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A B ST R A C T

E xploitation  o f  hybrid  v igour and selection o f  parents on the basis o f  com bining  
ability  is an im portant breed ing approach in crop im provem ent. In okra {A belm oschus  
escu lentus  (L .) M oench], hybrid seed production is possib le, since the pods contain a 
large num ber o f  seeds. T w enty  four hybrids w ere developed u tilizing  eigh t lines and  
three testers, and they w ere studied  during sum m er in 2006, for the extent o f  heterosis  
and determ in ing the com b in ing  ability  on yield  and yield  com ponents. Parents and  
hybrids d iffered  sign ificantly  for general com bin ing ability  (gca) and specific  com bining  
ability  (sea) effects. T he best general com bines am ong the lines w ere  K A O -25 and K A O - 
51 , w hile those am ong the testers w ere K A O -23 and K A O -A A . R esu lts obtained  from  
different characters in the m aterials used in okra show ed that non add itive gene action is 
an integral com p onent o f  the genetic architecture. An appreciab le  am ount o f  heterosis  
w as observed for the pod yield  and yield  com ponent characters in m ajority  o f  the  
crosses. The cross com binations K A O -53 X  K A O -18, K A O -35 X K A O -A A , and K A O -17  
X K A O -A A  show ed the highest m agnitude o f  heterosis for pod yield  and yield  related  
characters for okra.

K E Y W O R D S: Okra, GCA, SCA, Hybrid, Heterosis
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7 IN T R O D U C T IO N

O kra (A belm oschus esculentus  (L) M oench) or ^B andakkcT  (S inhala), 
also know n as ladies fingers, is an im portant vegetable crop in the  w orld and is 
a native to tropical A frica. It is m ainly used for th icken ing  o f  soup and as a 
vegetable curry. In India, the m ajor problem  in okra cultivation  is the lack o f  
high y ield ing  varie ties along w ith  locational specificity  and d isease to lerance. 
O f  the various approaches being used to  overcom e the  problem , the hybrid 
technology for explo itation  o f  heterosis is considered as one o f  the desirable 
and sustainable approaches. T he crop okra, w hich  is categorized  under “often 
cross-pollinated” group show ed, high potential to produce hybrid seeds due to 
easy em asculation  and high num ber o f  seed production per pollination. D uring 
the recent past, explo itation  o f  hybrid v igour and selection  o f  parents on the 
basis o f  com bin ing  ability  effects have opened a new  line o f  approach in crop 
im provem ent. A pplication  o f  b iom etrical techniques the line x  tes te r analysis 
has appeared to be the best and vastly  useful breeding  tool, w hich  gives 
generalized p icture o f  genetics o f  the characters under study. S tudies on 
com bining ability  and heterosis help  identify the best parents and crosses and



184 W EER A SEK A R A  et at.

provide sufficient genetic inform ation on the inheritance o f  a character. Hence, 
the present investigation w as undertaken to study the gene action in different 
quantitative traits, to study the com bining ability and estim ate the magnitude 
o f  heterosis for fruit yield and yield related characters in okra.

M A TERIA LS AND M ETHOD S

Experim ental material com prised o f  eight lines, viz. KAO-10, KAO- 
16, KAO-17, K A O -25, KAO-35, KAO-52 (Parbhani Kranthi), KAO-53 and 
KAO-61, and 3 testers, viz. K A O -18, KAO-23 and KA O-A A (A rka Anam ika). 
The testers w ere crossed with each line and thus, 24 F js were produced. The 
11 parents and 24 FiS along w ith com m ercial hybrid ‘m ahyco-10’ were grown 
in a random ized block design with three replicates at the Botanical garden o f 
the D epartm ent o f  G enetics and Plant Breeding, U niversity o f  Agricultural 
Sciences, D harw ad, K arnatake, India, during sum m er 2006. Dharwad is 
located in the transitional tract o f  K arnataka state at 15° 13’ N latitude, 75° 07' 
E longitude and at an altitude o f  678 m above mean sea level w ith an average 
rainfall o f  about 800 mm. Row -to-row  and plant-to-plant distances were 
m aintained at 60 cm and 30 cm, respectively. The vigourous seedling was 
retained from 2 to 3 seeds sown at each hill. The crop protection and other 
cultural practices w ere carried out as recom m ended. Five plants o f  each, entry 
in each replicate w ere random ly selected for recording the observations on 
days to 50 per cent flowering, num ber o f  branches per plant, plant height, 
num ber o f  pods per plant, days to pod maturity, pod weight, num ber o f  seeds 
per pod and pod yield per plant. The analysis o f  general and specific 
com bining abilities for the above characters was calculated as the model 
suggested by K em pthorne (1957).

C om bining ability analysis

The variation am ong the hybrids was further partitioned into genetic 
com ponents attributed to general com bining ability (gca) and specific 
com bining ability  (sea). The analysis was based on the following 
m athem atical m odel;

Y j j k  =  p  +  g i + - g j +  Sjj +  ejjk

where,
t hYjjk =  A ny character m easured o f  the cross (i x j)  in the k replication, 

p = Population mean
gi = G CA effect on ith parent
gj = G CA  effect o f  j th parent
sij = SCA effect o f  (i x j ) th cross

eijk - Random  errors effect associated with (i x j ) th observation in kth
replication
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I = N um ber o f  fem ale parents
J =  N um ber o f  m ale parents
K = N um ber o f  replicates

E stim ation o f  variance

T he G C A  and SCA variances w ere expressed in term s o f  co-variances 
o f  full sibs (FS) and h a lf  sibs (H S) a '  indicated below ;

CO V  (FS) =  C ovariance o f  full sibs 
CO V  (H S) = C ovariance o f  h a lf  sibs

For expectations o f  the m ean sum  o f  squares, the fo llow ing estim ates 
were w orked out;

M l -  M3 + M 2 - M 3
CO V  (H S) =  ---------------------------------------

:  R ( t  +  i)

(M l—M 4)+(M 2—M 4)+(M 3—M 4) (6r C O V (H S) -  r(l+ t)C O V  (HS)
C O V  (FS) = ------------------------------------------ — + ---- -----------------------------------------

3r 3r

V ariance due to G C A  =  C O V  (HS)
V ariance due to  SCA =  CO V  (FS) -  2C O V  (H S)

)
G C A  variance for lines

M l -  M3

rt

G C A  variance fo r testers

SCA variance for hybrids =

M 2 - M 3

rl

M 3 - M 4

w here,
M l = M ean sum  o f  squares due to fem ales 
M 2 = M ean sum  o f  squares due to  m ales 
M3 = M ean sum  o f  squares due to fem ales x m ales 
M 4 =  M ean sum  o f  squares due to  error
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Estim ation o f  com bining ability effects

The com bining ability effects were estim ated as follows;

X
P =

hr

g ‘ =
Xi

tr

X

Itr

X i...... X ......
gj =  -------------  . ----------

Ir hr

where,
X
Xi
Xj
Xij

X i...... X ......  X i......  X ......
Sij =  - -------------  ---------- --------  + ----------

r tr 4t itr

=  Total o f  all the hybrids 
= Total o f  ith line overall fem ales 
= Total o f  j th testers overall males 
= Total o f  ijth com bination

Estim ation o f  heterosis

The m agnitude o f  heterosis was estim ated in relation to m id-parental, 
better parental and standard check values. They were thus, calculated as 
percentage increase or decrease o f  FiS over the m id-parent (M P), better parent 
(BP) and standard check (SC) using the m ethods o f  T urner (1953) and Hayes 
et al. (1956), as follow s;

~F,' - M P
H eterosis over mid parent (M P) = x 100

M P

W here, ___  Pi + P2
MP = -------------

2

■ Fi - BP
H eterosis over better parent (BP) =

BP
x 100
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_F, - sc
H eterosis over standard check (SC) =  ----- ----- -----  x 100

SC

where, F i, BP and SC are m ean values o f  F | hybrids, better parent and 
standard check respectively.

The significance o f  Fj heterosis values w as tested by com paring  them  
w ith C D  values obtained separately fo r M P, BP and SC em ploying the 
form ula given below ;

3/2 x M SSe
CD  for M P = x t value

\  R

CD  for B P and SC =
2 x M SSe

\ R
x t value

where,
M SSe =  Error m ean sum  o f  squares 
R =  N um ber o f  replication
t =  T able  t value

R ESU LTS A N D  D ISC U SSIO N

The analysis o f  variance indicated a significant d ifferences (p<0.01) 
for alm ost all the characters suggesting presence o f  genetic variability  (Table 
1). The variance due to parents and crosses show ed sign ifican t d ifferences for 
all the characters indicating the presence o f  w ide range o f  variab ility  am ong 
those. Parent vs crosses show ed significant d ifferences fo r all the  traits except 
fruit w eight. TJharm adasa (2006), Rew ale et at. (2003b), D hankhar and 
D hankhar (2001), Paw ar e t al. (1999) and Pathak and syam al (1997) also 
reported a w ide range o f  variability  for yield and o ther related econom ic 
characters in okra. In the  analysis for com bining-ability , the  m ean squares for 
fem ales (T able 2) w ere significant (p<0.01) for all the characters Except for 
plant height and days to pod m aturity, w hich m ay be due to the ir unrelated 
origin. T he variance due to m ales w as significant for the traits, num ber o f  
branches per plant, num ber o f  pods per plant, num ber o f  seeds per ppd and 
pod yield. H ow ever, variance due to line and tester interaction, w hich 
expressed grater m agnitude o f  m ean squares am ong them selves, was 
significant for all the characters except pod w eight. Tfye h igher sea  variance o f  
the selected characters indicates that the non-additive gene e ffect play a m ajor 
role in the inheritance o f  the characters. T hese results are in agreem ent w ith
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that o f  D harm adasa (2006), Sharm a and M ahajan (1978) and Rewale et al. 
(2003a).

Table 1. Analysis of variance for genetic variability

C om ponent Parents C rosses P arent vs 
crosses E rror

d f 10 23 1 46

Days to 50 %  flowering 15.43** 4.85** 28.77** 0.25
No o f branches per plant 1.15** 1.22** 0.67** 0.04
Plant height 858.72** 62.56** 28.02** 15.73
No o f  pods per plant 21.44** 38.57** 159.56** 3.79
Days to pod maturity 0.62** 0.76** 3.88** 0.02
Pod weight 39.82** 11.93** 0.19 3.32
No o f seeds per pod 436.26** 590.10** 497.18** 9.24
Pod yield per plant 9494.24** 19546.4** 75757.4** 675.48

** significant at p= 0.01.

Table 2. Analysis of variance for the combining ability

C om ponent

d f

Fem ale M ale Fem ale x  
M ale

E rror
------- •%------

cr
gca

7cr
sea

7 2 14 46

Days to 50 % flowering 9.66** 2.35 2.81** 0.25 0.047 0.859
No o f branches per 2.08** 4.05** 0.38** 0.04 0.019 0.1 15
plant 72.46 55.64 58.6** 15.73 0.91 13.520
Plant height 58.91** 90.68** 12.74** 3.79 0.479 2.782
No o f pods per plant 0.53 1.31 0.8** 0.02 -0.001 0.264
Days to pod maturity 28.60** 9.07 4.0 3.32 0.182 0.395
Pod weight 1516.64** 524.67** 136.18** 9.24 10.450 41.770
No o f seeds per pod 45407** 20808.0** 6435.6** 675.48 301.85 1875.9
Pod yield per plant_____________________________________________________________________

** significant at p= 0.01.

A ppreciable  am ount o f  heterosis, heterobeltiosis and standard heterosis 
to  the extent o f  75.68, 56.48 and 51.85 per cent, respectively, w as observed for 
pod yield per plant (Table 3). The cross KAO-25 x K A O -23 exhibited these 
m axim um  heterosis values. Seven crosses over mid parent, four crosses over 
better parent and five crosses over standard check show ed significant positive 
heterosis for num ber o f  pods per plant, w hich is the main com ponent offering 
pod yield per plant. The extent o f  heterosis in the present study w as relatively 
m oderate w hen com pared to the results o f  Rew ale e t al. (2003b), but 
com parable to  the results reported by Singh and M andal (1993) and 
Sivakum ar e t ah  (1997) for these tw o characters.

O ut o f  24 hybrids tw elve, six and ten crosses had earliness than their 
m id parent, better parent and standard check, respectively, show ing negative
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significant heterotic values. The heterosis over m id parent and over better 
parent ranged from  —9.15 to 6.08 per cent and —3.37 to  6.08 per cent, 
respectively for the character 50 per cent flow ering. S im ilar results were 
reported by Partap et al. (1981) and Paw ar e t al. (1999). O ut o f  24 crosses 
sixteen, fifteen and eleven crosses show ed significant heterosis over m id 
parent, better parent and standard check, respectively for days to  pod m aturity  
in the desired (negative) direction. The cross K A O -52 x  K A O -23 show ed the 
highest m agnitude o f  negative heterosis over mid parent (-22.81% ) and over 
better parent (-20.00% ). R ew ale et al. (2003b) also  reported  significant 
negative heterosis for this character.

In the case o f  plant height, 12 crosses show ed positive and significant 
heterosis over m id parent value. The cross K A O -16 x K A O -A A  (12.76 %) 
exhibited the highest m agnitude o f  heterobeltiosis for this trait. Pathak  and 
Syam al (1997) and R ew ale et al. (2003b) also reported high heterotic values 
for this trait. M ost o f  the crosses exhibited fair am ount o f  average heterosis 
and heterobeltiosis fo r num ber o f  branches per plant. T he crosses K A O -16 x 
K A O -A A  (52.38 % ), K A O -17 x  K A O -A A  (34.29% ) and K A O -52 x  K A O -23 
(31.43 % ) 4iad high m agnitude o f  heterosis over better parent for th is trait. 
These results are in agreem ent w ith that o f  Poshiya and Shukla (1989), A hm ed 
et al. (1999), D hankhar and D hankhar (2001) and R ew ale e t al. (2003b).

O ut o f  24 hybrids, m ost o f  the crosses exhibited  non-significant or 
negative heterotic value for fruit w eight. O nly tw o crosses K A O -35 x K A O -23 
(23.71 % ) and K A O -35 x K A O -A A  (16.59 % ) show ed sign ifican t positive 
heterosis over m id parent and five crosses over standard check but, none o f  the 
cross com binations exhibited  positive heterosis over the better parent fo r this 
character. A  sim ilar result w as also reported by A hm ed et al. (1999). In the 
case o f  num ber o f  seeds per fruit, m ost o f  the crosses exhibited  positive 
heterosis over m id parent, over the better parent and also over the standard 
check (the crosses w ith negative heterosis w ere considered as desirable in 
general). H ow ever, five crosses and 3 crosses m anifested appreciable  am ount 
o f  average heterosis and heterobeltiosis, respectively  fo r this trait. The crosses 
K A O -16 x K A O -A A  (-17.16 % ), KAO-61 x K A O -23 (-13.10 % ) and KAO-61 
x K A O -A A  (-15.65 % ) exhibited highly sign ifican t negative heterosis over 
better parent for num ber o f  seeds per pod in okra. T his is in agreem ent w ith 
the results o f  A hm ed et al. (1999) w ho reported significant negative 
heterobeltiosis for num ber o f  seeds per pod.

Pod yield per plant is the ultim ate and the m ost im portant trait. M ean 
value o f  the hybrids w as higher than the m ean values o f  their parents and also 
m ean value o f  the standard check. H ow ever, the highest m ean yield  (482.47 g/ 
plant) w as given by the cross K A O -25 x K A O -23. T his is m uch h igher than 
the best parent K A O -10 (320.53 g/plant) and also the yield  o f  the standard 
check (317.73 g/plant). Seven hybrids show ed significant positive heterosis
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over the standard check. Four o f  them showed positive standard heterosis o f  
m ore than 20 percent. A m ong these four hybrids, KAO-23 was involved as 
m ale parent in the cross KAO-25 x KAO-23 and m ale parent KAO-AA was 
involved in the crosses K A O -17 x KAO-AA, KAO-25 x KA O -A A  and KAO- 
35 x K A O -A A  indicating the potentiality o f  these lines as parental lines for 
im proving productivity  (Figure 1). Positive heterosis for pod yield was also 
reported by D hankar et al. (1998), Sood and K alia (2001) and Thippesw am y 
(2001). Rew ale et al. (2003b) also reported positive heterosis to the extent o f  
208.5 per cent for the trait o f  pod yield per plant.

Figure 1. Yield perform ance of best four hybrid cross combinations and their parental 
lines and testers
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Estim ates o f  gca effects

The estim ates o f  gca effects (Table 4) show ed that the parents K A O- 
52, K A O -61, K A O -10, KA O-25 and KAO-35 w ere good general com biners 
for days to 50 per cent flow ering, the parent K A O -52 w as for days to pod 
m aturity and parents K A O -16, K A O -61, K A O -52 and K A O -A A  w ere good 
general com biners for num ber o f  seeds per pod w ith negative significant gca 
effects, w hich is preferred. High gca effect w as also observed in K A O -25, 
KA O-17, K A O -35 and KAO-23 for num ber o f  branches per plant, KAO-25 
for plant height, K A O -17 and KAO-25 for pod w eight and K A O -25, K A O -17, 
K A O -35, K A O -10 and KAO-23 for pod yield per plant. It w as observed that 
perform ance o f  parents bear d irect relation for their respective gca effects. In 
the parents that show ed highest gca effects for d ifferent characters, good 
perform ance w as also observed w ith respect to respective characters. For 
exam ple, line K A O -17 w hich yielded high, also show ed high gca effects for 
this trait. But this w as not true alw ays. This confirm ed the findings o f  Sharm a 
and M ahajan (1978).

E stim ates o f  sea effects

The best hybrids possessing sea effects in the desired direction for pod 
yield and yield related characters are presented in T able 5 along w ith their p e r  
se  perform ance. N egative effects are considered to be desirable  for days to 50 
per cent flow ering (as earliness is preferred over lateness), days to pod 
m aturity and num ber o f  seeds per pod. The crosses K A O -52 x  K A O -23 for 
num ber o f  branches per plant, K A O -16 x K A O -A A  for p lant height, KAO-53 
x K A O -18 for num ber o f  pods per plant, K A O -10 x K A O -18 for pod w eight 
and KA O-53 x K A O -18, ICAO-35 x K A O -A A  and K A O -17 x K A O -A A  for 
pod yield per plant w ere found to be the specific com binations show ing 
favorable sea effects for the characters m entioned. T he specific com bining 
ability, w hich represents the predom inance o f  non-additive gene action, is a 
m ajor com ponent that m ay be utilized in heterosis breeding. H eterosis in the 
cross involving low x high com biners m ight be due to dom inant x additive 
type o f  interaction, w hich is partially fixable and the crosses involving both 
the poor com bining  parents show ing high sea m ust be due to intra and inter 
allelic interactions. S im ilar results have been reported by D hankar e t al. 
(1998).

The cross K A O -53 x K A O -18 show ed the highest (p<0.05) sea for pod 
yield per plant. B ut both the parents show ed negative gca effect due to 
com plem entation o f  favorable genes for th is character (Table 4). T herefore, it 
cannot be generalized that the parents w ith high gca effects could only 
produce good hybrids. S im ilar results w ere observed by S ivagam asundari et 
al. (1992), D hankar and D hankar (2001) and R ew ale et al. (2003a).
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T able 5. H ybrid possessing  sea effects in the desired direction for fru it yield  and yield  
com ponents.

Character H ybrids with desired  
sea  effects

P e r s e
perform ance o f  

hybrids

g ca  effects o f  
paren ts involved

Days to 50 %  flowering KAO-53 x K A O -18 47.67 H X L
K AO -10 x K AO -AA 48.33 L X H
K AO -16 x K A O -18 48.33 A  X L

Number o f  branches/ plant KAO-52 x KAO-23 3.07 H X H
KAO-25 x KAO-23 3.47 H X  H
KAO-53 x K A O -18 1.27 L X  L

Plant height K A O -16 x K AO -AA 101.93 A X H
- KAO-61 x KAO-23 98.07 L X H

KAO-53 x K A O -18 96.93 L X L
Number o fp o d s  per plant KAO-53 x K A O -18 15.25 L X L

KAO-17 x K AO -AA 22.23 L X H
KAO-35 x K AO -AA 22.13 L X H

Days to pod maturity K AO -17 x K A O -18 6.27 L X  L
K A O -10 x K AO -AA 6.13 L X H
KAO-35 x K A O -18 6.67 L X L

Pod w eigh t K A O -10 x K A O -18 20.96 L X  L
K AO -16 x KAO-23 17.14 A X H
KAO-25 x K AO -AA 20.04 H X H

Number o f  seeds per pod K AO -17 x K AO-18 61.06 L X L
1 KAO-25 x K A O -18 70.33 H X L

K AO -52 x K AO -AA 43.33 H X H
Pod yield per plant KAO-53 x K A O -18 274.87 L X L

KAO-35 x K AO-AA 408.73 L X H
K AO -17 x K AO -AA 442.73 L X H

C O N C LU SIO N S

H ybrid v igour can  be exploited in okra  fo r increasing  pod yield 
through increased p lant height and increased num ber o f  b ranches and pods per 
plant. H eterosis for traits such as the num ber o f  seeds per pod, pod w eigh t and 
days to pod m aturity  reduced pod yield in okra hybrids as they  w ere in 
undesired d irection. G enotype K A O -25, K A O -17, K A O -35, K A O -10, K A O - 
23 can be recom m ended for use as one o f  the parents to  generate  high yielding 
and better quality  hybrids, as w ell as in the  varietal im provem ent program m e 
due to  their high gca effects for m any characters.
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