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Seven genetically diverse varieties of blackgram namely TAU-1, AKU-9904, 

NUL-7, LBG-402, BDU-1, Pant U-31 and Mesh-1008 were selected from 

germplasm maintained at Pulses Improvement Project, MPKV, Rahuri and 

Oil seeds Research Station, Jalgaon for making diallel cross to study 

combining ability during 2009-10. 21 F1s and their 7 parents were studied in 

RBD with three replications. Results indicating that the parents, LBG-402, 

BDU 1 and AKU-9904 were proved to be good general combiners with good 

per se performance for most of the traits studied, suggesting scope for their 

use in breeding programme. The crosses, LBG-402 x BDU-1, BDU-1 x Pant-

U 31, AKU-9904 x Pant-U 31 and AKU-9904 x NUL-7 evinced high SCA 

effects for most of the traits, those can be further exploited for isolating 

superior genotypes. 
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INTRODUCTION 
 Blackgram belongs to family Fabaceae with diploid chromosome number 2n=22. Among pulses, 

Blackgram is one of the important grain legumes. Its seeds are highly nutritious with protein (24-25%), 

carbohydrates (60%), fat (1.5%), minerals, amino acids and vitamins. This crop is highly priced crop and the grain is 

richest source of phosphoric acid 5-10 times more than other pulses. Black gram is consumed in the form of ‘Dal’. 

The success of breeding procedure is determined by the useful gene combinations organized in the form of high 

combining lines and isolation of valuable germplasm. Some lines produce outstanding progenies on crossing with 

others, while certain others seem to be equally desirable may not produce good progenies on crossing. The lines 

which perform well in combinations are eventually of great importance to the plant breeder. Hence, investigation of 

general combining ability (G.C.A.) and specific combining ability (S.C.A.) would yield very useful information. 

Accordingly a good knowledge of gene action involved in the inheritance of quantitative characters of economic 

importance is required to frame an efficient breeding plan leading to rapid improvement in yield and yield 

components. 

Material and Methods: 

 The present investigations aimed at studying combining ability in Blackgram (Vignamungo L. Hepper) 

were conducted during 2009-2010 at Pulses Improvement Project, MPKV, Rahuri. The parental material for the 

present investigation was selected from the germplasm maintained at Pulses Improvement Project, MPKV, Rahuri 

and Oil seeds Research Station, Jalgaon. These parents were crossed in 7 x 7 diallel fashion excluding reciprocals 

during summer and kharif, 2009 by hand emasculation and pollination.The experiment with twenty eight treatments 
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(7 parents + 21 F1s) and one check (TPU-4) was laid out in a randomized block design (RBD) with three replications 

during kharif 2010 at Pulses Improvement Project, MPKV, Rahuri. All the 28 treatments were grown in single 

progeny row of 3 meter length with spacing of 45 cm between rows and 10 cm between plants. The experimental 

plots were surrounded by non-experimental border rows of variety TAU-4. Observations were recorded in all the 

replications on randomly selected competitive five plants in parents and F1s. The combining ability analysis was 

carried out according to Model-I (Fixed effect), Method-2 (Parents and one set of F1’s without reciprocals) of 

Griffing (1956 a). 

Result and discussions 

 The analysis of variance for combining ability (Table 1) indicated that general and specific combining 

ability variances were significant for all the characters studied. This suggested that both additive and non-additive 

gene effects were involved in the genetic control of seed yield and its attributes. However, the ratio of estimates of 
2 2

SCAsuggested predominant role of non-additive gene effects for seed yield and its attributes 

except characters like days to flowering and 100-seeds weight for which additive effects made a major role. These 

results are in general in accordance with those reported by Malhotra (1983), Sing et al. (1987), Dasgupta and Das 

(1991), Sharma and Pandey (1996), Santha and Veluswamy (1999b), Govindraj and Subramanain (2001). 

Vaithiyalingan et al. (2002), Kishnan et al. (2003) and Singh and Singh (2005). 

 The estimates of general combining ability effects of seven parents for twelve characters are presented in 

Table 2. The specific combining ability effects of 21 F1 crosses are given in Table 3. High GCA coupled with high 

per se performance is the indication of an outstanding best parent with reservoir of superior genes. Therefore, GCA 

effects along with mean performance may be taken into account for parental selection.The summary of relative 

magnitude and sign of general combining ability effects of the parents included in the study (Table 2) revealed that, 

none of the parents was all round good general combiner for all the twelve characters studied. However, parent 

LBG-402 was good combiner for seed yield and yield components while average combiner for earliness. BDU-1 

was good combiner for all the characters except days to flowering and days to maturity for earliness and was poor 

combiner for earliness. AKU-9904 was good combiner for seed yield and most of the yield components, but this 

variety was found poor combiner for earliness, pod length, 100-seed weight and protein content. AKM-8802 

exhibited good GCA effects for plant height, number of primary branches per plant, number of clusters per plant and 

number of seeds per pod and for other characters it was either average or poor combiner. The variety TAU-1 showed 

good general combining ability for earliness but poor combiners for seed yield and yield components. The varieties 

from north zone of India Pant U-31 and Mesh-1008 were found good combiners for days to flowering and maturity 

but they are poor combiners for seed yield and all other yield components. Similar findings have been reported by 

various workers, Malhotra (1983), Dasgupta and Das (1987), Singh et al. (1987) Sood and Gartan (1991), Sawant 

(1992), Shanmugasundaram and Rangaswamy (1994), Neog and Talukdar (1999), Dana and Dasgupta (2001), 

Krishnan et al. (2003), Thangavel et al. (2004), Srividhya et al. (2005)Chakrabotty et al. (2010). 

The specific combining ability effects and heterosis can be regarded as arising primarily from non-additive 

genetic effects, which are non-fixable (Sprague and Tatum, 1942). Hence specific combining ability does not 

contribute much in the improvement of self-pollinated crops like Blackgram. However, it can be used for identifying 

transgressive segregants from segregating populations of the promising cross combinations. Specific combining 

ability effects for seed yield per plant (Table 3) indicated that, the top yielding cross AKU-9904 x NUL-7 (good X 

good) exhibited significant SCA effects for seed yield and yield components. The cross LBG-402 x BDU-1 showed 

highest (0.769) SCA effect for seed yield per plant and also exhibited significant negative SCA effect for days to 

50% flowering and days to maturity, while for number of clusters per plant, number of pods per cluster, pod length, 

number of seeds per pod, 100-seed weight and protein content it showed positive significant SCA effect. The 

desirable combination for days 50% flowering and days to maturity was BDU-1 x Mesh-1008 which showed 

negative SCA effect. The cross TAU-1 x BDU-1 was best specific cross for plant height. Significant positive SCA 

effect for Number of primary branches per plant, number of clusters per plant, number of pods per cluster, pod 

length, number of seeds per pod, 100-seed weight and protein content was exhibited by cross, BDU-1 x Pant U-31. 

The cross NUL-7 x Mesh-1008 showed highest significant SCA effect for protein content. Among four crosses with 

positive significant SCA effects for seed yield per plant, the best specific combiner was LBG-402 x BDU-1 

followed by BDU-1 x Pant U-31, AKU-9904 x Pant U-31 and AKU-9904 x NUL-7. These crosses gave higher seed 

yield than the highest yielding parent AKU 9904. 

  In these superior combinations, the crosses LBG-402 x BDU-1 and AKU-9904 x NUL-7 exhibited 

significant positive SCA effects for most of the yield components with high GCA x high GCA type combination, 

which indicated additive and additive x additive gene effects were predominant in the expression of these characters. 
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Therefore, due to possibility of fixation, single plant selection could be practiced in segregating generations to 

isolate superior lines from such combinations. Some of the combinations though had both the parents with high 

GCA effects did not show high SCA effect revealing that high x high type combinations not necessarily result into 

high SCA effects. This might be due to internal cancellation of gene effects in such parents as suggested by Jinks 

and Jones (1953). However, in the crosses, BDU-1 x Pant U-31 and AKU-9904 x Pant U-31 one parent was good 

general combiner and other was poor general combiner for most of the traits. This might be due to presence of 

genetic diversity in the form of heterozygous loci for these characters. The best specific combinations for different 

characters in the present study were combination of good x good, good x average, good x poor combiners. This 

suggested that information on GCA effect should be supplemented by SCA effects and hybrid performance of cross 

combination to predict the transgressive types possibly be available in segregating generations. Selection is rapid if 

the GCA effects of the parents and SCA effects of the crosses are in same direction. Further crosses involving good 

x good general combining parent with high SCA effect can be handled by simple varietal improvement programmes 

for respective characters. Krishnan et al. (2003), Thangavel et al. (2004), Vaithiyalingan (2004b), Srividhya et al. 

(2005) Yadav et al. (2005) advocated practicing inter se mating in F2 generation using biparental approach. It would 

help in accumulation of the additive genetic variance. 
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Table 1 Analysis of variance for combining ability for twelve characters in a 7 X 7 half diallel cross in Blackgram 

*, ** Significant at 5 and 1 per cent levels, respectively 

 
Table 2 Estimates of general combining ability effects of the parents for different characters in a 7 X 7 diallel cross in Blackgram  

P a r e n t s 

 

Days to 50% flowering Days to maturity  Plant height Number of primary branches per plant Number of clusters per plant  Number of pods per cluster  Number of pods per plant  Pod length  Nu mber of seeds per pod  100-seeds weight  Seed yield per plant  Protein content  

T A U - 1 - 0 . 1 7 - 2 . 2 1 * * - 0 . 0 7 - 0 . 0 7  * - 0 . 2 3 * * -0.20** -1.15** -0.20** - 0 . 0 2 -0.25** -0.76** -0.32** 

AKU-9904 0 . 8 7 * * 2 . 3 8 * * 1.62** 0 . 1 1 * * 0 . 1 4 * * 0 . 1 3 * * 1 . 8 9 * * -0.09** 0 . 1 1 * * - 0 . 0 2 0 . 6 4 * * -0.38** 

S o u r c e G C A S C A E r r o r 
2

g c a 
2

s c a 
2

g c a /
2

s c a 

d . f . 6 2 1 5 4 - - - 

D a y s  t o  5 0 %  f l o w e r i n g 2 1 . 3 8  * * 1 . 0 6  * * 0 . 3 7 2 . 3 3 0 . 7 1 3 . 3 0 

D a y s  t o  m a t u r i t y 4 4 . 1 1  * * 9 . 2 7  * * 1 . 2 9 4 . 7 6 7 . 9 7 0 . 6 0 

P l a n t  h e i g h t 1 6 . 5 9  * * 8 . 2 9  * * 2 . 0 2 1 . 6 2 6 . 2 8 0 . 2 6 

Number of primary branches per plant  0 . 1 7  * * 0 . 0 4  * * 0 . 0 1 0 . 0 2 0 . 0 3 0 . 6 3 

N u m b e r  o f  c l u s t e r s  p e r  p l a n t 0 . 9 8  * * 0 . 2 0  * * 0 . 0 2 0 . 1 1 0 . 1 8 0 . 6 0 

N u m b e r  o f  p o d s  p e r  c l u s t e r 0 . 1 8  * * 0 . 0 6  * * 0 . 0 1 0 . 0 2 0 . 0 5 0 . 4 0 

N u m b e r  o f  p o d s  p e r  p l a n t 2 8 . 2 3  * * 9 . 8 7  * * 1 . 1 8 3 . 0 5 8 . 6 9 0 . 3 5 

P o d  l e n g t h 0 . 4 2  * * 0 . 0 7  * * 0 . 0 4 0 . 0 5 0 . 0 6 0 . 7 5 

N u m b e r  o f  s e e d s  p e r  p o d 0 . 1 7  * * 0 . 0 8  * * 0 . 0 1 0 . 0 2 0 . 0 7 0 . 2 8 

1 0 0 - s e e d  w e i g h t 0 . 5 6  * * 0 . 0 6  * * 0 . 0 4 0 . 0 6 0 . 0 5 1 . 1 6 

S e e d  y i e l d  p e r  p l a n t 1 . 8 6 * * 0 . 4 2 * * 0 . 0 9 0 . 2 0 0 . 3 2 0 . 6 1 

P r o t e i n  c o n t e n t 2 . 5 5  * * 1 . 6 7  * * 0 . 1 3 0 . 2 7 1 . 5 4 0 . 1 8 
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N U L - 7 1 . 4 6 * * 3 . 4 2 * * 0 . 8 8 * 0 . 1 5 * * 0 . 1 2 * * 0 . 0 4 0 . 2 1 -0.17** - 0 . 0 1 - 0 . 0 2 0 . 2 6 * * - 0 . 1 9 

L B G - 4 0 2 - 0 . 0 6 - 0 . 1 0 - 0 . 0 4 0 . 0 3 0 . 3 9 * * 0 . 1 5 * * 2 . 1 8 * * 0 . 2 9 * * 0 . 1 5 * * 0 . 2 5 * * 0 . 1 9 * 0 . 7 8 * * 

B D U - 1 1 . 7 9 * * 0 . 1 9 0 . 9 6 * 0 . 1 2 * * 0 . 3 4 * * 0 . 0 9 * * 0 . 8 9 * 0 . 3 1 * * 0 . 1 3 * * 0 . 4 2 * * 0 . 1 3 0 . 1 5 

Pant U-31 - 2 . 4 7 * * - 2 . 2 5 * * -2.42** - 0 . 1 4 * * - 0 . 4 0 * * - 0 . 0 6 * -2.29** -0.12** -0.21** -0.18** -0.28** -0.65** 

Mesh-1008 - 1 . 4 3 * * - 1 . 4 3 * * - 0 . 9 3 * - 0 . 1 9 * * - 0 . 3 6 * * - 0 . 1 6 * * -1.74** - 0 . 0 2 -0.15** -0.20** - 0 . 1 8 0 . 6 0 * * 

S E ( g i ) 0 . 1 9 0 . 3 5 0 . 4 4 0 . 0 3 0 . 0 4 0 . 0 3 0 . 3 4 0 . 0 2 0 . 0 3 0 . 0 2 0 . 0 9 0 . 1 1 

CD at  5% 0 . 3 7 0 . 7 0 0 . 8 8 0 . 0 6 0 . 0 8 0 . 0 4 0 . 6 7 0 . 0 4 0 . 0 6 0 . 0 4 0 . 1 9 0 . 2 3 

CD at  1% 0 . 4 9 0 . 9 4 1 . 1 7 0 . 0 8 0 . 1 2 0 . 0 7 0 . 8 9 0 . 0 5 0 . 0 8 0 . 0 5 0 . 2 6 0 . 3 0 

*, ** Significant at 5 and 1 per cent levels, respectively 

 
Table 3Estimates of specific combining ability effects of crosses for different characters in Blackgram 

Sr. No. C r o s s  ( F 1 ) Days 50% to flowering  Days to maturity  Plant height No. of primary branches/plant  No. of clusters/plant No. of pods/cluster 

1 T A U  1  X  A K U  9 9 0 4 1 . 2 7 8 * - 0 . 9 0 7 2 . 8 0 7 * 0 . 2 5 7 * * 0 . 3 7 6 * * 0 . 2 7 6 * * 

2 T A U  1  X  N U L  7 - 0 . 6 4 8 -5.944** 2 . 0 7 4 - 0 . 1 8 7 * 0 . 4 5 0 * * 0 . 2 1 8 * * 

3 T A U  1  X  L B G  4 0 2 0 . 2 0 4 1 . 5 7 4 0 . 8 6 7 0 . 1 9 8 * 0 . 2 5 0 0 . 0 5 4 

4 T A U  1  X  B D U  1 - 0 . 3 1 5 0 . 2 7 8 3.726** 0 . 1 8 3 * 0 . 3 7 6 * * - 0 . 2 8 0 * * 

5 T A U  1  X  P a n t  U  3 1 - 0 . 7 2 2 - 0 . 9 4 4 0 . 5 1 1 - 0 . 0 9 8 0 . 3 8 3 * * - 0 . 1 9 8 * 

6 T A U  1  X  M e s h  1 0 0 8 - 0 . 4 2 6 - 0 . 7 5 9 0 . 3 5 6 - 0 . 1 7 2 - 0 . 2 6 1 * - 0 . 1 6 9 * 

7 A K U  9 9 0 4  X  N U L  7 - 2 . 352** -3.537** 2 . 4 5 2 * 0 . 2 2 8 * 0 . 6 8 0 * * 0 . 2 9 8 * * 

8 A K U  9 9 0 4  X  L B G  4 0 2 - 0 . 1 6 7 0 . 3 1 5 1 . 9 1 1 0 . 0 8 0 - 0 . 2 5 4 * * - 0 . 0 8 0 

9 A K U  9 9 0 4  X  B D U  1 1 . 3 1 5 * 4 . 6 8 5 * * 0 . 6 3 7 - 0 . 1 3 5 - 0 . 2 6 1 * * 0 . 1 2 0 

1 0 A K U  9 9 0 4  X  P a n t  U  3 1 - 0 . 7 5 9 1 . 7 9 6 1 . 6 2 2 - 0 . 0 8 3 - 0 . 1 2 0 0 . 0 0 2 

1 1 A K U  9 9 0 4  X  M e s h  1 0 0 8 0 . 2 0 4 - 1 . 3 5 2 0 . 4 6 7 0 . 0 4 3 - 0 . 2 9 8 * * 0 . 0 3 1 

1 2 N U L  7  X  L B G  4 0 2 - 0 . 0 9 3 2 . 6 1 1 * 1 . 8 4 4 0 . 2 3 5 * * 0 . 2 8 7 * * 0 . 0 0 9 

1 3 N U L  7  X  B D U  1 2 . 0 5 6 * * 3 . 9 8 1 * * 0 . 1 0 4 - 0 . 0 4 6 - 0 . 1 2 0 0 . 1 4 3 

1 4 N U L  7  X  P a n t  U  3 1 0 . 9 8 1 4 . 0 9 3 * * 0 . 8 2 2 0 . 0 7 2 - 0 . 2 4 6 - 0 . 0 4 3 
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1 5 N U L  7  X  M e s h  1 0 0 8 - 0 . 7 2 2 - 1 . 3 8 9 1 . 6 6 7 0 . 1 3 1 0 . 3 7 6 * * - 0 . 0 1 3 

1 6 L B G  4 0 2  X  B D U  1 - 1 . 0 9 3 * -5.167** 1 . 6 7 4 0 . 0 0 6 0 . 3 4 6 * * 0 . 2 4 6 * * 

1 7 L B G  4 0 2  X  P a n t  U  3 1 - 0 . 1 6 7 - 2 . 0 5 6 * 1 . 0 8 1 - 0 . 1 4 3 0 . 2 8 7 * 0 . 2 4 6 * * 

1 8 L B G  4 0 2  X  M e s h  1 0 0 8 1 . 1 3 0 * 3 . 1 3 0 * * 0 . 1 2 6 0 . 1 1 7 0 . 3 7 6 * * 0 . 1 4 3 

1 9 B D U  1  X  P a n t  U  3 1 - 0 . 0 1 9 - 1 . 0 1 9 1 . 6 7 4 0 . 3 7 6 * * 0 . 3 4 6 * * 0 . 2 4 6 * * 

2 0 B D U  1  X  M e s h  1 0 0 8 - 0 . 0 5 6 -3.833** 1 . 5 8 5 0 . 0 3 5 0 . 2 3 5 0 . 1 4 3 

2 1 P a n t  U  3 1  X  M e s h  1 0 0 8 - 1 . 1 3 0 * 0 . 6 1 1 0 . 9 7 0 0 . 0 8 7 - 0 . 0 2 4 0 . 1 5 7 * 

 S E  ( S i j ) 0 . 5 4 4 1 . 0 1 2 1 . 2 1 3 0 . 0 8 8 0 . 1 2 7 0 . 0 7 8 

 C D  a t  5 % 1 . 0 8 8 2 . 0 2 4 2 . 4 2 7 0 . 1 7 6 0 . 2 5 3 0 . 1 5 6 

 C D  a t  1 % 1 . 4 5 2 2 . 7 0 2 3 . 2 3 9 0 . 2 3 4 0 . 3 3 9 0 . 2 0 8 

*, ** Significant at 5 and 1 per cent levels, respectively 

 

Table 3Contd.. 

Sr. No. Cross (F1) No. of pods per plant Pod length  Number of seeds per  pod 100-seeds weight  Seed yield per plant  Protein content 

1 T A U  1  X  A K U  9 9 0 4 1 . 9 9 5 * * 0 . 3 5 6 * * 0 . 2 2 4 * 0 . 1 8 4 * * - 0 . 3 8 0 1 . 6 4 0 * * 

2 T A U  1  X  N U L  7 1 . 8 1 3 0 . 1 6 7 * * 0 . 0 7 6 0 . 0 8 8 1 . 0 3 5 1 . 5 8 4 * * 

3 T A U  1  X  L B G  4 0 2 3 . 8 3 9 * * - 0 . 1 3 0 0 . 4 4 6 * * 0 . 0 2 1 0 . 1 3 3 - 0 . 5 8 8 

4 T A U  1  X  B D U  1 3 . 0 6 1 * * - 0 . 2 8 5 * * 0 . 1 3 5 - 0 . 2 1 6 * * - 0 . 0 3 9 - 0 . 6 2 3 

5 T A U  1  X  P a n t  U  3 1 - 3 . 0 7 9 - 0 . 1 5 2 * * 0 . 0 0 9 - 0 . 1 5 3 * - 0 . 4 8 1 - 0 . 6 7 1 * 

6 T A U  1  X  M e s h  1 0 0 8 - 0 . 5 0 9 0 . 0 4 4 0 . 0 0 9 - 0 . 0 2 7 0 . 0 0 9 - 0 . 6 0 6 

7 A K U  9 9 0 4  X  N U L  7 4 . 3 0 2 * * 0 . 3 5 6 * * 0 . 4 8 3 * * 0 . 4 5 5 * * 0 . 5 9 4 * 0 . 3 7 5 

8 A K U  9 9 0 4  X  L B G  4 0 2 1 . 4 6 1 - 0 . 3 0 7 * * - 0 . 0 1 3 0 . 0 8 8 0 . 1 2 6 1 . 0 6 9 * * 

9 A K U  9 9 0 4  X  B D U  1 1 . 3 5 0 - 0 . 0 6 3 - 0 . 1 9 1 * - 0 . 1 4 9 * 0 . 4 5 4 - 0 . 3 9 9 

1 0 A K U  9 9 0 4  X  P a n t  U  3 1 2 . 4 1 0 * 0 . 0 7 0 - 0 . 1 8 3 - 0 . 1 8 6 * * 0 . 6 1 1 * -1.131** 

1 1 A K U  9 9 0 4  X  M e s h  1 0 0 8 - 0 . 2 2 0 - 0 . 0 3 3 0 . 0 1 7 0 . 0 4 0 0 . 3 6 9 1 . 0 8 4 * * 

1 2 N U L  7  X  L B G  4 0 2 - 0 . 7 8 7 - 0 . 2 3 0 * * - 0 . 0 2 8 0 . 0 2 5 - 0 . 0 9 3 - 0 . 1 0 3 

1 3 N U L  7  X  B D U  1 - 0 . 1 6 4 - 0 . 3 5 2 * * 0 . 1 2 8 - 0 . 1 1 2 0 . 3 6 9 0 . 0 7 9 

1 4 N U L  7  X  P a n t  U  3 1 1 . 8 6 2 - 0 . 1 1 9 * 0 . 0 6 9 - 0 . 1 1 6 0 . 1 9 3 0 . 2 1 4 

1 5 N U L  7  X  M e s h  1 0 0 8 - 0 . 2 0 1 - 0 . 0 2 2 0 . 0 6 9 - 0 . 2 5 6 * * 0 . 5 1 7 2 . 5 1 2 * * 

1 6 L B G  4 0 2  X  B D U  1 - 0 . 5 9 0 0 . 4 9 6 * * 0 . 3 9 4 * * 0 . 3 1 4 * * 0 . 7 6 9 * * 1 . 3 7 3 * * 

1 7 L B G  4 0 2  X  P a n t  U  3 1 3 . 7 2 1 * * 0 . 2 8 5 * * - 0 . 1 6 1 0 . 3 8 4 * * 0 . 5 2 4 1 . 8 4 2 * * 

1 8 L B G  4 0 2  X  M e s h  1 0 0 8 - 1 . 3 7 6 0 . 3 1 5 * * 0 . 3 0 6 * * - 0 . 3 9 0 * * 0 . 2 3 1 0 . 0 5 6 

1 9 B D U  1  X  P a n t  U  3 1 - 0 . 5 9 0 0 . 4 0 6 * * 0 . 3 9 4 * * 0 . 3 1 4 * * 0 . 6 6 9 * * 1 . 3 7 3 * * 

2 0 B D U  1  X  M e s h  1 0 0 8 1 . 9 1 3 0 . 1 5 9 * * 0 . 1 2 8 0 . 3 7 3 * * 0 . 1 9 3 - 0 . 0 7 9 
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2 1 P a n t  U  3 1  X  M e s h  1 0 0 8 1 . 1 7 3 0 . 0 2 6 - 0 . 2 6 5 * * 0 . 1 3 6 * - 0 . 1 0 0 0 . 2 2 3 

 S E  ( S i j ) 0 . 9 7 6 0 . 0 5 7 0 . 0 9 3 0 . 0 5 9 0 . 2 8 3 0 . 3 2 8 

 C D  a t  5 % 1 . 9 5 2 0 . 1 1 4 0 . 1 8 6 0 . 1 1 8 0 . 5 6 7 0 . 6 5 6 

 C D  a t  1 % 2 . 6 0 6 0 . 1 5 2 0 . 2 4 8 0 . 1 5 8 0 . 7 5 7 0 . 8 7 6 

*, ** Significant at 5 and 1 per cent levels, respectively 
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