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. A B S T R A C T

A 5x5 h a lf  d ia lle l a n a lysis  w as p erfo rm ed  u sin g  local g en o ty p es  to e st im a te  th e  
co m b in in g  a b ility  and  h etero sis  w ith  resp ect to y ield  and  se lec ted  y ie ld  co m p o n en ts . T he  
co m b in in g  a b ility  a n a ly sis  w as d one u sin g  the m eth od  2, m od el 1, o f  G r iff in g ’s 
A p p roach . A fa rm er  v a r ie ty  ET 8 w as the best g en era l co m b in er  fo r  fru it y ie ld  per  
plan t, fru it w e ig h t and  fru it length  w h ile  o k !5 , a lso  a fa rm er  v a r ie ty  w as th e best 
co m b in er  fo r  n u m b er  o f  fru its  per p lan t, ea r lin ess  o f  flo w e r in g  and  h a r v est in g  p eriod . 
A cco rd in g  to the resu lts  o b ta in ed  by th is research  th e cross c o m b in a tio n s  ok2 x ok  15, 
ET8 x ok 5  and ok2 x ok5 sh o w ed  s ig n ifica n t sp ec ific  co m b in in g  a b ility  e ffec ts  and h igh ly  
s ig n ifica n t h e tero b e ltio s is  fo r  fr u it  y ie ld  per p lan t and n u m b er  o f  fru its  per p lan t.

K E Y W O R D S : C o m b in in g  abil i ty,  Heteros is,  O kra

IN TRO D U CTIO N

Okra is one o f  the most important vegetables grown throughout  the 
year in Sri Lanka. Lack o f  high yielding varieties o f  good quality with disease 
tolerance is the major constraint in cultivation o f  okra. Although presently all 
the recommended varieties are inbreds, feedback from farmers show that 
they are more willing to grow hybrid varieties due to their high yielding 
ability. Hence, it is important ' to  develop hybrid varieties to the local market. 
Emasculation and pollination processes are easier in okra due to large flowers, 
monoadelphous stamens and due to the high number  o f  seed production in 
single pollination. This helps the breeder to make crosses through manual 
hybridization. As the hybrid vigour has been reported with as much as 86% 
increased yield, exploitation o f  heterosis has been attempted (Elmaksoud et 
al., 1986). Also the knowledge o f  combining ability helps in identifying the 
best combiners,  which may be hybridized either to exploit heterosis or to 
accumulate fixable genes through selection. This study was conducted with 
the objective o f  studying the combining ability o f  5 genetical ly different  local 
inbred lines having moderate yields, in a 5x5 ha lf  diallel analysis. The 
heterosis o f  cross combination o f  these inbred lines was studied for 
identification o f  promising cross combinations.

M A TE R IA L S A N D  M E T H O D S

Five genetically different local inbred lines, namely ET8, o k l5  
(Farmer varieties) ok2, ok5 (breeding lines) and the recommended variety MI5 
were used for this study. These parents were selected from an initial study of 
14 different inbred lines (3 farmer varieties, 4 introductions, 5 breeding lines 
and 2 recommended varieties) and their 91 cross combinations.  The 5 parental
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lines were crossed in till possible combinations in a ha l f  diallei design for the 
study conducted  at Fruit Crop Research and Developm ent  Centre.  Horana. 
Five parents and ten cross combinat ion were laid out in a randomized 
complete  block design (RCBD) with 3 replications during 2008 yala  season. 
A spacing o f  90 x 60 cm and 3.6 m length rows were used per genotype. 
Fertilizer application, was done according to the Depar tm ent  o f  Agriculture 
recom m endat ions  (DOA. 2007). Four seeds were planted in each hill and 2 
weeks after seeds sowing extra seedlings were thinned out to maintain 2 plants 
per hill. Twelve  plants o f  each genotype were used for recording the 
observations on days to 50% Ho we ring, number  o f  fruits per plant, fruit weight 
per plant, harvesting period and plant height. Fruit weight and fruit length 
were also recorded from 10 randomly selected fruits harvested from 12 plants 
in each genotype.

The mean value o f  characters recorded on all the genotypes were 
subjected to analysis o f  variance. The characters with significant variances for 
genotypes were  used for combin ing  ability analysis using 'm odel  I method 11 
Diallei mating design o f  Grif f ing 's  A pproach '  (G l id in g ,  1956; Nadara jan  and 
Gunesekeran,  2005).  This includes, the calculation o f  analysis o f  variance for 
general com bin ing  ability (gca), specific combin ing  ability (sea) and 
combin ing  ability effects. The magnitude  o f  heterosis was calculated using the 
difference between FI performances over that o f  the better parent 
(heterobelt iosis) as a percentage (Nadarajan and Gunesekeran ,  2005).

R E SU L T S A N D  D ISCU SSIO N

The analysis o f  variance shows significant  differences for variances o f  
all the characters  except  for plant height (Table 1). This  indicates that the 
parents (genotypes)  tested have genetic variability for all the characters  except 
plant height. The  analyses o f  variance for combining  ability (variances due to 
general com bin ing  ability and specific combining ability) for 6 characters arc 
given in table 2. The est imates o f  the gca effects o f  5 parents and the sea 
effects o f  cross combinat ions  arc presented in table 3 and 4 respectively.

The concept  o f  combin ing  ability is a measure  o f  additive and non­
additive gene action. The general combing ability effect involves additive 
gene act ion where  as specific combing ability effect  presents only non­
addit ive gene action. The presence o f  non-addit ive gene action offers basis for 
exploration o f  heterosis.

D ays to 50%  flow erin g

The variance due to gca and sea were significant  exhibit ing importance 
o f  additive  and non addit ive gene actions in the inheri tance o! days to 50% 
(lowering. The  ratio o f  gca variance and sea variance is greater  than unity
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indicating the major role o f  the additive gene action for days to 50% 
flowering. The parent ok 15 alone exhibited significant negative gca effect o f  
2.50 which shows as a better character i.e. earliness o f  flowering. Parents ok5, 
MI5 and ET8 gave non significant gca effects. The crosses olc5 x M15, ok!5  x 
MI5 and ET8 x ok I 5 gave significant negative sea effects.

T abic 1. A n a lysis  o f  v a r ia n ce  fo r  gen etic  v a r ia b ility

C om ponent G enotypes Replication Error

7 dl 14 2 28
1. Plant  height  (cm) 433.22 272.75 245.38
2. Days  to 5 0 %  f low er ing 24.22* * 13.26 5.7
3. Fruit length (cm) 1.14** 1.59 0.26
4. Fruit weigh t  (g) 6.72** 1.29 1.08
5. No.  o f  fruits per plant 136.94** 9.16 5.13
6. Fruit y ield per plant  (g) 28931 .75** 7432 .74 4169 .78
7. Harves t ing per iod (days) 53.76** 3.35 8.28
* Significant  at P = 0.05 ** Significant  at P = 0.01

T ab le  2. A n a ly sis  o f  v a r ia n ce  for co m b in in g  a b ility  fo r  the six ch a ra c ter s

Characters gca sea Error

d f 4 10 28
1. Days  to 5 0 %  Dowering 15.5** 4.98** 1.89
2. Fruit  length (cm) 0.86** . 0 .1 8 * 0.09
3. Fruit  we igh t  (g) 5.43** 3.1 1 ** 0.20
4. No.  o f  fruits per  plant 17.37** 56.66** 1.71
5. Fruit  yield per plant  (g) 6295 .35** 10983.34** 1389.92
6. Ha rves t ing  per iod (days 47.08** 5.80** 2.76

* Significant  at P = 0.05 ** Signif icant  at P = 0.0 I sea - speci f ic c o m b in in g  abil i ty
gca - general  c o m b in in g  abil i ty

T ab le  3 - E stim ates o f  gca effec ts  o f  th e five p aren ts

C haracters ET8 Ok2 Ok 5 Ok 15 M l 5 SE

1. Days  to 50 %  f lower ing 0.07 1.45** 0.30 -2 .50** 0.21 0.47
2. Fruit length (cm) 0.56** -0.24* -0.08 0.08 -0 .33** 0.09
3. Fruit  we igh t  (g) 1.57** -0.38 -0 .39 -0 .26 -0 .52* 0.20
4. No.  o f  fruits per plant 0.62 0.95* l o 1.35** -2.59** 0.44
5. Fruit yield per  plant  (g) 31.12* -1 1.55 12.2 1 14.45 -46.23** 12.6
6. Harves t ing per iod (days) 1.59** -2.15** 1.24* 2.66** -3.33** 0.56

* Signif icant  at P =  0.05 ** Signif icant  at P = 0.0 1

Fruit length

The gca and sea variance were significant indicating importance o f  
both additive and non additive gene action, as reported by Balakrishnan et ctl. 
(2009). The ratio o f  gca and sea variance was 'g rea te r  than unity implying a 
major role o f  additive gene action. ET8 was outstanding with highly
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significant positive gca effect o f  0.56. However,  none o f  the cross 
combinat ions with ET8 showed significant positive sea effect  which may be 
due to the lack o f  complementa t ion  o f  parental genes.

T a b ic  4. E stim a tes  o f  sea  e ffec ts  o f  th e ten  cross co m b in a tio n s

C rosses
D ays to 

. 50%  
flo w erin g

Fruit
length

Fruit
weight

N. o o f  
Fruits p er  

plan t

Fruit 
y ie ld  per  

plan t

H arvesting
p er io d
(c/avs)

12T8.\OK2 - E 3 7 -0.91** -0.84* 1.02 63.1 1* 1.40
E T 8 x O K 5 -0.38 -0 .07 -0 .66* 9.57** 107.73** 1.3 1
E T S x O K  1 5 -2 .42* 0.003 -0.36 0.32 59.23* -0.19
E T 8 x M I 5 1.4 -0.12 -1 .76** -0.4 -7 .96 -3 .65**
OK2.xOK5 -0.6 0.48* 0.21 5.35** 68.5  1* 2.08
O K 2 x O K  1 5 0.2 0.20 0.37 12.29** 120.99** 1.33
O K 2 x M I 5 0.63 0.07 1.06** -0.06 23.64 -0.9
OK. 5.x O K  1 5 2.35* 0.20 0.01 -10 .05** -14.65 -1 .06
OK5.xMI5 -3 .82** 0.39 -0.05 3.9** 67.18* 2.94*
OK15.xMI5 -3 .05** 0.21 -0.27 4.24** 60.45* 2.51*
SE 0.95 0.20 0.3 1 - 0 .90 25.73 1.15

* S igni f ican t  at P = 0.05 ❖  * S ign if ican t  at P = 0.0 1 .

F ru it w eight.

The gca and sea variances were significant, indicating importance o f  
both additive and non addit ive gene action. Similar results were obtained by 
Ranjani et cd. (2001). However,  the ratio o f  gca to sea variance was greater 
than unity implying a major  role o f  additive gene action. The parent ET8 alone 
exhibited significant  positive gca effect o f  1.57. However,  none o f  the crosses 
with ET8 gave positive sea effect. This  may be due to the lack o f  
complem enta t ion  o f  the parental gene. This  is in line with the f indings o f  
Balakrishnan et cd. (2009).

N u m b er o f  fru its per plant

The variances due to sea and gca effects were significant, showing the 
presence o f  both additive  and non additive gene action. However,  the high 
magnitude o f  sea variance (ratio o f  gca variance and sea less than unity) 
implies the major  role o f  non-addit ive gene action for this character. This  is in 
conformity  with the results o f  Mehta  el cd. (2007) and Pal and Sabesan (2009). 
Parents o k l 5  and ok2 gave significant positive gca effects while  crosses ok2 x 
ok 15, ET8 x ok5, ok2 x ok5, o k l5  x MI5 and ok5 x MIS gave significant 
positive sea effects. Parents ol<5 and MI5 with poor gca produced hybrids 
with high sea effect which could be attributed to com plem enta ry  gene action.
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Fruit yield per plant

The variances due to gca and sea effects were  significant  indicating 
importance o f  additive and non additive gene action in determining the 
inheritance o f  the character. The role o f  non-addit ive gene action is 
predominant since the ratio o f  gca variance and sea variance is less than unity. 
This is in conformity with the results o f  Ranjani et al. (2001) and Balakrishnan 
et al. (2009). Parent ET8 gave significant positive gca effect while cross 
combinations ok2 x ok 15, ET8 x ok5, ok2 x ok5, ok5 x MI5, ET8 x ok2, o k l5  
x MI5 and ET$ x ok 15 showed significant positive sea effects. Thus the cross 
ok2 x ok 15 was the best specific combination followed by ET8 x ok5 and ok2 
x o k 5 .

H arvesting period

Harvesting period describes the economic life span o f  the crop. The 
combining abiTity analysis indicated significant gca and sea variance and the 
ratio o f  gca and sea variance was greater than unity indicat ing a greater  role o f  
additive gene action. Parent okl  5, ET8 and ok5 gave significant positive 
effects while the cross combinations ok5 x MI5 and o k l5  x IV1I5 gave 
significant positive harvesting periods.

H eterosis

T h e  heterosis reveals the type o f  gene action involved and it helps in 
selection o f  suitable parameters, which are employed in crop improvement.  
The heterosis o f  cross combinat ion over better parent (Heterobeltiosis) are 
presented in table 5.

Results indicate that most o f  the cross combinat ions have earl iness o f  
flowering than the better parent (varied from -1.16 to -1 1.66). Similar  results 
were obtained by Mehta et al. (2007). O k l  5 x M15, ok5 x MI5 and ok2 x okl 5 
gave significant negative heterotic values which indicate early flowering. 
Early flowering is considered as a better character. In the case o f  fruit length 
all the crosses showed negative heterotic values ranging from -1.15 to -16.82. 
Out o f  10 cross combinat ions most o f  the crosses exhibited negative heterotic 
values for fruit weight ranging from -2.61 to -36.72. Similar negative heterotic 
values for fruit weight  was reported by Weerasekara  et al. (2009). When 
consider number  o f  fruits per plant maximum heterosis o f  74.6% over better 
parent was given by the cross ET8 x ok5. Ok 2 x okl  5 and ok2 x ok5 gave 
heterosis over better parent 69% and 62% respectively. Mahajan and Sharma 
(1979) suggested the number  o f  fruits per plant be given more consideration in 
selecting superior types, which is the main character, in giving the maximum 
fruit yield per plant.
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In the analysis o f  the fruit yield per plant the crosses ok2 x ok!5 ,  ET8 
x o lo ,  ok2 x MIS, ok2 x ok5 and ET8 x ok lS  gave appreciable amount  o f  
heterosis over better parent (significant) to the extent o f  68.69%, 59.1%, 
56.32%, 53.59% and 45.44% respectively. Maximum heterosis o f  56.48% 
over better parent was observed by Weerasekara et al. (2008).

CON CLU SION S

ET8 was the best combiner  for fruit yield per plant, fruit length and 
fruit weight. O k l5  was the best combiner  for number o f  fruits per plant, 
earliness o f  flowering and harvesting period, indicating its role in breeding o f  
high yield with early maturity and increasing number o f  fruits per plant. 
Hybrid vigour can be exploited in okra for increasing fruit yield through 
increasing number o f  fruits per plant. The cross combinat ion ok2 x o k l5 ,  ET8 
x ok5 and okZ x ok5, which have given significant sea effects and highly 
significant heterotic values for number o f  fruits per plant and fruit yield per 
plant with good quality can be recommended for further studies in adaptability 
before consideration for release.
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