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Abstract

Ceiba pentandra, commonly known as the kapok tree or silk-cotton tree,
exhibits diverse ecological roles, medicinal properties, economic value and
cultural significance. In this context, thirty-plus C. pentandra (kapok) trees were
selected from various locations in the Theni and Dindigul districts of Southern
Tamil Nadu based on superior traits by using the comparison tree method.
Harvested pods provided seeds for establishing a progeny trial to evaluate seed
source variation and other associated studies. Eleven traits were examined,
including pod length, pod diameter, pod weight, shell weight, lint weight, floss
weight, seed weight, number of seeds, tree height, girth at breast height and
number of branches. After two years and seven months, significant variations
were observed among the genotypes in terms of biometric parameters and pod
attributes of C. pentandra. Most characters, including pod weight, pod length,
pod diameter and floss weight, exhibited high heritability values and
substantial genetic advances as a percentage of the mean. Cluster analysis
categorized the thirty genotypes into four clusters. Notably, considering floss
weight as a pivotal trait due to its significance as an alternate source of natural
fibres, genotypes g28, g29 and g30 (originating from Sirumalai, Dindigul) were
identified as superior to other genotypes. These genotypes can be utilized for
further research programs to study genetic diversity at the genome level using
advanced molecular tools.
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Introduction

Ceiba species, falling under the family Malvaceae and subfamily Bombacoideae,
are trees native to the seasonally dry tropical forests in the Neotropics (including
Central America, the Caribbean and South America) (1). The Neotropics region is
home to 18 naturally existing Ceiba species. Most Ceiba species exhibit a height
range of 5-20 meters. Notably, C. pentandra (2n = 86) (2) stands out as the tallest
species, reaching a height between 30 and 50 meters. The cultivated forms of
C. pentandra may originate from a limited set of parental trees. This view is
supported by the observed low diversity among various Asian populations (3-4).
It exhibits a diverse range of heights in India, typically between 25 to 40 meters,
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depending on varying agro-climatic conditions (5). In Tamil
Nadu, this species is cultivated predominantly in drier
districts, including Coimbatore, Salem, Theni, Dindigul,
Dharmapuri and Madurai. Within the various districts of Tamil
Nadu, Theni has the most significant extent of cultivation,
encompassing approximately 4650 hectares (6). Under
optimal conditions, a single tree can produce between 330 to
400 fruits annually, yielding approximately 15 to 18 kg of fibre
and around 30 kg of seeds.

Regarding land productivity, a satisfactory fibre yield is
around 450 kg per hectare, with exceptional yields reaching
up to 700 kg per hectare (7). The global kapok fibre market is
projected to reach approximately $975.2 million by 2027, with
an expected compound annual growth rate (CAGR) of 4.2%
from 2022 to 2027 (8). It is an essential deciduous species with
versatile applications. Its flowers serve as a crucial honey
source for beekeepers. Kapok floss, known for its excellent
buoyancy and water repellence, is utilized in stuffing pillows,
mattresses, cushions and naval safety equipment such as life
jackets and lifeboats. The fibre also proves valuable for
insulating iceboxes, refrigerators, cold-storage facilities,
offices and aircraft, acting as an effective sound absorber for
acoustic insulation. In healthcare settings, kapok mattresses
can undergo dry sterilization without compromising their
original quality.

Furthermore, as a notable lignocellulosic plant fibre,
kapok is a reinforcement material in polyester matrices
through hybridization with glass and sisal fabrics (9). In textile
applications, kapok fibres are characterized by their short
length and lightweight. To enhance stability and performance,
blending kapok fibres with other cellulosic fibres, such as
cotton or rayon, is imperative to produce fabrics or yarns. This
strategic blending ensures improved quality of the final textile
products (10). Blending kapok fibres with cotton or other
fabric and yarn manufacturing materials offers an
environmentally friendly solution. This approach reduces
water and resource usage, effectively lowering the products'
carbon footprint. Compared to textiles made solely from
cotton or synthetic fibres, this blending strategy represents a
more sustainable alternative in textile production (11).

Thus, diversifying raw materials and embracing eco-
friendly manufacturing will help improve both present and
future environmental impacts (12). Breeding programs
commence by assessing the variability within base
populations. This objective can be accomplished by
identifying and selecting superior genotypes, often through
indirect selection methods. It includes selection based on
morphometric and biometric traits like disease-free, with a
more significant number of branches, higher pod length and
pods with higher floss content. It is followed by calculating
parameters like coefficient of variation (genotypic and
phenotypic), heritability values and other association studies.
The subsequent success of selected materials relies on the
stability of the characters under selection. Thus,
comprehending the genetic makeup and trait architecture is
fundamental for researchers and plant breeders (13). In terms
of higher genetic variability, understanding heritability and
genetic advancement empowers breeders to efficiently select
desired traits, expediting the achievement of breeding
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objectives. Comprehensive knowledge of variability,
heritability and genetic advancement is imperative for the
targeted enhancement of traits in any crop (14). Correlation
studies enhance our understanding of the relationships
between highly heritable traits and economically essential
characteristics. These studies also provide insight into the
contribution of each variable to the crops' genetic
composition, that is, the total genetic makeup of the plant in
each population and its variation at the genomic level and
chromosomal variation (15). In this framework, the current
study investigates the quantitative trait variation in
C. pentandra seedling progeny trial, utilizing thirty candidates
plus trees from diverse locations within the Dindigul and Theni
districts of Southern Tamil Nadu.

Materials and Methods
Study area

The research trial was conducted at the Horticulture College
and Research Institute in Periyakulam, Theni district (10.07°N,
77.33°E). It is characterized by red-laterite soil and a
favourable climate. The region receives northeast monsoon
rainfall from October to December, with an annual average
precipitation of around 830 mm (16). Summer temperatures
in the area range from 26.3°C to a peak of 40°C, while winter
temperatures fluctuate between 18°C and 29.6°C.

Cultural practices and experimental design

Tree selection is also the pioneer activity of any tree
improvement programme, which identifies potential trees
based on their morphometric attributes (13). This study
determined the predominant kapok growing area in Southern
Tamil Nadu. Candidate plus trees were selected based on
superior morphometric traits like trees with a maximum
number of branches, better biometric traits and good pod
yield and selected using the comparison tree method (Table
1). The pods obtained from the thirty Candidate Plus Trees
(CPTs) were harvested. Subsequently, kapok seedling progeny
was raised in the nursery in March 2020, followed by
transplanting in the main field in September 2020. This
planting initiative aimed at a comprehensive evaluation at the
Horticultural College and Research Institute, Periyakulam,
within the Theni district.

Growth biometrics

After transplanting, the observations at 2 years and 7 months
after planting, i.e. May 2023, were taken for variability and
association studies. The pods from the progeny, i.e., 2 years
and 7 months old, were harvested to measure the required
variables: pod length, pod diameter, total pod weight, shell
weight, lint weight, seed weight, number of seeds and floss
weight. The biometric parameters, i.e, tree height,
circumference at breast height and number of branches, were
also measured using the following methods outlined (17).

Statistical analysis

The experiment used a randomized blocks design (RBD) with
three replications per genotype and ten plants per replication.
The spacing adopted was 4m (between rows) and 4m (within
rows). Simple statistical measures, such as mean and
standard error, were considered in the quantitative data
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Table 1. Geographical details of 30 provenances of C. pentandra

S.No. Source Division Genotype code Latitude (°N) Longitude (°E)
1 Sempatty Dindigul gl 10°28'N 77°87'E
2 Vathalakundu Dindigul g2 10°15'N T7°74'E
3 Devathanapatty Theni g3 10°14'N T7°64'E
4 Kullapuram Theni g4 10°06'N 77°64'E
5 HC&RI Theni g5 10°7'N 77°35'E
6 Agamalai (Tribal School) Theni g6 10°10'N T7°42'E
7 Gudalure Theni g7 9°41'N T7°16'E
8 Peryakulam(Sathiyanagar) Theni g8 10°12'N T7°54'E
9 Bodi (Meenakshipuram) Theni g9 10°0'N 77°23'E
10 Bodi (Anikarapatty) Theni g10 10°02'N 78°22'E
11 PKM- Kumbankarai Theni gll 10°10'N T7°31'E
12 Audukkam Dindigul gl2 10°23'N 77°51'E
13 Bodi mettu road Theni gl3 10°02'N T7°26'E
14 PKM (Puthupatty) Theni gl4 10°04'N 77°51'E
15 Sirumalai (Thazhakidi) Dindigul gl5 10°19'N T7°99'E
16 Varusanadu ( TWAD) building Theni gl6 9°43'N 77°30'E
17 Varusanadu(Ganathottam) Theni gl7 9°72'N 77°51'E
18 Varusanadu (RMEH) Theni gl8 9°43'N 77°30'E
19 Varusanadu (Petrole bunk1) Theni g19 9°72'N 77°51'E
20 Varasanadu (Petrole bunk 2) Theni g20 9°72'N 77°51'E
21 Mailadumparai (Govt.SF) Theni g21 9°78'N T7°52'E
22 Mailadumparai (Nariyathu) Theni g22 10°19'N 77°87'E
23 Varasanadu (Tharmarajapuram) Theni g23 9°78'N T7°51'E
24 Varasanadu (Entrance) Theni g24 9°72'N 77°52'E
25 Varasanadu (Vaigainagar) Theni g25 10°03'N T7°49'E
26 Sirumalai (Thenmalai) Dindigul g26 8°96'N 77°05'E
27 Sirumalai (Velanpannai) Dindigul g27 10°13'N 78°15'E
28 Sirumalai (Kadamankulam (0.M Farm) Dindigul g28 10°16'N 78°91'E
29 Sirumalai (VP P.Manifarm) Dindigul g29 10°25'N T7°99'E
30 Sirumalai (VP Anthoni farm) Dindigul 230 10°18'N 78°15'E

analyses. R 4.3.2 Statistical software (core package of the
software) (18) was used to analyze genetic variability
measures: genotypic coefficient of variation (GCV), phenotypic
coefficient of variation (PCV), heritability (h?) and genetic
advance as percent mean. The dendrogram was constructed
based on the morphological parameters using square
Euclidean distance with the group clustering method.

Results
Variations in traits among the genotypes

The morphological parameters studied across the genotypes
showed considerable variation from different regions of the
Theni and Dindigul districts (Table 2). C. pentandra is mainly
planted for its sustainable floss with various end uses. The
genotype having a maximum floss weight of 22.75g was
recorded in g29, followed by g28 (20.75g) and g30 (17.95g).
The minimum floss weight was shown by g13. The maximum
values for almost all the remaining traits, including pod
length, pod weight, shell weight, lint weight, seed weight and
number of branches, were also shown by progeny g29.
However, maximum plant height and number of seeds were
recorded in g8 (6.5m) and g17 (248.33), respectively. The mean
pod length values ranged from 13.17 cm (gl3) to 36.76 cm
(g29). The difference in GBH was non-significant across the
genotypes and varied between 21 cm and 39.33 cm.

The genotypic and phenotypic parameters of kapok
are furnished in Table 3. All measured traits showed
phenotypic variations higher in magnitude than genotypic
variations, as genetic and environmental factors influence
phenotypic variation. The highest phenotypic coefficient of
variation (PCV) (37.49) and genotypic coefficient of variation
(GCV) (33.57) were estimated for the pod weight, followed by
floss weight with PCV and GCV of 34.26 and 29.39, respectively.
The lowest phenotypic coefficient of variation and genotypic
coefficient of variation were found for pod diameter (20.17)
and girth at breast height (8.60), respectively. This studys'
estimated narrow sense heritability ranged from 9.63 for girth
at breast height to 81.0 for pod weight. The highest heritability
was revealed for pod weight, followed by pod length (80.05)
and floss weight (73.61).

High genetic advance as a percent of the mean (GAM)
was observed for pod weight (61.93%) followed by floss
weight (51.95%), lint weight (42.32%), pod length (40.59%),
seed weight (29.33%), number of branches (29.0%), pod
diameter (25.24%) and shell weight (24.89%). Moderate GAM
was recorded for number of seeds (17.18%) and tree height
(16.73%).

Relationship between the morphological attributes

The correlation study depicted a significant and non-
significant relationship (either positive or negative) between
the traits studied (Fig. 1). Floss weight showed a significantly
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Table 2. Variation in morphometric traits across the genotypes in C. pentandra progeny trial
Genotypes Pod Length pPod,, ol Sl L seedweighto.ofseeds ca Jree Mool Fless
gl 20.57hik 3 63defen 31.09N 18.17f" 1658k 11.07¢feni 162.009¢%"  21.00%¢  4.40bcdef 8.00¢ 8.15hi
g2 22.20fehik 3 7Qcdefe 43 73defeh 93 17bcdefeh 7 53hik 11.68%efehi  160.67def"  30.0020¢  4.65%cdef  10.67¢  11.92defehi
g3 24.68¢defehi  307fh 42 98defeh 19, 15fh 1.55hik 11.81cdefehii 172 0Qcdefeh  33,333bcd  4,933bcde 17 gode  12.32defeh
g4 23.77defehii  3,90bcdel 38, g3efeni 16.49fh 1.688hik 10.018n 167.33cdefeh 21,33 3.67cdf 18,005 12.04defen
g5 18.034 3.73cdefe 4] 57defeni 19 g1efen 1.87¢fehi  14,13bcdefe D01.67cde 34,0024 5.33%cd 14,33 10,176
g6 23.40¢°fehi 3.40%f"  41.09%fN  16.47%" 2 14bcdefeh 1) gEcdefehi  916.333b<d  35,00%cd  5.90%c  14,33cde  13,93cdef
g7 19.434 2.77" 42.46%f%"  20,8Qdefen 1.57hik 12.84cdefehi  178,33bcdefeh 39,332 6.00%° 14.67% 9.55feni
g8 28.30%de 3.10f%" 52.82bcde  30.072bcd 2 5gabcdel 13 gpabcdefeh 196 QQ3bcdefe  29.333b<d 6502 12.33%  12.90¢%f
g9 33.60% 3.9 bedef 65.65° 26.133bcdel D gQabedef 15 g7abede  216,00%d 28,672 520%¢d 12,339 15.24<
glo 21.83ghik  4.20bcde 33.458h1 23.9QPcdefeh 7 gpabe 9.48ehi 160.67d¢feh  23.33bcd  317def 10.33¢ 17.88
gll 27.07cdef 3.37¢fh 47.29d%feh 19 79¢efeh 1 9@defehi 16.65%¢ 199.33%cdel  36.33%c  5.333bcd 1 0Qde  11.94defeni
gl2 28.63 3.20f%" 55.50°< 31.03%¢  2.21bcdefeh 15 @73bcde  160.009f"  26.00%0¢  4.17b<df  10.00°  11.859fen
gl3 13.17™ 2.87¢" 25.67 16.97f" 1.15k 7.47 132.008"  32.00%cd  4.503bcdef 1 33de 6.58
gl4 28.34¢de 2.83¢" 46.50%fh 23 57bcdefeh  J ggavcde 17 ogedefehii  177.G7bedefeh 28 333bcd g 17bedef 17 Qde 19.58%
gl5 18.90 3.50¢f%h 49, 74cdef D 17cdefgh D jQbedefghi 15 gabede 18D G7bedefs 3] g7abed 3. 75bedel  15.33cde 10,6600 N
gleé 16.07'm 4.27bde  40.97defehi 17.96En 1.291k 15.13%cde  177,00bcdefeh 37,3330 367t 14.67¢de 9.53fehi
gl7 19.97 3.43¢fh 36, 72¢fN 13.77" 1.30k 14, 8520cdef 248.33° 28.00%cd 4 p7abcdef 1) 33de 8.508M
gls8 21.638hik  3.60d%f 36, 77efeh 34.93° 1.00% 10.91¢feni 135.00%"  23.67°¢ 4 G7bcdef 9.67¢ 8.728hi
gl9 21.738hik 3.10%"  44.31%fh 2 7gbedefeh 7 g)fehi 11.04¢fehi  179,33bcdeleh 22 0Qbcd 3,609 14,67 15,04cde
g20 25.00¢defehi  3,93bcdel  5g gEbed g 45abede ) 7(Qabed 15.64%cde  190,00%«defe 27,003 5,007 13.33¢de 11 91defehi
g21 21.33ehik 3.47¢fh  47.56%f 21 77cdefeh D pgedefehi 18.08% 238.67% 36.33%¢  5.33%<d  26,00%c  12.38defeh
g22 21.638hik 3.50¢f%h  49.97cdef 2 Q5edefeh D 73abed 18.73° 230.67%¢  29.00%«d  3.G7cdef 33.33° 12.30¢%fen
g23 25.77cdefe 3.47¢feh 5D 7gbcde DG 37abedel g3cdefghi 14 .9qabedel  pg g7abede 9 Qb 4,17bcdef 17 g7bede  13.23def
g24 21.678hik 3.37¢f6h  42.210¢feh 24 31bcdefe 1 g3feni 11.16defehi 142.67¢f6"  35,00%<¢ 3.77bcdef D5 33bcd g 78N
g25 12.87™ 3.10f%" 31.08" 15.30¢" 1.21k 8.98hi 157.67d¢feh  34,332bcd 3 grbedef 9.67¢ 7.551
g26 25.3]cdefeh 3 gbedef 64.99%  24.06bcdefe D D4bcdefeh 8.63i 114.67" 29.00%cd  3,92bcdel 12 33de 1D 43defeh
g27 28.37¢de 4,740 33.97fh 22 4Qbcdefgh D 3gabedefg 1) gycdefehi 175 33bedefeh 90,33 3,67 11.33¢ 13.67%f
g28 29.35b¢ 5.67° 86.432  25.193bcdefe 2.90% 16.182b<d 210.00%d  25,670cd 3. 87bcdef 1) pQde 20.75%
g29 36.76° 4.60°¢ 98.79° 32.41% 3.17° 18.80° 180.67bdefe  29.3330<d 2 40f 29.33% 22.75°
g30 29.00¢ 4.43bcd 87.96° 26.483bcdef D gQabedel 13 4Qbcdefehi 173 0Qcdefeh  29.00%<¢  2.67¢ 12.33¢ 17.95%
S.E. 1.4991 0.2673 4.7191 0.95 0.2371 1.4545 18.8471 4.48 0.66 0.99 1.28
C.D.(0.05)  4.1978 0.7484 13.2141 4.33 0.6639 4.0729 52.7746 N.S 1.86 2.80 3.64
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Table 3. Genetic variability for morphological attributes of C. pentandra

S.no. Traits PV GV PCV GCV h? GA GAM
1 Pod length 33.79 27.05 24.61 22.02 80.05 9.58 40.59
2 Pod diameter 0.54 0.33 20.17 15.72 60.73 0.92 25.24
3 Pod weight 337.23 270.42 37.49 33.57 81.00 30.33 61.93
4 Shell weight 44.59 18.47 29.17 18.77 41.43 5.69 24.89
5 Floss weight 18.84 13.87 34.26 29.39 73.61 6.58 51.95
6 Lint weight 0.45 0.28 32.83 25.97 62.58 0.86 4232
7 Seed weight 13.27 6.92 27.29 19.71 52.17 3.91 29.33
8 Number of seeds 1687.22 621.58 22.64 13.74 36.84 31.17 17.18
9 Girth at breast height 66.90 6.44 27.73 8.60 9.63 1.62 5.50
10 Tree height 1.77 0.47 30.74 15.80 26.43 0.72 16.73
11 Number of branches 6.39 3.44 26.09 19.16 53.96 2.80 29.00
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Fig. 1. Karl Pearson's correlation among the attributes of C. pentandra
Legends: In the above figure, nofbranch = number of branches, dia = pod
diameter, lintwt = lint weight, flosswt = floss weight, podlth = pod length,
podwt = pod weight, seedwt = seed weight, nofseeds = number of seeds, gbh
= girth at breast height, ht = height.

positive relationship with the lint weight (r = 0.74), pod length
(r = 0.71) and pod weight (r = 0.68) whereas, negatively
correlated with plant height (r =-0.3) and girth at breast height
(r = -0.2). Remarkably, the association between pod weight
was positively correlated with the maximum number of traits
(pod length, floss weight, number of branches, lint weight,
shell weight and pod diameter) except with girth at breast
height and plant height. Pod diameter negatively correlated
with girth at breast height (-0.17) and tree height (-0.32).
Number of seeds documented a positive correlation with floss
weight (0.24).

Cluster analysis

The comprehensive clustering diagrams for C. pentandra were
constructed, considering all the quantitative traits (Fig. 2).
Cluster analysis was attempted to discriminate the sources
based on biometric and pod traits. It assisted in determining
the most distant and closest sources for subsequent breeding.
Based on Squared Euclidean distances, thirty genotypes were
grouped into four clusters based on the attributes measured,
showing that selected genotypes had adequate variability
(Table 4). Cluster I had twelve genotypes (g1, g2, g3, g4, g10,
gl5, g18, gl9, g23, g24, g26, g27), followed by cluster Il with
eight genotypes (g5, g6, g7, gl1, g13, g16, gl7, g25), cluster IlI
with 3 genotypes (g28, g29, g30) and cluster IV with seven
genotypes (g8, g9, g12, g14, g20, g21, g22).

Fig. 2. Cluster dendrogram for 30 genotypes of C. pentandra based on all
measured traits

Table 4. Genotype composition of different clusters

Clust
nulr‘rslb:'; No. of genotypes Genotypes
| P gl,g2,83, g4, 810, g15, g18, g19,
g23, g24, g26, g27
Il 08 g5, g6, g7,g11,g13, gl6,gl7,g25
I} 03 g28, 829, g30
\% 07 g8, 89, g12,g14, g20, g21, g22
Discussion

A comprehensive understanding of the genetic composition of
populations and the investigation of genetic parameters are
imperative for the proficient administration of genetic
resources, constituting the initial phase in any domestication
endeavour (19). Variability within core germplasm collections
is essential for progressing domestication efforts.

Variation in morphometric traits

Our data depicted considerable differences (p<0.05) among
thirty genotypes with about eleven morphometric attributes,
indicating substantial variation within the studied population.
It signified that phenotype. The significant variation observed
among trees within very close locations in this study may
partly reflect phenotypic plasticity influenced by microsite
conditions and genetic differences among individual trees,
which can be analyzed further in future using an advanced
molecular approach (20). The outcomes presented here align
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with results reported in previous investigations on
C. pentandra populations (21). C. pentandra tree produces
approximately 1,000 to 2,000 pods per year, which yield
between 15 and 25 kilograms of seeds (22). The findings
indicate substantial genetic variability among genotypes,
offering the potential for trait improvement, particularly in
floss weight. This underscores the importance of subjecting
accessions collected from diverse locations to rigorous
selection processes for enhanced genetic traits. Pod length
was higher, and pod diameter values were lower than all other
genotypes (23). Genotype g29 had the highest pod length, pod
weight, shell weight, lint weight, floss weight, seed weight,
number of seeds, tree height and number of branches and
genotype g13 had the lowest pod length, pod weight, shell
weight, lint weight, floss weight, seed weight, number of
seeds, tree height and number of branches among all the
experimental accessions (Table 2).

Genetic parameters of variation among the traits of
C. pentandra

The determination of the coefficient of variation serves as a
valuable tool in evaluating the magnitude of genetic
variability within a population and facilitates comparisons
across various traits. The judicious utilization of heritable
variation can be optimized with heightened precision by
concurrently investigating heritability and genetic advances,
thereby enhancing the accuracy of trait analysis. The
phenotypic coefficient of variability for all characters was
higher than the corresponding genetic coefficient of variability
reported in Jatropha curcas (24). Heritability is a metric that
gauges the efficiency of genotype selection based on
phenotypic performance, providing insights into the degree to
which observed genetic factors influence traits. Pod length,
pod weight, floss weight and lint weight revealed high
heritability values of more than 60% and high genetic advance
as a percent of the mean (GAM). Similar results with high
heritability have also been reported in trees like Pongamia
pinnata, Prunus scoparia and Prunus elaeagnifolia (25, 26).
Likewise, high heritability and substantial genetic
advancement for various growth parameters in Gmelina
arborea were also noticed (27). The girth at breast height
exhibits a diminished heritability value, suggesting a notable
influence of environmental factors on this trait.

Character association

The correlation analysis provides a quantitative assessment of
the strength and magnitude of associations among various
traits, elucidating the degree of relationships within the
studied dataset. The correlation matrix among traits revealed
positive associations among pod characteristics, such as pod
length, pod weight, floss weight and shell and lint weight.
Correlation serves as a valuable indicator of the degree of
association among seed traits, thus introducing potential
supplementary criteria for selection within a breeding
program. Focusing on correlated quantitative traits becomes
pivotal in improvement programs, as enhancing one
characteristic may lead to concurrent correlated alterations in
other traits. It aligns with findings in different species, such as
dipterocarp species, Banksia teak, Salix and rubber (28-32).

Cluster analysis

As illustrated in the dendrogram, the thirty genotypes were
categorized into four clusters based on morphometric
attributes (Fig. 2). The third cluster comprises three genotypes
(g28, g29 and g30) distinguished by their highest mean value
of floss weight and pod weight compared to the remaining
genotypes. Cluster Il, with 8 genotypes, is characterized by the
lowest value for almost all attributes. Three genotypes (g28,
g29 and g30) performed better than the rest of the genotypes.
The classification of twenty-three accessions of Moringa
oleifera into clusters was also observed (33). Likewise, 28
populations of Leucaena leucocephala were grouped into six
clusters (34). A similar pattern of classification in Acrocarpus
fraxinifolius was revealed (35). The cluster analysis observed
that while the chosen populations exhibited ample genetic
diversity, those originating from the same geographical region
tended to cluster together. The cluster analysis provides a
convenient possibility for enhancing improvement through
hybridization, involving populations from different clusters in
diverse combinations. In the hybridization process, selecting
highly divergent parents is paramount to achieving maximum
heterosis in the shortest timeframe.

Conclusion
The observed variability within C. pentandra collections can
be effectively harnessed to develop novel varieties

characterized by superior attributes. The morphometric
depiction unveiled notable correlations between various pod
and biometric traits, which will aid in the prompt
identification of fruitful genotypes. Moreover, most of the
examined traits exhibited high heritability values, indicating
their suitability for establishing kapok descriptors.
Additionally, the study underscored the significance of pod
traits in distinguishing between various genotypes. The
findings of this study demonstrate that the components of
variance, coefficient of variations, and heritability estimates
obtained can provide valuable guidance for enhancing kapok
through targeted improvement efforts. Selection is helpful for
improvement in these kapok genotypes. The correlation
association showed pod length, pod diameter, number of
seeds, pod weight and floss weight. These traits were
considered when selecting superior genotypes among the
thirty genotypes. Thus, in this study, g28, g29 and g30 were
higher floss yielders and can be used for further breeding
programmes. To comprehensively understand the genetic
makeup of the species, this study recommends
supplementing  the investigation  with  molecular
characterization techniques. Molecular tools available for
kapok can further be leveraged for marker-assisted selection,
expediting the progress of evolving breeding agendas.
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