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Genetic diversity and its relationship with heterosis in okra
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Abstract : Investigation was carried out to assess the
genetic diversity and relationship of heterosis with
genetic distance between parental lines for days to
flowering, node at which the first flower appeared, days
to picking, marketable yield, total yield, fruits per plant,
fruit weight, plant height, fruit length, days to appearance
of YVMV disease, YVMV incidence, protein content,
total minerals and mucilage content. On the basis of D2

values, 28 parental lines were grouped into five clusters.
The clustering of genotypes into different groups was
observed to be independent of their geographical origin.
No relationship of parental genetic distance with F1
heterosis and performance could be established indicating
that the genetic diversity estimates between parental lines
based on D2  may not be suitable criteria for the prediction
of  heterosis for most of the traits studied.
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Introduction

Okra [Abelmoschus esculentus (L.) Moench] commonly
known as bhindi, is an annual vegetable crop grown in
tropical and subtropical parts of the world. It is one of
the major summer and rainy season crops and is grown
in all agroecological zones of the country for its tender
green fruits. Large number of crosses are attempted and
hybrids are evaluated by plant breeders every year,
however, all of them do not perform well and are rejected.
Lot of resources can be saved and efficiency of plant
breeding programmes may be enhanced if suitable method
for the prediction of heterosis and performance of F1
hybrids is available. Despite extensive studies, the genetic
basis of heterosis is still an enigma for plant breeders
and geneticists. It is difficult to predict the performance
of F1 hybrids and development of superior hybrids

remains a number game. However, it has been a generally
accepted view that genetic diversity plays role in the
manifestation of heterosis (Gupta et al., 1991).
Mahalanobis’s D2 statistics as explained by Rao (1952),
is the most powerful tool used to measure the diversity
among given populations with respect to aggregate of
characters. It clusters the genotypes in such a way that
variation within a cluster is minimum and between
clusters is maximum. This method helps to compare
the genetic diversity and geographic diversity as well as
in the choice of appropriate parents for hybridization. It
is important to determine the relationship of mean
performance of F1 hybrids, mid parent heterosis, better
parent heterosis with genetic diversity of parental lines.
Hence in the present investigation attempt  was made to
determine the relationship between genetic diversity and
heterosis in okra.

Materials and Methods

The experimental plant material consisted of 28 diverse
lines of okra crossed in various combinations to generate
52 hybrids. Fifty two hybrids and 28 parental lines
including a standard check Punjab 8 were evaluated in a
randomized complete block design with three replications
during rainy season of 2009. Each treatment was planted
in a single row, with row to row distance of 45 cm and
plant to plant distance of 30 cm. Observations were
recorded for 14 quantitative characters viz., days to first
flowering, node at which the first flower appeared, days
to first picking, marketable yield per plant (g), total yield
per plant (g), number of fruits per plant, average fruit
weight (g), plant height (cm), average fruit length (cm),
days to first appearance of yellow vein mosaic virus
(YVMV), YVMV incidence (%), protein content (%),
total minerals (%), and mucilage content (%). All the
recommended package of practices were followed to
raise a healthy crop.

The data for parental lines were subjected to D2 analysis
as per the standard method of Mahalanobis (1936).
Grouping of the genotypes was accomplished using
Tocher,s method as described by Rao (1952). Pearson’s
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correlation coefficients (r) were computed as described
by Panse and Sukhatme (1985) to establish relationship
between genetic diversity of parental lines and mean
performance F1 hybrids, mid parent heterosis and better
parent heterosis for all the characters studied.

Results and Discussion

Genetic diversity

The data recorded on the parental lines for 14 above
mentioned quantitative characters were used to classify
the okra lines based on Mahalanobis D2 statistics. On
the basis of D2 values, 28 parental lines were classified
into five groups (Table1). Cluster II was the largest one
with 20 genotypes, whereas, rest of the four clusters
contained two genotypes each. The clustering of
genotypes into different groups did not follow any
specific pattern. For example, group I had genotypes
originating from Ludhiana centre, whereas, entries
originating from New Delhi and Uttrakhand were
clustered together in group III. Similarly, group II
consisted of entries originated from diverse eco-
geographical regions of the country. Therefore grouping
of genotypes into different constellations were observed
to be independent of their geographical origin. Similar
results have been reported by Bhatt (1970), Singh et
al., (1977), Chheda and Fatokun (1982), Ariyo (1987),
Dash (1997), Chacko et al., (1998), Ghai et al., (2005),
Kumari and Choudhary (2006) and Garg (2011). Hence,
it appears that geographical diversity may not be used
as an index of genetic diversity. This suggests that forces
other than geographical separation are also responsible
for divergence. Genetic drift and selection in different
environments may cause greater diversity than
geographical distance. Biotypes originating in particular
habitat have different utility only for certain traits for
which selection has been practiced. Therefore the
varieties originating at the same place may have different
genetic architecture or vice versa (Singh and Singh
1979).

Inter and intracluster average D2 values among the
parental lines have been presented in Table 2. The
maximum value for intercluster distance (1441.08) was
observed between cluster I and V, followed by cluster I
and IV (1278.98), I and III (1064.51), I and II (640.97),
II and V ( 449.29) and so on.Minimum and maximum
intracluster distances were observed within clusters III
(57.1) and V (341.7), respectively.

Cluster means for various traits studied in the present
investigation have been depicted in Table 3. Cluster IV
recorded highest average values for marketable yield,
number of fruits per plant and protein content. Similarly
cluster V exhibited lowest values for days to first picking
and per cent virus incidence. Therefore, it may be
rewarding to include VRO-6, Punjab-8, IC-90185 and
Pusa Sawani in the breeding programmes for
development of early, high yielding cultivars with high
protein and low per cent virus incidence.

Association of parental diversity with F 1
performance

Correlation of genetic distance between parental lines
with mean performance of F1 hybrids, heterosis over
better parent (BPH) and heterosis over mid parent (MPH)
has been presented in Table 4. Correlation coefficient
between genetic distance and better parent heterosis was
observed to be non significant (r = -0.1082) for
marketable yield. Highest better parent heterosis (BPH)
of 59.81 % was recorded by Arka Abhay x VRO-6.
The genetic distance between Arka Abhay and VRO-6
was observed to be 198.3. Parental lines Arka Abhay
and LOG 1 recorded a genetic distance of 201.1 which
is close to that of exhibited by Arka Abhay and VRO-6,
however, their hybrid exhibited -45.86 % BPH for
marketable yield. Similarly, other crosses of parental
lines with similar genetic distances like Punjab-8 x KS-
442 (204.7) and PB-266 x VRO-22 (204.2) recorded
BPH value of -40.11 and 52.14 per cent, respectively.
Thus, better parent heterosis for marketable yield of F1
hybrids could not be predicted based on parental distance
estimates obtained from D2 statistics. The correlation
coefficients between genetic distance and other
quantitative traits were observed to be non significant
except better parent heterosis for days to first picking
and YVMV incidence. This indicated that genetic

Cluster I II III IV V 
I 75.4 640.97 1064.51 1273.98 1441.08 
II  156.81 279.35 347.73 449.29 
III   57.1 388.5 131.03 
IV    277.6 443.88 
V     341.7 

 

Table 2. Inter and intra cluster values for 28 genotypes

Table 1. Clustering pattern of parental lines used in the
present study

Cluster 
No. 

Entries 

I POS-1 and POS-17 
II POS-27, Selection-2, Hissar Unnat, LOG 1, 

Parbhani Kranti, LOG 2, VRO-21, IC-332458, 
VRO-22, IC-117231, Pusa-A-4, VRO-10, Punjab 
Padmini, POS-9, KS-442, Arka Abhay, Vrasha 
Uphar, IC-112451, IC-305634 and Pusa 
Makhmali 

III NR-22-1 and PB-266 
IV VRO-6 and Punjab-8 
V Pusa Sawani and IC-90185 
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diversity estimates between parental lines obtained using
D2 cannot be used for the precise prediction of better
parent heterosis for most of the traits studied. Partap et
al., (1980) also reported no consistency between the
divergence of parents involved in crosses and heterosis
shown by the hybrids.

 The correlation coefficients between genetic distance
and mid parent heterosis (MPH) were observed to be
non significant for all the traits studied except days to
first picking. Genetic distances between parental lines
viz.  Punjab-8 and KS-442 and PB-266 and VRO-22
were observed to be 204.7 and 204.2 respectively.
However, their F1 hybrids exhibited mid parent heterosis
value of -24.35 and 53.37 per cent, respectively for
marketable yield.

Table 3. Cluster means for agronomic characters in okra

Chara-
cters 

Days to  
1st  

flowering 

Node at 
which  

1st flower 
appeared 

Days  
to 1st 

picking 

Marke-
table yield/ 

plant (g) 

Total 
yield/ 
plant  
(g) 

Number 
of fruits 
/plant 

Average 
fruit 

weight 
(g) 

Plant 
height 
(cm) 

Average 
fruit length 

(cm) 

Days to 1st 
appea-

rance of  
YVMV 

YVMV 
incid-

ence (%) 

Protein 
content 

(%) 

Total 
min-
eral 
(%) 

Mucilage 
content 

(%) 

I 44.33 4.17 51.67 39.02 42.13 6.25 6.26 84.62 7.62 43.83 65.62 1.02 1.05 0.54 

II 44.62 4.40 49.05 82.56 91.32 12.29 6.71 96.05 7.28 42.63 36.08 1.05 1.36 0.65 

III 45.17 4.27 50.17 69.60 72.75 9.69 6.75 96.44 7.24 45.33 23.24 0.97 1.15 0.52 

IV 43.17 4.43 47.84 139.21 155.08 20.35 6.80 93.43 7.38 39.83 25.65 1.26 0.96 0.63 

V 43.67 3.93 47.50 76.81 81.41 11.76 6.74 93.11 7.12 44.67 17.98 0.93 1.03 0.65 

 
Based on the Dy values, F1 hybrid of diverse parents
Punjab-8 and POS-17 (Dy = 1548.6) recorded mean
marketable yield of 65.67 g per plant, whereas, almost
same average marketable yield per plant (63.13 g) was
produced by the cross Punjab Padmini x Varsha Uphar,
though the parents possessed Dy value of 99.3. The
parents Arka Abhay and LOG 1, P-8 and IC-117231,
Punjab-8 and KS-442, Arka Abhay and VRO-6 exhibited
similar Dy values of 201.1, 200.8, 204.7 and 198.3,
respectively. However, their respective hybrids recorded
an average marketable yield of 41.88 g, 127.39 g, 96.6
g and 187.2 g per cent, respectively. In all, no significant
association was observed between genetic distance of
parental lines and the mean performance of their
respective hybrids for all the traits studied.

Thus the results suggested that genetic distance based
on the Mahalanobis D2 statistics have little predictive
value  for the prediction of mid parent heterosis, better
parent heterosis and mean  performance of F1 hybrids
for most of the characters studied.

Lkkjka'k

tk¡p fnuksa ds fy, ekrk&firk dh ykbuksa ds chp vkuqoaf'kd Qwy
nwjh] ukSM ftl ij igys Qwy fn[kkbZ fn;kA mBk djus ds fy, fnu
ds lkFk vkuqoaf'kd fofo/krk vkSj ladV ds laca/k dk vkdyu djus
ds fy, ckgj fd;k x;k FkkA foi.ku mit] dqy mit] la;a= Qy
dk otu] izfr Qy Å¡pkbZ] Qy] ckbZ ih ,e oh jksx] okbZ oh ,e
oh ?kVuk izksVhu lkexzh] dqy [kfut vkSj de lkexzh dh mifLFkfr
ds fy, fnu gSA D2 ewY;ksa ds vk/kkj ij 28 ekrk&firk dh ykbuksa
dks ikap lewg esa ckVk x;k gSA vyx lewg esa thuks Vkbi ds
DyLVfjax muds HkkSxksfyd ewy ds Lora= gksus ds fy, euk;k x;kA
;g n'kkZrk gS fd ekrk&firk D2 ij vk/kkfjr ykbuksa ds chp
vkuqoaf'kd fofo/krk dk vuqeku mi;qDr ekunaMksa v/;;u y{k.k ds
vf/kdka'k ds fy, ladV dh Hkfo";ok.kh ds fy, ugha gks ldrk gSA
F
1
 ladj vkSj izn'kZu ds lkFk ekrk&firk dh vkuqoaf'kd nwjh dk

dkbZ laca/k LFkkfir fd;k tk ldrk gSA
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