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Abstract

A line x tester set was obtained by crossing 8 lines with 3 testers in popcorn. The resultant 24 derived F;s were evaluated
along with 11 parents to estimate general and specific combining ability variances and effects for 14 characters. The results
showed predominant role of non-additive gene action for all the characters studied. Based on both per se and gca, the
genotypes UPC 5, UPC 4, UPC 1 among lines and Amber popcorn, Bangalore popcorn among the testers were proved as
good general combiners for yield and quality traits. High per se, significant sca, standard heterosis exhibited by three hybrids
viz., UPC 9 x Amber popcorn, UPC 8 x Amber popcorn and UPC 1 x UPC 6 could be used for exploitation of heterosis for

yield and quality characters.
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Introduction

In India, commercial popcorn is currently cropped on
a fairly small scale. However, the genetic
improvement work in a minor crop like popcorn is
neglected in India and there is good scope for its
improvement in near future. Now the use of popcorn
as a snack food has been increasing continuously
throughout the world. Repeated buying of a brand
name of popcorn depends very much on its quality.
Popcorn quality is measured primarily by the
expansion volume and number of unpopped kernels
(Song et al, 1991). The popping characteristics of
popcorn have not been fully investigated. Results
from classical quantitative genetics and traditional
statistical ~analysis have shown that popping
characteristics are quantitatively inherited, controlled
by multiple genes (Clary, 1954; Ashman, 1983;
Ziegler, 2001), influenced by environmental effects
(Li et al., 2003) and popping methods (Dofing et al.,
1990). Both additive and dominant genetic effects
play very important roles in the inheritance of
popping characteristics (Dofing et al., 1991).
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Modern plant breeding aims to improve yield and
quality together. In breeding programmes, it is
desirable to predict expansion volume with different
variables of popcorn genotypes. Yield is a very
important trait in popcorn as in other corn types. The
most important factor affecting yield in popcorn is
genotype (Pajic, 1990; Pajic and Babic, 1991). A
narrow genetic base is undesirable for popcorn
breeding because a certain level of parental
divergence is needed to create productive hybrids.
Considering the above facts, the present investigation
has been undertaken to estimate combining ability of
parents and select the good general combiners to use
in the future breeding programme.

Materials and methods

The present investigation was conducted at
Agricultural College and Research Institute,
Madurai. Three testers (viz, Amber popcorn,
Bangalore popcorn and UPC 6) and eight lines (viz.,
UPC 1, UPC 4, UPC 5, UPC 7, UPC 8, UPC 9, UPC
10 and UPC 11) were crossed during kharif season of
2007 to produce 24 hybrids. Test materials were
raised in a Randomized Block Design with two
replications during rabi/summer 2007-08. Seeds of
each cross and their parents were sown in a row of 3
m length in each with the spacing of 60 cm between
the rows and 30 cm between plants. Observations
were recorded on 10 plants selected at random in
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each replication for 14 characters viz., plant height,
days to 50% tasseling, days to 50% silking, days to
maturity, harvest index, number of kernel rows per
cob, number of kernels per row, cob length, cob
girth, cob weight, 100-kernel weight, degree of
popping, popping expansion and single plant yield.
To measure the degree of popping and popping
expansion volume, based on the studies of Srinivasa
Reddy et al (2003) was followed with slight
modifications. Combining ability analysis was done
following standard procedure of Kempthorne (1957).

Results and discussion

The variances due to crosses, lines, testers and line x
tester were significant for most of the characters
except for days to 50% tasseling and number of
kernels per row for lines, days to days to 50%
tasseling, days to 50% silking, days to maturity and
degree of popping for testers, while differences due
to interactions were significant for all the characters
except days to 50% tasseling, days to 50% silking
and days to maturity. The estimates of gca and sca
variances revealed greater importance of the later for
all the characters indicating predominance of non-
additive gene action in inheritance of these traits. The
ratio of gca and sca was less than one, indicating
more sca variance.

The estimates of gca effects revealed that the line
UPC 5 (15.0) and Amber popcorn (14.11) as tester
were proved as good general combiners for single
plant yield (Table 1). In addition to these, UPC 5 was
also good general combiner for number of kernel
rows per cob (0.54), cob length (0.64), cob weight
(18.74), 100-kernel weight (1.72) and important
quality characters viz., degree of popping (3.56) and
popping expansion (48.40). Amber popcorn was also
exhibited good general combining ability for days to
50% tasseling (-1.13), harvest index (4.09), number
of kernel rows per cob (0.58), number of kernels per
row (2.44), cob length (0.78), cob girth (0.53), cob
weight (15.45) and 100-kernel weight (1.03).
Bangalore popcorn was found to be good general
combiner for plant height (-1.91), degree of popping
(1.69) and popping expansion (24.20). The gca for
other characters revealed that parents UPC 4 for days
to 50% silking (-3.62), days to maturity (-1.69),
number of kernel rows per cob (0.65), cob length
(1.14), cob girth (0.87) and 100-kernel weight (1.29);
UPC 6 for plant height (-5.60), days to 50% tasseling
(-1.44) and days to maturity (-1.20). Crosses
involving these parents might produce heterotic
hybrids with high mean performance for respective
traits.

Similar results of non-additive gene action for
different characters have been reported by many
workers, viz.,, Subramanian and Subbaraman (2006)

for plant height; Gowhar Ali et al. (2007) for days to
50% tasseling; Dar et al. (2007) for days to 50%
silking, number of kernels per row, cob length, cob
girth and100-kernel weight; Lata et al. (2006) for
days to maturity; Dubey et al. (2001) for harvest
index; Mahto and Ganguli (2003) for number of
kernel rows per cob; Immanuel Selvaraj et al. (2006)
for cob weight; Carlos Alberto Scapim et al. (2002)
and Freitas Janior et al. (2006) for popping
expansion and Amit Dadheech and Joshi (2007) for
single plant yield.

The estimates of sca effects revealed that the cross
UPC 9 x Amber popcorn recorded significant sca in
desirable direction for important qualitative as well
as quantitative characters viz,, popping expansion
(37.48), harvest index (4.41), cob weight (13.78) and
single plant yield (13.11) (Table 2). UPC 8 x Amber
popcorn recorded positive, significant sca for
quantitative characters viz., harvest index (9.83), cob
girth (0.60), cob weight (20.06) and single plant yield
(19.90). While hybrids UPC 1 x UPC 6 and UPC 7
x Amber popcorn recorded significant mean, sca and
standard heterosis for three characters each.

From this study it can be concluded that all the
characters were governed by non-additive gene
action. The cross combinations showing high sca
effects for yield and quality characters, if found to be
a combination of both parents having good general
combining ability can be utilized in the hybrid
development programme for exploitation of heterotic
vigour. Therefore best combiners such as UPC 5,
UPC 10 and Amber popcorn could be utilized in
future breeding programme.
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Table 1. General combining ability (gca) of parents for yield and quality traits

PH DFT DFS DM HI NRC NKR CL CG CW HKW DP PE SPY
Lines
L, -1.24 0.27 0.85 0.64 0.16 -1.12*%*%  -0.51 -0.10 0.19 5.77*%* 3.49%* -1.67* -37.71%%  6.85%*
L, 16.70** -0.89 -3.62*%*  -1.69%*  2.63*%*  (.65%* -0.95 1.14%* 0.87** -0.61 1.29%* -3.33%%  _86.71**  -1.43
L; 14.92%* 0.44 0.35 1.03 -0.50 0.54* 0.38 0.64* 0.07 18.74%* 1.72%* 3.56%* 48.40**  15.00%*
L, 2.31%* -0.06 0.02 0.31 -0.12 0.77** 0.10 -0.15 0.25 9.28%* 0.10 -2.84%*%  _18.10**  9.34%*
Ls -11.58*%*  -0.73 -0.48 -0.30 -3.36%*%  -1.12*%*  -0.51 -0.01 -0.30* -20.94**  0.49 -0.33 -22.60*%*  -19.85%*
L 9.92%* -0.40 0.02 0.20 -2.33*%*%  0.32 -0.56 -0.63* -0.60**  4.57* -3.23*%*%  1.61 69.79*%*  3.79%*
L, -16.97**  0.27 1.02 -0.47 3.67** 0.43 0.10 -1.43*%*%  (.39%* -2.37 -0.89* 3.78** 24.07**  -1.29
Lg -14.08**  1.10 1.85 0.26 S5.11%* -0.46* 1.94* 0.54 -0.86%*  -14.45%*  2.97¥*  .0.78 22.85%*%  -12.42%*
SE 1.00 0.86 0.92 0.57 0.52 0.21 0.83 0.29 0.13 1.64 0.41 0.79 2.21 1.47
Testers
T, 7.51%* -1.13*  -0.72 -0.53 4.09%* 0.58** 2.44%* 0.78** 0.53*%* 15.45%* 1.03%* -0.13 -29.87*%*  14.11%*
T, -1.91%* 2.56%*%  1.64%* 1.72%* -3.70%*%  -0.12 0.23 -0.13 -0.26%* -8 73%* -1.37*%*%  1.69%* 24.20%*  -971%*
T; -5.60%* -1.44*  -0.92 -1.20**  -0.39 -0.46**  2.67**  -0.65%*  -0.27**  -6.72%* 0.34 -1.56** 5.67** -4.40%*
* Significant at 5% level; ** Significant at 1% level
L, - UPCI1 Ls - UPCS8 T;  Amber popcorn
L, - UPC4 Ls - UPCHY T, Bangalore popcorn
L; - UPCS5 L, - UPCI10 T; UPC6
L, - UPC7 Lg UPC 11
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Table 2. Specific combining ability (sca) of hybrids for yield and quality traits

Hybrids PH DFT DFS DM HI NRC NKR CL CG CW HKW DP PE SPY
LyxT, -0.17 0.29 0.39 1.08 1.74 -0.91%* -0.99 0.82 0.02 -1.03 2.45%%* 0.46 27.65*%*%  -1.18
L, xT, -25.26** 2.10 2.52 0.83 -1.38 0.12 -1.45 -0.56 -0.80**  -13.60%* -3.40**  0.81 25.25%*  -12.93%*
Ly xT;  2543%* -239 291 -1.92 -0.36 0.79* 2.44 -0.26 0.77** 14.63** 0.94 -1.27 -52.90%*%  14.81**
L, xT, -20.62%* -0.54 195 -0.25  -11.16** -1.03**  -2.39 -0.67 -0.41 -20.57**%  2.58** 1.96 -10.35*  -18.82%*
L, xT, 17.30%* 1.77 -4.01*  0.17 1.29 0.35 2.83 0.48 0.02 8.37%x* -1.55% -1.19 4.58 9.99%**
Lyx T;  3.32 -1.23  2.05 0.08 9.87%* 0.68 -0.44 0.18 0.38 12.20%** -1.02 -0.77 5.77 8.83%*
Ly xT, 19.16%* -0.38  -0.62 -0.14  -1.22 0.42 2.29 -0.23 0.19 14.41%* 0.17 2.57 -9.13%* 11.43**
LyxT, -342 -1.56  -1.47 -1.22 1.04 0.46 -3.18* -1.96**  -0.38 -17.26%* -2.36%*  -291% 34.81*%*  -12.35%*
Ly xT;  -15.74%* 1.94 2.09 1.36 0.18 -0.88%* 0.89 2.19%* 0.18 2.85 2.19%* 0.34 -25.68*%*%  0.92
L, xT, 31.94%* 0.12 0.22 -0.08  0.23 1.20%* -0.44 0.12 0.67** 8.88** 0.45 -0.55 -20.63**  6.91*
LyxT, -35.81%** -0.06  0.86 -0.50  5.60%** -0.43 0.44 -0.06 -0.09 -1.35 -0.25 3.15% -3.86 -4.35
LyxTs 3.88% -0.06  -1.08 0.58 -5.83%** -0.77* 0.00 -0.06 -0.58* -7.52% -0.20 -2.60 24.49*%*  -2.56
Ls xT, 3.16 -0.71  -1.28 -0.80  9.83** 0.08 2.84 0.91 0.60* 20.06%* 1.15 -0.04 -8.46%* 19.90**
LyxT, 3.08 -0.39  0.86 0.61 -7.75%* 0.12 2.21 2.20%* 0.39 -1.84 2.74%* -1.02 -52.53**%  -6.06*
LsxT;  -6.24%* 1.10 0.42 0.19 -2.08% -0.21 -5.06%*%  -3.20%*  -0.99%*  -18.22%* -3.90%* 1.06 60.99**  -13.84%*
LexT,  2.66 -0.04  -0.78 0.19 4.41%* -0.03 -1.44 0.20 -0.03 13.78** -1.99**  -1.99 37.48*%*  13.11%**
Le¢x T, 11.41%* 0.77 1.86 0.61 -0.63 -0.65 1.27 0.01 -0.25 -3.96 1.34 2.70 -9.25% -2.04
LexT;  -14.07** -0.73  -1.08 -0.80  -3.78** 0.68 0.17 -0.21 0.28 -9.82%* 0.65 -0.72 -28.23**  -11.07**
L, xT, -25.45%%* 1.29 0.72 1.03 4.61%* -0.47 2.06 -0.10 -0.13 -3.50 0.11 -0.32 -12.47*% 2227
L, xT, 10.97** -0.39  0.36 -0.22  -4.10%* 0.57 -4.56**  -0.96 0.29 -1.40 0.09 1.20 5.14 -0.32
L;x Ts 14.48** -090  -1.08 -0.81  -0.51 -0.10 2.50 1.06* -0.16 4.89 -0.20 -0.88 7.33 2.59
LgxT,  -10.67** -0.04  -0.61 -1.03  -B.44** 0.75* -1.93 -1.06* -0.92%*  -32.03%* -4.92%*  -2.09 -4.08 -28.37%*
LgxT,  21.74** -223  -0.97 -0.28  5.93** -0.54 2.43 0.76 0.81%** 31.04%** 3.40%* -2.75 -4.14 28.06**
LgxT;  -11.07** 227 1.59 1.31 2.51%* -0.21 -0.50 0.29 0.10 0.99 1.53* 4.84%* 8.22% 0.32

SE 1.74 1.48 1.59 0.99 0.90 0.36 1.44 0.51 0.23 2.84 0.71 1.36 3.83 2.54
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