, determined by the selection pressure (A). The percentage contribution of 

each factor in the generated MGIDI index illustrates the strengths and weaknesses of each lines (B). The closer a factor's indices are to the 
ideotype, the lower the fraction of explanation, indicating proximity to the outer boundary.  
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GOT exhibited negative gains, while SCYP demonstrated a positive 

gain of 3.59 %. The genotypes GISV-389, GISV-395, GISV-394 and 

GISV-391 were selected Fig. 5A. Fig. 5B illustrates the relative 

strengths and weaknesses of the examined genotypes, as 

determined by total of five factors (FA1, FA2, FA3, FA4 & FA5) each 

factor's contribution to the MGIDI score for each genotype.  

 MGIDI aids as a valued graphical tool that highlights the 
strengths and weaknesses of genotypes, offering insights into how 

they perform in traits that require enhancement. A strength-

weakness analysis revealed that FA1 had the greatest influence on 

G17, FA2 on G18 and FA3 on G22. FA4 contributed most 

significantly to G18, while FA5 had the highest impact on G21. For 

instance, FA1’s strong influence on G17 signified its superior 

performance in BPP and SCYP. Meanwhile, FA2 and FA4 for G18 

were linked to PH, SPP, BW, SI, UHML and FS. A similar 

methodology was utilized to evaluate the performance of 13 

strawberry lines (103). A system using MGIDI to identify promising 

guar lines with high gum and seed yield was developed in a 

different study (33). Likewise, MGIDI was proposed as a powerful 

tool for enhancing selection methods in breeding climate-resilient 

maize hybrids, assessing their performance under varying 

moisture and drought conditions (34). The use of MGIDI in quinoa, 

focusing on different plant spacing strategies, was also 

demonstrated (35). In our study, MGIDI is applied to upland 

cotton, providing a comprehensive framework for identifying 

genotypes with both high yield and superior quality traits, which 

are well-suited for hybrid development.  

 

Conclusion  

The MGIDI index, applied to both morpho-fibre quality traits, was 

effective in identifying the top-performing cotton genotypes. 

Among the various traits, bolls per plant, sympodia per plant and 

boll weight emerged as the most reliable indicators for selecting 

optimal genotypes. Seven genotypes, GISV-389, GISV-395, GISV-

394, GISV-391, GISV-398, GISV-399 and GISV-400 were consistently 

identified as the best performers for morpho-quality traits. These 

genotypes hold significant potential as valuable resources for 

breeding programs aimed at developing high-yielding cotton 

varieties and they can serve as parental lines for the creation of 

superior hybrids.   
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