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Introduction 
 

Brinjal or eggplant (Solanum melongena L., 2n = 24) is 

one of the most widely grown and consumed solanaceous 

vegetables of Indian origin, cultivated throughout the 

country for its immature fruits. Improvement of 

productivity and fruit quality is the principal objective of 

brinjal breeding programmes, and the choice of parents is 

the first and most decisive step in such programmes. 

Selection of parents solely on the basis of per se 

performance does not always yield superior progenies, 

because a genotype with an impressive phenotype need 

not transmit its superiority to its offspring. What is 

required is information on the breeding value or 

prepotency of the parents. 
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Six brinjal genotypes of diverse origin Arka Keshav, Arka Nidhi, Arka Neelkanth, 

Annamalai, PLR 2 and Poiyur Local were crossed in a full diallel mating design in the 

Department of Horticulture, Pandit Jawaharlal Nehru College of Agriculture and Research 

Institute, Karaikal and the resulting 30 F1 hybrids along with their parents were evaluated in 

a randomized block design for sixteen quantitative and quality characters. Analysis of 

variance revealed highly significant differences among genotypes for all the characters 

studied. Combining ability analysis showed that variances due to general combining ability 

(gca), specific combining ability (sca) and reciprocal effects were significant for almost all 

characters, indicating that both additive and non-additive gene actions govern the 

expression of the traits. The gca:sca ratio exceeded unity for most characters, suggesting a 

preponderance of additive gene action, whereas leaf area index, days to first fruiting and 

number of fruits plant⁻¹ were predominantly under non-additive control. Poiyur Local, 

Annamalai and PLR 2 emerged as the best general combiners for fruit yield plant⁻¹ and 
most of its component characters, while Arka Neelkanth was the best combiner for 

earliness. The cross combinations Poiyur Local × Arka Neelkanth, Poiyur Local × 

Annamalai, Arka Nidhi × Poiyur Local and Arka Neelkanth × Poiyur Local recorded 

significant desirable sca effects coupled with high per se performance and may be exploited 

through heterosis breeding depending on the gene action. 
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Combining ability analysis, as proposed by Griffing 

(1956), provides precisely this information. It partitions 

the total genetic variability into general combining ability 

(gca), which is a measure of additive and additive × 

additive gene action, and specific combining ability 

(sca), which reflects dominance and epistatic (non-

additive) interactions. A full diallel, in which all possible 

direct and reciprocal crosses among a set of parents are 

made, additionally permits estimation of reciprocal 

(maternal/cytoplasmic) effects, which are of practical 

value while deciding the direction of a cross in 

commercial hybrid seed production. The present 

investigation was therefore undertaken to estimate the 

nature and magnitude of gene action, to identify good 

general combiners among six brinjal genotypes and to 

select superior specific cross combinations for yield, 

yield components and ascorbic acid content. 

 

Materials and Methods 

 

Location and season 
 

The experiment was conducted in the horticultural farm 

of the eastern block of Pandit Jawaharlal Nehru College 

of Agriculture and Research Institute, Karaikal. The farm 

lies at the tail end of the Cauvery delta zone, about 12 km 

from the Bay of Bengal coast, between 10°49′ and 11°01′ 
N latitude and 78°43′ and 79°52′ E longitude at an 
altitude of four metres above mean sea level. The region 

falls under the eleventh agro-climatic zone of India and 

receives an average annual rainfall of 1437 mm in 56 

rainy days. The soil of the experimental plot was clayey 

loam of medium fertility and irrigation water was drawn 

from the pond in the orchard of the Department of 

Horticulture. 

 

Experimental material 
 

Six genotypes collected from different sources 

constituted the parental material (Table 1). 

 

Raising of nursery and crossing programme 
 

Sterilized coco peat mixed with neem cake, Azospirillum 

and phosphobacteria was filled in protrays at 

approximately 1.2 kg protray⁻¹ and treated seeds were 
sown at one seed cell⁻¹. Trays were stacked and covered 
with polythene sheet until germination commenced; after 

six days they were arranged individually on raised beds 

inside a shade net. Seedlings were watered daily with a 

rose-can and drenched with 19:19:19 at 0.5 per cent (5 g 

l⁻¹) 18 days after sowing. 
The main field was ploughed four times and farmyard 

manure was incorporated at 25 t ha⁻¹. Raised beds of 1.0 
m width and 0.15 m height were formed and four-week-

old seedlings were transplanted in the crossing block at 

60 × 60 cm spacing with a fertilizer schedule of 

125:100:50 kg NPK ha⁻¹. All other recommended 
package of practices was followed. 

 

Planting of parents for the crossing programme was taken 

up in the rabi season of 2015. Healthy, long- or medium-

styled buds likely to open the next day were emasculated 

between 3.00 and 5.30 p.m. and bagged with butter paper 

covers.  

 

Pollen collected between 7.00 and 8.30 a.m. the 

following morning from previously bagged flowers of 

the male parents was dusted on the stigma of the 

emasculated flowers, which were re-bagged and labelled. 

Selected female plants were tagged and selfed to obtain 

pure parental seed.  

 

Crossed and selfed fruits were harvested at the ripe stage, 

kept for two to three days under ambient conditions, and 

the seeds extracted by repeated washing, shade dried to 

eight per cent moisture and stored in butter paper covers. 

 

Evaluation and observations 
 

The six parents and the 30 F1 hybrids (15 direct and 15 

reciprocal crosses) were evaluated in a randomized block 

design with three replications. Observations were 

recorded on plant height, number of branches, leaf area 

index, days to first flowering, days to first fruiting, 

number of clusters plant⁻¹, number of flowers cluster⁻¹, 
number of fruits cluster⁻¹, fruit length, fruit girth, fruit 
weight, number of seeds fruit⁻¹, 1000 seed weight, 
number of fruits plant⁻¹, ascorbic acid content and fruit 
yield plant⁻¹. 
 

Fruit weight was recorded as the mean weight of five 

randomly selected fruits at the third harvest. Number of 

seeds fruit⁻¹ and 1000 seed weight were worked out from 
five randomly selected mature fruits and five lots of 

thousand seeds per replication, respectively. Ascorbic 

acid content was estimated by the volumetric (2,6-

dichlorophenol indophenol dye) method as suggested by 

A.O.A.C. (2001) on powdered dry fruit passed through a 

40-mesh sieve, and expressed as mg 100 g⁻¹. Fruit yield 
plant⁻¹ was the cumulative weight of fruits over all 
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harvests, expressed in kilogram. 

 

Statistical analysis 
 

Mean data of parents and hybrids were subjected to 

analysis of variance (Panse and Sukhatme, 1957) under 

the randomized block design. Combining ability analysis 

was carried out following Griffing’s (1956) Method I 

(parents, direct and reciprocal F1s), Model I and gca, sca 

and reciprocal effects together with their variances were 

estimated. The relative magnitudes of GCA and SCA 

variances were compared as the GCA:SCA ratio to infer 

the nature of gene action. 

 

Results and Discussion 

 

Analysis of variance 
 

Analysis of variance (Table 2) revealed highly significant 

differences among the genotypes for all sixteen 

characters, confirming the presence of adequate genetic 

variability in the experimental material and justifying 

further biometrical analysis. 

 

Per se performance 
 

Among the parents, Poiyur Local, Annamalai and PLR 2 

recorded the highest values for yield and most economic 

yield parameters as well as ascorbic acid content, 

whereas Arka Keshav exhibited the longest fruits. Poiyur 

Local, Annamalai and PLR 2 recorded the highest plant 

height, number of branches and leaf area index, 

respectively. For earliness, Arka Neelkanth took the least 

number of days to first flowering and first fruiting, and 

Annamalai produced the largest number of clusters and 

flowers plant⁻¹. 
 

Among the hybrids, the highest mean values were 

recorded by Poiyur Local × Arka Neelkanth for leaf area 

index (2.71; grand mean 1.46), number of seeds fruit⁻¹ 
(583.27; grand mean 430.68) and fruit yield plant⁻¹ (4.13 
kg; grand mean 2.84 kg); by Arka Neelkanth × Poiyur 

Local for number of flowers cluster⁻¹ (14.40; grand mean 
8.74); by Arka Keshav × Arka Nidhi for fruit length 

(22.24 cm; grand mean 15.21 cm); by Poiyur Local × 

Annamalai for fruit girth (15.43 cm; grand mean 11.42 

cm), fruit weight (83.73 g; grand mean 61.84 g) and fruit 

yield plant⁻¹ (4.03 kg); by Arka Nidhi × Poiyur Local for 
1000 seed weight (13.95 g; grand mean 8.63 g); by Arka 

Neelkanth × Arka Nidhi for number of fruits plant⁻¹ 

(55.95; grand mean 46.09); and by PLR 2 × Poiyur Local 

for ascorbic acid content (15.15 mg 100 g⁻¹; grand mean 
11.57 mg 100 g⁻¹). For days to first flowering and days to 
first fruiting none of the hybrids recorded a significant 

negative (desirable) mean, although Arka Nidhi × Arka 

Keshav was the earliest in both cases. Similar reports on 

the per se superiority of cluster-bearing hybrids were 

made by Kamalakkannan et al., (2007), Jansirani (2000), 

Thangamani (2003) and Kumar et al., (2011). 

 

Combining ability variances and nature of gene 

action 
 

The analysis of variance for combining ability (Table 3) 

revealed significant gca variance for all traits, and 

significant sca variance likewise for all characters, 

indicating that both additive and non-additive gene 

effects influence the expression of these traits in the 

material studied. A gca:sca ratio greater than unity was 

obtained in the direct crosses for almost all traits, 

indicating the predominance of additive gene action and, 

consequently, good scope for improvement through 

selection and recombination breeding. Leaf area index, 

days to first fruiting and number of fruits plant⁻¹ recorded 
ratios below unity, implying a preponderance of non-

additive genes for which heterosis breeding would be 

more rewarding. In the reciprocal crosses, sca variance 

predominated for plant height, number of branches, leaf 

area index, number of fruits cluster⁻¹ and number of 
fruits plant⁻¹, while the remaining eleven characters were 
governed by additive gene action.  

 

The significance of reciprocal mean squares for most 

characters indicates that maternal effects operate in this 

material and that the direction of the cross is important 

while producing commercial hybrid seed. 

 

General combining ability of parents 
 

On the basis of significant positive gca effects coupled 

with high per se performance, Poiyur Local, Annamalai 

and PLR 2 were adjudged the best general combiners for 

most of the yield and yield-contributing characters. Trait-

wise, the good general combiners were: 

 

➢ Earliness (days to first flowering and first 

fruiting): Arka Neelkanth 

➢ Number of fruits cluster⁻¹: PLR 2 

➢ Fruit length: Arka Keshav, Arka Nidhi and Arka 

Neelkanth 
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➢ Fruit girth: Poiyur Local (significant) and PLR 2 (positive, non-significant) 

Table.1 Source and salient plant characters of the parents 

 

Code Genotype Salient characters Source 

P₁ Arka 

Keshav 

Tall, branched; long fruits in clusters; red-purple 

glossy skin with green calyx; fruits tender, free of 

bitter principles; resistant to bacterial wilt; 

duration 150 days; yield 45 t ha⁻¹ 

IIHR, Bangalore 

P₂ Arka Nidhi Tall, compact; medium-long fruits in clusters; 

blue-black glossy fruits with green calyx; 

resistant to bacterial wilt; duration 150 days; yield 

48.5 t ha⁻¹ 

IIHR, Bangalore 

P₃ Arka 

Neelkanth 

Tall, compact; small fruits in clusters; violet-blue 

glossy skin; resistant to bacterial wilt; duration 

150 days; yield 43 t ha⁻¹ 

IIHR, Bangalore 

P₄ Annamalai Aphid-resistant variety; oblong, deep purple fruits 

with a characteristic yellowish mark along the 

calyx border; yield potential 20–22 t ha⁻¹ 

Annamalai University, 

Chidambaram 

P₅ PLR 2 Single plant selection from Sevanthampatti local; 

oval, dark purple fruits with pink tinge, glossy; 

average yield 38 t ha⁻¹ 

Vegetable Research 

Station, Palur (TNAU), 

Cuddalore 

P₆ Poiyur 

Local 

Plants medium tall, erect; dark purple fruits borne 

in clusters 

Poiyur, Nagapattinam 

district, Tamil Nadu 

 

Table.2 Analysis of variance for various characters in the diallel crosses (mean squares) 

 

S. No. Character Genotype Replication Error 

1 Plant height 718.59** 424.09 150.54 

2 Number of branches 0.65** 0.65 0.22 

3 Leaf area index 0.54** 0.06 0.02 

4 Days to first flowering 0.68** 0.82 0.32 

5 Days to first fruiting 1.66** 1.59 0.68 

6 Number of clusters plant⁻¹ 4.01** 0.18 0.29 

7 Number of flowers cluster⁻¹ 11.68** 3.89 1.36 

8 Number of fruits cluster⁻¹ 0.65** 0.08 0.12 

9 Fruit length 16.40** 3.74 1.46 

10 Fruit girth 12.02** 0.71 0.42 

11 Fruit weight 250.55** 8.71 4.58 

12 Number of seeds fruit⁻¹ 28389.73** 260.74 106.79 

13 1000 seed weight 24.38** 2.20 87.35 

14 Number of fruits plant⁻¹ 217.42** 13.53 9.68 

15 Ascorbic acid 9.60** 0.08 0.46 

16 Fruit yield plant⁻¹ 1.28** 13.34 1.74 

** Significant at 1 per cent level 
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Table.3 Combining ability analysis of variance (mean squares) and variance ratios 

 

S. No. Trait GCA SCA RCA GCA/SCA GCA/RCA 

1 Plant height 0.25** 0.16* 0.27** 1.53 0.94 

2 Number of branches 0.25** 0.16** 0.26** 1.56 0.96 

3 Leaf area index 0.12** 0.14** 0.24** 0.86 0.01 

4 Days to first flowering 0.34** 0.12** 0.12* 2.83 2.83 

5 Days to first fruiting 0.24 1.02** 0.19 0.24 1.26 

6 Number of clusters plant⁻¹ 2.19** 1.10** 1.28** 1.99 1.71 

7 Number of flowers cluster⁻¹ 4.16** 4.06** 3.64** 1.02 1.14 

8 Number of fruits cluster⁻¹ 0.20** 0.11** 0.24** 1.82 0.83 

9 Fruit length 24.41** 1.75** 2.88** 13.95 8.48 

10 Fruit girth 15.63** 2.35** 1.79** 6.65 8.73 

11 Fruit weight 172.66** 67.82** 69.50** 2.55 2.48 

12 Number of seeds fruit⁻¹ 40884.74** 272.94** 8179.63** 1498.08 49.99 

13 1000 seed weight 20.43** 7.54** 4.62** 2.71 4.42 

14 Number of fruits plant⁻¹ 54.31** 60.98** 90.01** 0.89 0.60 

15 Ascorbic acid 13.34** 1.28** 1.74** 10.42 7.67 

16 Fruit yield plant⁻¹ 0.79** 0.31** 0.27** 2.55 2.93 

* Significant at 5 per cent level; ** Significant at 1 per cent level 

 
➢ Fruit weight: Poiyur Local followed by Annamalai 

➢ Number of seeds fruit⁻¹: Poiyur Local, Arka 

Neelkanth and Annamalai 

➢ 1000 seed weight: Poiyur Local, Arka Keshav and 

Arka Neelkanth 

➢ Number of fruits plant⁻¹: Poiyur Local, PLR 2 and 

Arka Neelkanth 

➢ Ascorbic acid content: Poiyur Local, Annamalai and 

PLR 2 

➢ Fruit yield plant⁻¹: Annamalai and Poiyur Local 

 

The consistent superiority of Poiyur Local, a local 

landrace, as a general combiner for fruit weight, seed 

characters, fruits plant⁻¹, ascorbic acid and yield 
underlines the value of locally adapted germplasm in 

hybridization programmes in the coastal deltaic tract.  

 

These results are in agreement with Aswani and 

Khandelwal (2005), Ram and Singh (2007), Prakash et 

al., (2008), Bhakta et al., (2009b), Sao and Mehta (2010) 

and Rai and Asati (2011). 

 

Specific combining ability and choice of cross 

combinations 
 

Hybrids combining significant desirable sca effects with 

significant per se performance were identified for each 

of the economic traits: 

• Number of fruits cluster⁻¹: Arka Keshav × Arka 

Nidhi showed significant sca in the desired direction 

governed by dominance × dominance gene action, 

coupled with high per se and significant positive 

heterosis, indicating scope for heterosis breeding. 

• Fruit length: Arka Nidhi × Arka Keshav and Arka 

Keshav × Arka Nidhi exhibited significant positive 

sca with significant positive per se; both parents 

being good general combiners, additive × additive 

gene action was implied and recombination breeding 

is recommended, with selection postponed to later 

generations because of the dominance component. 

• Fruit girth: Annamalai × Poiyur Local, Poiyur Local 

× Arka Neelkanth and Poiyur Local × Annamalai 

recorded significant positive sca with significant per 

se, governed by additive × non-additive genes. 

• Fruit weight: Arka Keshav × Poiyur Local, 

Annamalai × PLR 2, Poiyur Local × Arka Keshav, 

Poiyur Local × Arka Neelkanth and Poiyur Local × 

Annamalai recorded significant positive sca in the 

desired direction with significant per se, suggesting 

exploitation through heterosis breeding. 

• Number of seeds fruit⁻¹: Annamalai × Arka 

Neelkanth and Arka Neelkanth × Poiyur Local 

combined significant positive sca with significant per 

se and additive × additive gene action. 
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• 1000 seed weight: Arka Keshav × Arka Nidhi, PLR 

2 × Poiyur Local and Arka Nidhi × PLR 2 exhibited 

significant positive sca with high per se. 

• Number of fruits plant⁻¹: Arka Keshav × Arka 

Nidhi (non-additive × non-additive) is suited to 

heterosis breeding, while Arka Neelkanth × Poiyur 

Local (additive × additive) is suited to recombination 

breeding. 

• Fruit yield plant⁻¹: Arka Keshav × Annamalai, Arka 

Nidhi × Poiyur Local, Arka Neelkanth × Poiyur 

Local and Poiyur Local × Arka Neelkanth recorded 

significant positive sca along with significant per se 

and high heterosis; Annamalai × Poiyur Local and 

Poiyur Local × Annamalai, in which both parents 

were good general combiners, are recommended for 

recombination breeding. 

• Ascorbic acid content: Annamalai × Poiyur Local, 

PLR 2 × Poiyur Local and Poiyur Local × PLR 2 

recorded significant positive sca with significant per 

se and additive × additive gene action. 

 

Where a hybrid with high sca involves at least one good 

general combiner, the additive component present in the 

cross can be fixed and recombination breeding is 

rewarding; where both parents are poor general 

combiners but the hybrid shows high sca, the superiority 

is attributable to dominance and epistasis and can only 

be exploited through F1 hybrids. In crosses showing 

significant sca due to dominance, selection of superior 

plants should be deferred to later segregating 

generations. Comparable inferences were drawn by 

Praneetha (2002), Prabhu (2004), Shafeeq et al., (2007), 

Kamalakkannan et al., (2007), Prakash et al., (2008), 

Hazra et al., (2010) and Nalini et al., (2011). 

 

In conclusion, both additive and non-additive gene 

actions were important in the inheritance of yield and 

yield-contributing traits in brinjal, with additive effects 

predominating for most characters and non-additive 

effects for leaf area index, days to first fruiting and 

number of fruits plant⁻¹. Poiyur Local, Annamalai and 
PLR 2 are recommended as donor parents for yield and 

quality improvement, and Arka Neelkanth for earliness.  

 

The crosses Poiyur Local × Arka Neelkanth, Poiyur 

Local × Annamalai, Arka Nidhi × Poiyur Local and 

Arka Neelkanth × Poiyur Local were identified as the 

most promising combinations and may be advanced 

through heterosis or recombination breeding according 

to the gene action operating in each. The significance of 

reciprocal effects for a majority of characters indicates 

that the choice of female parent should receive due 

attention in commercial hybrid seed production in 

brinjal. 
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