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INTRODUCTION

India being primarily an agricultural country, major share of the protein 

requirements in diet is contributed by grain legumes. Blackgram ( Vigna mungo  

(L.) Hepper), one of the most important grain legumes o f  Kerala, is cultivated 

in uplands during rabi season and in summer rice fallows during the third 

crop season. The cultivation of legumes was reported to be beneficial to the 

succeeding cereal crop, by Nam biar et al. (1988). Particularly, in the rice 

based cropping system, they have a significant role. The nitrogen fixation 

and legum e productivity are greatly influenced by interactions between the 

legume host, Rhizobium  and the above ground and below ground environments 

(Herridge et a l ., 1994). Alexander (1977) estimated the quantity of nitrogen 

fixed per hectare per year as 125-335 kg for alfalfa, 80-150 kg for pea^ 

65-115 kg .fo r  soybean and 65-130 kg for cowpea.

The nitrogen fixing capacity of legume - Rhizobium  symbionts is of 

immense value. Application of nitrogenous fertilizers, eventhough increases 

grain production, is very expensive. Therefore*, exploitation of nitrogen fixing 

potential of leguminous crops through genetic manipulation and cultivation 

has m uch p rac tica l  s ign if icance  in en rich ing  the soil fertility . There  is 

possibility o f  breeding legumes for increased nitrogen fixation capacity by
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im p ro v in g  n i t ro g e n  f ix a t io n  tra its  (S in g h  and Murthy, 1988). G enetic  

inform ation on com bining ability of parents and the nature of gene action 

involved in the inheritance of biological nitrogen fixation traits and yield 

com ponents is very relevant in the choice of suitable parents for improving 

blackgram genotypes for increased nitrogen fixation capacity and yi61d.

The present research project was carried out with the objective of 

assessing the general and specific combining abilities and gene action involved 

in the inheritance of biological nitrogen fixation traits and yield components 

in blackgram . This will help in developing varieties with good biological 

nitrogen fixation capacity combined with reasonable yield potential.
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REVIEW OF LITERATURE

The genetic studies on nitrogen fixation of legume crops are of recent 

origin. Works done on blackgram are scanty. Hence, the review on the genetic 

studies on nitrogen fixation is extended to m ajor legume crops o f  India.

2.1. Combining ability and gene action

The combining ability and gene action for biological nitrogen fixation 

traits and yield components in different pulses, have been estimated by several 

workers. A brie f review of such studies are presented here.

2.1.1. Nitrogen fixation traits

Significant gca and sea effects for nitrogen fixation traits such as total 

nitrogen content per plant, and nodule fresh weight were observed by Hely 

(1972) in Trifolium ambiguum.

In Spanish clover, Pinchbeck et al. (1980) found the importance of 

additive gene effects alone, for biological nitrogen fixation traits such as 

nitrogen content per plant, nodule fresh weight and plant dry weight.
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Tan (1981) reported the significance of gca and sea effects for total 

nitrogen content, nodule fresh weight and nodule dry weight in alfalfa.

Com bining ability studies for biological nitrogen fixation traits in 

crimson clover revealed that both gca and sea effects were significant. For 

total nitrogen content per plant and nodule fresh weight additive and non­

additive gene effects were important (Smith et a l ., 1982).

From a diallel analysis in cowpea, Miller et al. (1986) showed the 

s ignificance o f  SCA variance for nitrogenase activity, nodule weight and 

nodule number. The^GCA was significant only for nodule weight. They also 

suggested the prom inance of additive gene action for nodule num ber and 

nitrogenase activity and non-additive gene action for nodule weight.

Singh and Murthy (1988) while analysing the combining ability in 

greengram in a diallel cross involving ejght varieties found significant gca 

and sea effects for total 'nitrogen content per plant and nodule fresh weight 

indicating the im portance of both additive and non-additive gene effects in 

the control o f  nitrogen fixation traits.

Sreekum ar (1993) in a line x tester analysis of greengram observed 

the p resence of both GCA and SCA variances and predom inance of non­

additive gene action for the expression of root/shoot ratio.
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A line x tester analysis of cowpea varieties indicated the significance 

of b o th ’GCA and SCA variances and predominance of non-additive gene action 

for total w eight of  nodules, weight of  effective nodules and nitrogen content 

in the plant at 50 per cent flowering (Sreekumar, 1995).

2.1.2. Yield and yield components

2.1.2.1, Plant height

In blackgram, Sagar and Chandra (1977) suggested that the variance 

due to GCA was much larger than SCA variance indicating the predominance 

additive gene action for plant height.

P illa i (1980) in blackgram  observed that GCA variance was higher 

for plant height suggesting additive gene action for the trait.

T h e  v a r ia n c e  due  to SC A  was o f  g re a te r  m a g n itu d e  than GCA 

s u g g e s t in g  n o n - a d d i t i v e  g e n e  a c t io n  fo r  p la n t  h e ig h t  in b la c k g ra m  

(Rajarathinam  and Rathnaswamy, 1990).

Jayarani (1993) in cowpea reported that the character plant height 

m ight be governed by both general and specific combining ability 

effects.
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Significant gca and sea effects for dry weight of the plant was reported 

by Hely (1972) in Trifolium ambiguum.

In Spanish clover, Pinchbeck et al. (1980) observed the importance 

of additive gene effects alone, for dry weight.

Tan (1981) reported the significance of gca and sea effects for dry 

weight in alfalfa.

C om bining  ability  studies in crim son clover done by Sm ith et al. 

(1982) revealed that additive and non-additive gene effects were important 

for dry weight.

M iller et al. (1986) from a diallel analysis in cowpea, showed that 

SCA variance for dry weight was non-significant. N on-additive gene action 

was found to be important for the trait.

From  a line x tester analysis of cowpea varieties, Sreekum ar (1995) 

s u g g e s te d  the  s ig n i f ic a n c e  o f  b o th  G CA  and  SC A  v a r ia n c e s  and 

predom inance of non-additive gene action for dry weight of plant at 50 

per cent flowering.

2.1.2.2. Dry weight of plants
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In blackgram high amount of non-additive gene action for number of 

pods was reported by Singh and Singh (1971) and Singh and Dhaliwal (1972).

A study on 6 x 6 diallel cross of blackgram conducted by Sagar and 

Chandra (1977) revealed that the magnitude of SCA variance was very high 

suggesting the predom inance o f  non-additive gene action for number of 

pods  p e r  p lan t,  though  both  the v a r ian ces  due to GCA and SCA w ere 

significant.

P illa i  (1980) in b lackgram  reported  that SCA variance was more 

important indicating the predominance of non-additive genetic variance for 

pod number.

In g re e n g ra m , D esh m u k h  and M arijare (1980) w h ile  e s tim a tin g  

com bining ability in a diallel cross observed highly significant variances 

due to GCA and SCA for number of pods per plant and reported non-additive 

gene action.

A half  diallel cross of  eight cowpea varieties, along with their parents 

were evaluated by Chauhan and Joshi (1981). The results indicated that both 

general and specific combining ability variances were important for number 

of pods per p lant and there was a predominance of additive gene action.

2.1.2.3. Number of pods
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The GCA variance was found to be higher than SCA variance for 

number of pods per plant indicating the predominance of additive gene action 

in greengram (Wilson et al., 1985).

Significant GCA and SCA variances for number of pods per plant was 

reported by Chow dhury (1986) in an analysis of half diallel cross with 

eight greengram  varieties.

Dasgupta and Das (1987) in blackgram observed that both additive 

and non-additive genetic variances were significant for number of pods, with 

higher magnitude of non-additive component.

Com bining ability analysis in blackgram conducted by Singh et al.

(1987) revealed that both GCA and SCA variances were highly significant 

for pods per plant. Predominance on non-additive gene action was also found.

Saxena and Sharma (1989) derived information from a diallel cross of 

greengram  and suggested the significance of GCA mean square for number 

o f pods per plant in F j. Both GCA and SCA mean squares were found 

s ig n if ican t  in F 2. Mean square due to GCA were larger in m agnitude 

indicating the predominance of additive gene action for this trait.

In cowpea, the combining ability was estimated in a diallel cross by 

Thiyagarajan et al. (1990). They reported the importance of both additive 

and non-additive gene effects for number of pods per plant.
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The im portance of both additive and non-additive gene actions for 

number of pods was observed by Natarajan et al. (1990) in a 7 x 7 diallel 

cross in greengram.

A l in e  x t e s t e r  a n a ly s is  in b la c k g ra m  by R a ja r a th in a m  and 

Rathnaswam y (1990) revealed that the variance due to SCA was greater than 

GCA for num ber o f  pods indicating the preponderance of non-additive gene 

action.

B ased  on the com bining  ability studies in blackgram , Kalia et al. 

(1991) indicated significant mean mean squares due to SCA for number of 

pods per plant.

A n i lk u m a r  (1 9 9 3 )  o b s e rv e d  s ig n i f i c a n t  G CA  v a r ia n c e  and 

predom inance of non-additive gene action for number of pods per plant in a 

line x tester analysis with greengram.

In cowpea, from a line x tester analysis Sreekumar ( 1995) reported the 

significance o f  both GCA and SCA variances for number of pods per plant 

and the im portance o f  non-additive gene action in controlling this character.

2.1.2.4. Number of seeds per pod

W hile  ana lys ing  com bing ability  in g reengram  in a d ia lle l cross 

in v o lv in g  e ig h t  v a r ie t ie s ,  D eshm ukh  and M an ja re  (1980) found highly
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significant variances due to GCA and SCA and preponderance of non-additive 

gene action for number of seeds per pod.

Eight cowpea varieties crossed in a half diallel fashion along with their 

p a re n t  w ere  e v a lu a te d  by C hauhan  and Jo sh i  (198 l)  and rep o rted  the 

im portance of both GCA and SCA variances for number of seeds per pod. 

Additive gene action was involved in the inheritance of this trait.

A d ia lle l  analysis  in .blackgram  by. M alhotra  (1983) revealed the 

s ignificance of GCA variance and additive gene effect for number of seeds 

per pod.

Information on combining ability was derived from a diallel 

cross of five greengram varieties by Wilson et al. (1985). They have suggested 

the existence of both additive and non-additive gene action for number of 

seeds per pod with a predominance of additive gene action.

A diallel analysis in greengram revealed the significances of both GCA 

and SCA mean squares and predominance of additive gene action (Saxena 

and Sharma, 1989).

C om bining  ability studies in blackgram conducted by Kalia et al. 

(1991) indicated significant mean squares due to SCA for number of seeds 

per pod.

A nilkum ar (1993) estimated combining ability in greengram from a 

line x tester analysis and reported the significance of gca effect alone for
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number of seeds per pod. Additive gene action was observed for this 

trait.

A line x tester analysis in cowpea conducted by Sreekum ar (l 995) 

revealed s ignificant GCA and SCA variances and a predom inance of non­

additive gene action for number of seeds per pod.

2.1.2.5. 100 grain weight

In blackgram, the study of gene action for various characters by 

Pillai (1980) revealed that the GCA variance was higher for hundred seed 

weight indicating preponderance of additive gene action for this trait.

A half  diallel cross of eight cowpea varieties along with parents 

carried  out by C hauhan and Joshi (1981) revealed  that both general and 

specific com bining variances were important for hundred seed weight. The 

GCA variance was higher in magnitude than SCA variance indicating the 

predom inant role of additive gene action in the inheritance of hundred seed 

weight.

M a lh o t r a  (1 9 8 3 )  in a d ia l le l  a n a ly s is  o f  b la c k g ra m  found  the 

im portance of both GCA and SCA variances for hundred seed weight. Both 

additive and non-additive gene effects were significant and important for this 

yield component.

C om bin ing  ability  s tudies w ith 5 x 5  d iallel cross in greengram  

indicated  the existence o f  both additive and non-additive gene action for
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hundred seed weight. The variance due.to GCA was found to be much higher 

than that due to SCA, suggesting  additive gene action for this character 

(Wilson et a l . , 1985).

Im p o r ta n c e  o f  bo th  a d d it iv e  and n o n -a d d i t iv e  gene  e ffec ts  and 

p reponderance  o f  non additive gene action for hundred seed w eight was 

reported by Thiyagarajan et al. (1990) in cowpea form a diallel analysis with 

six parents.

A line x tester analysis in greengram revealed the importance of GCA 

variance alone for hundred grain weight. The character was under the control 

o f  additive gene action (Anil kumar, 1993).

Com bining  ability studies in cowpea carried out by Sawant (1995) 

indicated  that both GCA and SCA variances were highly significant for 

hundred seed weight. Additive gene effect was predominant for the trait.

S reek u m ar (1995) in cow pea observed  s ign if ican t GCA and SCA 

variances for hundred seed weight indicating the presence of additive and 

non-additive genetic components. A predominant role o f  non-additive 

gene action was also reported.

2.1.2.6. Grain yield per plant

Com bining ability studies in greengram by Deshmukh and Manjare 

(1980) revealed the significance of both GCA and SCA variances and non­

additive gene action for grain yield per plant.
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In blackgram, Pillai (1980) observed that the SCA variance was more 

im portant for seed yield indicating the predominance of non-additive gene 

action.

The com bining ability analysis of eight cowpea varieties in a half 

d ia l le l  c ro ss  c o n d u c te d  by C h au h a n  and  Jo sh i  (1 9 8 1 )  s u g g e s te d  the 

significance o f  both GCA and SCA variances for grain yield per plant. But 

the m agnitude of GCA variance was found to be higher indicating the 

additive gene action.

M alhotra (1983) from a diallel cross in blackgram reported that both 

the additive and non-additive gene effects were significant for seed yield, with 

the predom inance of additive gene effects.

A diallel analysis of five greengram varieties conducted by Wilson 

et al. (1985) showed the existence of both additive and non-additive gene 

actions for seed yield per plant. The variance due to GCA was observed to be 

more than SCA suggesting the predominance of additive gene action.

Chow dhury (1986) reported significant GCA and SCA variances for 

seed yield per plant based on the combining ability analysis using eight parent 

half diallel cross in greengram.

In blackgram, Dasgupta and Das (1987) observed that both additive 

and n o n -ad d it iv e  variances  were s ign if ican t w ith  p redom inance  of non­

additive component, for seed yield.
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A line x tester analysis by Mishra et al. (1987) involving four 

testers and ten lines of cowpea indicated the importance of both GCA and 

SCA variances for seed yield.

Combining ability studies in blackgram done by Singh et a l (1987) 

revealed that for grain yield per plant both GCA and SCA variances were 

highly significant and non-additive gene action was prominent.

Haque et al. (1988) observed higher sea effect for yield in the cross 

PLV 652 x T g in a line x tester analysis with six blackgram lines and four 

testers.

In greengram, Saxena and Sharma (1989) reported that both GCA and 

SCA mean squares were significant for yield per plant.

R a ja ra th in am  and R athnasw am y (1990) conducted  a line x tester 

analysis in blackgram and observed that for seed yield per plant the variance 

due to SCA was grea ter  than GCA suggesting the predom inance of non­

additive gene action.

Thiyagarajan  et a / . ‘ (I990) reported both additive and non-additive 

gene effects and preponderance of non-additive gene effects for yield per 

plant in a diallel cross in cowpea.

Kalia et al. (1991) observed significant mean squares due to SCA for 

seed  y ie ld ,  w h i le  e s t im a t in g  c o m b in in g  ab il i ty  for seed  y ie ld  and its 

components over environments in blackgram.
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Significance of both GCA and SCA variances and the involvement of 

additive and non-additive  gene actions with the predom inance o f  non­

additive gene action for the expression of grain yield per plant in greengram 

were reported by Anilkumar (1993) from a line x tester analysis.

In cow pea, S reekum ar (1995) observed significant GCA and SCA 

variances and preponderance of non-additive gene action for grain yield per 

plant.

2.2. Heterosis

Various workers have reported the presence of heterosis in

pulses.

In blackgram, Sagar and Chandra (1977) observed heterosis for plant 

height and pod number per plant

Pillai (1980) found heterosis in yield and its components such as pod 

number, 100 seed weight and plant height, over mid parent, better parent and 

standard parent in blackgram.

According to Dasgupta and Das (1987), the degree and direction of 

heterosis varied greatly for different crosses in blackgram. Two crosses viz., 

M ash 1 x LU 272 and Mash I x LU241 exhibited significantly  positive 

heterosis.
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Haque et al. (1988) noticed maximum heterosis for yield in the cross 

between the blackgram varieties PLU200B and T9.

Heterosis for seed yield in blackgram was studied by Kalia et al.

(1988) and they have observed significant heterosis over the mid parent value 

in a few crosses, viz. C 0 4  x UG170, C 0 4  x HPU433 and HPU433 x HPU617.

In a study o f  heterosis for dry matter components in greengram, four 

hybrids, all w ith C 0 4  as one parent were shown to have positive, highly 

significant heterosis over the better parent for grain yield and pod.w eight, 

but negative heterosis for total dry matter and harvest index (Natarajan, 1989).

Inform ation on heterosis in blackgram derived from data on 11 yield 

related characters by Shinde and Deshmukh (1989) revealed that the cross 

between the parental varieties Sindkheda 1-1 and T9 recorded the maximum 

heterosis for yield.

Verma et al. (1991) studied heterosis and inbreeding in blackgram and 

reported  that the highest yield ing hybrid (PS1 x RU4) surpassed its better 

parent by 31 per cent. It was also reported that the crosses showing high 

hybrid v igour also generally showed high inbreeding depression.

T he highest value of heterosis over the better parent was shown by 

pods per p lant followed by seed yield per plant and pod weight per plant, in 

greengram (Patil et al., 1992).
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From  a study of 11 characters, in 90 Fj hybrids of greengram, Singh 

and Pathak (1992) reported heterosis over the better parent for yield and many 

yield components.

H az ra  et al. (1993) an a ly sed  h e te ro s is  fo r  pod y ie ld  and its 

com ponents  in cow pea and suggested that the frequency and level of 

heterosis was related more to specific combining ability than to the genetic 

divergence o f  the parents.

Heterosis and inbreeding depression for yield and yield components 

in g reengram  was s tudied by Naidu and Sathyanarayana (1993) and they 

showed that the average relative heterosis and heterobeltiosis were high for 

seed yield, shoot dry weight and pods per plant. The average inbreeding 

depression was also found to be high for shoot dry weight, seed yield and 

pods per plant.

Nodulation and yield traits in greengram were studied from a diallel 

crossing program m e and the highest heterosis over better parent or mid parent 

was seen in the crosses T44 x ML80 for all nodulation traits HG19 x T44 for 

100 seed weight and T44 x Black Neelalu for seed yield per plant (Singh and 

Singh, 1993).

Sawant et al. (1994) in cowpea found that highest positive heterosis 

over mid parent was for seed yield per-plant followed by inflorescence per
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plant, pods per plant, branches per plant and plant height. A similar trend 

over better parent was observed except for branches per plant and plant height. 

Average heterosis was maximum for seed yield per plant followed by pods 

per plant and inflorescence per plant.

In cowpea, significant and positive standard heterosis was observed 

for weight of nodules and nitrogen content at 50 per cent flowering. For 

number o f  pods and grain yield per plant relative heterosis, heterobettiosis 

and standard heterosis were significant and positive (Sreekumar, 1995).
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MATERIALS AND METHODS

The research programme was carried out at the Department of Plant 

B re e d in g  and  G e n e t ic s ,  C o l le g e  o f  A g r ic u l tu r e ,  V e lla y a n i ,  

Th iruvananthapuram , during 1995-’96.

Materials

The experimental material comprised of eight black gram varieties as
i

parents and their 15 hybrids. The parents consisted of five lines and three 

testers. The-lines having high nitrogen fixation capacity already identified 

from a PG project implemented earlier at the Kerala Agricultural University 

w ere  u sed  as fe m a le  p a re n ts  (T h o m a s ,  1994). T he  te s te r s  w ere  the 

recom m ended high yielding varieties. The details of genetic materials are 

presented in Table 1.

Experiment I

A. Selfing

The lines and testers were raised in pots during April to June 1995 

and allow ed for se lf  pollination. To prevent any chance cross pollination 

mature flower buds were covered with tissue paper bags on the previous day 

of opening and retained for two days. The selfed pods were harvested, seeds 

extracted and collected separately.
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Table I. Details of genetic materials included in the study

S I  No. Genetic materials A ttribute

I. Parents

i. Lines : 5 High nitrogen fixing
capacity

L l LBG17

l 2 LB G 622
l 3 W BG13

l 4 CO BG305

L 5 Pant U 19

ii. Testers 3 High yielding

T i AKU4

t 2 T9

t 3 VBN1

II. Hybrids : 15

L l x T l LBG17 x AKU4
Lj x T 2 LB G 17 x T9
L j x T 3 LBG17 x VBN1
L 2 x T i LBG622 x AKU4
L 2 x T 2 LBG622 x T9
L 2 x T 3 LB G622 x VBN1

l 3 x T j WBG13 x AKU4
L 3 x T 2 WBG13 x T9
L 3 x T 3 WBG13 x VBN1
L4 x T j COBG305 x AKU4
L 4 x T 2 COBG305 x T9
L4 x T 3 COBG305 x VBN1

L 5 x T 1 Pant U19 x AKU4
L 5 x T 2 Pant U19 x T9
L 5 x T 3 Pant U19 x VBN1



B. Line x Tester hybridization programmes

Lines and testers were raised in pots and hybridization was done 

during A ugust-N ovem ber 1995, in three sets (Plate 1).

To obtain  synchron ised  f low ering lines and testers were sown on 

different dates. Emasculation was done in the evening (4 to 6 p.m.), in the 

flow er buds o f  the lines, which were likely to open on the next day morning 

and p ro tec ted  with tissue paper bags. The em asula ted flow er buds were 

pollinated on the next day morning (8 to 10 a.m.) using pollen collected from 

the tester plants. The artificially pollinated;flowers were labelled and protected 

with paper cover. The covers were retained for two days.. The mature pods 

were collected separately, seeds extracted and used for field evaluation.

Experiment II

Evaluation of lines, testers and L x T combinations

The five lines, three testers and their fifteen Fj combinations were 

ev a lu a ted  in 6m 2 p lo ts , 'a d o p t in g  a random ised  block design  with three 

rep lications, in the sum m er rice fallow, at the College of Agriculture, 

Vellayani, during January to March 1996 (Plate 2).

Seed treatment using Rhizobium  culture KAU-BG-2 was done. For 

Lhat, the inoculant was mixed uniformly with the seeds by using 2.5% starch 

solution. The inoculated seeds were dried under shade over a gunny bag 

and sown im m ed ia te ly  at a spacing  of 25 x 15cm. The cu ltu ra l and



CROSSING PRO SM M W

LINE X TESTER

Plate 1. Line x Tester hybridization

V. H#;’* ^  '* • 
COMBINING AWUTY FW BOOSCA. 
WTWSEH FTXATBN TRAIT5 AND (
m j)  COMPONENTS W M *6RAM  ]
yigjid hepperJ

replication - 3 
treatment? -  2 .3_____

Q̂ r.+3iMre+yresn
BffTE OF50MN6- B -M » S

Plate 2. Field experiment for the evaluation of lines, 
testers and their 15 hybrids
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m a n a g e m e n t  p ra c t ic e s  w ere  fo l lo w e d  as per  the P a c k a g e  o f  P rac t ic e s  

R ecom m endations C rops’-93 (KAU, 1993). Data on various characters were 

recorded replication wise, from a random sample of five plants per treatment 

by com pletely excluding the border rows and the mean values were used for 

statistical analysis.

Traits studied from the field experiment

1. Length of primary root

P lan ts  w ere  uproo ted  care fu lly  at harvest  and length  o f  tap root 

measured in centimeters.

2. Number of secondary roots

N um ber o f  secondary roots were counted on each uprooted sample

plants.

3. Shoot/root ratio

From  each sample plant shoot and root portions were separately 

taken, sundried for two days, oven dried at 60-70°C for one day, dry weights 

recorded and the ratio computed.

4. Weight of nodules

N odules were separated out from the roots of sample plants at 50% 

flowering, fresh weight recorded and expressed in milligrams.



5. Nitrogen content at 50% flowering

Sam ple plants were uprooted at 50% flowering, sundried for two days 

and then ovendried  at 60-70°C for one day. P roperly  dried  plants were 

pow d ered  and from  this  O.Ig was taken for the n itrogen  es tim ation  by 

M icrokjeldahl method.

6. Nitrogen content at maturity

Nitrogen content of the plants at maturity was also estimated using 

M icrokjeldahl method as in the previous case.

7. Plant height

H eight of the plant was measured in centimeters from the base of.the 

main shoot to the tip, at harvest.

8. Dry weight of plants

Observational plants along with the separated nodules were sundried 

for two days and then ovendried at 60-70°C for 24 hours and dry weight 

recorded.

9. Number of pods

Total number of pods from the observational plants were counted and 

the mean calculated.



24

10. Number of seeds per pod

N um ber of seeds from ten randomly selected pods of observational 

plants was counted and averaged.

11. 100 grain weight

A random sample o f  100 grains was collected from the observational 

plants, w eighed and the mean weight was expressed in grams.

12. Grain yield per plant

Grain y ie ld  from the sample plants was recorded and the average 

expressed in grams.

Statistical analysis 

i. ANOVA

A nalysis  of variance was em ployed to test for the s ignificance of 

genotypic differences, for a 1 x t mating design using the linear model.

Y ijk= M- + gj +  gj + Sy + rk + eiJk

where, ji = population mean effect

gj = effect of female parent (line) •

(gca effect of i th line) i = I, 2 , ..........1

gj = effect of male parent (tester)

(gca effect of j th tester) j = 1, 2 ,  t
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s ij =
combined effect of ith line and j th tester

(sea effect of i x j cross)

rk = replication effect k = 1, 2, .............., r

e ijk = environment effect, and

Y ijk = any character measured on i x j cross in replication

(Arunachalam, 1974)

With 1 lines, t testers and 1 x t hybrids so that g = 1 + t + It genotypes 

raised in a RBD with r replications, the split up of the degrees of 

freedom due to various components of variation is given below in 

Table 2.

Table 2. ANOVA for modified line x tester

SI. No. Source df SS MS Expected mean square

1 Repl ica t ion ( r -  1 )

2 Genotypes ( g -  0

(a) Parents (1 + I) -  1

(i) Lines (1 - D

(ii) Testers ( t -  I)

(Hi) Lines vs. Testers I

(b) Hybr ids It -  1 SSH

(i) Lines (1 -  1 ) SSL ML +  r + rl a V-„

(ii) Testers ( t -  1 ) SST MT ° 2a + r “ 2k .  + rl ®2*ca

(iii) Lines X Testers (1 -  1 ) (t -  1 ) SSLT MLT ° 2e + r a \ c a

(c) Parents vs. Hybrids 1

3 Error ( r -  1 ) ( g -  I) Me ° 2=
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(ii) Combining ability analysis

The gca effects o f  lines, testers and sea effects o f  hybrids are 

estim ated as follows

x  X  . _ ,  ,  ,
gi " rt rlt * 1 -  ’  ..........

Si =
X X

r l t ’
j = 1,2, t

s ij =
Yij. X  _ X  + X

rt rl rlt

where,

Yj = sum of the crosses involving i th line as one parent over all 

the testers and replication

Y j = sum of the crosses involving j th tester as one parent over 

all the lines and replication

Yj? = sum of all the genotypes (It) over the replication
J

Y = grand total

The s ign ificance  o f  gca effects of lines, testers and their within 

differences, sea effects of crosses and within their differences are tested 

using ‘t ’ test as given below.
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• = Effect •t’ SE

gca

g i (lines) 1 g; 1 / SE (gi) (Me / r t )1/2

■ gj (testers) 1 gj 1 /  SE (gj) (Me / r l ) l/2

gj -  gj (lines) 1 S i  -  gj 1 /  SE (g; -  g j) [ (2Me) / r f ] 1/2

g i -  gj (tester) 1 g i — gj 1 / SE (g; -  g j) [ (2Me) /rl ] m

sea

s u
1 Sjj 1 / SE (Sij) (M e /r ) I/2

s ij “  skl 1 Sy -  skl 1 / SE (Sjj -  sk]) [(2Me) / r ]1/2

(iii) E s t im a t io n  of genetic  com ponen ts  of v a r ian ce

,  _ (1 + F) ,
°gca  “  4

_2 _  
°sca

1+F
°D

when F*= 1

^ c a =  ° A

< 4 a  =  ° D

where F = coefficient of inbreeding

2
OA = additive genetic variance

2
<7D = dominance genetic variance
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(iv) Heterosis

Types of heterosis Formulae S E d

Relative heterosis (RH)

Heterobeltiosis (HB)

Standard heterosis (SH)

where, p, = pj meat} MP, BP, SP respectively the mean of mid parent, better 

parent and standard parent.

The paren t expressing maximum value for a trait is considered as 

standard parent for that trait.

F i - M P
MP

x 100

Fi^BP
BP

x 100

F iJSP
SP

x 100

3 Me
2r

Vl

2 Me
Vz

2 Me
Vz
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RESULTS

T he  da ta  on v a r io u s  ch a rac te rs  in b lackgram  reco rd ed  from  the 

experim ent were statistically analysed. The results obtained are presented 

below.

4.1. Mean performance

M ean value of twelve characters are presented in table 3 and 4. -Length 

of primary root was minimum among lines in LBG622 (10.50cm) and in VBNI 

(10.70cm) among the testers. It was maximum in WBG13 (18.70cm) among 

lines and in AKU4 (13.40cm) among testers. Among hybrids the lowest and 

highest values were recorded for Pant U19 x VBNI (11.87cm) and WBG 13 x 

AKU4 (23.17cm) respectively.

M inim um  num ber o f  secondary roots was observed among lines in 

Pant U19 (8.63) and among testers in VBNI (9.43). The maximum value for 

this character was shown by WBG13 (12.97) among lines and AKU4 (15.93) 

among testers. It was lowest for LBG17 x VBNI (8.67) and highest for WBG 13 

x AKU4 (18.43) among hybrids.

Shoot/root ratio was lowest for WBG13 (17.23) among lines and for 

V BNI (17.03) among testers. This ratio was highest for Pant U19 (30.73)
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Table 3. Mean of various nitrogen fixation traits in black gram.

SI.
No.

Length  
o f  

pr imary 
root (cm)

N u m b e r 1

o f
secondary

roots

Shoot / root
ra tio

Weight
o f

nodules
(mg)

Nit rogen 
content  
(at 50% 

f lower ing)
w -

Nitrogen 
content  

(at maturity) 
(%)

Lines (Female parents)

1 Li 12.87 12.40 19.17 216.67 3.47 2.67
2 l 2 10.50 9.07 18.77 119.17 5.17 3.47
3 L3 18.70 12.97 17.23 59.17 4.17 3.03
4 L4 10.93 8.63 30.73 248.33 4.73 3.10
5 l 5 10.93 8.63 30.73 248.33 4.73 3.10

Testers (Male parents)

6 T i 13.40 15.93 24.83 29.83 4.27 3.03
7 t 2 12.87 10.10 29.43 200.83 4.40 3.13
8 t 3 - 10.70 9.43 17.03 19.17 3.47 2.87

Hybrids

9 L 1 XT1 15.07 18.03 22.50 217.50 5.00 3.63
10 Lj x T2 15.27 14.33 21.97 204.17 5.20 3.43
11 L j x T 3 14.50 8.67 24.07 188.33 4.57 3.03
12 L2 x T j 12.73 15.80 21.93 217.50 5.33 3.53
13 L2 x T 2 13.83 13.00 21.47 242.83 5.20 3.20
14 L2 x T 3 12.27 8.77 22.30 168.17 4.20 3.13
15 L 3 x Tj 23.17 18.43 24.70 232.33 5.23 3.23
16 ■L3 x t 2 22.67 16.77 23.33 186.83 4.40 3.10
17 L 3 x T 3 13.20 12.23 20.20 .216.83 5.37 3.63
18 L4 x T j 15.37- 15.23 20.90 257.00 5.67 3.63
19 L4 x T2 14.93 13.70 29.13 313.50 6.00 3.80
20 l 4 x T 3 13.30 9.80 21.30 228.83 5.43 3.57
21 L5 X T j 14.13 14.83 32.67 223.67 5.50 3.53
22 L5 x T2 12.90 11.97 33.90 394.67 6.23 3.87
23 L5 x T 3 11.87 9.13 23.80 185.17 4.27 3.17

F 22,44 164.49** 358.71** 342.04** 14.14** 172.67** 40.61**

SEm 0.26 0.17 0.25 22.08 0.06 0.05

* S ignificant at 1% level ** Significant at 5% level
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Table 4. Mean of various yield contributing characters in blackgram

SI.
No.

Dry
weight

of  plants
(g)

Plant
height
(cm)

Number  
of pods

Number
of

seeds/pod
(g)

1 0 0  grain 
weight

(g)

Grain
yie ld /plant

(g)

Lines

1 h 8.97 34.13 18.13 6.27 4.52 4.88
2 l 2 7.00 32.57 15.53 6.00 4.17 4.01
3 l 3 10.93 47.73 23.73 6.77 4.16 6.91
4 L4 5.10 20.77 22.33 6.60 4.01 6.33
5 L 5 3.07 20.77 16.93 5.43 4.17 3.92

Testers

6 T j 16.97 43.03 29.27 6.10 4.38 7.67
7 t 2 9.03 26.07 35.20 5.87 4.27 8.26
8 t 3 4.63 21.17 20.47 5.60 3.92 4.58

Hybrids

9 L 1 X T I 18.00 41.23 32.33 6.30 4.45 8.15
10 Lj x T2 10.13 44.27 46.13 6.00 4.41 11.07
11 L j x T3 10.70 37.90 46.53 6.13 4.71 11.41
12 L2 x T j 21.30 56.20 36.27 6.87 4.30 9.93
13 L2 x T2 11.03 42.47 47.87 6.23 4.48 11.92
14 L2 x T 3 11.97 34.77 39.53 6.53 4.30 10.33
15 L3 x 23.03 60.53 59.73 7.13 5.00 18.32
16 L 3 x T2 9.53 52.83 60.47 6.13 4.46 15.95
17 l 3 x t 3 8.10 48.63 52.53 6.27 4.36 13.17
18 L4 x Tj 16.17 35.37 39.07 7.03 4.60 10.99
19 L4 x T2 8.59 41.17 43.27 6.33 4.40 12.01
20 L4 x T 3 5.97 31.37 40.60 6.47 4.47 10.5
21 L5 x T! 13.63 37.57 43.27 5.73 4.54 9.92
22 L5 x T2 5.03 32.27 48.93 5.90 4.57 11.55
23 ^ 5  x T 3 4.90 33.27 36.73 5.73 4.13 8.42

F 22,44 1538.62** 1883.30** 2897.62** 41.04** 30.70** 177.0**

SEm 0.14 0.25 0.24 0.07 0.04 0.27

* S ignificant at 1% level ** Significant at 5 % level
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among lines and for T9 (29.43) among testers. Among the FjS minimum and 

m axim um  values were observed for WBG13 x VBN1 (20.20) and Pant U19 x 

T9 (33.90) respectively.

For w eight o f  nodules value was minimum among lines in WBG13 

(59.17mg) and among testers in VBN1 (19.17mg). M aximum value for this 

trait was shown by Pant U19 (248.33mg) among lines and T9 (200.00mg) 

among testers. LBG622 x VBN1 (168.17mg) and Pant U19 x T9 (394.67mg) 

exhibited lowest and highest values respectively among hybrids.

N itrogen content at fifty per cent flowering was lowest for LBG17 

(3.47%) among lines and VBN1 (3.47%) among testers. This was highest for 

LBG622 (5.17%) among lines and T9 (4.40%) among testers. Minimum and 

maximum values among hybrids were recorded in LBG622 x VBN1 (4.20%) 

and Pant U19 x T9 (6.23%) respectively.

In the case of nitrogen content at maturity, the value was minimum for 

LBG17 (2.67% ) among lines and VBN1 (2.87%) among testers. Maximum 

value was for LBG622 (3.47% among lines and T9 (3.13%) among testers. 

This was low est for LBG17 x VBN1 (3.03%) and highest for Pant U19 x T9 

(3.87%) respectively among hybrids.

M in im um  p lan t he igh t was observed  in CO BG 305 and Pant U19 

(20 .77cm ) am ong  lines  and V B N I (21 .17cm ) am ong tes te rs .  This was 

m axim um  for WBG13 (47.73cm) among lines and AKU4 (43.03cm) among
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testers. Low est and highest values for this trait was shown by COBG305 x 

V B N 1 (31 .37cm) and W B G 13 x AKU4 (60.53cm) respectively among hybrids.

Dry w eight of plants was minimum for Pant U I9  (3.07g) among lines 

and for VBN1 (4.63g) among testers. Maximum value for this character was 

expressed by WBG13 (10.93g) among lines and AKU4 (16.97g) among testers. 

A m ong F ^ ,  P an t U19 x VBN1 (4 .90g) exh ib ited  low est dry w eigh t and 

WBG 13 x A K U 4 (2303g) recorded highest dry weight.

N um ber of pods was lowest for Pant U19 (16.93) among lines VBN 1 

(20.47) among testers. It was highest for WBG13 (23.73) among lines and 

T9 (35.20) among testers. Low est value was for LBG17 x AKU4 (32:33) and 

highest value was for WBG13 x T9 (60.47) among hybrids.

Low est num ber of seeds per pod was found in Pant U19 (5.43) among 

lines and in VBN1 (5.60) among testers. Highest value for this trait was 

observed in W BG 13 (6.77) among lines and in AKU4 (6.10) among testers. 

Among F I s  lowest num ber was for Pant U19 x AKU4 and Pant U19 x VBN1 

(5.73). H ighest value among hybrids was shown by WBG13 x AKU4 (7.13).

For 100 grains weight minimum value was expressed by COBG305 

(4.01 g) among lines and VBN1 (36.92g) among testers. It was maximum for 

LBG17 (4.52g) among lines and AKU4 (4.38g) among testers. Among hybrids 

minim um  value was observed in Pant U19 x VBN1 (4.13g) and maximum value 

WBG 13 x AKU4 (5.00g).
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Grain yield per plant was minimum among lines in Pant U19 (3.92g) 

and among testers in VBN1 (4.58g). It was maximum in W B G I3  (6.91 g) 

among lines and in T9 (8.26g) among testers. Among hybrids the lowest and 

highest values were recorded for L B G 17 x AKU4 (8.15g) and W B G I3  x AKU4 

(18.32g) respectively.

4.2. Combining ability

The analysis of variance for various characters studied are .presented 

in table 5.

S ignificant treatment effects were observed among genotypes for all 

the characters. H ence subjected to combining ability analysis in a line x tester 

model and results are presented below.

A m ong the parents  and am ong the crosses there w ere s ign if ican t 

differences for all the characters studied. On further analysis there were no 

s ign if ican t d ifferences among lines for the traits  like w eight of modules, 

nitrogen content at 50 per cent flowering, nitrogen content at maturity and 

100 grain weight. The analysis revealed that among testers there were no 

significant differences for characters such as length of primary root, 

sh o o t/ro o t ra tio , w eigh t o f  nodules, n itrogen con ten t at 50 per cent 

flowering, nitrogen content at maturity, 100 grain weight and grain yield 

per plant.



Table 5. A N O V A  for various characters in blackgram

Mean squares

Source df
Length

of
primary

root

Number
of

secondary
roots

Shoot/
root
ratio

Weight
of

nodules

Nitrogen 
content 
at 50%  

flowering

Nitrogen
content

at
maturity

Plant
height

Dry
weight

of
plants

Number 
of pods

Number
of

seeds/
pod

100
grain

weight

Grain
yield/
plant

Repl ica t ion 2 0.04 0.19 0.08 1499.75 0.002 0.02 0.004 0.04 0.05 0.02 0.004 0.07

Treatments 22
**

32.89
* * 

29.68
* *

65.23
* *

20681.47
* * 

1.610
**

0.29
**

2348.10
4c *

87.05
* *

520.15
4< *  

0.60
4 c *

0.17
* * 

39.66

Parents 7
**

21.78
**

18.31
**

87.43 2417 4.60
* * 

1.010
**

0.16
* t

328.78
*  *  

58.17
**

133.30
**

0.63
**

0.11
**

8.62

C ro s se s 14
**

34.50
* *  

31.90
* * 

55.02 9763.75
* * 

1.080
** 

__ 0.22
* *

242.14
**

92.86 200.50
4 c *

0.55
* * 

0.12
* *  

21.00

Parent Vs Cross 1
* *

88.044
* * 

78.13
*  *

52.67 149077.60
*  *  

13.100
*  *  

2.25
* *

1966.81
* *

207.73 7703.21
*  *  

0.91
* *  * *  

1.22518.35

Lines
(female parents) 4

*  *  

68.54
*  *

20.07
* *

99.67 9446.19 1.050 0.22
*  4c

552.51
*  *  

68.93
*  *  

458.51
*  * 

1.09 0.08
*  *

52.43

Testers
(male parents) 2 44.51

*  *  

174.39 53.20 18923.75 1.87 0.180
* *

307.50 479.01 226.82 1.01 0.13 11.40

Lines x Testers 8
*  *  

14.98
*  *

2.20
*  *

33.15
* *

7632.53
*  *  

0.910
* *

0.22
*  *  

70.62
* *

8.29
4c *

64.92
*  *  

0.17
* *

0.14
* *

7.67

Error 44 0.20 0.08 0.19 1462.82 0.010 0.01 0.18 0.06 0.18 0.01 0.01 0.22

* Significant at 1% level ** Significant at 5% level
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T h e  g e n e ra l  c o m b in in g  a b i l i ty  e f fe c ts  o f  p a re n ts  and sp e c if ic  

combining ability effects of hybrids for twelve characters are given in Table 

6 and 7 respectively.

4.2.1. Length of primary root

The combining ability analysis revealed that length of primary root 

differed significantly  among lines and line, x tester. Among lines only one 

genotype viz., W B G 13 showed highly significant positive gca effects ie., 4.66. 

Lines CO BG305, Pant U19 and L B G 6221 recorded significant negative gca 

e f fec ts  o f  -0 .4 8 , -2 .05  and -2 .07  re sp ec tiv e ly .  L B G I7  ex h ib i ted  n o n ­

s ig n i f ic a n t  n eg a tiv e  gca o f  -0 .07. A m ong tes te rs ,  only VBN1 showed 

significant negative gca of -1.99 while it was positive and significant for AKU4 

(1.08) and T9 (0.91). The sea effect was positive and significant for hybrids 

like LBG17 x VBN1 (1.54), L B G 6 2 2 x V B N l (1.31), W B G 13 x AKU4 (2.41), 

WBG13 x T9 (2.08), COBG305 x VBN1 (0.75) and Pant U19 x VBN1 (0.89). 

Significant negative sea was shown by LB G I7  x AKU4, LBG17 x T9 (-0.59), 

LBG622 x AKU4 (-1.29), WBG13 x VBN1 (-4.49) and Pant U I9  x T9 (-0.97).

4.2.2. Number of secondary roots

N um ber of secondary root differed significantly among lines, testers 

and FjS. Am ong lines only two genotypes ie., W BG I3 (2.43) and LBG17 

(0.30) showed significant and positive general combining ability. The other



Table 6. gca effects of lines and testers

Length
of

primary
root

Number
of

secondary
roots

Shoot
root
ratio

Weight
of

nodules

Nitrogen 
content 
(at 50%  

flowering)

Nitrogen
content

(at
maturity)

Plant
height

Dry
weight

of
plants

Number
of

pods

Number
of

seeds/
pod

100
grain

weight

Grain
yield/
plant

Lines

* * * * * * * * * *

L , -0.07 0.30 -1.47 -28.49 -0.25 -0.07 -0.86 1.09 -3.22 -0.18 0.04 -1.37

* * * - * * * * * * * * *

1-2 -2.07 -0.86 -2.42 -22.32 -0.26 -0.14 2.49 2.82 -3.66 0.22 -0.12 -0.85

* * * * * * * * * * *

4 4.66 '2.43 -1.57 -19.82 -0.17 -0.11 12.01 1.70 12.69 0.19 0.13 4.24

* * * m * * * * * * *

4 -0.48 -0.47 -0.34 34.62 0.53 0.23 -6.02 -1.61 -3.91 0.29 0.01 -0.41

* * * * * * * * * * *

4 -2.05 -1.40 -5.80 36.01 0.16 0.09 -7.62 -4.00 ' -1.91 -0.53 -0.07 -1.61

SE 0.15 0.10 0.15 12.75 0.03 0.03 0.14 0.08 0.14 0.04 0.02 0.16

Testers

* * * * * * * * * *
T, 1.08 3.09 0.22 -2.22 0.17 0.08 4.19 6.52 -2.75 0.29 0.10 -0.11

* * * * * * * * * *
h 0.91 0.57 1.76 36.58 0.05 0.23 0.61 -2.99 4.45 -0.20 -0.01 0.92

* * * * * * * * * * * *

h -1.99 -3.66 -1.98 -34.36 -0.41 -0.13 -4.80 -3.53 -1.70 -0.09 -0.09 -0.81

SE 0.12 0.07 0.11 ■ 9.88 0.02 0.02 0.11 0.06 0.11 0.03 0.02 0.12

* Significant at 1% level



Table 7. ■ sea effects of hybrids for various characters.

Crosses

Length
of

primary
root

Number
of

secondary
roots

Shoot / 
root 
ratio

Weight
of

nodules

Nitrogen 
content 
(at 50 %  

flowering)

Nitrogen
content

(at
maturity)

Plant
height

Dry
weight

of
plants

Number
of

pods

Number
of

seeds/
pod

100
grain

weight

Grain 
yield / 

plant

Lj x T(
*

-0.96
*

1.27
*

-0.57 16.39 -0 .1 0
*

0.19
*

-4.09
*

-1.46 -6.58 -0.14
*

-0.17
*

-1.95

Li x T 2
*

-0.59 0.08
*

-2.64 -35.74 0.04 0.02
*

2.52 0.18 0.02 0.06
*

-0 .10
*

-0.06

L , x T 3
*

1.54
*

-1.35
*

3.21 19.36 0.05
*

0.21
*

1.57
*

1.28 6.56 0.08
*

0.27
*

2.01

L2 x Tj
*

-1.29 0.19 -0.19 10.22
*

0.25
*

0.16
*

7.53 -0.16 -2.20 0.03
*

-0.16
*

-0.69

L2 x T 2 -0.02 -0.10
*

-2.20 -3.24 0.06
*

-0.14 -2.62
*

-0.66 2.20 -0.11
*

0.14 0.27

L2 x T3
*

1.31 -0.10
*

2.38 -6.98
*

-0.30 -0.03
*

-4.91 0.82 0.01 0.08 0.02 0.42

L3 xT j
*

2.41
*

-0.46
*

1.73 22.56 0.06
*

-0.17
*

2.34
*

2.96 4.91
*

0.33
*

0.29
*

2.62

l 3 x t 2
*

2.08 0.38
*

-1.17
*

-61.74
*

-0.83
*

-0.27 -1.78
*

-1.03 . -1.56
*

-0.18
*

-0.13
*

-0.79

h 3 X T3
*

-4.49 0.08
*

-0.56 39.19
*

0.77
*

0.44
★

-0.56
*

-1.93
*

-3.35
*

-0.15
*

-0.16
*

-1.84

L4 x Tj -0.25
*

-0.76
*

-3.30 -7.22
*

-0.21
*

-0.11
*

-4.79
*

-0.60 0.84 0.13 0.01 -0.06

L4 x T2 -0.51 0.22 3.99 10.48 0.07 0.09
*

4.59
*

1.34 -2.16 -0.08 -0.08 -0.08

L4 x T3
*

0.75
*

0.55
*

-0.69 -3.26
*

0.14 0.03 0.20
*

-0.75
*

1.32 -0.05 0.06 0.14

L5 X Tj 0.09 -0.23
*

2.32 -41.94 -0 .01 -0.07 -0.99
*

-0.74 3.04
*

-0.35 0.03 0.07

l 5 x t 2
*

-0.97 -0.58
*

2.02 90.26
*

0.67
*

0.30
*

-2.71 0.17
*

1.51
*

0.31
*

0.17 0.66

L5 x T3 0.89
*

0.82
*

-4.34 -48.31
*

-0.66
*

-0.23 3.70
*

0.57
*

-4.55 -0.04
*

-0.20
*

-0.74

SE . 0.26 0.17 0.25 22.08 0.06 0.05 0.25 0.14 0.24 0.07 0.04 0.27

* Significant at 1% level
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lines viz., LBG622, COBG305 and Pant U19 expressed significant negative 

gca effects of -0.86, -0.47 and -1.40 respectively. Among testers AKU4 (3.09) 

and T9 (0.57) recorded significant and positive gca effects. VBN1 showed 

significant and negative gca effect of -3.66. Positive and significant sea 

effects were expressed by hybrids L B G 17 x AKU4 (1.27), W BG 13 x T9 (0.38), 

COBG305 x VBN1 (0.55) and Pant U19 x'VBNl (0.82). The sea effect was 

significant and negative for the hybrids L B G 1 7 x V B N l (-1.35), WBG 13 

x AKU4 (-0.46), COBG305 x AKU4 (-0.76) and Pant U19 x T9 (0.58).

4.2.3. Shoot/root ratio

S hoot/roo t ratio varied s ignificantly  among lines and line x tester. 

S ignificant and positive gca effect was exhibited by Pant U19 (5.80) among 

lines LBG 17 (-1.47), LBG622 (-2.42), WBG13 (-1.57) and COBG305 (-0.34) 

recorded significant negative gca for this trait. Among testers gca effect was 

positive and significant for T9 (1.76). Negative and significant gca effect 

was shown by VBN1 (-1.98). AKU4 (0.22) recorded non-significant value. 

Among hybrids positive and significant sea effect was exhibited by LBG 17 x 

VBN1 (3.21), LBG622 x VBN1 (2.38), WBG 13 x AKU4 (1.73), COBG305 x 

T9 (3.99), Pant U19 x AKIM (2.32) and Pant U19 x T9 (2.02). The sea effect 

was negative and significant for hybrids such as LBG 17 x AKU4 (-0.57), 

LBG17 x T 9  (-2.64), LBG622 x T9 (-2.20), WBG 13 x-T9 (-1.17), WBG 13 x 

VBN1 (-0.56), COBG305 x AKU4 (-3.30), COBG305 x V B N 1 (-0.69) and Pant 

U19 x VBN1 (-1.34).
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4.2.4. Weight of nodules

For this trait there was no significant difference among lines, testers 

and line x tester. Among lines significant and positive gca effect was shown 

by COBG305 (34.62) and Pant U19 (36.01). LBG17 expressed significant 

negative gca effect of  -28.49 WBG 13 and COBG305 displayed non-significant 

gca effect. Positive and significant gca effect was exhibited by T9 (36.58) 

among testers.  Significant and negative gca was observed in the case of 

VBN1 (-34.36).  Among hybrids only one viz., Pant U19 x T 9  (90.26) showed 

significant and positive sea effect. Negative and significant sea effect was 

recorded by WBG13 x T9 (-61.74) and Pant  U 1 9 x V B N l  (-48.31).  All other 

hybrids showed non-significant sea effects.

4.2.5. Nitrogen content at 50 per cent flowering

Nitrogen content at 50 per cent flowering did not varied significantly 

among lines, testers and line x tester.

Posi tive and signif icant  gca effect was shown by COBG305 (0.53) 

and Pant U19 x T9 (0.16), among lines.  The gca effect was negative and 

significant for LBG17 (-0.25),  LBG622 (-0.26) and WBG13 (-0.17). Among 

testers A K U 4 (0.17) and T9 (0.23) displayed posit ive and signif icant gca 

effects. VBN1 exhibited negative and significant gca effects of  -0.41. Out of 

the fifteen hybrids,  only four viz., LBG622 x AKU4 (0.25), WBG 13 x VBN1 

(0 .77) ,  C O B G 3 0 5  x VBN1 (0 .14)  and P an t  U19 x T9 (0 .67)  expressed



41

significant and positive sea effect. Significant and negative sea effect was 

recorded by hybrids such as LBG622 x VBN1 (-0.30), WBG 13 x T9 (-0.83), 

COBG305 x AKU4 (-0.21) and Pant U19 x T9 x VBN1 (-0.66).

4.2.6. Nitrogen content at maturity

No significant difference was recorded among lines, testers and line x 

tester for this character. Positive and significant gca effect was displayed by 

COBG305 (0.23) and Pant  U19 (0.09) among lines LBG17 (-0.07)', LBG622 

(-0.14) and W BG 13 (-0.11) showed negative and signif icant  gca effects.  

Among testers,  significant positive gca effect was exhibited by AKU4 (0.08) 

and T9 (0.05).  In the case of  VBN1 (-0.13) gca effect was significant and 

negat ive .  Hybrids  like LBG17 x AKU4 (0.19),  LBG622 x AKU4 (0.16),  

WBG 13 x VBN1 (0.44) and Pant U19 x T9 (0.30) expressed significant and 

positive sea effect. Negative and significant sea effect was displayed by L B G 17 

x VBN1 (-0.21),  LBG622 x T9 (-0.14),  WBG13 x AKU4 (-0.17),  WBG 13 x T9 

(-0.27),  COBG305 x AKU4 (-0.11) and Pant U19 x VBN1 (-0.23).

4.2.7. Plant height

The combining ability analysis for plant height displayed that lines, 

testers and line x tester differed significantly. Two genotypes such as LBG622 

and WBG 13 recorded significant and positive gca effects among lines with 

values 2.49 and 12.01 respectively. LBG 17 (-0.86), COBG305 (-6.02), and
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Pant U19 (-7.62) showed significant negative gca effect. Among testers gca 

effect was s ignif icant  and positive  for  AKU4 (4.19) and T9 (0.61). It is 

negative and signif icant  for VBN1. Hybrids like LBG 17 x T9 (2.52), LBG 17 

x VBN1 (1.57),  LBG622 x AKU4 (7.53), WBG13 x AKU4 (2.34), COBG305 x 

T9 (4.59) and Pant U19 x VBN1 (3.70) displayed significant and positive sea 

effect.  Negative and significant sea effect was shown b y L B G 1 7 x A K U 4  

(-4.09),  LBG622 x T9 (-2.62),  LBG622 x VBN1 (-4.91),  W B G 1 3 x  T9 

(-1.78),  WBG13 x VBN1 (-0.56),  COBG305 x AKU4 (-4.79),  Pant U I9  x 

AKU4 (-0.99) and Pant  U19 x T9 (-2.71).

4.2.8. Dry weight of plants

Dry weight of  plants showed significant difference among lines, tester 

and line x tester. Three of  the lines exhibited positive and significant gca 

effect ie., LBG17 (1.09), LBG622 (2.82) and WBG13 (1.70). Significant and 

negative gca effect was observed in COBG305 (-1.61) and Pant U I9  (-4.00). 

Among testers only one viz., AKU4 (6.52) expressed significant and positive 

gca effect. T9 (-2.99) and VBN1 (-3.53) showed significant negative gca 

effect. Five hybrids such as LBG17 x VBN1 (1.28), LBG622 x VBN1 (0.82), 

W B G 1 3  x A K U 4  (2 .96 ) ,  C O B G 3 0 5  x T9 (1 .34)  and P an t  U19 x VBN1 

(0.57)displayed significant and positive sea effect. Negative and significant 

sea effect was recorded by LBG17 x AKU4 (-1.46),  LBG622 x T9 (-0.66), 

WBG13 x T9 (-1.03),  WBG13 x VBN1 (-1.93),  COBG305 x AKU4 (-0.60), 

COBG305 x VBN1 (-0.75) and Pant  U19 x AKU4 (-0.74).
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4.2.9. Number of pods

Number of  pods varied significantly among lines, testers and line x 

tester. WBG 13 (12.69) alone recorded signif icant  and positive gca effect 

among the line. Other four genotypes viz., LBG17 (-3.22), LBG622 (-3.66), 

COBG305 (-3.91) and Pant  U19 (-1.91) showed signif icant negative gca 

effect. Among testers T9, exhibited positive and significant gca effect with a 

value of  4.45. AKU4 (-2.75) and VBN1 (-1.70) expressed significant and 

negative gca effect. Hybrids such as LBG17 x VBN1 (6.56), LBG622 x T9 

(2.20), WBG13 x AKU4 (4.91), COBG305 x AKU4 (0.84), COBG305 x VBN1 

(1.32),  Pant U19 x AKU4 (3.04) and Pant U19 xT9 (1.51) displayed significant 

and posit ive sea effect. Among hybrids negative and significant sea effect 

was shown by LBG17 x AKU4 (-6.58), LBG622 x AKU4 (-2.20), WBG13 x 

T9 (-1.56),  WBG13 x VBN1 (-3.35), COBG305 x T9 (-2.16) and Pant U19 x 

VBN1 (-4.55).

4.2.10. Number of seeds per pod

Number  of  seeds per pod exhibited significant difference among lines, 

testers and line x tester. Positive and significant gca effect was expressed by 

LBG622 (0.22),  WBG13 (0.19) and COBG305 (0.29) among lines LBG 17 

and Pant U 19 displayed significant and negative gca effects of  -0.18 and 

-0.53 respectively. Among testers only on viz., AKU4 (0.29) recorded positive 

and signif icant  gca effect. For T9 (-0.20) and VBN1 (-0.09) gca effect was 

negative and significant.  Only two hybrid combinations such as WPG 13 x
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AKU4 (0.33) and Pant U19 x T9 (0.31) exhibited positive and significant sea 

effects. Three hybrids viz., WBG 13 x T9 (-0.18),  WBG 13 x VBN1 (-0.15) 

and Pant  U19 x AKU4 (-0.35) showed significant and negative sea effects.

4.2.11. 100 grain weight

No signif icant  difference was noticed among lines, testers and line x 

tester for this trait. Only one genotype among lines displayed positive and 

signif icant  gca effect ie., WBG 13 (0.13). Negative and significant gca effect 

was shown by LBG622 (-0.12) and Pant U[19 (-0.007).  Among testers positive 

and s ignif icant  gca effect was recorded by AKU4 (0.10).  Significant and 

negative gca effect was observed in the case of  VBN1 (-0.09). Out of  the 

fifteen hybrids only four viz., LBG 17 x VBN1 (0.27), LBG622 x T9 (0.14), 

WBG13 x A K U 4 (0.29) and Pant  U19 x T9 (0.17) exhibi ted posit ive and 

signif icant  sea effects.  Hybrid combinations such as LBG 17 x AKU4 (-0.17), 

LBG 17 x T9 (-0.10),  LBG622 x AKU4 (-0.16), WBG 13 x T9 (-0.13),  WBG13 

x VBN1 (-0.16) and Pant U 19 x V B N 1 (-0.20) recorded significant and negative 

sea effects.

4.2.12. Grain yield per plant

Grain yield per plant varied significantly among lies and line x tester. 

Among the lines only one viz., WBG13 (4.24) showed significant and positive 

gca effects. LBG17 (-1.37),  LBG622 (-0.85), COBG305 (0.41) and Pant U19 

(-1.61) displayed significant and negative gca effect. Among testers T9 (0.92)
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recorded significant and positive gcrt'effect AKU4 (-0.1 I) and VBN I (-0.8 1) 

exhibited negative and significant gca effect. Only two hybrids viz.. LBG 17 

x VBN 1 (2.01) and WBG 13 x AKU4 (2.62) expressed significant and positive 

sea effect. For other hybrids viz.. LBG 17 x AKU4 (-1.05), LBG622 x AKU4 

(-0.69), WBG 13 x T9 (-0.79), WBG 13 x VBN1 (-1.84) and Pant U19 x T9 x 

VBN1 (-0.74) sea effect was negative and significant.

4.3. Proportional contribution

Proportional contribution of lines, testers and line x testers to total 

variance was estimated and they are presented in table 8 and Fig. I. Among 

different characters  the proportional contribution of l ines ranged from a 

minimum of 17.98% for number of secondary roots to a maximum of 71.35% 

for grain yield per plant. In testers also proportional contribution varied very 

widely from a minimum of 7.76% for grain yield per plant to a maximum of 

78.09% for number of  secondary roots. In line x tester hybrids range was 

from 3.94 % for number of  secondary roots to 64.98% for 100 grain weight.

Contribution of  lines to total variance was high for characters shoot/ 

root ratio, number of seeds per pod, length of  primary root, plant height, 

number  of pods and grain yield per plant having values 51.76%, 56.26%, 

56.76%, 65.19%, 65.34% and 71.35% respectively.

Contribution of  testers to total variance was high for traits dry weight 

of plant (73.69%) and number of secondary roots (78.09%).
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Table 8. Proportional contribution of line, tester and line x tester to the total 
variance

SI.
No.

Character Line

(%)
Tester 
' (%)

Line x Tester 
(%)

1. Length of primary root 56.76 18.43 24.81

2. Number of  secondary roots 17.98 78.09 3.94

3. Shoot/root ratio 51.76 13.81 34.43

4. Weight of nodules 27.64 27.69 44.67

5. Nitrogen content 

(at 50% flowering) 27.57 24.70 47.73

6. Nitrogen content 
(at maturity) 29.80 12.23 57.97

7. Plant height 65.19 18.14 16.67

8. Dry weight of plant 21.21 73.69 5.10

9. Number of pods 65.34 16.16 18.50

10. Number of  seeds/pod 56.26 26.07 17.67

11. 100 grain weight 19.37 15.65 64.98

12. Grain yield/plant 71.35 7.76 20.89
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C haracte r

1 - Length of primary root 2 - Number of secondary roots 3 - Shoot/root ratio 4 - Weight of nodules 

5 - Nitrogen content at 50% flowering 6 - Nitrogen content at maturity 7 - Plant height

8 - Dry weight of plant 9 - Number of pods 10 - Number of seeds/pod 11-100 grain weight 12 - Grain yield / plant

• BL ine  (%) B lester (%) BL ine  x Tester (%)

Fig. 1. Proportional contribution of lines, testers 
and line x testers to the total variance
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The additive var iance (ct2A) and dominance var iance ( a 2D) were 

estimated and presented in table 9 and Fig. 2. For all the characters under 

study except number of  secondary roots and dry weight of plants dominance 

variance was greater  than addit ive var iance.  The addit ive to dominance 

variance ratio ranged from a minimum of 0.03 for nitrogen content at 50% 

flowering to a maximum of 1.49 for number of secondary roots. For nitrogen 

content  at maturi ty  and 100 grain weight this ratio was too small to be 

estimated. The ratio was low for characters such as weight of  nodules (0.04) 

and shoot/ root  ratio (0.07).  Medium values were observed for length of 

primary roots (0.14) grain yield per plant (0.19),  number o f  pods (0.22), 

number of  seeds per pod (0.24) and plant height (0.26). The ratio was high 

(1.09) for dry weight of plants.

4.5. Heterosis

From the mean values of  parents and hybrids for different characters 

percentage of  relative heterosis,  hetcrobcltiosis and standard hetcrosis were 

estimated and the results are presented below.

4.5.1. Leng th  of p r im a r y  root

The hybrids exhibited significant heterosis for the length of 

primary tool. Relative heterosis varied from -10.20% to 44.34%.

4.4. Genetic, components of variance



Table 9. A d d i t iv e  and d o m i n a n c e  va r ia n c es  and the proport ion o f  ct2A to  a 2D

SI.
No.

Character A d diti ve 
variance 
(Lines) 

F= i

Additive 
variance 
(Testers) 

F -  i

Additive 
variance 
(Pooled) 

F« i

Dominance 
variance 

* > 1

Proportion of 
c t2 A  to a 2D

I. Length of primary root 23.8 7.88 2.76 19.71 0.14

2. Number of secondary roots 7.94 45.92 4.20 2.82 1.49

3. Shoot/root ratio 29.57 5.35 3.09 43.95 0.07

4. Weight of nodules 806.07 3010.99 301.38 8226.29 0.04

5. Nitrogen content 
(at 50% flowering) 0.06 0.26 0.03 1.19 0.03

6. Nitrogen content (at maturity) n.e n.e n.e 0.28 n.e

7. Plant height 214.17 63.17 24.26 93.91 0.26 .

8. Dry weight of  plant 26.95 125.52 11.96 10.98 1.09

9. Number of pods 174.93 43.18 19.17 86.31 0.22

10. Number of seeds/pod 0.41 0.22 0.05 0.21 0.24

II. 100 grain weight n.e n.e n.e 0.18 n.e

12. Grain yield/plant 19.89 0.99 1.88 9.94 0.19

F = Inbreeding coefficient n.e = not estimable
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Fig. 2. Magnitude of additive and dominance variances
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Except  WBG 13 x VBNI all the hybrids exhibited positive heterosis and it 

was signif icant  in all the cases. Among hybrid combinations with positive 

relative heterosis WBG13 x AKU4 had recorded highest relative heterosis of 

44.34% followed by WBG13 x T9 (43.61%).

Heterobeltiosis-was found to be positive and significant for all hybrid 

combinat ions except LBG622 x VBNI,  WBG 13 x V BNI,  Pant U19 x T9 and 

Pant U19 x V B N I.  Negative and significant heterobeltiosis was exhibited by 

W BG 13 x V B N I  ( -29 .4h%).  Am ong hybrid  com bina t ions  w i th -pos i t ive  

heterobeltiosis WBG 13 x AKU4 had recorded highest value of  23.89%.

Posi tive and significant standard heterosis was displayed only by two 

hybrids viz., WBG13 x AKU4 (23.89%) and WBG 13 x T9 (21.21%). In all 

other hybrids standard heterosis was negative and significant (table 10 and 

Fig. 3).

4.5.2. Number of secondary roots

Relat ive  heterosis for number of  secondary roots was found to be 

significant and positive for all the hybrid combinations except LBG 17 x VBNI,  

LBG622 x V B N I,  COBG305 x VBNI and Pant U19 x VBNI.  Among hybrids 

with s ignif icant  posit ive relative heterosis  highest value was observed in 

W B G I3  x T9 (45.38% followed by LBG622 x T9 (35.65%). Negative and 

significant relative heterosis was displayed by LBG17 x VBNI (-20.61%) 

and LBG622 x VBNI (-5.23%).



Table 10. Estimate of heterosis for length of primary root and number of secondary roots.

Parents/Hybrids

Length of primary root Number of secondary roots

Mean MP
Heterosis %

Mean MP
Heterosis %

RH HB SH RH HB SH

L i 12.87 12.40

l 2 10.50 9.07

L 3 18.70 12.97

L4 11.17 10.63

L 5 10.93 8.63

T 1 13.40 15.93

T2 12.87 10.10

T 3 10.70 * * 9.43 * 4: *
L , xT , 15.07 13.14 14.72 12.44 -19.43 18.03 14.17 27.29 13.18 13.18

* * * * * *
L . x T , 15.27 12.87 18.65 18.65 -18.36 14.33 11.25 27.41 15.59 -10.04

* * * * * *
L . x T3 14.50 11.79 23.06 12.69 -22.46 8.67 10.92 -20.61 -30.11 -45.6.1

* * * *
L 2 x T. 12.73 11.95 6.56 -4.98 -31.91 15.80 12.50 26.40 -0.84 -0.84

* * * * * *
L 2 x T2 13.38 11.69 18.40 7.51 -26.02 13.00 9.59 35.65 28.71 -18.41

* * * * * *
L 2 x T3 12.27 10.60 15.72 14.64 -34.40 8.77 9.25 -5.23 -7.07 -44.98

* * * * * *
L 3 x T, 23.17 16.05 44.34 23.89 23.89 18.43 14.45 27.57 15.69 15.69

* * * * * *
L 3 x T2 22.67 15.79 43.61 21.21 21.21 16.77 11.54 45.38 29.31 5.23

* * * * * *
L 3 x'T3 13.20 14.70 -10.20 -29.41 -29.41 12.23 11.20 9.23 -5.66 -23.22

* * * * * *
L 4 x T | 15.37 12.29 25.10 14.68 -17.83 15.23 13,28 14.68 -4.39 -4.39

* * * * * *
L 4 x T2 14.93 12.02 24.27 16.06 -20.14 13.7 10.37 32.15 28.84 -14.02

* * * * * *
l-'4 X T3 13.30 10.94 21.64 19.10 -28.88 9.80 10.03 -2.33 -7.84 -38.49

* * * * *
L 5 x T j 14.13 12.17 ■ 16.16 5.47 -24.42 14.83 12.28 20.76 -6.90 -6.90

* * * * *
L 5 x T2 12.90 11.90 8.40 0.26 ' -31.0.2 11.97 9.37 27.76 18.48 -24.89

* * * *
L 5 x T 3 11.87 10.82 9.71 8.54 -36.54 9.13 9.03 1.11 -3.18 -42.68

CD (0.05) 0.64 0.74 0.74 0.41 0.47 0.47

* Significant at 1% level
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Heterobeltiosis was found to be positive and significant for the hybrids 

viz., LBG 17 x AKU4 (13.18%),  LBG 1 7 x T9 (15.59%), WBG 1 3 x AKU4 

(15.69%), Pant U19 x T9 (18.48%), LBG622 x T9 (28.71%), COBG305 x T9 

(28 .84% ) and WBG 13 x T9 (29.31%).  Negative and highest  signif icant  

heterobeltiosis was recorded by LBG 17 x VBNI (-30.11%).

Only  three hybr ids  viz. ,  WBG13 x T9 (5 .23% ),  LBG17 x AKU4 

(13.18%) and WBG 13 x AKU4 (15.69%) expressed positive and significant 

standard heterosis.  Significant negative standard heterosis was observed in 

the hybrid LBG17 x VBNI (-45.61%) (table 10).

4.5.3. S h o o t / ro o t  ra t io

Significant and positive relative heterosis was recorded by the crosses 

viz., COBG305 x VBNI (7.30%), Pant U19 x T9 (13.69%), COBG305 x T9 

(14.14%), WBG 1 3 x AKU4 (17.43%), Pant U19 x AKU4 (17.58%), WBG 13 x 

VBNI (17.90%), LBG622 x VBNI (24.58%) and LBG 17 x VBNI (32.97%). 

Three hybrids such as LBG17 x T9 (-9.60%), LBG622 x T9 (-10.93%) and 

COBG305 x AKU4 (-12.0%) showed significant and negative heterosis.

Among the fifteen hybrids only five recorded significant and positive 

heterobeltiosis.  They are Pant U 19 x AKU4 (6.29%), Pant U 19 x T9 (10.30%), 

WBG 13 x VBNI (17.21%), LBG622 x VBNI (18.83%) and LBG 17 x VBNI 

(25.57%).  Highest  negative and significant value for heterobel tiosis  was 

shown by LBG622 x T9 (-27.07%).
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Only  two hybrid combina t ions  viz., Pant U19 x AKU4 (6.29%) and 

Pant U 19 x T9  ( 1 0 .3 0 % )  d i sp la y ed  s ig n i f ic a n t  and p o s i t ive  s tanda rd  

heterosis.  All o ther  hybr ids  expressed signif icant and negative  standard 

heterosis .  Highes t  negative  standard heterosis was exhib ited  by WBG I 3 x 

V BNI ( -34 .27% ) (table  11).

4.5.4. Weight  of nodules

In general  re la tive heterosis was found to be posit ive  and significant 

in all hybrids  except  for LBG 17 x T9 (-2.20%) and Pant U 19 x VBN I (38.44%). 

Posit ive  re la tive heterosis  ranged from 38.44% to 453 .62%, WBG 13 x VBNI 

exh ib i ted  h ighes t  re la tive  hete rosis  456 .62%  followed by W BG 13 x AKU4 

(4 2 2 .1 0 % ) .

Pos i t ive  and s ign if ican t  he terobel t io s is  was shown by hybr ids  like 

C O B G 3 0 5  x A K U 4  ( 4 2 . 2 5 % ) ,  C O B G 3 0 5  x T9 ( 5 6 .1 % ) ,  Pan t  U19 x T9 

( 5 8 . 9 3 % ) ,  L B G 6 2 2  x A K U 4  (8 2 .5 2 % ) ,  W B G  1 3 x V B N I  (2 6 6 .4 8 % )  and 

W BG  13 x A K U 4  (292.68%).  Only one hybrid combination  ie., Pant U I9  x 

VBNI ( -25 .44% ) d isp layed  negative  and s ignificant  heterobel t ios is .

Only  two hybrids  such as C O BG305 x T9 (26.24%) and Pant U 19 x T9 

(58 .93% ) expressed  posit ive  and s ignificant  s tandard  heterosis.  COBG 305  x 

A K U 4  (3 .4 9 % )  rec o rd ed  p o s i t ive  and n o n - s ig n i f i c a n t  s tanda rd  heteros is .  

Hybrid  com bina t ions  Pant U 1 9 x V B N l  ( -25.44%) and LBG622 x V B N l  

( -32 .28% ) recorded  s ignif icant  negat ive  s tandard  he terosis  ( table 11 and 

Fig.  4).



Table 11. Est imate o f  he te rosis  for shoot/root  ratio w e igh t  o f  nodule s.

Parents /Hybr ids

Shoot / root ratio Weight of nodules

Mean MP
Heterosis %

Mean MP
Heterosis %

RH HB SH RH HB SH

L l 19.17 216.67
L 18.77 59.17
L 17.23 180.67
L4 22.67 248.33
L 5 30.73 29.83
T

24.83 29.83
t 2 29.43 200.83

3 17.03 19.17

L, x Tj 22.5 2 2 . 0 2.27 -9.4 -26.79 217.5 123.25 76.47 0.38 -12.42

L, x T, 21.97 24.3
*

-9.60 -25.37 -28.52 204.17 208.75 - 2 . 2 0 -5.77 -17.79I ♦ * ★ *
L. x T 3 24.07 18.1 32.97 25.57 -21.69 188.33 117.92 59.72 -13.08 -24.161 J * * * ♦
L,  x T, 21.93 2 1 . 8 0.61 - 1 1 . 6 8 -28.63 217.5 74.5 191.95 82.52 -12.42

4. 1 ♦ * ♦ *
L-, x T-, 21.47 24.1 -10.93 -27.07 -30.15 242.83 160.0 51.77 20.91 - 2 . 2 1

* * * * ♦
L-, x T, 22.3 17.9 24.58 18.83 -27.44 168.17 69.17 143.13 41.12 -32.28

* * * *
L 3 x T, 24.7 21.03 17.43 -0.54 -19.63 232.33 44.5 422.10 292.68 -6.44

L 3 x T 2 23.33 23.33 0 . 0 -20.72 -24.07 186.83 130.0 43.72 -6.97 -24.77
♦ * * * *

L,  x T-, 2 0 . 2 17.13 17.9 17.21 -34.27 216.83 39.17 453.62 266.48 - 1 2 . 6 8J J * * * * *
L4 x T, 20.9 13.75 - 1 2 . 0 -15.84 -32.0 257.0 105.25 144.18 42.25 3.494 1 * * * * ♦
L 4 x T-, 29.73 26.05 14.14 1 . 0 2 -3.25 313.5 190.75 64.35 56.1 26.24

♦ ♦ * *
L4 x T-, 21.3 19.85 7.30 -6.03 -30.69 228.83 99.92 129.02 26.66 -7.75

* ♦ * *
L c x T , 32.67 27.78 17.58 6.29 6.29 223.67 139.08 60.81 -9.93 -9.93

5 1 « * * * * * *
L<5 X T j 33.90 30.08 12.69 10.30 10.30 394.67 224.58 75.73 58.93 58.93

• * * * *
L 5 x T 3 23.80 23.88 -0.35 -22.56 -22.56 185.17 133.75 38.44 -25.44 -25.44

CD (0.05) 0.62 0.72 0.72 54.58 63.02 63.02

* S ig n i f i c a n t  at 1% level
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4.5.5. N i t rogen  con ten t  at  50 pe r  cent f lowering

Sign i f ican t  and posi t ive  relative heterosis was observed in all hybrids 

except  L B G 6 2 2 x  V BNI ( -2 .70%) and W BG 13 x T9 (2 .72%). Highest  posit ive 

and s ign i f ican t  re lative  heterosis  was displayed by WBG 13 x VBNI (40 .61%) 

fo l lowed  by C O B G 305  x VBNI (38.14%).

All hybr ids  except W BG 13 x T9 and LBG622 x T9 recorded  posit ive 

s ignif icant he terobel t iosis .  Negative  and significant heterobelt iosis  was shown 

by Pant U19 x V B N I  ( -9 .86% ) and LB G 622  x V B N I  ( -18 .71% ).  Highest  

p o s i t iv e  and  s ig n i f i c a n t  h e te r o b e l t io s i s  was reco rd ed  by C O B G 3 0 5  x T9 

(36 .36% ) fo l lowed  by LBG 17 x V B N 1 (31 .73%) and Pant U 19 x T9 (31.69%).

S tandard  heteros is  was found to be posit ive and signif icant in hybrids 

like L B G 622  x A K U 4 (3 .23%),  WBG 13 x VBNI (3.84%),  C O BG 305  x VBNI 

(5 .16%), Pant U19 x A K U 4 (6.45%),  COBG305 x AKU4 (9.68%),  COBG305 

x T9 (16.1 3%) and Pant U 19 x T9 (20.65%) (table 12 and Fig.  5).

4.5.6. N i t rogen  con ten t  a t  m a tu r i ty

Relat ive  heterosis  was observed to be posi t ive  and s ignificant  for 

all the h y b r id s  te s ted  excep t  three  which had n o n -s ign i f ican t  values  viz., 

LB G 622  x T9 ( -3 .03%),  LBG622 x VBNI (-1 .05%) and W BG 13 x T9 (0.54). 

Am ong  hybr ids  h ighest  posit ive  relative heterosis  of  27.49% was shown by 

LBG 17 x A K U 4  fo l lowed by Pant U19 x T9 (24.06%).



Table  12. Es t imate  of  heterosis  for ni trogen con ten t  at 50%  f low er ing  and maturity.

Paren ts /Hybr ids

Nitrogen content at 50% flowering

Mean MP
Heterosis

RH HB SH

Nitrogen content at maturity

Mean MP
Heterosis

RH HB SH

3.47
5.17
4.17
4.17 
4.73 
4.27

4.4
3.47

L, x T, 5.00 3.87 29.3!

Lj x T 2 5.20 3.94 32.20
*

L, x T 3 4.57 3.47 31.73

L 2 x T, 5.33 4.72 13.07
*

L 2 x T 2 5.20 4.79 8.71
♦

l 2  x t 3 4.2 4.32 -2.70
♦

L j x T| 5.23 4.22 24.11
*

L j  x T 2 4.4 4.29 2.72
*

L j  X Tj 5.37 3.82 40.61
*

L 4  x T| 5.67 4.34 30.77
*

L4  x T 2 6 . 0 4.4 36.36
*

L 4 X T 3 5.43 3.94 38.14
*

L 5 x 1 | 5.50 4.50 2 2 . 2 2

L 5 x T 2 6.23 4.57 36.50
*

L j  X Tj 4.27 4.10 4.07

C D  ( 0 . 0 5 ) 0 . 1 4

17.19 
18.18 
31.73

3.23
0.65

18.71
22.66*

0
28.80

28.79
36.36
23.48
16.20 
31.69 
-9.86

0.16

*
-3.23*
0.65♦

11.61 
*

3.23*
0.65*

18.71★
1.29

14.84*
3.87

9.68
16.13*

5.16
6.45

20.69*
■17.42

0.16

2.67
3.47
3.13
3.13 
3.10
3.03
3.13
2.87

3.63 
3.43
3.03
3.53 

3.2
3.13 
3.23

3.1
3.63
3.63 

3.8
3.57
3.53
3.87 
3.17

2.85
2.9

2.77
3.25

3.3
3.17

3.03
3.08 
2.95
3.08 
3.13

3.0
3.07
3.12
2.99

27.49
18.39
9.64
8.72

-3.03*
-1.05
6.59♦
0.54

23.16
17.84
21.28
18.89
15.22
24.06

6.15

0.12

19.78 
9.57 

5.8* 
1.92

-7.69
-9.6*
6.59

-1.06
19.78 
15.96 
21.28 
13.83 
13.98 
23.40

2.15

0.14

*
4.81 

-0.96 
12.50

1.92 *
-7.69
-9.62
-6.73
10.58*
4.81 
4.8* 
9.62 
2.88

1.92 
11.54 
-8.65

0.14

* S ig n i f i c a n t  a t  1%  level
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A m ong  hybrids  with posi t ive heterobel t iosis  all others except  LBG622 

x A K U 4 (1 .92% ) and Pant U 1 9 x V B N l  (2.15%) were with signif icant values.  

H ig h e s t  p o s i t iv e  h e t e r o b e l t io s i s  was  show n  by Pant  U19 x T9 (2 3 .4 0 % )  

fo llowed by C O B G 305  x T9 (21.28%).

Sign i f ican t  and posi t ive s tandard  heterosis was exhib ited  by crosses 

like LBG 17 x A K U 4 (4 .81%),  WBG 13 x VBNI (4 .81%), C O BG 305  x AKU4 

(4 .81%),  C O B G 3 0 5  x T9 (9.62%) and Pant U19 x T9 (11.54%). The hybrid 

LBG 17 x V B N I  showed m aximum negative  and s ignif icant s tandard  heterosis 

o f  -12 .50%  fo l lowed by W BG13 x T9 ( -10.8%) (Table 12).

4.5.7. Plant height

All  h y b r i d  c o m b i n a t i o n s  d i s p l a y e d  s i g n i f i c a n t  p o s i t i v e  r e l a t iv e  

h e t e r o s i s  fo r  p l a n t  h e ig h t .  T h e  v a lu e s  r a n g e d  f rom  6 .8 7 %  to 7 5 .8 0 % .  

M ax im u m  posit ive  re la tive he terosis  of 75.80% was shown by COBG305 x 

T9 fo l lowed  by Pant U19 x V B N I  (58.66%).

Heterobel t ios is  was posit ive and significant  for all hybrids except three 

viz.,  LBG 17 x A K U 4 (-4 .18%),  Pant U19 x A KU4 (-12.70%) and C O BG305 x 

A K U 4 (-1 7 .82%) which had signif icant negat ive heterosis.  M ax im um  posit ive 

he te robe l t ios is  was recorded by COBG 305  x T9 (57.93%) fo llowed by Pant 

U 19 x V B N I (57.17%).
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For  all hybr ids ,  excep t  three  s tanda rd  he te ros is  was  negat ive  and 

s ignificant.  S igni f icant  posit ive  heterosis was exhib ited  by WBG I 3 x VBN1 

(1 .89%) and W BG 13 x T9 (10.68%),  WBG 13 x VBN1 (1.89%),  WBG 1 3 x T9 

(1 0 .6 8 % )  W BG  13 x A K U 4 (26 .82% ).  M ax im u m  negat ive  hete rosis  was 

recorded by C O B G 305  x V B N l  (-34 .29%) fo llowed by Pant U 1 9 x T 9  

(-32 .40% ) (Table 13).

4.5.8. Dry  weight  of p lan ts

A m ong  hybrids  with posit ive  relative heterosis  all, except WBG 13 x 

VBN1 had s ignif icant  values.  Posit ive  relative heterosis ranged from 4.07% 

to 105.73%. M ax im um  posi t ive relative heterosis o f  105.73% was shown by 

LB G 622  x VBN 1 followed by LBG622 x AK U 4 (75.52%).

A m o n g  the hybrids  with posit ive  heterobel t iosis ,  Pant U19 x VBN I 

r e c o r d e d  n o n - s i g n i f i c a n t  v a lu e  and o t h e r s  s h o w e d  s i g n i f i c a n t  v a lu e s .  

S ign i f ican t  pos it ive  hete robelt iosis  ranged from 6.09% to 70.95%. LBG622 

x VBN1 d i s p l a y e d  h ig h e s t  p o s i t iv e  h e te r o b e l t io s i s .  M a x im u m  nega t ive  

hete rosis  was recorded by Pant U19 x T9 (-44.28%).

S tandard  heteros is  was negative  and s ignificant for all hybrids except 

three viz.,  LBG 17 x A K U 4 (6.09%),  LBG 622  x AKU4 (23 .97%) and WBG 13 

x A K U 4 (35 .76% )  which had s ignificant posi t ive  value.  Standard  heterosis 

was m ax im u m  and negative in the case of Pant U 19 x VBN 1 ( -71.12%) followed 

by Pant U19 x T9 ( -70 .33%) (table 13).



Table  13. Es t imate  of  heterosis  for plant he igh t  and dry weigh t  o f  plants .

Parents /Hybr ids

Nitrogen content at 50% flowering

Mean MP
Heterosis %

RH HB SH

Nitrogen content at maturity

Mean MP
Heterosis %

RH HB SH

L., X T, 
L |  x T 2 

L, x T 3 

L 2 x T, 
L 2 x T 2 

L-, x T 3 

L 3 x T, 
L 3 x T 2 

L 3 x T 3 

L4 x T|
L 4 X T 2 

L 4 X T 3

L5 x T,

L 5 x  T 2 

L5 x T3
CD (0.05)

34.13
32.57 
47.73
20.77
20.77 
43.03 
26.07
21.17
41.23
44.27 
37.90 
56.20 
42.47
34.77 
60.53 
52.83 
48.63
35.37
41.17
31.37
35.57
32.27 
20.97

38.58
30.10
27.65 
37.80 
29.32 
26.87 
45.38
36.90 
34.45
31.90
23.42 
20.97
31.90
23.42
58.66

6.87
47.07
37.07 
48.68
44.86
29.40
33.38*
4318

41.17
10.87 
75.80 
49.60 
17.76 
37.79
57.17

0.61

*
-4.18
29.69
11.04
30.60
30.40*

6.76
26.82
10.68

1.89
■17.82
57.93
48.19

■12.70
23.79

■30.3!

0.71

•13.62*
-7.26

•20.60
17.74

-11.03*
•27.16
26.82
10.68

1.89
■25.9!
•13.76
■34.29
-21.30
■32.40*

4.9

0.71

8.97 
7.00

10.93
5.10 
3.07

16.97
9.03
9.03

18.00
10.13
10.70
21.03 

8.02
11.97
23.03

8.10 

16.17
8.59
5.97
5.97 

13.63
5.03 
3.85

12.97
9.00
6.80

11.99
37.63

5.82
13.95

7.78
11.04

7.07
4.87
4.87 

10.02

6.05
27.27

38.82
12.59 
57.35
75.52 
22.14

105.73 
6 5 . l ! 

4.07

46.53
21.75
22.60
22.60

*
36.11

-16.80
5.76

0.34

6.09
12.18
19.33
23.97

■34.97
70.95
35.76

■25.91
-4.72
-4.80
16.99
16.99 

•19.65 
■44.28 
■71.12

0.39

*
6.09

•40.28
•36.94
23.97

■29.47
35.76

■52.26
*

-4.72*
■49.31
■64.83
■64.83
■19.65
■70.33

0.39

* S i g n i f i c a n t  at 1%  level
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4.5.9. N u m b e r  of pods

Sign i f ican t  and posit ive  re la tive  hete rosis  was recorded by all the 

fif teen hybrid  combina t ions .  The range was from 36.43% to 141.11%. Highest  

value was  shown by LBG 17 x V B N l  (141.1 1%) followed by WBG 13 x VBN1 

(13 7 .7 1 % ) .

P o s i t i v e  and  s ig n i f i c a n t  h e te r o b e l t i o s i s  was  d i s p l a y e d  by all the 

hybrids  s tudied.  M axim um  posit ive  he terobel t iosis  was exhib ited  by LBG 17 

x VBN 1 (127 .36% )  followed by WBG 13 x VBN1 (121 .35% ) and WBG 13 x 

A K U 4 (104 .10% ).

Only  one hybrid combina t ion  viz., LBG 17 x AKU4 (-8 .14%) showed 

negative  and s ignif icant s tandard  heterosis.  All others exhib ited  significant 

and pos it ive  s tandard  heterosis.  Highest  posit ive  s tandard  heterosis  o f  7 1.78% 

was d isp layed  by W BG 13 x T9 followed by W BG13 x AK U 4 (69.70%) (table 

14 and Fig. 6).

4.5.10. N u m b e r  of seeds per  pod

Rela t ive  heterosis  was posi t ive  and s ignificant for the hybrids  viz., 

LBG 17 x VBN  1 (3 .37%),  Pant U19 x VBN1 (3 .93%), Pant U19 x T9 (4.42%), 

L B G 6 2 2  x T9  (5 .0 6 % ) ,  C O B G 3 0 5  x VBN1 (6 .01% ) ,  C O B G 3 0 5  x A KU4 

(10.76%),  W BG  1 3 x AK U 4 (10.88%),  L B G 6 2 2 x  VBN1 (12.64%) and LBG622 

x A K U 4 (13 .50% ).  Signif icant negative  relative he terosis  was recorded by 

WBG I 3 x T9  (-2 .90%).



Table 14. Est imate of  heterosis  for number o f  pods  and seeds /pod .

Parents /Hybr ids

Number of pods Number of seeds / pod

Mean M P
Heterosis %

Mean MP
Heterosis %

RH HB SH RH H B SH

L l 1 8 . 1 3 6 . 2 7

L 2 1 5 . 5 3 6 . 0 0

l ; 2 3 . 7 3 6 . 7 7

L4 2 2 . 7 3 6 . 6 0

L<; 1 6 . 9 3 5 . 4 3

T l 2 9 . 2 7 6 . 1 0

t 2 3 5 . 2 0 5 . 8 7

T 3 2 0 . 4 7 5 . 6 0
★ ♦ ie * ie ie

L , x T l 3 2 . 3 3 2 3 . 7 3 6 . 4 3 1 0 . 4 8 - 8 . 1 4 6 . 3 0 6 . 1 9 1 . 8 9 0 . 5 3 - 6 . 9 0
♦ * ie ie * ie

L|  x T 2 4 6 . 1 3 2 6 . 6 7 7 3 . 0 0 3 1 . 0 6 3 1 . 0 6 6 . 1 3 5 . 9 4 3 . 3 7 - 2 . 1 3 - 9 . 3 6
* * * ie ie *

L l x  T 3 4 6 . 5 3 1 9 . 3 1 4 1 . 1 1 1 2 7 . 3 6 3 2 . 2 0 6 . 1 3 5 . 9 4 3 . 3 7 - 2 . 1 3 - 9 . 3 6
♦ * * ie * *

L~, x T, 3 6 . 2 7 2 2 . 4 6 1 . 9 0 2 3 . 9 2 3 . 0 3 6 . 8 7 6 . 0 5 1 3 . 5 0 1 2 . 5 7 1 . 4 8
* ie * ie ie ie

L-, x T-, 4 7 . 8 7 2 5 . 3 7 8 8 . 7 0 3 5 . 9 8 3 5 . 9 8 6 . 2 3 5 . 9 4 5 . 0 6 3 . 8 9 - 7 . 8 8
* * ie ie * *

L-, x T-, 3 9 . 5 3 1 8 . 0 0 1 1 9 . 6 3 9 3 . 1 6 1 2 . 3 1 6 . 5 3 5 . 8 0 1 2 . 6 4 8 . 8 9 - 3 . 4 5
* * * * * ie

L 3  x T , 5 9 . 7 3 2 6 . 5 1 2 5 . 4 1 1 0 4 . 1 0 6 9 . 7 0 7 . 1 3 6 . 4 4 1 0 . 8 8 5 . 4 2 5 . 4 2
* * ie * ie *

L 3  x T 2 6 0 . 4 7 2 9 . 4 7 1 0 5 . 2 0 7 1 . 7 8 7 1 . 7 8 6 . 1 3 6 . 3 2 - 2 . 9 0 - 9 . 3 6 - 9 . 3 6
* * ie * * *

L 3  X "Tj 5 2 . 5 3 2 2 . 1 1 3 7 . 7 1 1 2 1 . 3 5 4 9 . 2 4 6 . 2 7 6 . 1 9 1 . 3 5 - 7 . 3 9 - 7 . 3 9
* * ie ie ie *

L4 X T | 3 9 . 0 7 2 5 . 8 0 5 1 . 4 2 3 3 . 4 9 1 0 . 9 8 7 . 0 3 6 . 3 5 1 0 . 7 6 6 . 5 7 3 . 9 4
* * ie + * *

L 4 X T 2 4 3 . 2 7 2 8 . 7 7 5 0 . 4 1 2 2 . 9 2 2 2 . 9 2 6 . 3 3 6 . 2 4 1 . 6 0 - 4 . 0 4 - 6 . 4 0
* ie ie ie * *

L 4 X T 3 4 0 . 6 0 2 1 . 4 0 8 9 . 7 2 8 1 . 7 9 1 5 . 3 4 6 . 4 7 6 . 1 0 6 . 0 1 - 2 . 0 2 - 4 . 4 3
♦ * * * ie *

L 3  x T | 4 3 . 2 4 2 3 . 1 8 7 . 3 0 4 7 . 8 4 2 2 . 9 2 5 . 7 3 5 . 7 7 - 0 . 5 8 - 6 . 0 1 - 2 . 0 2

* ie ie * * ie
L5 X Tj 4 8 . 9 3 2 6 . 0 7 S I . 12 3 9 . 0 2 3 9 . 0 2 5 . 9 0 5 . 6 5 4 . 4 2 0 . 5 7 1 2 . 8 1

* * ie * * *
L 5  x T 3 3 6 . 7 3 1 8 . 7 9 6 . 4 3 7 9 . 4 8 4 . 3 6 5 . 7 3 5 . 5 2 3 . 9 3 2 . 3 8 - 1 5 . 2 7

C D  ( 0 . 0 5 ) 0 . 6 0 0 . 7 0 0 . 7 0 0 . 1 7 0 . 2 0 0 . 2 0

*  S ig n i f i c a n t  at 1% level
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Heterobel t ios is  was round to be s ignificant  and posit ive for hybrids 

l ike L B G 6 2 2  x T9 (3 .89% ),  W BG I 3 x AK U 4 (5 .42%),  C O B G 3 0 5  x AKU4 

( 6 . 5 7 % ) ,  L B G 6 2 2  x V B N I  ( 8 . 8 9 % )  and  L B G 6 2 2  x A K U 4  ( 1 2 . 5 7 % ) .  

S ign i f ican t  negat ive  he terobel t ios is  was m aximum in the hybrid  WBG 13 x 

VBNI ( -7 .39% ) followed by Pant U19 x T9 x AKU4 (-6.01%).

Po s i t iv e  and s ig n i f ic an t  s tanda rd  he te ros is  was reco rded  by three 

hybrids  viz.,  C O B G 305  x A K U 4 (3 .94%), WBG 13 x A K U 4 (5 .42%) and Pant 

U 19 x T9  (1 2 .8 1 % ) .  H ighes t  s ign i f ican t  nega t ive  s tanda rd  he teros is  was 

exh ib i ted  by Pant U19 x AK U 4 (-15.27%) fo llowed by LBG 17 x T9 (-11.33%) 

(table  14).

4.5.11. 100 g ra in  weight

S ig n i f ican t  pos it ive  rela tive hete rosis  was d isp layed  by all hybrids 

except  LB G 17  x A K U 4 (-0 .07%),  LBG17 x T9 (0 .38%),  LBG622 x AKU4 

(0 .55%) and Pant  U19 x VBNI (2.06%). Highest  posit ive  rela tive heterosis 

was exh ib i ted  by W BG13 x AK U 4 (17.05%) fo llowed by C O BG 305  x VBNI 

(12 .70% ) and LBG 17 x VBNI (11.57%).

H e te ro b e l t io s i s  was found to be pos it ive  and s ign if ican t  in all the 

hybrids  excep t  four  viz. , LBG 17 x T9 (-2.43%),  LBG622 x AK.U4 (-1.83%), 

LBG 17 x A K U 4  ( -1 .6 2 % )  and Pant  U19 x VBNI ( -0 .96% )  which showed 

negative  non-s ign i f ican t  he te robelt ios is  W BG 13 x A K U 4 expressed highest  

posit ive  he terobel i ios is  of  14.07% followed by C O BG305 x VBNI  (11.48%).



Table 15. Estimate of heterosis for 100 grain weight and grain yield/plant.

100 grain weight Grain yield / plant

P a r/* n t c I T-I v h ri H « Mean MP
Heterosis %

Mean MP
Heterosis %

RH HB SH RH HB SH

L r"
A ^ 4.88 .

L2 - +.17 ■ 4.01 '

L 3 . ' 4 .1(5 ‘6.91
* 4:01 6.33

1̂ 5 4.17 3.92

T 1 4.38 7.67

T2 4.27 8.26

T3 3.92 4.58

L| x T j 4.45 4.45 -0.07
*

-1.62
*

-1.62 8.15 6.28 29.76 6.17
*

-1.33

Lj x T2 4.41 4.40
*

0.38
*

-2.43
*

-2.43 11.07 6.57 68.49 34.07 34.07

L j x T3 4.71 4.22 11.57
*

4.13
*

4.13 11.41 4.73
*

141.13 133.72 38.23

L 2 x Tj 4.30 4.28 0.55
*

-1.83
*

-4.86 9.93 5.84 70.03 29.41 20.27

L2 x T2 4.48 4.22
*

6.16
*

5.00
*

-0.88 11.92 6.14 94.40 44.37
*

44.37

L 2 x T3 4,30 4.05 6.22 2.95 -4.94 10.33 4.30 140.59 125.45 25.15

L3 x T, 5.00 4.27
*

17.05
★

14.07
*

10.54 18.32' 7.29 151.35 138.79 121,92

L 3 x T2 4.46 4.22
*

5.81
*

4.45
*

-1.40 15.95 7.59 110.33 93.14
*

' 93.14

h 3 x T3 4.36 4.04 8.00 4.89
*

-3.54 13.17 5.75 129.18 90.64
*

59.47

L4 x T j 4.60 4.20
*

9.73
*

5.02
*

1.77 10.99 7.00
*

56.97 43.27
*

33.14

h 4 x T2 - 4.40 4.14 6.24
★

2.97
*

-2.80 12.01 7.30 64.59 45.42
*

45.42

L4 x T 3 4.47 3.97 12.70
*

11.48
*

-1.25 10.50 5.46 92.31 65.74 27.13

L5 x Ti 4.54 4.28 6.28 3.65
*

0.44 9.92 * 5.80
*

71.14 29.32 20.19

L5 x T2 4.57 4.22
*

8.42
*

7.10
*

1.11 11.55 6.09 89.60 39.85 39.85

L 5 x T3 4.13 4.05 2.06 -0.96 -8.77 8.42 4.25 97.88 83.63
*

1.94

CD (0.05) 0.11 0.12 0.12 0.67 ‘ 0.78 0 .78 '

* Significant at 1% level
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Only two hybrids displayed significant positive standard heterosis. 

They are LBG17 x VBN1 (4.13%) and WBG13 x AKU4 (10.54%). Highest 

significant negative standard heterosis was shown by Pant U I 9 x V B N I  

(-8.77%) followed by L B G 622xV B N l (-4.94%) and LBG622 x AKU4 

(-4.86%)) (table 15).

4.5.12. Grain yield per plant

All the fifteen hybrids expressed significant and positive relative 

heterosis for this trait. Highest value of 151.35% was recorded in the case of 

W BG13x AKU4 followed by LB G 17xV B N l (141.13%)) and LBG622 x VBN1 

(140.59%).

Heteroboltisis was found to be positive and significant for all the 

hybrid combinations except one ie., LBG 17 x AKU4 (6.17%). Maximum 

positive heterobeltiosis was exhibited by WBG 13 x AKU4 (138.79%) followed 

by LBG17 x VBN1 (133.72%)) and LBG622 x VBN1 (125.45%)).

Standard heterosis was observed as positive and significant in all the 

hybrids except LBG 17 x AKU4 (-1.33%) and Pant U19 x VBN1 (1.94%). 

WBG 13 x AKU4 (121.92%)) showed maximum positive standard heterosis 

followed by WBG13 x T9 (93.14%)) (table 15 and Fig. 7).



DISCUSSION



DISCUSSION

The research programme was carried out as a preliminary step for 

developing high yielding blackgram varieties with good biological nitrogen 

f ixa t ion  capac i ty  a long with reasonab le  yield.  Apart  f rom the mean 

performance of  various genotypes, knowledge on the combining ability of 

different parents and crosses is a must for such an attempt. Estimate of 

heterosis percentage will give.s reliable information on the best performing 

hybrid combinations that can be selected for further utilization.

5.1. Mean performance

Earlier, plant breeders used to select the parents for hybridisation on 

the basis of their mean performance alone. Now, the ability of a genotype to 

transmit desirable performance to its progeny is given importance. However, 

based on the mean performance, potential and desirable genotypes can be 

selected for crop improvement.

Among lines WBG 13 and among testers AKU4 were identified as 

best varieties for length of primary root and number of secondary roots. The 

best performing hybrid for the above two traits was WBG 13 x AKU4.
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Paul U19 among lines and T9 among testers were the best genotypes 

for shoot/root ratio and weight of nodules. Pant UI9 x T9 was observed as the 

best hybrid for the above characters.

Nitrogen content at 50 per cent flowering and at maturity was highest 

for LBG622 among lines and T9 among testers. Out of the fifteen hybrid 

combinations Pant U19 x T9 was the'best oneTor nitrogen content.

Considering plant height and the dry weight of plants the best variety 

was WBG 13 among lines and AKU4 among testers. WBG 13 x AKU4 was the 

best hybrid for the above two traits.

For number of pods the best genotypes were WBG 13 among lines and 

T9 among testers. Among hybrids the best one was WBG 13 x T9.

In the case of number of seeds per pod WBG 13 among lines and AKU4 

among testers were the best ones. Among hybrids WBG 13 x AKU4 displayed 

the best performance.

LBG 17 among lines and AKU4 among testers were the best varieties 

for 100 grain weight. WBG 13 x AKU4 was the best hybrid.

Grain yield per plant was highest for WBG 13 among lines and T9 

among testers. Among F j ’s WBG 13 x AKU4 recorded maximum grain 

yield.
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Considering weight of nodules and nitrogen content at 50% flowering, 

the besrgenotypes  were Pant U19 and LBG622 among lines, T9 among 

testers and Pant U19 xT9 among hybrids. Therefore, these can be selected for 

biological nitrogen fixation traits and can be utilized in the crop improvement. 

Main yield contributing traits like number of seeds per pod, 100 grain weight 

and grain yield per plant were highest for WBG13 and LBGI7 among lines, 

AKU4 and T9 among testers and WBG 13 x AKU4 among hybrids. These can 

be selected  and util ized as potential genotypes for high yield and yield 

contributing traits.

Mean performance and general combining ability effect can indicate 

the superiority of a genotype. In judging the genetic potentiality of a genotype 

that can be selected as parents for breeding programmes, combining ability 

assumes importance Evaluation based on the mean performance and gca effect 

separately may result in the identification of different genotypes. Hence 

evaluating the parents using both the criteria would be more relevant.

5.2. Combining ability

The concept of combining ability was introduced by sprague and 

Tatum (1942). According to them, combining ability is the relative ability of 

a biotype to transmit desirable performance to its crosses. ‘General combining 

abili ty’ refers to the average performance of a strain in a series of crosses, 

where as ‘specific combining ability’ indicates those cases in which certain 

combinations do relatively better or worse than would be expected on the 

basis of  average performance of the lines involved. The combining ability
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studies reveal the nature of gene action governing the trait which determines 

the breeding programme. The line x tester analysis can be employed to screen 

a large number of genotypes for their combining ability. This is useful in 

deciding the relative ability of a number of females and males to produce 

desirable hybrid combinations. This mating design also provides information 

regarding the usefulness of lines and testers as parents for hybridization to 

generate segregating population from which promising selections can be made. 

The line x tester analysis has some advantages over dial lei analysis. It avoids 

the interactions among male and female parents. Also from comparatively 

lower number  of cross combinations reliable informations can be obtained.

5.2.1. Length of primary root

Length of  primary root had significant mean sum of squares due to 

lines and line x tester where as that due to testers was not significant. This 

indicates the significance of  GCA and SCA variances and the involvement of 

additive and non - additive gene actions for the expression of this trails. 

H ow ever ,  the ra t io  o f  a 2A to a 2D was less than unity ■ indicat ing the 

predominant role of non - additive gene action. No literature was found to 

support or to contradict this result.

Among the lines, WBG 13 had significant positive gca effect where as 

among testers AKU4 and T9 had significant positive gca effects. Tester VBN I 

showed signif icant  negative gca. Among hybrid combinations, LBG 17 x 

VBN I , LBG622 x VBN I. WBG 13 x AKU4, WBG 13 x T9, COBG305 x VBN I
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and Pant U I9  x VBN1 recorded significant and positive sea effects. Both the 

parents involved in the crosses LBGI7 x VBN1, LBG622 x VBN1, COBG305 

x VBN1 and Pant U19 x VBN1 were with negative general combining ability. 

The hybrids viz. WBG13 x AKU4 and WBGI3 x T9 had positive general 

combiners as both parents. Since the character is predominantly under the 

control of non-additive gene action combination breeding will be helpful for 

the improvement,  as heterosis breeding is not a viable proposition.

5.2.2. Number of secondary roots

Number of secondary roots recorded significant mean sum of squares 

due to lines, testers and line x tester. Significant GCA and SCA variances 

were observed for this character indicating that additive and non-additive 

genetic components were important for the expression of this trait. The ratio 

of a 2A to a 2D was more than unity indicating that this character was under 

the control of  additive gene action. No related literature was available in 

agreement or against this finding.

The estimate of combining ability revealed that the lines WBG 13 

and LBG 17 and the testers AKU4 and T9 had significant positive gca 

effects. Significant negative gca effects were recorded by lines LBG622, 

COBG305 and Pant UI9  and the tester VBN1. The hybrids LBG17xAKU4, 

WBG 13 x T9, COBG305 x VBN1 and Pant U19 x VBN1 recorded significant



positive sea effects. Both the parents involved in the crosses of LBG 17 x 

AKU4 and WBG 13 x T9 were positive general combiners. COBG305 x VBNI 

and Pant U19x VBN 1 involved negative x negative general combiners. Since 

this characters is under the control of additive gene action, selection will be 

helpful for the improvement.

5.2.3. Shoot/root ratio

A significant mean sum of squares due to lines and line x tester were 

recorded for shoot/root ratio while that due to testers was not significant. This 

indicates the significance of GCA and SCA variances and the involvement of 

addit ive and non-additive genetic components  in the expression of  this 

character. The ratio of a 2 A to a 2D was less than unity which implies the 

predominance of non-additive gene action. This is in agreement with the 

findings of  Sreekumar (1993) in green gram.

Among lines Pant U19 exhibited significant positive gca effect where 

as among testers gca effect was significant for T9. Out of all hybridSjpositive 

and significant sea effects were shown by six viz., LBG 17 x VBN I and 

LBG622 x VBN1, the hybrids of negative x negative general combiners and 

WBG 13 x AKU4, COBG305 x T9, Pant U19 x AKU4 and P a n t U 1 9 x T 9  

which are the hybrids of positive x positive general combiners. Since shoot/ 

root ratio is under the control of non-additive gene action it can be utilized 

through combination breeding.
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5.2.4. Weight of nodules

Mean sum of  squares due to lines, testers and line x tester were non­

significant for weight of nodules. This indicates the non-significance of GCA 

and SCA variances and thereby additive and non-additive gene actions for 

the expression of this trait. But the ratio g 2A to a 2D was less than unity 

suggesting the non-additive gene action which is in agreement with the result 

reported earlier by Sreekumar (1995) in cowpea. Contrary to the present result 

Miller et at. (1986) in cowpea found highly significant SCA variance for 

nodule weight. However Singh and Murty (1988) reported in greengram the 

significance of both GCA and SCA variance for nodule weight.

Among lines COBG305 and Pant U19 and among testers T9 had 

significant positive gca effects. Out of 15 hybrid combinations, only one 

viz., Pant U19 x T9 recorded significant and positive sea effect. Positive x 

positive general combiners contribute to the positive sea effect. Since this 

character is under the control of non-additive gene action, there is no scope 

for applying selection pressure in the early stages and combination breeding 

will help in the improvement.

5.2.5. Nitrogen content at 50 per cent flowering

The lines, testers and line x tester showed non-significant mean sum 

of squares for nitrogen content at 50 per cent flowering, indicating the non­
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significance of  GCA and SCA variances and additive and non-additive genetic 

components in the expression of  this trait. This finding is contrary to the 

observations of Sreekumar (1995) in cowpea indicating the significance of 

GCA and SCA variances. The ratio of a 2A and g 2D was less than unity 

indicat ing the predominant role of  non-additive gene action which is in 

agreement with the report of Sreekumar (1995) in cowpea. Hely (1972) in 

Trifolium ambiguum , Tan (1981) in alfalfa, Smith et al. (1982) in crimson 

clover and Singh and Murthy (1988) in greengram reported the role of 

additive and non-additive genetic components in the expression of nitrogen 

content in plant. Contrary to the present finding additive gene action was 

reported by Pinchbeck et al. (1980) in Spanish clover.

Among lines COBG305 and Pant U19 and among testers AKU4 and 

T9 showed significant positive gca effects. Negative and significant gca effects 

were displayed by LBG 17, LBG622 and WBG 13 among lines and VBN1 

among testers. Significant positive sea effects were expressed by four hybrids. 

Out of  these hybrids LBG622 x AKU4 involved negative x positive general 

combiners, WBG 13 x VBN I involved negative x negative general combiners, 

COBG305 x VBN1 involved positive x ncgaLivc general combiners and Pant 

U19 x T9 involved positive x positive general combiners. Since, this trait is 

under the control of non-additive gene-action for improvement combination 

breeding can be adopted.
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A non-significant mean sum of  squares due to lines, testers and line x 

tester‘was recorded for nitrogen content at maturity. This indicates the non- 

significance of GCA and SCA variances and additive and non-additive gene 

actions. The ratio of a 2A to a 2D was too small to be estimated. No literature 

was obtained to support or contradict the results.

Analysis of  combining ability effects revealed that COBG 305 and 

Pant U19 among lines and AKU4 and T9 among testers expressed 

significant positive gca effects. Negative and significant gca effects 

were shown by LBG 17, LBG622 and WBG 13 among lines and VBN I 

among testers. Four hybrids showed significant positive sea effects. 

L B G 17xA K U 4 and LBG 622xA K U 4 involved negative x positive general 

combiners.  \ V B G I 3 x V B N I  was the hybrid with negative x negative 

general combiners.  P a n t U 1 9 x T 9  had general combining parents with 

positive effect.

5.2.7. Plant height

Plant height had significant mean sum of  squares due to lines, testers 

and line x tester. Significant GCA and SCA variances was found for this 

trait indicat ing that additive and non-additive genet ic  components  were 

important for the expression of this trait. But the ratio of  a 2A to cf2D is less 

than unity suggesting predominant role of  non-additive gene action.

5.2.6. Nitrogen content at maturity
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S im i la r  resu l ts  were ob ta ined  by Pil la i  (1980) and Raja ra th inam  and 

Rathnaswamy (1990) in blackgram and Jayarani (1993) in cowpea. On the 

o th e r  hand  S ag a r  and C h an d ra  (1977)  in b lack g ram  repor ted  the 

predominance of additive gene action for this character.

The estimates of combining ability revealed that all lines showed 

signif icant  gca effect. The lines LBG622 and WBG 13 had positive and 

significant gca. LBG17, COBG305 and Pant U19 showed significant negative 

gca. Among testers AKU4 and T9 had positive and significant gca. VBN1 

displayed negative and significant gca. Out of the six hybrids with significant 

positive sea effect, LBG 17 x T9 and COBG305 x T9 had negative x positive 

general combiners,  LBG 17 x VBN1 and Pant U19 x VBN1 had negative x 

negative general combiners and LBG622 x AKU4 and WBG 13 x AKU4 had 

positive x positive general combiners. Since non-additive gene action controls 

plant height predominantly, for the improvement of this, combination breeding 

is suggested.

5.2.8. Dry  weight  of p lants

Dry weight of plants recorded significant mean sum of squares due to 

lines, testers and line x tester. Significant GCA and SCA variances were 

observed for this character indicating that additive and non-additive genetic 

components were important for the expression of this trait. This finding is in 

agreement with the results of Singh and Murthy (1988) in greengram and 

Sreekumar (1995) in cowpea. Here the ratio of g^A to g^D is greater than
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unity suggesting the predominant role of additive gene action. This is in line 

with the report of  Pinchbeck el at. (1980) in Spanish clover. Non-additive 

gene action for dry weight was reported by Miller el al. (1986) and Sreekumar 

(1995) in cowpea.

Three lines such as LBG 17, LBG622 and WBG 13 exhibited positive 

and significant gca effects. AKU4 is the only one tester that had positive and 

significant gca effects. Among lines Pant U19 and COBG305 and among 

testers T9 and VBN1 had significant negative gca effects. Among hybrids 

with significant positive sea effect, LBG 17 x VBN1 and LBG622 x VBN1 

involved positive x negative general combiners, WBG 13 x AKU4 involved 

positive x positive general combiners, COBG305 x T9 and Pant U19 x VBN1 

involved negative x negative general combiners. Since this trait is under the 

control of  additive gene action, selection will be helpful for the improvement.

5.2.9. N u m b e r  of pods

Number of pods had significant mean sum of squares due to lines, 

testers and line x tester. Significant GCA and SCA variances were observed 

for this character indicating that additive and non-additive genetic components 

were important for the expression of this trait. However, the ratio of a 2A to 

cr2D is less than unity suggesting a predominant role of non-additive gene 

action. In agreement to this, significance of GCA and SCA variances and 

importance of  non-additive gene action for number of pods was reported by 

Sagar and Chandra (1977), Pillai (1980), Dasgupta and Das (1987), Singh
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et al. (1987) and Rajarathinam and Rangaswamy (1990) in blackgram. 

S im ila r  f indings  were reported  by Deshmukh and Manjare  (1980) and 

Sreekumar  (1993) in greengram, Thiyagarajan et al. (1990), Anilkumar

(1992), Jayarani (1993) and Sreekumar (1995) in cowpea. Contrary to this 

preponderance of additive gene action was reported by Chauhan and Joshi 

(1981) in cowpea. Dubey and Lai (1983) in pea, Wilson et al. (1985) and 

Saxena and Sharma (1989) in greengram. Significant SCA variance for the 

trait was observed by Kalia et al. (1991) in blackgram.

Among lines WBG13 and among testers T9 exhibited positive and 

significant gca effect. LBG 17, LBG622, COBG305 and Pant U19 among 

lines and AKU4 and VBN1 among testers showed negative and significant 

gca effect. Significant and positive sea effects were displayed by the crosses 

LBG 17 x VBN I , COBG305 x AKU4, COBG305 x VBN1 and Pant UI9 x 

AKU4 with parents which are negative x negative general combiners, LBG622 

x T9 and Pant U 19 x T9 both with parents which are negative x positive general 

combiners and WBG13 x AKU4 with positive x negative general combiners 

as parents. Number of  pods is found to be under the control of non-additive 

gene action and therefore improvement is possible through combination 

breeding.

5.2.10. N u m b e r  of seeds per  pod

Mean sum of  squares due to lines,  testers and line x tester were 

significant for number of seeds per pod indicating that both GCA and SCA
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were important for this charac ter  This suggests the involvement of both 

additive and non-addiiive gene action for the expression of  this trait. The 

ratio o T a 2A.to ct2D was found to be less than unity indicating the predominant 

role of non-addit ive gene action. Singh and Singh (1971) reported that 

additive and non-additive components of  variance were significantly high for 

this trait, in blackgram. In agreement to the present findings and Dcshmukh 

and Manjare (1980) and Sreekumar (1993) in greengram and Jayarani (1993) 

and Sreekumar (1995) in cowpea reported the importance of non-additive gene 

action in controlling the number of  seeds per pod. Contrary to this additive 

gene action was reported by Malhotra (1983) in blackgram, Wilson et al. 

(1985) and Saxena and Sharma (1989) in greengram and Chauhan and Joshi 

(1981). Thiyagarajan et al. (1990) and Anilkumar (1992) in cowpea. Pillai

(1980) in blackgram observed that variances due to GCA and SCA were not 

significant for this character. Kalia (1991) in blackgram foudn significant 

SCA variance for number of seeds per pod.

Estimate of combining ability revealed that the lines LBG622, WBGI3 

and COBG305 and the tester AKIM had significant positive gca effect. Among 

lines T9 and YBNI expressed significant negative gca effect. Out of  the fifteen 

hybrids only two had significant and positive sea effect. They were, WBG13 

x AKU4 which involved positive x positive general combiners and Pant U19 

x T9 which involved negat ive X negative general combiners .  Since the 

character  is predominantly  under the control of  non-additive gene action 

further utilization can be done through combination breeding.



77

For 100 grain weight, the lines, testers and line x tester exhibited non­

significant mean sum of squares indicating the non-significance of GCA and 

SCA variances and hence that of additive and non-additive gene actions. 

Contrary to this Pillai (1980) in blackgram reported highly significant GCA 

and SCA variances for 100 grain weight indicating the importance of both 

additive and non-additive gene actions. Singh and Jain (1972) and Sawant 

(1995) in cowpea also found importance of both GCA and SCA variances 

in the inheritance of this character. Significance of SCA variance alone was 

reported by Sreekumar (1993) in greengram indicating non-additive gene 

action. In the present study, because of high environmental variances Lhc 

ratio of  a 2A  to a 2D was too low to be estimated. But, Pillai (1980) in 

blackgram observed a preponderance of addit ive gene action over non­

additive. Malhotra (1983) in blackgram, Thiyagarajan ef a/. (1990), Jayarani

(1993) and Sreekumar (1995) in cowpea observed the predominance of non­

additive gene action for 100 grain weight.

Among lines only one viz., WBG13 and among testers AKU4 alone 

had positive and significant gca effect LBG622 and Pant U19 among lines 

and VBN1 among testers showed negative and significant gca effect. Four 

hybrids like LBG17 x VBN1, LBG622 x T9, WBG13 x AKU4 and Pant U19 

x T9 displayed positive and significant sea effect. The parents of LBG17 x 

VBN1 were positive x negative general combiners and that of LBG622 x T9

5.2.11. 100 Grain weight
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and Pant U19 x T9 were negative x negative general combiners where as 

WBG13 x AKU4 had parents with positive gca effect.

5.2.12. Grain yield per plant

Grain yield per plant had significant mean sum of squares due to lines 

and line x tester. This indicated the significant of GCA and SCA variances 

and the invo lvem ent  of  addit ive and non-addi tive  gene actions for the 

expression of  this character. The ratio of g 2A  to a 2D was less than unity 

which suggests  the predominance of  non-additive gene action. Similar 

observations were made by several workers in blackgram (Singh and Dhaliwal, 

1972; Sagar and Chandra, 1977; Pillai, 1980; Dasgupta and Das, 1987; Singh 

et al., 1987 Rajarathenam and Rathnaswamy, 1990), greengram (Deshmukh 

and Manjare, 1980 and Sreekumar 1993) and in cowpea (Thiyagarajan et a l ., 

1990; Anilkumar, 1992 and Sreekumar, 1995). However, additive gene 

action contradicting the present result was reported by Malhotra (1983) in 

blackgram, Saxena and Sharma (1989) in green gram, and Chauhan and Joshi

(1981) in cowpea. Kalia et al. (1991) observed significant SCA variance for 

the trait, in blackgram.

Combining ability analysis revealed that among lines only one viz., 

WBG-13 and among testers T9 had significant and positive gca effect. Among 

lines LBGI7 ,  LBG.622, COBG305 and pant U19 and among testers AKU4 

and VBN1 expressed negative and significant gca effect. The two hybrids
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that had significant positive sea effect were LBG17 x VBN1 which involved 

negative general combiners and WBG13 x AKU4 which involved positive x 

negative general combiners.  For the improvement of grain yield per plant 

combination breeding is suggested due to the preponderance of  non-additive 

gene action.

For important nitrogen fixing traits like nodule weight and 

nitrogen content the best general combiners were COBG305 and Pant 

U19 among lines and T9 among testers. The hybrid Pant U 19 x T9 was 

the best specific combiner  for these characters.  Considering the number 

of pods and grain yield per plant, among lines WBG13 and among 

testers  T9 were the best general  combiners .  The best specific 

combinations were L B G 1 7 x V B N l  and \V BG 13xA KU 4.  These genotypes 

were iden t i f ied  as potent ia l  ones  for fur ther  u t i l iza t ion  in crop 

improvement programmes.

On the w hole ,  based on mean pe r fo rm ance  and gca  effects ,  for 

biological nitrogen fixation. Pant U19 among lines and T9 among testers 

were the best genotypes. For nitrogen fixing traits, these parents can be 

used in the breeding programmes. Based on mean performance and sea effects 

the best specific combiner  for nitrogen fixing capacity was Pant UI9  x T9 this 

can be exploited further to develop stable hybrid derivatives through pedigree 

selection. For yield and component traits, considering both mean performance 

and gca effects.  WBG13 among lincs*T9 among testers were the best general
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combiners.  These can be advantageously used as parents for producing high 

yielding varieties.  The hybrid WBG13 x AKU4 was the best one based on 

mean performance and sea effects.  This can be improved further for obtaining 

stable high yielding varieties.

The results of  present research programme reveal that W B G 13 x AKU4 

is the best c o m b in e r  for  b io lo g ica l  n i t rogen  f ixa t ion  t ra i ts  and y ield  

co m p o n e n ts  and u t i l iz ing  th is  s u p e r io r  b l ack g ram  var ie t ie s  with these 

attributes can be developed.

5.3. Hctc ros is

To exp lo i t  the phenom enon  of  hybrid  vigour,  know ledge  on the 

magnitude and direction of  heterosis is of  paramount importance. Hctcrosis 

is the superiority of an F|  hybrid over both its parents. It may be positive or 

negative. Common measures of  heterosis are relative heterosis, hctcrobelliosis 

and standard heterosis.  The parent expressing maximum value for a trait is 

considered as standard parent for that trait For hybrid vigour exploitation, 

the mean performance, sea effect and heterosis per cent have to be taken in to 

account.  The high sea effect may not be the appropriate criteria for hctcrosis 

because the hybrids with low mean value may some times posses high sea 

effect if the gca effect of  the parents are very low. Similarly mere hctcrosis 

value also is misleading since the hctcrosis of hybrids tend to be high when 

the parental means are low and the heterosis would tend to be low when the 

parental means arc already high. Mean performance and standard hctcrosis
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are considered for identification of desirable combination for commercial 

exploitation -

In the present study, manifestation of heterosis was observed in some, 

cross combinations, for all the characters. ' Positive heterosis is desirable for 

all the traits studied, for commercial utilization.

For length of  primary root highest of positive relative heterosis of 

44.34 per cent was recorded by the hybrid combination WBG13 x AKIM. 

Highest positive heterobeltiosis and standard heterosis were also exhibited 

by this hybrid.

M axim um  posit ive relative heterosis and and heterobel tiosis  for 

number of secondary roots was displayed by W B G 13 x T9. Standard heterosis 

for this trait was maximum for WBG 13 x AKU4.

The hybrid ,  LBG17 x VBN1 exhibited  highest positive relative 

heterosis and heterobeltiosis for shoot/root ratio, while positive standard 

heterosis was maximum for the cross Pant U19 x T9.

In the case of weight of nodules, highest positive relative heterosis of 

453.62 per cent was shown by WBG 13 x VBN1. Positive heterobeltiosis was 

maximum for WBG 13 x AKU4 (292.68 per cent).  Highest positive and 

significant standard heterosis was displayed by the cross Pant U 19 x T9 (58.93
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per cent) Positive heterosis for this trait, which determines the nitrogen 

fixation efficiency was reported earlier by Sreekumar (1995) in cowpea in 

conformity to the result of the study.

For nitrogen content at 50% flowering highest relative heterosis was 

displayed by the hybrid WBG13 x VBN1 (40.61 per cent).. Maximum positive 

heterobeltiosis was exhibited by COBG305 x T9 (36.36 per cent). Highest 

positive standard heterosis of 20.65 present was found in the case of Pant 

U19 xT9.  In agreement to the pre cent findings (Sreekumar, 1995) in cowpea 

also observed positive heterosis for nitrogen content in plant at 50 per cent 

flowering content in an important trait governing biological nitrogen fixation.

The hybrid  combination,  LBG17 x AKU4 expressed highest 

positive relative heterosis of 27.49 per cent, for nitrogen content at 

maturity. Heterobeltiosis and standard heterosis were maximum for Pant 

U19 x T9.

Among the hybrids tested, COBG305 x T9 displayed highest positive 

relative heterosis and heterobeltiosis of 75.80 per cent and 57.93 per cent 

respectively for plant  height.  Highest standard heterosis was shown by 

W B G 13 x AKU4 (26.82 per cent). Sagar and Chandra (1977) and Pillai (1980) 

in blackgram also reported heterosis for plant height  in conformity to the 

results in this study. In green gram, heterosis for this trait was reported by 

Sing and Jain (1970) over mid-parent and better parent. Sawant et al. (1995)
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in cowpea observed greatest positive heterosis over mid parent for plant 

height.

In the case of dry weight of plants highest positive relative heterosis 

of 105.73 per cent and heterobeltiosis of 70.95 per cent were displayed by 

LBG622 x VBN1. Maximum value of  standard heterosis i.e., 35.76 per cent 

was displayed by WBG 13 x AKU4. Positive heterosis for dry weight was 

reported by Sreekumar (1995) in cowpea, in consonance with the present 

findings.

While studying the character, number of pods, it was revealed that 

highest relative heterosis of 141.11 per cent and heterobeltiosis of 127.36 per 

cent were exhibited by the hybrid LBG17 x VBN1. Highest positive standard 

heterosis of 71.78 per cent was exhibited by WBG 13 x T9.

Sagar and Chandra (1977) in blackgram reported significant heterosis 

for number of  pods per plant over better parent. Pillai (1980) also observed 

heterosis for pod number over mid parent, better parent and standard parent 

in the same crop. In greengram, high heterosis over better parent was observed 

by Patil et al. (1992) for this trait.

For number of  seeds per pod positive relative heterosis (13.50 per cent) 

and heterobeltiosis (12.57 per cent) were maximum for LBG622 x AKU4. 

Highest positive standard heterosis of 12.81 per cent was shown by Pant 

U19 x T9.
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The hybrid  W B G I3  x AK.U4 exhibi ted highest positive relative 

heterosis, heterobeltiosis and standard heterosis of 17.05 per cent, 14.07 per 

cent and 10.54 per cent respectively, for 100 grain weight. Pillai (1980) in 

black gram found heterosis for this yield component over mid-parent better 

parent and standard parent. In greengram, Singh and Singh (1993) observed 

heterosis over better parent or mid parent for 100 seed weight.

For grain yield per plant highest positive relative heterosis (151.35 

per cent), heterobeltiosis (138.79 per cent) and standard heterosis (121.92 

per cent) were displayed by the cross WBG13 x AKU4. Sagar and Chandra 

(1977) reported in black gram a high degree of heterosis for this character 

over mid-parent and better parent. In green gram heterosis for grain yield 

over better parent was observed by Natarajan (1989) and Patil (1992). Sawant 

et al. (1995) and Sreekumar (1995) in cowpea also found heterosis for grain 

yield per plant.

Considering the biological nitrogen fixation traits like nodule weight 

and nitrogen content the best cross at 50% flowering, the best cross that 

expressed maximum standard heterosis was Pant UI9 x T9. Therefore this 

cross may be selected and utilized for developing black gram varieties with 

improved nitrogen fixing capacity. Based on the yield attributes like 100 

grain weight and grain yield per plant the best hybrid was WBG13 x AKU4 

and this can be exploited further for yield improvement.



SUMMARY



SUMMARY

Grain legumes are the major and readily available reserve of dietary 

protein. The nitrogen fixing capacity of  legume -Rhizobium  symbionts is 

also very well known. Since the application of nitrogenous fertilizers is very 

expensive, exploitation of nitrogen fixing potential of leguminous crops has 

much practical significance for increasing crop production. The present 

research programme was undertaken with the objective of assessing the general 

and specific combining abilities and gene action involved in the inheritance 

of biological nitrogen fixation traits and yield components in blackgram, as a 

preliminary step for developing high yielding varieties with good nitrogen 

fixation capacity.

The ' research programme was carried out at the Department of 

P la n t  B r e e d in g  and G en e t ic s ,  C o l leg e  of  A g r ic u l tu r e ,  Vel layani ,  

Thiruvananthapuram, during 1995-96. The experimental material consisted 

of five lines, three testers and their 15 hybrids.  The varieties with high 

nitrogen fixation capacity were used as lines and the high yielding varieties 

were used as testers. The lines, testers and L x T combinations were evaluated 

in randomized block design with three replications. Data on the following 

traits viz., length of primary root, number of secondary roots, shoot/root ratio, 

weight of nodules, nitrogen content at 50 per cent flowering, nitrogen content
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at maturity, plant height, dry weight of plants, number of pods, number of 

seeds per pod, 100 grain weight and grain yield per plant were collected from 

the field experiment and utilized for estimating the combining ability.

For length of primary root WBG13 among lines and AKU4 and T9 

among testers had significant positive gca effects. Among hybrids, LBG17 x 

VBN1, LBG622 x VBN1, WBG13 x AKU4, WBG13 x T9, COBG305 x VBN1 

and Pant U19 x VBN1 recorded significant positive sea effects.

The lines W BG I3 and LBG17 and the testers AKU4 and T9 had 

significant positive gca effects for number of secondary roots. The hybrids 

LBG17 x AKU4, WBG13 x T9, COBG305 x VBN1 and Pant U19 x VBN1 

recorded significant positive sea effects

Among lines, Pant U19 and among testers T9 exhibited significant 

and positive gca effect for shoot/root ratio. Significant positive sea effects 

were shown by hybrids such as L B G 17 x VBN 1, LBG622 x V B N I , W BG13 x 

AKU4, COBG305 x T9, Pant U19 x AKU4 and Pant U19 x T9.

Considering, weight of nodules COBG305 and Pant U19 among lines 

and T9 among testers had significant positive gca effects. Only one hybrid 

viz. Pant U I9  x T9 recorded significant and positive sea effect.

Significant and positive gca effects were observed for nitrogen content 

at 50 per cent flowering and at maturity in the case of COBG305 and Pant
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U19 among lines and AKU4 and T9 among testers. Hybrids like LBG622 x 

AKU4, WBG 13 x VBN1 and Pant U19 x T9 showed significant positive sea 

effects for nitrogen content.

For plant height; LBG622 and WBG 13 among lines and AKU4 and 

T9 among testers expressed significant positive gca effects. Among hybrids, 

LBG17 x T9, COBG305 x T9, LBG17 x VBN1, Pant U19 x VBNI, LBG622 x 

AKU4 and WBG 13 x AKU4 displayed significant positive sea effect

Lines such as LBG17, LBG622 and WBG13 and the tester AKU4 

exhibited positive and significant gca effects for dry weight of plants. The 

hybrid combinations like LBG17 x VBNI, LBG622 x V B N 1, WBG 13 x AKIM, 

COBG305 x T9 and Pant U19 x VBNI recorded significant positive sea effects.

Among lines WBG13 and among tester T9 displayed signif icant 

posit ive gca effects for number  of  pods. The crosses LBG17 x VBNI,  

COBG305 x AKU4, COBG305 x VBNI and Pant UI9  x AKU4 exhibited 

significant positive sea effect.

In the case of number of seeds per pod, the lines LBG622, WBG 13 

and COBG305 and the tester AKU4 had significant positive gca effects. 

WBG 13 x AKU4 and Pant U19 x T9 showed significant positive sea effects 

for this yield component.

Posi tive and significant gca effect for hundred grain weight were 

exhibited by WBG 13 among lines and AKU-4 among testers. Four hybrids
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viz.. LBG17 x VBN 1. LBG622 x T9, WBG13 x. AKU4 and Pant U19 x T9 

expressed significant positive sea effects for this trait.

For grain yield per plant, W BG I3  among lines and T9 among testers 

recorded significant positive gca effects.  The hybrids LBG17 x VBN1 and 

WBG13 x AKU4 displayed significant positive sea effects.

Among the twelve characters studied, the ratio o f  a 2A to a 2D was 

more than unity, for dry weight o f  plants and number  of  secondary roots 

suggesting the predominance of  additive gene action and the possibility of 

improvement of  these traits by selection. In the case of  nitrogen content at 

maturity and hundred grain weight it was too small to be estimated, due to 

high environmental variance. For other  eight traits, this ratio was less than 

unity ind ica t ing  the p reponderance  of  non radd i t ive  gene act ion and the 

possibili ty o f  improvement of  these traits through combinat ion breeding.

C ons ider ing  the mean performance  and gca ef fect  for biological  

nitrogen fixation traits. Pant U19 among lines and T9 among testers were the 

best gcncral combiners and Pant_UI9 x T9 was the best specific combination 

based on mean and sea effect. For yield and component traits, W B G - 13 among 

lines and T9 among testers were the superior ones, on the basis of mean and 

gca effect. The best hybrid was WBG 13 x AKU4, based, on mean and sea 

effect. This  had reasonable nitrogen fixing capacity also.

Knowledge on the mean performance, sea effect and heterosis pe rcen t  

arc essential for hybrid vigour exploitation. Varying degrees of  hctcrosis was
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exhibited by various cross combinations for different characters. Considering 

the nitrogen fixation traits like nodule weight and nitrogen content at 50 per 

cent flowering, maximum standard heterosis was exhibited by the hybrid, Pant 

U19 x T9. For yield attributes, WBG13 x AKU4 was found to be the best 

hybrid. These superior hybrid combinations can be exploited further, for 

developing superior blackgram varieties.

H I  1-3
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ABSTRACT

The research programme was carried out at the Department of Plant 

Breeding and Genetics,  College of  Agriculture,  Vellayani during 1995-96. 

The objective was to assess the general and specific combining abilities and 

gene action involved in the inheritance of biological nitrogen fixation traits 

and yield components in blackgram, as a preliminary step for developing high 

yielding varieties with good biological nitrogen fixation capacity. The five 

lines, three testers and their 15 combinations were evaluated in a replicated 

field experiment and data on twelve characters were collected and subjected 

to line x tester analysis.

The best general combiners for important biological nitrogen fixation 

traits were COBG305 and Pant U19 among lines and T9 among testers. The 

hybrid combination Pant U19 x T9 was the best specific combiner for these 

characters. In the case of number of  pods and grain yield per plant, among 

lines W B G -13 and among testers T9 were the best general combiners. The 

hybr ids ,  LBG 17 x VBN I and WBG13 x AKU4 were the best specific  

combinations for these traits.
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Considering the mean performance, sea effect and standard heterosis 

percentage Pant U19 x T9 was identified as the best hybrid combination for 

nodule weight  and nitrogen content at 50 per cent flowering. Regarding 

yield, the best hybrid was WBG 13 x AKU4. These superior combinations can 

be utilized further for developing improved blackgram varieties.


