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ABSTRACT

This study was conducted to investigate the level of diversity among cotton germplasm before and after year 1975 in Pakistan.
Principal component analysis and cluster analysis was carried out on phenotypic data of 16 characters. As revealed through
PCA, pre-1975 group showed 41% genetic diversity, while post-1975 cultivars accounted for 37% genetic diversity. 1%
principal component being the most diverse component accounted 1-53% of degree of association in pre-1975 as compared to
1-46% in post-1975 cultivars. Number of days to boll open, fiber fineness, number of locules, internodal distance and ginning
out turn percentage were noted as the characteristics that showed maximum diversity among exotic germplasm. In score plot
analysis, entries in pre-1975 group scattered, while modern cultivars being similar were present very close to each other.
Cluster analysis grouped all 39 accessions into five clusters on similarity bases. Cultivars in the post-1975 group were present
in the same cluster showing that current breeding efforts had narrowed the genetic basis of upland cotton in Pakistan. © 2012

Friends Science Publishers
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INTRODUCTION

Upland cotton belongs to the genus Gossypium, which
consists of 45 diploid and five allotetraploid species
distributed mostly in tropical and subtropical areas of the
world. Historically, natural hybridization has played an
important role in the evolution of modern cultivated cottons
(Wendel & Crown, 2003).

A sustainable cotton production in future will depend
on evolution of cotton varieties with higher potential of
yield and quality of seed cotton as well as better tolerance to
biotic and abiotic factors. During the past few decades, little
attention has been paid to broaden the genetic base of the
cotton germplasm. Breeders used only a fraction of the
available germplasm for cultivar breeding and most of the
modern cultivars were developed by reselection rendering a
drastic reduction in genetic variability (Bowman et al.,
1996; Lewis, 2000; Guang & Ming, 2006). It has been
speculated that decline in yield and fiber properties is a
result of a narrow genetic base in elite cotton germplasm
(Bowman et al., 1996). Molecular studies of genetic
diversity in Upland cotton have also confirmed decrease in
genetic diversity (Tatinen et al., 1996; Igbal et al., 1997).
Even though the primitive upland cotton accessions contain
extremely useful genetic variability for varietal
improvement (Meredith, 1990), breeders have been utilizing
very closely related ancestors with few economic characters
in their breeding programs with less gain in productivity.

In this study, therefore, Principal Component Analysis
(PCA) and clustering analyses were performed to assess and
compare the genetic diversity present among genotypes
originated pre and post 1975, which may help in choosing
parents for a successful breeding goal.

MATERIALS AND METHODS

Regionally adapted 39 cotton genotypes (Table I) were
evaluated under field conditions during summer (2007-
2008). Delinted seeds of all genotypes were grown in a
triplicated randomized complete block design at the
experimental area of the Department of Plant Breeding and
Genetics, University of Agriculture, Faisalabad -Pakistan
(UAF). Row to row and plant to plant distances were kept
75 and 30 cm respectively. Recommended agronomic
practices were followed throughout the crop growth
(http://www.pakissan.com/english/allabout/crop/cotton/cott
on.production.technology.shtml).

Genotypes were evaluated for number of sympodial
branches, number of monopodial branches, plant height,
number of nodes per plant, number of bolls, number of
locks per boll, internodal distance, days to first boll opening,
fiber fineness, staple length, fiber strength, ginning out turn,
number of seeds per boll, seed index and lint index from
five randomly selected plants from each replication. Fiber
parameters including staple length, fiber fineness and fiber
strength were measured by Spinlab HVI-900 from the
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Department of Fiber Technology, UAF. Standard
descriptors for cotton were used to measure the traits at
appropriate growth stages.

For germination assay, genotypes were grown in

plastic bags containing sand according to Schulze et al.
(1997). Twenty seeds of each genotype were imbibed for 24
h in rolled foam pads. Moisture level in plastic bags
containing sand was maintained at field -capacity.
Germination data were recorded on the 7" and 14™ day after
planting.
Data analysis: Data were analyzed using PCA and Ward's
Linkage Cluster Analysis (WLCA) (Ogunbayo et al., 2005).
Three data matrixes (16 x 39 for combined 16 x 22 for 1%
group and 16 x 17 for 2™ group were prepared for the
analysis. The data matrices were standardized to make the
variable traits unitless for computing WLCA and PCA.
After recording the similarity coefficients, the WLCA was
used to create a dendrogram (Fig. 4). The character loading
was used to calculate the accession component scores. The
first two components were extracted for a two dimensional
ordinations of accessions (Figs. 1, 2 & 3).

RESULTS AND DISCUSSION

To discern patterns of variation, PCA was performed
on all variables simultaneously. Eigenvalues well
representing the variation accounted for principal
components and eigenvectors indicating the correlation
among principal components and original data sets have
been presented in Table 1.

First six principal components (PCs) exhibited more
than one eigen value and accounted for no less than 80% of
the total variation among both groups (Pre- & Post-1975).
Genotypes belonging to the pre-1975 group accounted for
41% of variation in the first two PCs, while genotypes
belonging to the post-1975 group accounted for 37% of
variation. The first PC accounted for 26 and 20% of the
variation in pre and post 1975 groups, respectively, while,
second PC revealed 15 and 17% variation among the
genotypes for the traits under study. Eigenvalues of PCs
indicated a decline in genetic diversity among modern
cotton cultivars that originated after 1975. In an earlier
study, it was observed that most cotton varieties had been
developed from a few genetic sources that resulted in
lowering the level of genetic diversity in modern cultivars
(Guang & Xiong-Ming, 2006). Similarly, Abdurakhmonov
et al. (2008) also mentioned that exotic germplasm has more
genetic diversity than breeding accessions. Earlier scientists
also reported presence of higher genetic diversity in exotic
germplasm than modern breeding lines (Liu et al., 2000;
Lacap et al., 2007).

The number of locules, fiber fineness, internodal
distance, ginning out turn and days to boll opening were
observed as the characteristics for maximum variability.
Among genotypes belonging to pre-1975 group, first PC
was more related to number of locules, days to boll open
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Fig. 1: Two dimensional ordination of pre-1975 cotton
genotypes on Principal Component axis | and 11
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Fig. 3: Two dimensional ordination of 39 genotypes of
cotton on Principal Component axis | and 11

Score Plot of pt height, ..., locules

5
4 ]
34
s
g @ %
5 2 1§ ¥
g *33 *5 o
51 ds » Bl i Py
b EIT B .
=} - - L =
8 % E
3 1 w &
1 *4 oo ® »
368, 12*
= N .
. = e
-4 5 2 A 0 1 2 3 .

First Component

and fiber fineness, whereas the second PC was more related
to lint percentage, lint index and micronaire value.
Similarly, in post-1975 group, first PC was related to plant
height, days to boll open, germination percentage and seed
index, and second PC was related to nodes per plant, lint
index and plant height.

In pre-1975 group, genotypes in PC1 were poor in lint
index, seed index and monopodial branches. The accessions
exhibited 1 to 53% in pre-1975 group and 1 to 46%
coefficient of variability in post-1975. In pre-1975 group,
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Table I: Cotton Genotypes

Pre-1975 Genotypes Post-1975 Genotypes

1 268F 1 BH-118
2 289F/1 2. BH-160
3 4F 3 Cris-402
4 A-89/FM 4. CIM-448
5 AC-134 5. CIM-496
6 Acala 1517 6. FH-1000
7 Allepo-45 7. FH-87

8 B-557 8. MJ-5

9 Cedix 9. MNH-147
10 Cocker improved 10. MNH-552
11 Cocker-310 11. MNH-93
12 CP 15/2 12. MsS-84
13 DPL-26 13. NIAB-78
14 Fregobract 14. NIAB karishma
15 LRA-5166 15. PB-899
16 199-F 16. RH-112
17 Okra 17. VH-53
18 Qalandri

19 S.362T.362

20 S.64-15

21 SA-100

22 Stoneville NL/GL

Fig. 4: Dendrogram resulting from Ward’s Linkage
Cluster Analysis (WLCA) of 39 cotton genotypes
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Observations

presence of genetic diversity for fiber fineness and staple
length suggests their preferential use of fiber traits. The
presence of higher genetic diversity for fiber characteristics
among old genotypes as compared to modern breeding lines
has also been reported by Abdurakhmonov et al. (2008).

In PC2, the genotypes were low in sympodial
branches whereas ginning out turn percentage was in
desired direction between both groups. The scores of the
cotton varieties on first two principal components showed
DPL-26 with maximum score on PC1 (3.84) and FH-1000
contributed maximum to PC2 (4.18). Similarly, S.64-15
scored minimum to PC1 (-3.12) and Stoneville NL/GI
minimum to PC2 (-2.90) (Table IlI; Fig. 3). Out of these
four extreme scoring lines, three belonged to pre-1975
group exhibiting presence of genetic diversity among these
accessions.

All PCs exhibited low level of dissimilarity except 1%
two PCs whereas pre-1975 group of genotypes showed
more diversity as compared to genotypes that were released
after 1975. According to Igbal et al. (2001), this significant

Table II: Principal Components (PCs) for 16
characters in 39 germplasm lines of cotton released pre
and post 1975 (Table I)

Year of release Before 1975 After 1975
PCs PC1 PC2 PC1 PC2
Eigen-values 4.1860 2.4230 3.2364 2.8256
Proportion of 62 0.262 0.151 0.202 0.177
Cumulative 62 0.262 0.413 0.202 0.379
Eigen vectors before 1975  Eigen vectors after 1975
Variables PC1 PC2 PC1 PC2
Plant height 0.010 -0.394 0.295 0.316
Days to boll open 0.336 0.008 0.443 -0.144
Germination %age -0.292 -0.070 0.365 0.006
No. of bolls/Plant 0.051 -0.154 -0.221 0.088
Monopodial -0.351 0.122 0.289 -0.218
branches
Sympodial -0.144 -0.386 0.250 -0.036
branches
Nodes/plant 0.171 -0.201 0.089 0.461
Internodal 0.256 0.182 0.183 -0.285
distance
Seeds /boll -0.235 0.009 -0.227 0.076
Lint percentage -0.114 0.539 -0.201 0.305
(GOT)
Lint index -0.298 0.298 0.084 0.330
seed index -0.304 -0.248 0.412 0.064
Fibre strength -0.292 -0.003 0.134 0.331
Staple length 0.183 -0.288 0.183 0.187
Fibre fineness 0.303 0.221 -0.142 -0.295
No. locules/boll 0.318 0.080 -0.085 0.291

lack of diversity in cultivated Upland cotton is due to
extensive use of few genetic sources during the recent
breeding efforts to improve Upland cotton. Igbal et al.
(2001) also explained that most of the Upland cotton
cultivars growing in the modern world have been originated
from USA in the 19" and early 20" century and the same
material was used for breeding cotton in Pakistan. Lack of
sufficient genetic diversity in the material studied
emphasized the need to introduce diverse germplasm of
cotton.

Score plot results of the combined analysis of all the
germplasm lines substantiated the results that modern
breeding accessions lacked genetic diversity. In the principal
component score plot shown in (Fig. 3), the accessions in
the pre-1975 group scattered in the score plot, while modern
breeding accessions were close to each other and most of
them were present in the central region of the score plot.
Ward’s linkage cluster analysis: Two major clusters i.e., |
and 1l were formed using the Wards linkage. May et al.
(1995) reported that cluster analysis identified groups of
cotton cultivars that were more closely related. Menezes-
Sobrino et al. (1999) analyzed 89 garlic germplasm of
Brazil and revealed 13 clusters. Similarly, based on
morphological characters, Lallemand et al. (1997) studied
and categorized 65 garlic accessions into six clusters. In the
current study cluster-1 consisted of three subclusters i.e., la,
Ib and Ic. Sub cluster la consisted of nine genotypes, sub-
cluster 1b exhibited four genotypes and subcluster Ic
contained seven genotypes. Similarly, Cluster-11 is further
partitioned in to two sub-clusters lla and Ilb. Sub-cluster lla
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Table 111: Cotton data variety scores on the derived
first two Principle Components

Varieties PC1 PC2
268F -0.08 -1.86
289F/1 1.42 -1.10
4F -0.79 0.87
A-89/FM 0.03 0.70
AC-134 1.39 -0.13
Acala 1517 241 0.077
Allepo-45 1.53 0.62
B-557 114 -2.15
Cedix -2.41 2.17
Cocker improved 1.60 0.37
Cocker-310 -0.73 0.11
CP 15/2 0.95 -1.51
DPL-26 3.84 147
Fregobract -2.65 -1.16
LRA-5166 -0.72 173
199-F -2.75 0.37
Okra -1.02 0.59
Qalandri -2.11 -0.12
S.362T.362 -2.49 0.18
S.64-15 -3.12 0.12
SA-100 -2.07 -0.08
Stoneville NL/GL -1.30 -2.90
BH-118 2.83 -1.40
BH-160 -0.74 -2.51
Cris-402 0.47 147
CIM-448 0.54 197
CIM-496 2.23 0.59
FH-1000 0.09 4.18
FH-87 1.04 -2.61
MJ-5 -0.59 -0.96
MNH-147 0.06 0.22
MNH-552 3.26 172
MNH-93 0.081 0.013
MS-84 0.08 -0.78
NIAB-78 -0.69 145
NIAB karishma -0.18 -1.63
PB-899 0.35 0.38
RH-112 -0.13 -1.33
VVH-53 -0.67 1.45

Table 1V: Characteristic means of four similarity
cluster groups of 39 genotypes of cotton

Cluster group la 1b 1c 2a 2b Max Min
Plant height 152.3 129.2 153.6 132.2 1448 153.6 1292
Days to boll open 89.1 827 834 815 808 891 808
Germination % 526 553 717 670 66.0 717 526
Bolls/plant 159 248 221 165 163 248 159

Monopodial branches 42 29 34 44 45 45 29
Sympodial branches 125 135 143 123 133 143 123

Nodes/plant 397 37 41 36.3 367 41 36.3
Internodal distance 27 25 22 23 21 27 21
seeds/boll 244 266 254 302 292 302 244
Lint Percentage (GOT) 347 335 38.1 388 343 388 335
Lint Index 40 34 49 50 47 50 34
Seed index 75 67 79 79 88 88 6.7
Fibre strength 221 201 241 212 235 241 201
Staple length 282 278 281 267 27 282 267
Fibre fineness 48 50 45 48 43 50 43
Locules 46 48 47 45 43 48 4.3

composed of 11 cotton genotypes, whereas sub-cluster I1b
consisted of eight genotypes. Accessions BH-160 and FH-
87 showed 70% similarity in sub-cluster Ic: whereas

genotypes MNH-147 and MJ-5 showed 69.76% level of
similarity in sub cluster Ic (Fig. 3) and these genotypes
belong to the post-1975 group substantiating the results of
PCA that post-1975 group has less genetic diversity. Rana
and Bhat (2005) observed 74% genetic similarity in 41
Gossypium hirsutum cultivars. Aliyu and Fawal (2000)
reported that cluster analysis has the singular efficacy and
ability to identify crop accessions with highest level of
similarity using dendrogram. Ghafoor et al. (2001) showed
multivariate analyses to be a valid system to deal with
germplasm collection. Pillay and Myers (1999) estimated
that cotton has low genetic diversity.

Cluster analysis grouped accessions with greater
genetic similarity together. The characteristic means of the
four similarity cluster groups in the 39 cotton accessions
have been presented in Table V. An examination of the
range of the means revealed that number of bolls/plant,
number of seeds/boll; germination percentage and lint index
contributed the largest proportion of variation that existed
between cluster groups. Van Becelaere et al. (2005)
suggested that breeders tended to select parents from very
similar material and they were grouped in the same cluster
reflecting high levels of similarity.

CONCLUSION

The excessive use of a limited number of germplasm
lines for reselection and hybridization has resulted in serious
decline in genetic diversity in the modern upland cotton
cultivars released after 1975 in Pakistan. Since cotton
already has narrow genetic base, the current trend may lead
to a status quo, where all the germplasm looks alike.
Therefore, breeders must search for novel and diverse
material and explore the unutilized genetic diversity for
future generations.
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