Alex. J. Agric. Res. Vol. 60, No.2, pp. 87- 94, 2015

Heterosis and Combining Ability for Yield and Its Components
through Diallel Cross Analysis in Maize (Zea mays L.)

Sh.A.El-Shamarka’, M. Abdel-Sattar Ahmed’ and Marwa M.El-Nahas®
3Crop Sci. Dep., Faculty of Agric., Minufiya University,
2 Crop Sci. Dep., Faculty of Agric., EL- Shatby, Alexandria University

Received on: 1/7/2015 Accepted: 3/8/2015

ABSTRACT

Diallel crosses, without reciprocals, among eight new yellow maize inbred lines derived from different maize
populations were made in 2012 season at Experimental Farm, Faculty of Agriculture, Minufiya University at Shebin EI-
Kom. The resultant 28 crosses along with the check hybrid SC166 were evaluated in a randomized complete block design
with three replications conducted at two locations, i.e. Shebin El-Kom and Alexandria in 2013 season. The results
indicated that mean squares due to crosses, G.C.A. and S.C.A. were highly significant for all studied traits indicating the
importance of both additive and non-additive gene effects in the inheritance of these traits. The parental inbred lines P, P
and P, had significant positive G.C.A. effects for grain yield. For other traits, the best general combiner were Ps and P, for
earliness and P4 for both shorter plants and lower ear placement. The best cross combinations for earliness were P, x P4
and P; x Ps. Concerning plant and ear heights, the crosses P, x P,, Ps x P; and Ps x Pg had the shortest plants with the
lowest ear placement. The crosses P, x Pg, P, x Py, P3 x Pg and P; x Py had the best S.C.A. effects for grain yield. The
crosses Py x Pg and P; x Pg significantly out yielded the check hybrid SC166. The crosses P, x P and P; x Pg observed the
highest percentage of heterosis for yield over the check variety. Six crosses showed significant negative heterosis for days
0 50% silking. For short plant and lower ear placement, the crosses P; x P, and P; x P, showed negative heterosis. These

promising crosses may be released as commercial hybrids after further evaluation.
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INTRODUCTION

Maize (Zea mays L.) is among the most
-important cereals for both human and animal
consumption, where, used as food, feed and fodder.
In addition, many products such as oil, starch,
gluten, alcohol, glucose and ethanol are obtained as
a maize products.

To develop new maize - genotypes, breeders
need knowledge regarding the type and relative
magnitude of genetic variance components along
their interaction with environment. This might
includes information about heterosis in yield and its
components. One of the most informative
methodology in this concern is” diallel analysis
system, which is widely and extensively used for
estimating the types of gene action. The two main
genetic parameters of diallel analysis are general
combining ability (GCA) and specific combining

ability (SCA) that are essential in developing

breeding strategies. Information on the heterotic
patterns and combining ability among maize lines
‘are essential in maximizing the effectiveness of
hybrid development. Griffing (1956) gave a
complete analysis of diallel crosses for fixed and
random set of paraents. El-Shamarka (1995), Abd
El-Aty and Katta (2002) and Ibrahim et al. (2010)
reported that, specific combining ability effects
were more important in the inheritance of grain
yield and its components.

The goal of the present work were to study
GCA, SCA and hterosis that control yield and other
important traits in some promising maize inbreed
lines as affected by the study location.

MATERIALS AND METHODS

Eight inbred lines with a wide range of
diversity for several maize (Zea mays L.) traits were
hand crossed in a half dialle]l mating scheme during
2012 summer season at the Experimental farm of
the Faculty of Agriculture, Minufiya University at
Shebin El-Kom giving a total of 28 cross seeds. The
resultant 28 crosses along with the check hybrid
SC166 were evaluated in a randomized complete
block design with three replications at two locations
i.e; Shebin El-Kom and Alexandria University
Agric. Res. Stations in 2013 season. The
experimental plot was one ridge of six m long and
0.80 m apart. Planting was done in hills evenly
spaced at 25 cmi with two kernels per hill on one
side of the ridge. Later, seedling were thinned to one
plant per hill. Other agricultural practices were done
as recommended for maize cultivation in each
location. Data were recorded for number of days to
50% silking, plant height, ear height, ear diameter,
ear. length, number of rows per ear, number of
kernels per row and grain yield per faddan (4200
m?) adjusted to 15.5 percent grain moisture and
calculated in ardabs (ardab=140 kg seeds). Analysis
of variance was performed Steel and Torrie, (1980)

87



Vol. 60, No. 2, pp. 87-94, 2015

Alex. J. Agric. Res.

for the combined data over the two locations when
the assumption of error variances homogeneity had
not rejected according to Bartlett, 1937. General and
specific combining abilities were computed using
method 4, model 1 of Griffing (1956). Mean data
were used to estimate heterosis over check variety
according to Rai (1979).
RESULTS AND DISCUSSION

A— Analysis of variance:

Analysis of variance for all studied traits over
the two locations were presented in Table (1).
Locations mean squares were significant (p > 0.01)
for all studied traits except number of rows/ear,
indicating that the two. locations differed in their
environmental conditions. Crosses mean squares
were significant (p > 0.01) for all studied traits
indicating a wide diversity between the studied
“materjals. Significant (p > 0.01) interactions
between crosses and locations were detected for all
studied traits, indicating that crosses behaved
differently from location to another. Mean squares
due to G.C.A. and S.C.A. were significant (p >
0.01and 0.05) for all studied traits, indicating that
both additive and non-additive gene effects were
important in the inheritance of the studied traits. The
- mean squares of interaction between locations
G.C.A. and locations S.C.A. were significant for all
the studied traits, indicating that, both additive and
non-additive gene actions were involved and varied
from location to another. These results agree with
the finding of several researchers (Amiruzzaman et
al, 2013; El-Badawy, 2013; Abd El-Mottalb and
Gamea, 2014; Saad El-Deen et al, 2015). They
reported that, both additive and non-additive gene
action were important in maize characters
_inheritance.

B — Mean performance:

Mean performance of the 28 studied crosses
along with the check hybrid SC 166 presented in
Table (2). For days to 50% silking, seven crosses
were significantly earlier than the earliest check
hybrid SC166. These crosses were Py x P;, P; x Ps,
P, x Py, Py x Ps, Py x Ps, P_s XP7 and Ps x Pg.
Whereas, seventeen crosses did not differ
significantly from the check hybrid SC166. On the
other hand, three crosses were significantly late
maturing than the check hybrid SC166. These were
P, x Pz,Pg X P4andP3 x Pg.

With respect to plant and ear height; two
crosses; (P, x P, and P; x P,) were significantly
shorter than the check hybrid SC166. Also, P; x P,,
P; x Py, Py x Ps, P5 x P,, and P x Pg, crosses showed
lower ear height than the check hybrid
However, five crosses P; x Pg, P, x P4, P, x P4, Pg %
P; and P4 x Pg recorded the highest values for both
traits. Regarding ear diameter, none of the studied
crosses significantly surpassed the check hybrid
SC166. The highest mean value for this trait
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detected by the hybrid P; x P; (4.96 cm). As for ear
length, none of the crosses significantly surpassed
the check hybrid SC166. Meanwhile , fourteen
crosses did not differ significantly from the check
hybrid SC166.Among the highest mean values for
this trait, was that presented by the hybrid P, x P,
(22.04 cm).

Concerning, number of rows per ear, Py x P,
hybrid gave higher value relative to the check hybrid
SC166. In the meantime, the other crosses did not
differ significantly from the check hybrid SC166,
except for P; x Ps, P, x Pg, P, x Pg, Py x Py, and P5 x
Ps crosses, that had significantly lower number of
rows/ear than the check hybrid. Regarding the
number of kernels per row, none of the studied
crosses surpassed the highest value that expressed by
the check hybrid. The highest mean values for this
trait detected by the hybrid. P, x P, (42.68), P, x P,
(43.24), P, x Pq (44.45), P, x P; (41.30), P, x P,
(43.15), P, x P; (40.94), P; x Ps (41.20), P; x Pg
(42.30), P4 x P; (42.14), P5s x P4 (43.56) and Pg x Py
(42.88).

Concerning grain yield, two crosses had
significant superiority over the check hybrid SC166.
These were hybrids P; x Pg and P; x Pg with mean
value of 25.79 and 26.20 ard/fad, respectiyely. These
crosses showed high values of one or more of yield
component traits. These traits included ear diameter,
ear length, number of rows per ear and number of
kernels per row. Meanwhile, fifteen crosses did not
differ significantly from the check hybrid SC166.
However, the hybrid P; x P, showed the lowest
mean value for grain yield (5.63 ard/fad). These
crosses might be used as commercial hybrids after
further testing and evaluation. Amer, 2002; Hefiny,
2010; Mousa, 2014 ; Abd El-Mottalb and Gamea
2014; El-Koomy, 2015, have recorded significant
differences among maize genotype for grain yield
and its components.

C- Combining ability effects:
1- General combining ability (GCA) effects:

Estimates of general combing ability (GCA)
effects of the eight parental inbred lines for the eight
studied traits over the two locations has given in
Table (3). The parental inbred line P, showed
significant positive estimates for grain yield and
undesirable effects for days to 50% silking and
number of rows per ear. The parental inbred line P,
exhibited significant negative effects for plant and
ear heights, indicating that, this inbred line might be
considered as a good combiner for developing short
stemed genotypes. Conversely, this line showed
undesirable effects for grain yield. The parental
inbred line P, behaved as the best combiner for
short plant and ear heights. The parental inbred Ps ,
expressed significant negative effects for days to
50% silking, plant and ear heights. In addition, it is
exhibited significant negative effects for ear
diameter.
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Table 2: Mean performance of 28 crosses and the check hybrid SC 166 for all studied traits, during
2013 season.

crosses Days to Plant Ear Ear Ear No. of No. of Grain
50% height height diameter length rows/  kernels/ yield (ard
silking (cm) {cm) (cm) (cm) ear row fad™)
P x P, 75.88 142.50 73.75 433 14.80 14.73 26.83 13.75
P, xP; 69.13 186.25 100.63 4.30 19.57 14.68 42.68 17.90
- PyxPy 69.75 185.00 96.25 4.80 20.87 14.75 43.24 16.92
P, x Py 67.87 185.00 91.25 4.57 19.11 14.04 39.55 21.82
Px Pg 69.50 196.87  107.50 4.88 22.04 15.14 44.45 25.79
P xP, 67.50 207.50  110.00 4.73 19.73 15.57 37.61 22.90
Pix Py 68.75 188.75 103.13 4.16 19.20 12.67 40.05 16.51
P, x P; 68.50 181.87 98.13 4.73 19.97 15.97 41.30 16.08
P, x P, 68.25 173.75 90.63 4.74 20.98 16.10 43.15 18.71
P, x Ps 66.63 187.50 93.75 4.60 19.47 14.95 40.38 18.49
P, x Pg 68.63 188.13 101.25 4.95 20.27 15.87 40.53 19.83
P, x Py 67.13 210.00  113.75 4.95 20.22 16.20 40.94 21.23
P, x Py _ 68.88 183.13 102.50 4.14 19.60 12.50 40.67 13.93
P;xPy, . 76.13 151.88 88.13 3.94 15.34 13.83 25.23 5.63
P;x Ps 67.75 185.00 93.75 4.55 20.92 14.70 41.20 1745
P; x Pg 68.63 191.88 105.63 4.83 20.30 15.45 42.30 26.20
P; x Py 67.87 185.63 95.00 4.96 19.37 16.42 40.14 18.82
P; x Py 74.00 178.13 94.38 4.66 20.05 14.97 39.08 11.45
P,xPs 67.62 172.50 85.63 4.30 19.37 14.88 38.44 16.95
Py x P 71.25 187.50  106.87 4.94 20.54 16.09 3877 .° 20.66
Pyx P, 68.25 190.00 97.50 4.73 -20.10 16.05 42.14 18.83
P, x Py 72.00 185.00  103.13 4.50 18.86 14.73 40.20 15.53
Ps x Pg 67.87 185.63 97.50 4.70 20.08 16.53 43.56 21.30
Psx Py 67.00 186.25 87.50 4.33 18.00 15.94 38.84 19.63
Ps x Pg 66.75 171.88 83.13 4.15 19.58 13.90 40.33 18.16
P x Py 69.25 203.13 115.63 4.70 20.20 16.90 37.50 20.64
Pg x Py 71.37 201.87 119.37 4.64 20.08 15.40 42.88 21.18
P; x Py 68.13 195.63 104.37 4.68 19.16 15.93 40.48 22.71
Check 72.87 183.75 98.13 4.73 21.28 15.65 43.22 21.22
L.S.DO0.5 1.19 11.92 9.23 035 1.45 1.02 3.66 3.07

Table 3: Estimates of GCA (gi) effects of eight inbred lines for all studied traits combined over the two
locations, during 2013 season.

Days Plant Ear Ear ~ Ear " No. of No. of Grain vield
Parents t050%  height height  diameter  length . kernels/ y 1
ot oo : rows/ear (ard fad™)
silking (em) (cm) (cm) (cm) row
P1 0.55* -0.85 -1.25 -0.06 -0.27 -0.77** -0.62 0.98*

- P2 -0.19  -5.03**  2.71* 0.05 . -0.26 0.02 -0.72 -1.29%*
-P3 1.15**  -6.07** -2.39 -0.03 -0.24 -0.03 -1.03* -2.70**
P4 1.36%%  -8.57**  -3.65*%* -0.03 -0.15 0.03 -1.16* -2.75%*
P5 -2.26%*  -3.88*  -9.58*%*  .(,15%* -0.07 -0.22 0.69 0.67
P6 0.24 9.66**  10.63** 0.25%* 1.09%* 0.86** 1.97** 4.31**
P7 -1.66%*  13.52%*  5.63** 0.16** -0.03 1.]13** -0.07 2.49**
P8 0.80* 1.22 3.33** -0.19** -0.07 -1.02%* 0.93 -1.71%*
eSDOS 03 323 a2si 0.09 0.39 0.27 0.99 0.84
L.S.D0.5 o
Gi-Gj 0.49 4.88 3.78 0.14 0.59 042 1.51 1.26

*, #* Significant at 0.05 and 0.01 probability levels, respectively.
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Table 2: Mean performance of 28 crosses and the check hybrid SC 166 for all studied traits, during
2013 season.

crosses Days to Plant Ear Ear Ear No. of No.of . Grain
50% height height diameter length rows/  kernels/ yield (ard
silking (cm) (cm) (cm) (cm) ear row fad™")
P, xP, 75.88 142.50 73.75 4.33 14.80 14.73 26.83 13.75
P, xP; 69.13 186.25  100.63 4.30 19.57 14.68 42.68 17.90
P, xP, 69.75 185.00 96.25 4.80 20.87 14.75 43.24 16.92
P, xP; 67.87 185.00 91.25 4.57 19.11 14.04 39.55 21.82
Px Ps 69.50 196.87  107.50 4.88 22.04 15.14 44.45 25.79
P x Py 67.50 207.50  110.00 4.73 19.73 15.57 37.61 22.90
PixPg 68.75 188.75  103.13 4.16 19.20 12.67 40.05 16.51
P, x P, 68.50 181.87 98.13 4.73 19.97 15.97 41.30 16.08
P,xP, 68.25 173.75 90.63 4.74 20.98 16.10 43.15 18.71
P,x P,y 66.63 187.50 93.75 4.60 19.47 14.95 40.38 18.49
P, x Ps 68.63 188.13 101.25 4.95 20.27 15.87 40.53 19.83
P, x Py 67.13 210.00  113.75 4.95 20.22 16.20 40.94 21.23
P, x Py _ 68.88 183.13 102.50 4.14 19.60 12.50 40.67 13.93
PyxP, | 76.13 151.88 88.13 3.94 15.34 13.83 25.23 5.63
P;xPs 67.75 185.00 93.75 4.55 20.92 14.70 41.20 17.45
Pyx Pg 68.63 191.88  105.63 4.83 20.30 15.45 42.30 26.20
Pyx Py 67.87 185.63 95.00 4.96 19.37 16.42 40.14 18.82
P; x Py 74.00 178.13 94.38 4.66 20.05 14.97 39.08 11.45
P, xPs 67.62 172.50 85.63 430 19.37 14.88 38.44 16.95
Py x Py 71.25 187.50 106,87 4.94 20.54 16.09 38.77 .7 20.66
P,x Py 68.25 190.00 97.50 4.73 -20.10 16.05 42.14 18.83
P, x Py 72.00 185.00  103.13 4.50 18.86 14.73 40.20 15.53
Ps x Pg 67.87 185.63 97.50 4.70 20.08 16.53 43.56 21.30
P; x P, 67.00 186.25 87.50 433 18.00 15.94 38.84 19.63
Ps x Pg 66.75 171.88 83.13 4.15 19.58 13.90 40.33 18.16
Pex P, 69.25 203.13 115.63 4.70 20.20 16.90 37.50 20.64
Pe x Pg 71.37 201.87 11937 4.64 20.08 15.40 42.88 21.18
P;x Pg 68.13 195.63 104.37 4.68 19.16 15.93 40.48 22.711
Check 72.87 183.75 98.13 4.73 21.28 15.65 43.22 21.22
LS.D0.5 1.19 11.92 9.23 0.35 1.45 1.02 3.66 3.07

Table 3: Estimates of GCA (gi) effects of eight inbred lines for all studied traits combined over the two
locations, during 2013 season.

Days Plant Ear Ear Ear No. of No. of Grain vield
Parents to50%  height  height diameter length rows; Jear kernels/ (ard f)é )
silking (cm) (cm) (cm) (cm) TOW
Pl 0.55* -0.85 -1.25 -0.06 -0.27 -0.77** -0.62 0.98*

- P2 -0.19  -5.03** = -2.71* 0.05 .-0.26 0.02 -0.72 -1.29%*
P3 1.15*%*  -6.07** -2.39 -0.03 -0.24 -0.03 -1.03* -2.70%*
P4 1.36%*% -8.57** -3.65** -0.03 -0.15 0.03 -1.16* -2.75%*
P5 -2.26**  -3.88*  -958** .0, 5%* -0.07 -0.22 0.69 0.67
P6 0.24 9.66**  10.63** 0.25%* 1.09%* 0.86** 1.97** 4.31%*
Pr7 -1,66**  13.52*%*  5.63** 0.16%* -0.03 1.13** -0.07 2.49**
P8 0.80* 1.22 3.33%* -0.19%* -0.07 ~1.02%* 0.93 -1.71%*
eSPOS om 323 a2 0.09 0.39 0.27 0.99 0.84
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Gi-Gj 0.49 4.88 3.78 0.14 0.59 0.42 1.51 1.26

*, ** Significant at 0.05 and 0.01 probability levels, respectively,
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