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Genetic diversity in 13 parental upland cotton genotypes for 13 yield and yield attributing
traits was studied using Mahalanobis D2 statistic. The parental hirsutum genotypes
grouped in 5 clusters based on the traits investigated. The pattern of grouping of parental
genotypes revealed the presence of considerable diversity in the genetic material. The inter
cluster distance was greater than intra cluster distance, revealing considerable amount of
genetic diversity among parental genotypes investigated. The forces other than
geographical origin may have been responsible for genetic divergence among the parental
genotypes. The cross CPD-462 × SCS-1061 yielded the highest seed cotton yield, which is
of medium genetic divergence. In this study, it was interesting to note that rather than
highly divergent genotypes, medium divergence resulted in superior yield, indicating that
highly diverse parents were not imperative to heterosis.

Introduction
Cotton (Gossypium spp.) is one of the most
important crops among the natural fibre crops
and back bone of Indian textile industry. It
provides rural livelihood to a large number of
people through cultivation. India ranks first in
area (122.35 lakh ha) and production (377
lakh bales). Among four linted cotton species,
upland cotton (Gossypium hirsutum L.) is a
predominant species of cotton across the globe
as well as in India. By virtue of its wider
adaptability, higher yield and good fibre
quality, it gradually replaced Asiatic diploid
cotton and is grown in irrigated as well as

rainfed conditions. However, Indian cotton
productivity (560 kg ha-1) is lower than world
productivity of 788 kg ha-1 (Anon., 2018).
Plant breeders usually rely on genetic
variation between parents to create unique
gene combinations necessary for higher yield
and to produce superior cultivars. Genetic
distance plays an important role in selection of
parental genotypes for hybridization. Within a
certain limit, hybridization of diverse parents
is expected to enhance the level of heterosis in
hybrids and generate wide range of variability
in segregating generations (Joshi and Dhawan,
1966). Although the choice of parents is often
the most important decision in a breeding
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program, little is known about the importance
of parental genetic distance in successful
cotton cultivar development. It is widely
assumed that genetically diverse parents
facilitate the creation of superior progeny,
though only a few studies have examined the
relationship between parental genetic distance
and the creation of successful cultivars. In
theory, mating of distantly related parents will
produce greater number of transgressive
segregants than mating of closely related
genotypes. However, for many crops, yield
improvement has even come from mating
closely related genotypes. In this context, the
objective of this study was to determine the
importance of parental genetic distance in
hybrid potential realisation. Such information
could be useful in identifying optimal
breeding strategies for cotton improvement.
In bajra, Gupta et al., (2017) observed that
higher seed yield in F1 is directly correlated
with genetic distance. Similar results were
obtained by Manjarrez-Sanoval et al., (1997)
in soybean and Cowen and Frey (1987) in oat.
However, in contrast, Kisha et al., (1997)
reported that there is larger genetic variance in
related soybean parents than in closely related
parents and concluded that genetic distance
could not accurately predict the genetic
variance for any given cross. In studies with
wheat, Cox and Murphy (1990) and Souza and
Sorrells (1991) reported that relationship
between genetic distance and variance varied
among traits and populations.
Materials and Methods
The study was conducted in Agriculture
Research Station, Dharwad Farm, University
of Agricultural Sciences, Dharwad. Forty
hybrids were obtained by crossing 8 lines and
5 testers in L × T fashion and all 40 hybrids
along with 13 parental genotypes were
evaluated simultaneously in RCBD design in 3
replications. Uniform spacing of 90 × 20 cm

for parental genotypes and 90 × 40 cm for F1
was followed. The hybrids and parents were
randomised amongst themselves and were
sown in separate but adjacent plots. Each entry
was sown in two rows of 4.80 meters length.
The crop was raised under rainfed condition.
All
agronomic
management
practices
according to recommended package of
practices were followed to raise a good crop.
Suitable plant protection measures were
carried out to control pests and diseases at
appropriate time. In each genotype,
observations on 5 randomly selected plants
were recorded for 13 traits viz., days to 50 per
cent flowering, plant height (cm), number of
monopodia per plant, number of sympodia per
plant, sympodial length at 50 per cent plant
height (cm), number of bolls per plant, boll
weight (g), number of seeds per boll, seed
index(g), ginning outturn (%), lint index (g),
SPAD
values
(Soil
Plant
Analysis
Development) and seed cotton yield (kg/ha).
The genetic diversity of parental genotypes
was worked out by using Mahalanobis D2
statistic as described by Rao (1952). On the
basis of D2 values, parental genotypes were
grouped into different clusters by employing
Tocher method as outlined by Rao (1952).
Results and Discussion
The analysis of variance indicated significant
differences among all the genotypes for all the
characters studied showing the existence of
considerable
genetic
diversity
among
genotypes. Hence, further analysis was carried
out for relative magnitude of D2 values for all
the characters and all genotypes. Eight lines
and five testers, which were diverse in terms
of geographical location, plant type and with
economic traits like boll weight, number of
bolls, seed cotton yield and fibre properties
were used for present study (Table 1).
Clustering of genotypes is presented in Figure
1 and Table 2. All the genotypes were grouped
into five clusters, indicating the presence of
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diversity for different traits. The cluster I and
cluster II had the highest number of genotypes
followed by clusters III, IV and V, which were
solitary with a single genotype in each cluster.
In this present investigation it was very clear
that genetic diversity was not fully related to
the geographical diversity. This was in
accordance with the results of Singh and Bains
(1968), Singh et al., (1971), Singh and Gill
(1994), Sumathi and Nadarajan (1994),
Pushpam et al., (2004), Kulkarni and Nanda
(2006), Satish et al., (2009), Parresuman and
Patil (2014) and Handi et al., (2017). In this
present investigation formation of distant
solitary clusters may be due to the fact that
geographical barriers might be due to the fact
that geographical barriers prevent gene flow or
intensive natural and human selection for
diverse and adoptable gene complexes. The
pattern of grouping has indicated that diversity
need not be necessarily related to geographical
diversity and it may be the outcome of several
other factors like natural selection, human
selection, exchange of breeding material,
genetic drift and environmental variation.
Intra and inter cluster distances are given in
Table 3. The parental genotypes investigated
were found to be diverse in nature. The
maximum intra cluster distance was recorded
in cluster II (12.54), while it was lowest in
clusters III, IV and V (0.00) since, they were
solitary clusters. The maximum inter cluster
distance was observed between clusters I and
IV (74.58) followed by between clusters I and
III (69.13). These results suggest maximum
divergence existed between genotypes of
cluster I and cluster II indicating the fact that
the genotypes found in one cluster differed
entirely from the genotypes present in the
other cluster. The cross CPD-462 × SCS-1061
yielded the highest seed cotton yield, where
the parents were moderately diverse
genetically (i.e., from clusters I and II). This
result was in accordance with Arunachalam
and Bandopadhyay (1984), Altaher and Singh

(2003) and Kulkarni and Nanda (2006), where
they proved experimentally that a greater
number of heterotic combinations with high
level of heterosis were from the parents
grouped into moderate divergence groups. The
results obtained from clustering pattern agree
with hypothesis of moderate divergence for
the best heterotic combination.
Contribution
divergence

of

characters

towards

The diversity among the 13 parental lines was
measured by employing D2 statistic. The
contribution of each character towards
divergence is presented in Table 4 and Figure
2. Among the 13 characters studied, the
contribution of seed index (56.13 %) was
higher towards divergence followed by
number of seeds per boll (12.83%), lint index
(8.97%), number of monopodia per plant
(6.41%), plant height (3.85%), number of
bolls per plant (3.85%), boll weight (3.85%),
seed cotton yield (2.56%), sympodial length at
50 per cent plant height (1.28%) and SPAD
meter value (0.28%). Days to 50 per cent
flowering, ginning outturn and number of
sympodia per plant had no contribution.
Analysis of cluster means
The mean values for different clusters for all
the characters are presented in Table 5. The
genotypes in cluster I (61.09) had minimum
days to 50 per cent flowering and maximum
days was found in genotypes falling under
cluster V (63.56). With respect to plant height,
minimum height was found in cluster I (99.40
cm) and maximum height was found in cluster
IV (135.67 cm). In case of number of
monopodia per plant, lowest and highest
values were found in cluster IV (0.20) and
cluster I (0.92), respectively. For sympodia
per plant, lowest and highest numbers were
found in cluster V (14.40) and cluster IV
(18.60), respectively. For boll weight, lowest
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and highest values were found in cluster V
(3.27 g) and cluster III (4.25 g), respectively.
In case of number of bolls per plant, lowest
and highest values were found in cluster IV
(7.40) and cluster I (10.48), respectively.
Lowest and highest values for seed cotton
yield were in cluster IV (461.17 kg/ha) and
cluster I (800.33 kg/ha), respectively.
Genotypes under cluster III (34.94 cm) had
lowest value and cluster IV (38.50 cm) had
highest value for sympodial length at 50 per
cent plant height. The parental lines

possessing lesser number of seeds per boll
were included under cluster II (26.05) and the
highest number, in cluster V (28.30). Cluster
IV (37.07 %) and cluster III (35.50 %)
recorded highest and lowest means for the
trait ginning outturn. For seed index, lowest
and highest values were found in cluster I
(9.69 g) and cluster III (11.00 g). The highest
values for lint index fell under cluster V and
lowest values in cluster I. For SPAD meter
values, highest values and lowest values fell
in cluster V (39.95) and cluster IV (37.33).

Table.1 Genetic material used in the study
Lines
Line No.
L1

Genotype
FLT-36

Pedigree
L-761 × Sahana

L2

FLT-44

CPD-813 × 8-1-2

L3

FLT-31

DC-12 IPS × 8-1-2

L4

FLT-28

L-761 × SC-81

L5

SG-1

SVHH 139 × GSHB 876

L6

SG-2

SVHH 139 × GSHB 876

L7

EL-1

Random double cross
between interspecific hybrids

L8

CPD-462

CNH-120 MB
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Salient features
A single cross derivative highly robust
genotype with high root to shoot ratio, high
yielding ability and good fibre properties
A single cross derivative highly robust
genotype with high root to shoot ratio, high
yielding ability and tolerance to sucking
pests
A single cross derivative compact genotype
with high biomass, high yielding ability and
good fibre properties
A single cross derivative, robust genotype
with high root to shoot ratio, high yielding
ability and good fibre properties
A double cross derivative from a HH × HB
cross. Robust plant type, relatively smaller
boll size than SG-2 with higher yield
potential
A double cross derivative from a HH × HB
cross. Highly robust plant type, big bolls
and with better fibre properties
Compact plant type, Random double cross
derivative involving two HB hybrids with
good fibre length and strength properties
Selection from CNH-120MB, a good
combiner and high yielder
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Testers
Tester
No.
T1

Genotype

Pedigree

Salient features

NNDC-30

RAHH 246 × JKCH 2245

T2

NNDC-24

Mahabeej 123 × JKCH 2245

T3

NNDC-59

T4
T5

IH-11
SCS-1061

Random double cross between
interspecific hybrids
A genotype from AICRP trials
A genotype from AICRP trials

A super-compact plant type, very high yielding,
medium size bolls
A robust genotype with very high yielding ability, a
greater number of bolls and high fibre strength to
length ratio.
Random double cross derivative involving two HB
hybrids Compact plant type with higher boll weight
Indore genotype with high yield and robust plant type
Raichur genotype with high yield and robust plant
type

Table.2 Clustering of thirteen parental genotypes based on D2 analysis in cotton (G. hirsutum L.)
Cluster
I
II
III
IV
V

Genotypes
CPD-462, NNDC-24, NNDC-30, NNDC-59, FLT-31
IH-11, SCS-1061, EL-4, FLT-36, FLT-44
FLT-28
SG-2
SG-1

Number of genotypes
5
5
1
1
1

Table.3 Average intra and inter cluster distances in parental genotypes in cotton (G. hirsutum L.)

Cluster I
Cluster II
Cluster III
Cluster IV
Cluster V

Cluster I
10.96
41.34
69.13
74.58
30.71

Cluster II
41.34
12.54
16.23
22.36
26.71

Cluster III
69.13
16.23
0.00
8.78
39.10

Cluster IV
74.58
22.36
8.78
0.00
39.43

Cluster V
30.71
26.71
39.10
39.43
0.00

Table.4 Per cent contribution of characters towards total parental diversity
Character
Days to 50% flowering
Plant height (cm)
Number of monopodia per plant
Number of sympodia per plant
Sympodial length at 50 per cent plant height
(cm)
Number of bolls per plant
Boll weight (g)
Number of seeds per boll
Seed index (g)
Ginning outturn (%)
Lint index (g)
Seed cotton yield (kg/ha)
SPAD meter value
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Characters contribution (%)
0.00
3.85
6.41
0.00
1.28
3.85
3.85
12.82
56.13
0.00
8.97
2.56
0.28
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Table.5 Cluster mean values of yield and yield component characters in thirteen parental genotypes of different clusters in cotton (G.
hirsutum L.)

Cluster
I
Cluster
II
Cluster
III
Cluster
IV
Cluster
V

Days to
Plant Monopodia Sympodia Boll Number Seed
Sympodial Number Ginning Seed Lint SPAD
50 per
height per plant
per plant weight of bolls cotton
length at of seeds outturn index index meter
cent
(cm)
(g)
yield
50 per
per boll
(%)
(g)
(g) values
flowering
(kg/ha) cent plant
height
(cm)
61.09
99.40
0.92
16.76
3.91
10.48
800.33
35.33
27.61
36.78
9.69 5.68 39.10
62.43

111.56

0.60

16.97

4.22

9.45

728.23

36.11

26.05

35.73

10.30

5.73

38.73

62.26

110.13

0.47

18.27

4.25

8.11

720.33

34.94

29.13

35.50

11.00

6.08

39.03

62.40

135.67

0.20

18.60

3.84

7.40

461.17

38.50

27.83

37.07

9.73

5.78

37.33

63.56

104.93

0.67

14.40

3.27

7.51

508.83

35.78

28.30

35.98

10.67

6.10

39.95

Table.6 List of top five crosses and their parental genetic distance
Crosses
CPD-462 × SCS-1061
FLT-36 × SCS-1061
CPD-462 × NNDC-30
FLT-36 × NNDC-59
FLT-36 × NNDC-24

Seed cotton yield
1890.00
1353.83
1311.00
1266.83
1258.00
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Genetic
distance
41.34
12.54
10.96
41.34
41.34
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Fig.1 Dendrogram of D2 analysis for thirteen parental genotypes for yield and yield attributing
traits in cotton (G. hirsutum L.)

Fig.2 Per cent contribution of characters towards total parental diversity

In conclusion, there was considerable amount
of genetic diversity noticed in parental
genotypes. The contribution of characters
towards divergence indicates seed index was
the major contributor followed by number of
seeds per boll and lint index. Parental
genotypes were grouped into 5 clusters
indicating considerable amount of diversity
among
parental
genotypes.
In
this
investigation all top crosses were from
medium diverse parents (Table 6) and it was
also noticed that too much of parental genetic
diversity was not imperative for cotton
improvement. High heterosis can be achieved

even from moderate diverse parents in cotton.
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