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Abstract

The combining ability, magnitude of gene action and
heterosis for quantitative traits were assessed in brinjal using
six lines and three testers in L x T mating design. The estimate
of gca for lines and sca for hybrids represented that the
lines Sagoli Xingiya, Baromohiya, MLC-1 and the testers
SM-6-7 and Longai were best general combiners for most of
the traits whereas the hybrids Utsav x Longai, Dari Hariharka
x Longai, MLC-3 x SM-6-7, MLC-1 x JC-1,Baromohiyax SM-
6-7 and Sagoli Xingiya x JC-1 were the best specific
combiners for yield and yield contributing traits. The crosses
BMx JC-1, Utsav x Longai, MLC-1 x JC-1, BM x SM-6-7,
MLC-3 x SM-6-7 and MLC-3 x JC-1 hadsignificant (good x
poor/ poor x good) sca effect for the traits fruit weight,
number of fruits per plants and yield per plant which resulted
from one good and one poor general combiner. The ratio of
gca and sca variance ranged from 0.04 to -1.44. The variance
due to sca was higher than gca for all the characters except
number of branches per plant indicating the preponderance
of non-additive gene action which can be utilized for the
development of hybrids. The study highlights the facts that
not always good combiner x good combiner gives cross
combinations with high sca effect, even cross combinations
with poor general combiners can be equally exploited for
crop improvement.
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Introduction

Brinjal (Solanum melongena L.) often regarded as poor
man’s crop belongs to the family Solanaceae and has
chromosome number 2n=2x=24. According to Bhaduri,
1951 and Vavilov (1931) India is regarded as the primary
centre of origin where as China as the secondary centre
of origin. It is a versatile crop adapted to different agro-
climatic regions and can be grown throughout the year.
It is an important crop in the tropical regions of world
and is being grown extensively in India, Bangladesh,
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Pakistan, China, Philippines, Egypt, France, Italy and
United StatesGlycoalkaloids have antimicrobial,
insecticidal and fungicidal properties which account for
their activity against several insects, pests and herbivores.
Small quantities of glycoalkaloids are known to improve
flavour, but at levels above 200 mg/kg it imparts the
bitter taste. The present production is not in
commensurate with the demand by the burgeoning
population at geometric rate. Brinjal deserves a deep
contemplation for improvement because consumer
preferences differ in different regions based on fruit
shape, size and colour. In this regard, local cultivars
having the desired characteristics but low yield come to
preference to the consumers. This requires improvement
in yield and other economic traits in these cultivars.

Exploitation of hybrid vigour in brinjal has been
recognized as a practical tool in providing the breeder a
means of increasing yield and other economic traits. Line
x Tester analysis is a potential tool for preliminary
evaluation of genetic stock for use in hybridization
programme to identify best combiners. India has a huge
reservoir of genetic diversity which has not been fully
exploited in the brinjal improvement program. Locally
adaptable varieties have many important traits that could
elevate the performance of the improved varieties when
combined together by the process of hybridization. The
combining ability, gene action and heterosis of these
locally adaptable lines with improved varieties will give
information on their utility for future breeding works.
Keeping in view the above facts, the present investigation
was undertaken to evaluate the information on the
combining ability and nature of gene action of brinjal
lines for fruit yield and its component traits in addition
to identification of well performing hybrids.

Materials and Methods

The experimental material comprised of nine varieties
of brinjal (Solanum melongena), out of which six were
used as lines viz. Utsav (IIVR, Varanasi), Dari Hariharka
(DH, farmer’s Field, Gamharia Kala, Bihar), Manipur
local-3 (MLC 3, farmer’s Field, Imphal, Manipur),
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Manipur Local-1 (MLC 1, farmer’s Field, Imphal,
Manipur),Baromohiya (BM, farmer’s Field, Golaghat,
Assam) and Sagoli Xingiya (SX, farmer’s Field,
Golaghat, Assam) and three were used as testers viz.
JC-1 (released variety from AAU, Jorhat, Assam), SM-
6-7 (IIVR, Varanasi, UP) and Longai (farmer’s Field,
Karimganj, Assam). The crosses were made as per Line
x Tester mating design given by Kempthorne (1957)
and eighteen F, crosses were generated in the first rabi
seasonof 2015-16. These F s were evaluated along with
their nine parental lines in completely randomized block
design in the three replications during second rabi season
2016-17 at the Horticultural Experimental Farm, AAU,
Jorhat. Each plot of sized 3m x 3m consisted of four
rows with five plants each spaced at 75 x 60 cm and
twenty plants per plot were maintained. The data were
recorded from five competitive plants selected randomly
from each plot of each replication on quantitative traits
such as days to 50% flowering, plant height (cm),
number of branches per plant, fruit length (cm), fruit
girth (cm), fruit weight (g), number of fruits per plant,
number of seeds per fruit, fruit yield per plant (kg),
crude fiber content (%), shelf life of fruits (days). The
data were statistically analysed using WINDOSTAT
software for assessment of combining ability of parental
lines and hybrids as well as estimation of average
heterosis, heterobeltiosis and standard heterosis.

Results and Discussion

The presence of the extent of genetic variability in the
gene pool is a prerequisite for crop improvement
programme in any crop plant. Hence, the knowledge of
the nature and extent of genetic variation available in
the germplasm helps the breeders for planning a sound
breeding programme. The analysis of variance (Table
1) for different growth parameter such as days to
flowering, plant height, and number of branches per
plant reveals the significant differences among
genotypes, parents, parent vs. crosses and hybrids. The
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partitioning of the mean squares into line effect, tester
effect and L x T effect was also highly significant for
most of the yield and yield attributing traits except for
plant height and number of branches per plant in the
testers and for number of branches per plant in the Line
x Tester effect. This indicated the presence of great
variability among lines, testers and L x T interaction.
The meansquares due to sca as revealed by the variability
among the crosses for all the traits under study
suggested that there was presence of sufficient non
additive variance which could be exploited for good
combinations for heterotic hybrids. Similar results were
observed by Desai et al. (2017), Venkata et al. (2014),
Singh et al. (2013), Bhusanet al. (2012) and Ramireddy
et al. (2011). The estimates of variance components
for various parameters indicated a lower ratio of (gca /
sca) variance (Table 2) for all traits except for number
of branches per plant indicating predominance of non-
additive gene action which can be exploited through
heterosis breeding. Additive gene action predominated
for number of branches per plant that indicated the
prospect of hybridization followed by selection for this
trait. The traits showing predominance of both additive
and non-additive gene action simultaneously can be
improved by reciprocal recurrent selection. The
importance of additive and non-additive components for
several traits in brinjal has been reported by Uddinet al.
(2015), Dubey et al. (2014), Venkata et al. (2014), Mishra
et al. (2013) and Prasad et al. (2010).

The gca effect of parents (Table 3) revealed that among
the lines BM and Sagoli Xingiya and among the testers
SM-6-7 possessed good performance in the desirable
direction for plant height, number of branches per plant,
fruit length, fruit girth, fruit weight, number of seeds
per fruit, fruit yield per plant, fiber content, shelf life in
BM and for plant height, fruit length, fruit girth, fruit
weight, number of fruit per plant and fruit yield per
plant in Sagoli Xingiya and for days to 50 per cent
flowering, number of branches per plant, number of

Table 1: Analysis of variance for Line X Tester analysis (Including parents)

Mean sum square

Sources of DF  Days to Plant No.of  Fruit Fruit Fruit wt. Number of Number of  Fruit Fiber  Shelflife
variation 50% height  branches length girth (2) fruit/ plant seeds/fruit  yield/  content  (days)
flowering  (cm)  perplant  (cm) (cm) plant (%)
(kg)

Replication 2 5.15%* 51.49 0.66 291 0.57 314.71* 0.74 227.75 0.01 0.06 0.39
Genotype 26 39.52%*  25332%* 41.51%* 75.65%* 27.58*%F 10772.61*%* 29.51** 74570.75%* 1.95%*  5.14%*  2.96%*
Parents 8 3323%* 389.73%F 4.57*%* 108.13** 45.63** 13336.57** 20.44*%* 72407.54** 1.59%*  1.04*%*  525%*
Parent Vscrosses 1 364.50%* 411.88** 701.25%* 12.43%* 62.63** 14158.89%* 289.39** 871.48 22.53** 11.82%*  (0.72%
Line 5 3130%* 600.41%* 580%* 109.09**% 29.57** 6457.47*% 22.48%* 3473544%* 123*¥*  129%*  6.78%*
Tester 2 45.78%* 30.42 331 99.76%* 2583** 28278.79%* 21.87** 122338.47** 1.87**  0.87** 1.35%%*
LxT 10 1651*%* 101.76%*  0.96  38.27** 2.53** 324872*%*  7.83%%  56473.04%* 0.32%*  2.40%* 1.16%*
crosses 17 2337%%  179.80** 20.08*%* 64.09** 17.03** 9366.85** 18.49** 79923.98** 0.90**  6.68**  2.02%*
Error 52 265 16.39 1.51 1.53 0.64 89.40 0.42 434.65 0.01 0.07 0.16

*P<0.05; **P<0.01
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fruit per plant, number of seeds per fruit, fruit yield per
plant, fiber content, shelf life of fruits in the tester SM-
6-7. These parental lines were found to be best
combiners for most of the traits (7-8) which is in the
agreement with the findings of Biradar et al. (2005).
The best combiners for yield and related traits from
commercial point of view was found among the lines
MLC-1, BM, Sagoli Xingiya and testers SM-6-7 and
Longai. The high gca effect were observed primary due
to additive and additive x additive gene action which
could be exploited through hybridization followed by
selection. Summarizing the gca effects (Table 5) of the
parents for different traits revealed that among lines
Sagoli Xingiya, BM and MLC-1 and among testers SM-
6-7 was found to be good general combiner.

The ratio of due to gca and sca (Table 2) indicated
predominance of non-additive gene for fiber content
and shelf life of fruits. The parental lines Baromohiya
and SM-6-7 were good general combiner for fiber
content. The cross Baromohiya x SM-6-7 showed highly
significant positive heterosis over all the three types of
heterosis. Among all the crosses, DH x JC-1, DH x
Longai, MLC-3 x SM-6-7, MLC-1 x Longai, BM x JC-
1 and BM x SM-6-7 were best specific combiners
involving poor x average, poor X poor, poor x good,
poor X poor, good x average and good x good general
combining parents, respectively. Perusal of data depicted
that the lines Baromohiya and SM-6-7 were found to
the best general combiners and only three crosses viz.
Utsav x JC-1, MLC-3 x SM-6-7 and SX x JC-1 were
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good specific combiner for shelf life of fruits. These
crosses involved average x poor, poor x good and
average X poor general combiners, respectively.

The desirable sca effect for marketable yield of fruits
per plant (Table 4) was observed in six numbers of
crosses Utsav x Longai, DH x Longai, MLC-3 x SM-6-
7, MLC-1 x JC-1, BM x SM-6-7 and SX x JC-1. The
sca effect represents dominance and epistatic effect
which can be used as an index to determine the
usefulness of a particular cross combination in the
expression of heterosis. The cross combinations which
were found to be highly significant for yield and
attributing traits were DH x Longai, MLC-3 x SM-6-7,
BM x JC-1, JC-1, Utsav x Longai, MLC-1 x Longai
were the combinations of good x good, poor x poor,
good x poor, good x poor, poor x good, good x good
general combiners respectively for fruit weight; DH x
JC-1, MLC-1 x JC-1, BM x SM-6-7 and BM x Longai
were the combinations of poor x poor, good x poor,
poor x good and poor x poor general combiners
respectively for number of fruits per plant and Utsav x
Longai, DH x Longai, MLC-3 x SM-6-7, MLC-1 x JC-
1, BM x SM-6-7 and SX x JC-1 were the combinations
of poor x good, poor x good, poor x good, good x
poor, good x good and good x poor general combiners
respectively for fruit yield per plant. Thus, it is evident
that two parents with high gca may not always result in
combinations with high sca and these traits cannot be
improved through heterosis breeding. In the present
study, the crosses MLC-3 x SM-6-7, DH x JC-1, BM x

Table 2: Estimates of general and specific combining ability variance in brinjal for various traits

Sources Days to Plant No. of Fruit Fruitgirth  Fruit  Number of Number of Fruit Fiber  Shelflife
50% height branches/plant length (cm) weight  fruits/plant seeds/fruit yield/plant content  (days)
flowering  (cm) (cm) (& (kg) (%)
o’gea 0.21 234 0.57 0.77 0.43 183.44 0.32 703.11 0.02 0.13 0.03
o’ sca 4.58 30.47 -0.40 12.17 0.63 1055.36 246 18658.30 0.10 0.80 0.33
o’gea / o’sca 0.04 0.08 -1.44 0.06 0.69 0.17 0.13 0.04 0.17 0.16 0.08
Table 3: Estimates of general combining ability effects
Days to Plant No. of Fruit  Fruit girth Fruit Number of Number of  Fruit Fiber Shelflife
Parents 50% height  branches length (cm) weight. fruit/plant  seeds/fruit yield/pla  content (days)
flowering  (cm)  perplant  (cm) (g) nt (kg) (%)
Lines
Utsav 2320 %% 838 ¥k 158 *F 2.60%* 216 ¥*F -73.69 ** 1.48 ** -169.43 **  -0.84 **  -0.59 ** 0.26
Dari Hariharka  -0.76 -6.47** 234 ** -0.02 0.90 ** 7.72 % -0.77 ** 37.13 ** -0.05 -0.28 ¥*  -0.59 **
MLC-3 1.57 ** -2.49 -0.73  -431**  -1.07*  -17.86 ** 0.03 100.77 **  -0.20 **  -1.02 ** -031*
MLC-1 1.02 5.32 %% _1.46** 223 ** -0.04 8.53 * 0.62 ** 81.28 ** 030 **  -0.80 ** -0.13
Baromohiya 0.46 543 %% 269%F 445 % 7] ** 60.46 ** -2.44 ** -93.40 ** 026 ** 277 ** 0.65%*
SagoliXingiya 091 6.60%*  -1.26 ** 472 ** 0.65 * 14.84 ** 1.08 ** 43.65**% (.53 ** -0.09 0.11
Testers
JC-1 0.07 -1.05 -1.98 *¥* 1.43%k .69 ** -8.01 ** -0.46 ** 43.77%%  0.22 ** 0.07 -0.41 **
SM-6-7 -1.65 ** -0.45 2.18**  -0.62*  -1.78 %  -28.14 ** 2.19 ** -100.94 **  0.05 ** 0.15* 0.72 **
Longai 1.57 ** 1.50 -0.20  -0.81** 246 ** 36.15 ** -1.72 ** 5717**% 0.7 ** 022 %% 03] **
SE(gi) lines 0.54 1.35 0.41 0.44 0.27 3.03 0.16 7.44 0.02 0.09 0.13
SE(gj) testers 0.38 0.95 0.29 0.31 0.19 2.14 0.39 5.26 0.02 0.06 0.10

*P<0.05; **P<0.01
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Table 4: Estimates of specific combining ability effects
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Daysto  Plant No.of  Fruit Fruit Fruit wt. Number of Number of  Fruit Fiber content  Shelf life
Crosses 50% height branches length  girth fruits/plant seeds/fruit yield/plant (%) (days)

flowerin  (cm) perplant  (cm) (cm) (kg)

g

Utsav x JC-1 -0.63 -2.97 -0.05 1.44 -0.92 -9.70 -1.20%% 15573 %% 025 ** -032* 1.002 **
Utsav x SM-6-7 043 4.02 0.88 -0.59  0.00 -2.15 0.60 51.11%* -0.20 ** 0.08 -0.68 **
Utsav x Longai 0.20 -1.05 -0.83 -0.85 0.92 11.84 * 0.61 -206.84 *¥* 045 ** 0.24 -0.32
DH x JC-1 -1.07 -1.16 -0.43  -6.99* 045  -49.14**  2.16%*  4785%% 023 ** 0.43%* -0.48 *
DH x SM-6-7 3.65% 217 0.09 542** -025 6.25 -1.57 *¥* 0 126.35**  -0.15 ** -1.13 ** 0.17
DH x Longai 2.57* 332 0.34 1.57*  0.71 42.90 ** -0.60 -78.49 ** - (0.37 ** 0.70 ** 0.31
MLC-3 x JC-1 226* -554*  -0.13 0.66 1.28** -11.15*%* 0.68 -122.02 ** 0.01 -0.07 -0.46
MLC-3 x SM-6-7  -0.69 2.87 -0.12 -1.02  0.06 25.49%* -0.48 84.71 ** 0.28 ** 0.39* 0.77**
MLC-3 x Longai  -1.57 2.67 0.25 037 -1.34*%* -1435* -0.21 3731 %% -0.29 ** -031* -0.31
MLC-1 x JC-1 1.82 4.34 0.28 -0.89  1.005 * -6.11 1.83** 5807 **  0.35%** -0.35* -0.16
MLC-1 x SM-6-7  -1.46 1.63 -0.03 -1.44  -0.17 -6.75 -0.62 -94.95 **% 023 ** -0.62 ** -0.11
MLC-1 x Longai ~ -0.35 2.71 -0.25  233**  -0.84 12.87 * -1.22 %% 153.02*%*  -0.12 ** 0.97 ** 0.28
BM xJC-1 -1.96 ¥ 7.92 *#* 0.35 1.53*  -0.36 50.70 ** 238 **  86.25%* -0.05 0.40 * -0.50 *
BM x SM-6-7 -1.57 0.58 -0.88 0.36 0.34 -15.98 #*  1.23 % -14830** (027 ** 1.21 ** 0.22
BM x Longai 3.54 ** -850 **  0.53 -1.89*  0.02 -34.72 %% 105*% 62.04** 022 ** -1.60 ** 0.29
SX x JC-1 -0.41 6.08 * -0.03  425%*  -0.55 2539 **  -1.09 ** -14.03 0.17 ** -0.08 0.60 *
SX x SM-6-7 -0.35 -6.93*  0.05 -2.73* 0.02 -6.85 0.83 * -18.93 0.03 0.07 -0.36
SX x Longai 0.76 0.85 -0.02  -1.52* 053 -18.54 ** 0.26 3296 **  -0.19 ** 0.007 -0.24
SE(Sij) 0.94 234 0.71 0.77 0.46 5.46 0.37 12.04 0.04 0.15 0.23
SE(Sij-Sik) 1.33 3.31 1.00 1.01 0.65 7.72 0.53 17.02 0.06 0.21 0.33
SE(Sij-Skl) 2.03 5.05 1.53 1.54 1.00 11.79 0.81 26.00 0.09 0.32 0.50

*P<0.05; **P<0.01. DH: Dari Hariharka, MLC-1: Manipur local-1, MLC-3: Manipur local-3, SX: SagoliXingiya, BM: Baromohiya

Longai (poor x poor general combiner) has significant
positive sca effect for yield contributing traits which
may be due to the presence of high non additive gene
action specially, complementary epistatic effect which
could be utilized for commercial exploitation of heterosis.
The crosses BM x JC-1, Utsav x Longai, MLC-1 x JC-
1, BM x SM-6-7, MLC-3 x SM-6-7 and MLC-3 x JC-1
had significant (good x poor/ poor x good) sca effect
(Table 5, 6 & 7) for the traits fruit weight, number of
fruits/plants and yield/plant which resulted from one
good and one poor general combiner. Heterosis breeding
and recurrent selectionmay be utilized for the exploitation
of both additive and non-additive gene effect.

The best cross combinations for marketable yield of
fruits per plant along with their parental value, gca

estimates and sca estimates presented in Tables 3 and
4, revealed that majority of the cross combinations
exhibiting higher yield had at least one of the parents as
good general combiner. Similar findings has also been
reported by Uddin et al. (2015), Prasad et al. (2015),
Venkata et al. (2014), Ansari and Singh (2014), Mishra
et al. (2013), Mishra et al. (2013), and Ramireddy et al.
(2011). The study emphasizes the significance of
assessing gca for plant height, number of branches per
plant, fruit weight, number of fruits per plant and fruit
yield per plant which helps in identifying superior parents
and appropriate breeding techniques for development
of potential cultivars or hybrids. The best performing
parents and crosses based on gca and sca effects with
respect to each traits in desirable direction (Table 5)

Table 5: Best performing parents and crosses based on GCA and SCA effects with respect to traits in desirable direction

Traits desirable Best general combiner Best specific combiner
direction
Days to 50% flowering Negative Utsav and SM-6-7 DH x Longai and BM x JC-1
Plant height (cm) Positive ~ MLC-1, Baromohiya and SagoliXingiya BM x JC-1 and SX x JC-1
No. of branches per plant ~ positive  Dari Hariharka, Baromohiya and SM-6-7 -
Fruit length (cm) Positive ~ Baromohiya,SagoliXingiya and JC-1 DH x SM-6-7, SX x JC-1 and MLC-1 x Longai
Fruit girth (cm) Positive ~ Baromohiya, Longai and SagoliXingiya MLC-3 x JC-1
Fruit weight.(g) Positive ~ Baromohiya, Longai and SagoliXingiya =~ BM x JC-1, DH x Longai, MLC-3 x SM-6-7 and SX x JC-1
Number of fruit/plant Positive ~ SM-6-7, Utsav, SagoliXingiya and MLC-1 DH x JC-1, MLC-1x JC-1, BM x SM-6-7 and BM x Longai
Number of seeds/fruit Negative Utsav, SM-6-7 and Baromohiya Utsav x Longai, BM x SM-6-7, MLC-1 x SM-6-7, DH x
Longai, MLC-3 x JC-1, MLC-1 x JC-1 and DH x JC-1
Fruit yield/plant (kg) Positive  SagoliXingiya, = MLC-1,  Baromohiya, Utsav x Longai, DH x Longai, MLC-3 x SM-6-7, MLC-1 x
Longai and SM-6-7 JC-1, BM x SM-6-7 and SX x JC-1
Fiber content (%) Positive ~ Baromohiya and SM-6-7 BM x SM-6-7, MLC-1 x Longai, DH x Longai and DH x JC-1
Shelf life (days) positive ~ SM-6-7 and Baromohiya Utsav x JC-1, MLC-3 x SM-6-7
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revealed that the parents which were found to be the
best general combiner for yield and yield contributing
traits could be exploited for development of homozygous
lines. The bestspecific combiners (BM x SM-6-7, MLC-
1 xJC-1, SXx JC-1, DH x JC-1, MLC-1 x Longai, BM
x JC-1, BM x Longai, Utsav x Longai, DH x Longai and
MLC-3 x SM-6-7) could be exploited for hybrid breeding
programme. The cross combinations MLC-3 x SM-6-
7 and SX x JC-1 showed significant positive heterosis
over MP, BP and SP. Since seeds in fruits are a major
constrains for consumer acceptance, hence lesser
number of seed per fruit is desirable. Seven out of
eighteen cross combinations namely Utsav x Longai,
BM x SM-6-7, MLC-3 x JC-1, MLC-1 x SM-6-7, DH x
Longai, MLC-1 x JC-1 and DH x JC-1 exhibited highly
significant and negative sca effect which canbe exploited
for commercialization.
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