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ABSTRACT: Fifteen yellow inbred lines of maize were crossed with three yellow inbred
testers Gz664, Gm 6061 and Gm 6042 to produce 45 hybrids during summer, 2015 at
Gemmeiza Research Station. In summer season, 2016 the 45 hybrids and the three
checks were evaluated under two locations i.e Gemmeiza and Nubaria Research
Stations. The rustles of these studies can be summered that: mean squares of crosses
and their partitions (lines, testers and lines x testers) showed highly significant for all
traits under this study except, crosses, line, tester and line x tester mean squares for ear
length and ear diameter under two locations. The additive and additive x additive gene
actions played more important in the inheritance of ear length at Nub. Location and ear
diameter at both locations, Non- additive gene effects played an important role in the
inheritance of days to 50% silking, plant and ear heights and grain yield at both locations
and ear length at Gemmeiza location. Regarding Gm 17 had negative and significant GCA
effect in Gemmeiza location for plant and ear heights and positively significant for grain
yield in both locations, For Gm 19which had positively significant GCA effect for grain
yield in both locations Gm 37 had negatively significant GCA effect for days to 50 %
silking in both locations and positive and significant GCA effect for grain yield in both
locations. For grain yield, the three crosses (Gm17 x Gm 6061), (Gm22 x Gm 6042) and
(Gm36 x Gm 6042) had positively highly significant SCA effects in both locations .

Key words: (zea mays L.), Top crosses, combining ability, Genotype x environment,
Yellow Maize

INTRODUCTION across locations to select superior

The success of hybrid maize hybrids and to estimate their combining
development depends on the ability of ability. The behavior of a line in hybrid
the breeding program to rapidly isolate combination is assessed through the
lines that combine well in hybrid estimation of general combining ability
combinations and to identify appropriate (gca) and specific combining ability (sca)
heterotic combinations to maximize the effects. Combining ability analysis is an
vigor of the hybrid (Kim and Ajala, 1996). important method to evaluate the
The general process to develop maize prepotency of cultures to be used in
hybrids starts with the creation of a breeding programm and to assess the
source segregating breeding population gene action involved in various
that is used to develop inbred lines characters so as to design an appropriate
through inbreeding and selection (Betran and efficient breeding method.
et al., 2004). Selected inbred lines are Combining ability analysis provides
then evaluated in hybrid combinations these informatios and is frequently used
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by plant breeders to choose parents with
a high general combining ability and
hybrids with high specific combining
ability effects. Numerous investigators
reported that the additive gene effects
played an effective role in the inheritance
of grain yield (Paul and Debanth, 1999;
Irshad-El-Haq et al., 2010 and El-Badawy
2013) and number of rows/ear (Mosa et
al., 2009; Mosa, 2010 and Aly et al., 2011).
While, Kamara (2012), Aly (2013), EI-
Badawy (2013) and EL-Hosary and
Elgammaal (2013) that reported the non-
additive gene effects represented the
major role in the inheritance of grain
yield and the other agronomical traits.
Line X Tester analysis is an extension of
the Top cross method in which several
testers are used (Kempthorne,1957).

The main aims of this study (a) to
estimate of combining ability of inbred
lines for grain yield and the other
agronomical traits. (b) to identify of type
of gen action played an effective role in
the inheritance of traits studied and (c) to
identify the superior crosses to improve
yielding ability in maize breeding
program.

MATERIAL AND METHODS

Fifteen yellow inbred lines of maize;
(Gm 10, 12, 14, 15, 17, 19, 20, 22, 23, 25,
35, 36, 37, 41 and 55) were crossed with
three yellow inbred testers Gz 664, Gm
6061 and Gm 6042 to produce 45 hybrids
during summer, 2015 at Gemmeiza
Research Station name and origin for
lines and testers are presented in (Table
1).

The F;1 of the 45 hybrids and the two
standard check hybrids SC 162 and SC
168 were evaluated in randomized block
design with four replications during
summer, 2016 in the two Experimental
Farms at Gemmeiza and Nubaria
Research Station. Each entry comprised
of one row having 25 plants per row in
each replication in a plot size of 4.8 m2.
The data ware recorded on six
guantitative characters j.e., days to 50 %
silking plant height, ear height, ear
length, ear diameter and grain yield ard. /
fed., Line x Tester analysis was carried
out using the procedure described by
Kempthorne (1957). The superiority
percentage was estimated over the two
checks as per standard procedure.

Table (1): Name and origin of fifteen yellow inbred lines and three yellow inbred testers.

Lines

Origin

Gm 10, 12, 14, 15, 17, 19, 20, 22, 23 and 25

(Nub. yellow Pop.)

Gm 35, 36, 37, 41 and 55 (Comp.# 21)

Testers Organ

Gz 664 SD.62MS(M017CW.153)
Gm 6061 Pool-18-627 M

Gm 6042 (Gm. yellow Pop.)
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RESULTS AND DISCUSSION
1- Analysis of variance:

Mean squares for the six traits i.e.,
(days to 50% silking, plant height, ear
height, ear length, ear diameter and grain
yield) under two locations were
computed (Table 2) Mean squares of
crosses and their partitions (lines,
testers and lines x testers) showed
highly significant for all traits under this
study, except crosses, line, tester and
line x tester mean squares for ear length
and ear diameter under two locations
However, significant mean squares of

parents and crosses where its
magnitudes were larger than their
corresponding mean squares of error
would indicate the successful of planned
crosses due to the presence of sufficient
variability. The contribution of lines x
testers interaction which were found to
be highly significant, indicating that
testers express similar orders of ranking
according to the performance of their
crosses with the three testers. These
results were obtained by Sadek et al.
(2001), Gamea et al. (2015) and
Aboyousef et al. (2016).

Table (2): Analysis of variances for Days to 50%, Plant height, Ear height, Ear length , Ear
diameter and Grain yield traits over two locations.

T

Days to 50% silking Plant height(cm) Ear height(cm)
S.0vV Df
Gm Nub Gm Nub Gm Nub
Rep 3 0.39 2.85 240.93 718.89 84.21 233.10
Crosses | 44 19.81** 21.66** 563.68** 425.11* 542.18** 443.61*
Lines 14 | 26.08* 19.16** 482.88** 370.00* 675.73* | 576.33**
Testers 2 100.51** | 173.04** 675.14** 1072.92** 967.22** | 1902.6**
LixT 28 10.90** 12.09** 596.12** 406.40** 445.05** | 273.03**
Error 308 1.09 0.93 39.51 209.99 36.49 133.01
CV% 1.88 1.56 2.80 6.84 5.37 10.48
able (2): Cont.
sov df Ear length (cm) Ear diameter (cm) Grain yield (ard/fad.)
Gm Nub Gm Nub Gm Nub
Rep 3 0.18 6.33 0.15 0.94 0.27 39.22
Cross 44 2.50 1.32 0.15 0.21 77.10** 68.41**
Line 14 1.27 1.35 0.12 0.28 76.43** 66.35**
Tester 2 1.57 0.34 0.04 0.09 70.12** 100.62**
LIxT 28 3.17 1.37 0.18 0.18 77.93** 67.14**
Error 308 2.60 1.85 0.12 0.22 3.03 7.63
CV% 8.31 7.27 7.16 10.83 5.76 9.14
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2- Mean performance

Regarding Number of days to 50%
silking, all crosses at Gemmeiza location
and 41 crosses at Nub. location showed
significant  difference for earliness
compared with SC.162 and 38 crosses at
Nub. location showed significant for
earliness compared with SC.168.

For plant height mean performance, it

showed that out of 45 crosses, 33
crosses had significant and highly
significant compared with SC162, 30
crosses had significant and highly
significant compared with SC168 in
Gemmeiza location, 43 crosses had
significant  and highly  significant

compared with check varieties SC162
and 168 at Nub. location.

For ear height mean performance, it
showed that out of 45 crosses, 43
crosses had significant and highly
significant compared with check varieties
SC162 and SC168 at Gemmeiza location,
30 crosses had significant and highly
significant compared with SC162 and 19
crosses had significant and highly
significant compared with SC168 at Nub.
location.

Insignificant  differences for all
crosses compared with check varieties
SC162 and SC168.were optioned for ear
length and ear diameter.

Grain yield, at Gemmeiza location
three crosses; (Gm 17 x Gm 6061), (Gm
22 x Gm 6042) and (Gm 37 x Gz 664) had
significant and positive values for grain
yield compared with the best check
SC168, while at Nub. Location two
crosses (Gm 15 x Gz 664) and (Gm 20 x
Gz 664) exhibited significant compered
the same check for this trait in (Table 3).

Gene action
Estimation of genetical parameters for
the traits studied under combined data
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are presented in Table (4). Results
cleared that, 2 GCA-L was more than &2
GSA-T for ear height at Gemmeiza
location for ear length at Nub. Location
and grain yield at Gemmeiza location,
meaning that most of additive gene
action due to lines. These results are in
harmony with those reported by Aly et al.
(2011), Mousa and Aly (2012) and Aly
(2013). The additive and additive x
additive gene actions played more -
locations, while, the non- additive gene
effects played an important role in the
inheritance of days to 50% silking, plant
and ear heights and grain yield at both
locations and ear length at Gemmeiza
location. These results agreed with those
reported by Todkar and Navale (2006),
Singh and Roy (2007), Abdallah et al.
(2009), Ibrahim et al. (2010) and
Aboyousef et al. (2016). The results in
Table (4) revealed that the GSA\SCA
ratios were less than unity for most
studied traits, indicating that SCA
variances were more important than GCA
variances and that the non-additive
variance i.e. dominance, dominance X
dominance and additive x dominance
gene ainteractions were predominant in
the genetic variance of the present
genetic materials' for most studied traits,
this may illustrate the high values of
heterotic effects would be found in these
materials besides the divergence of the
two parental groups in origin .these
results agreed with those reported by
Todkar and Navale (2006), Singh and Roy
(2007) Abdallah et al. (2009), Ibrahim et
al. (2010) and Aboyousef et al. (2016) On
the other hand, Aly et al. (2011), Mousa
and Aly (2012) and Aly (2013) found that
the additive and additive x additive gene
actions played an important role in same
traits.
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Table (4): Estimates of the variance due to general combining ability (GCA), specific combining
ability (SCA) and their interaction with locations for Days to 50%, Plant height, Ear
height, Ear length, Ear diameter and Grain yield .

S.oV Days to Plant height | Ear height | Earlength | Ear diameter | Grain yield

50% silking (cm) (cm) (cm) (cm) (ard/fad.)

Gm | Nub Gm Nub Gm | Nub | Gm | Nub Gm Nub Gm Nub
oL 1.27 | 0.59 | -9.44 | -3.03 | 19.22 | 25.28 |-0.158|-0.002| -0.005 | 0.008 |-0.125| -0.066
o’T 149 | 268 | 1.32 |11.11| 8.70 |27.16|-0.027|-0.017| -0.002 | -0.002 |-0.130| 0.558
o’GCA 0.09 | 0.09 | -0.31 | 0.18 | 0.93 | 1.63 |-0.006|-0.001| 0.000 | 0.000 [-0.008| 0.012
o’sca 2.45 | 2.79 | 139.15| 49.10 |102.14|35.01 |0.143|-0.120| 0.015 |-0.010 |18.725|14.878
GCA/SCA [0.036 | 0,032 |-0,0022|0,0037|0,0091 | 0,046 |-0,042|,0083 - - -0,0004 0,0008

All negative estimates of variance were considered zero

General combining ability effects
(9"):

High positive values of GCA effects
would be of interest in most traits, while
for heading date, ear height and plant
height, high negative values would be
useful from the plant breeder point of
view

Estimation of GCA effects (g"i) for the
fifteen yellow maize inbred lines and the
three testers was tabulated in Table (6).
For inbred line, Gm 10 had negative and
significant GCA effects in plant height in
location Gemmeiza and both locations
for ear height. For Gm 15, it had
positively significant GCA effects for
grain yield in location Nub. Regarding
Gm 17, had negative and significant SCA
effects effects in location Gemmeiza for
plant and ear heights and positively
significant SCA effects for grain yield in
both locations.

For Gm 19 had positively significant
GCA effects for grain yield in both
location.

Regarding Gm 20, it had negative and
significant GCA effects for plant height
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and positively significant GCA effects for
grain yield at location Gemmeiza.

For Gm 23, it had negatively
significant GCA effects for days to 50 %
silking in both locations and plant height
in Gemmeiza location.

Regarding Gm 25, it had negatively
significant GCA effects for days to 50 %
silking, plant and ear heights in both
locations.

For Gm 35, it had negative and
significant GCA effects for days to 50 %
silking in location Gemmeiza and ear
height in Nub location.

Regarding Gm 36, it had negatively
significant GCA effects for days to 50 %
silking in Nub., plant and ear heights in
Gemmeiza location.

For Gm 37, it had negatively
significant GCA effects for days to 50 %
silking in both locations and positive and
significant for grain yield in both plant
locations.

Regarding Gm 41, it had negatively
significant GCA effects for days to 50 %
silking in both locations and plant and
ear heights in Gemmeiza location.
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Testers:

The results showed that the tester Gz
664 had highly positive and significant
GCA effects for grain yield in Nub
location. Gm 6061 had negatively
significant GCA effects for plant and ear
heights in Gemmeiza location and had
positively significant for grain yield in
Gemmeiza location and Gm 6042 had
negatively significant GCA effects for
days to 50 %, silking, plant height in Nub
location. and ear height in location
Gemmeiza. (Table 5).

Specific combining ability effects
(s™ij) :

Specific combining ability effect of the
45 top crosses for traits studied are
presented in Table (7) appeared that,
number of days to 50% silking, five
crosses at both locations,(Gemmeiza and
Nub.); ( Gm10 x Gm 6042), ( Gm17 x Gm
6042), (Gm20 x Gm 6042), ( Gm25 x Gz
664) and ( Gm55 x Gz 664), had desirable
negative and significant values of (s"),
While, six crosses at Gemmeiza location;
(Gm14 x Gm 6061), ( Gm15 x Gm 6061),
(Gm19 x Gm 6061), ( Gm35 x Gm 6061),
(Gm36 x Gm 6061) and ( Gm41l x Gz 664)
and four crosses at Nub. Location;
(Gm12 x Gm 6061), ( Gm15 x Gm 6042),

(Gm35 x Gz 664) and ( Gm37 x Gz 664)
showed regarding to negative significant
for (s”jj) towards earliness.

For plant height 14 crosses; ( Gm12 x
Gz 664), (Gm12 x Gm 6042), (Gm14x Gm
6061), ( Gm15 x Gz 664), ( Gm17 x Gm
6042), ( Gm19 x Gm 6061) (Gm19 x Gm
6042), ( Gm20 x Gm 6061), ( Gm22 x Gz
664), ( Gm23 x Gm 6042), (Gm35 x Gz
664), ( Gm35 x Gm 6061), ( Gm36 x Gm
6061) and ( Gm55 x Gz 664) had negative
and significant for (s";) towards
shortness in Gemmeiza location, while,
the cross (Gm 10 x Gm 6061) had
negative and significant (s"j) towards
shortness in Nub. location.

For ear height, tow crosses (Gm19 x
Gm 6042) and (Gm22 x Gz 664) had
highly negatively and significant SCA
effects (s";) in Gemmeiza and Nub.
Locations, while, 10 crosses; (Gm10x Gm
6042), (Gm12 x Gz 664), (Gml1l2x Gm
6042), (Gm14 x Gm 6061), ( Gm19 x Gm
6061), (Gm20 x Gm 6042), ( Gm23 x Gm
6042), (Gm35 x Gz 664), ( Gm35 x Gm
6061) and (Gm36 x Gm 6061) had
negative and significant values of (s"j)
for low ear position in Gemmeiza
location.

Table (5): General combining ability (GCA) effects of the three inbred lines as testers for
grain yield and the other traits studied under two locations.

Days to Plant height | Ear height | Ear length Ear Grain yield
Testers 50% silking (cm) (cm) (cm) diameter (ard/fad.)
(cm)

Gm. Nub. | Gm. | Nub.] Gm. | Nub.]Gm. | Nub.]|Gm. |Nub.|] Gm. Nub.
Gz664 | 134% | 1.61 |2.52* | 3.75 |4.611* | 3.97 |-0.18| 0.01 |-0.02| 0.02 |-0.783*{ 1.111**
Gm6061 | o9 | 0.17 |-3.81**| 0.83 |-2.722*| 2.47 [ 0.14 | -0.08 | 0.03 | -0.04 | 1.233*| 0.311
Gm6042 | g o4x |.1.78% 1.29 |-4.58*| -1.89* |-6.44]0.04 | 0.07 [-0.01| 0.02 |-0.450* |-1.422*¥
Lsdgi |0.05| g6 | 025|161 |370] 154 |295]| - - - - | 044 | 072
001| 078 | 032 ]| 2.09 | 481 ] 2.00 |383]| - - - - 058 | 0.92

Lsd  |10.05| gg5 | 035 | 2.27 | 524 | 218 |417]| - - - - 063 | 1.0

gi-0 oo

: 1.10 | 045 | 295 | 680 | 2.83 |541]| - - - - | os2 | 13
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With respect to grain yield, three
crosses (Gm17 x Gm 6061) , (Gm22 x Gm
6042) and (Gm36 x Gm 6042) had
positively highly significant SCA effects
in both locations. Eight crosses; (Gm10 x
Gz 664), (Gm12 x Gm 6061), (Gm15 x Gm
6061), (Gm19 x Gz 664), (Gm23 x Gm
6061), (Gm35 x Gz 664) , (Gm37 x Gz 664)
and (Gm55 x Gz 664) exhibited highly
positively significant SCA effects at
Gemmeiza location, six crosses; (Gm12 x
Gm 6042), (Gm15 x Gz 664), (Gm19 x Gm
6061), (Gm20 x Gz 664), (Gm37x Gm
6061) and (Gmb55x Gm 6042) these
crosses had the best combiners for
SCA(SAij).

The parent showing high SCA in most
important traits could be used in hybrid
cultivar breeding when anailable, while
the other parents exhibiting high GCA;
possessing high amounts of additive
genetic variance are more suitable for
selection programs in the later
generations.

Finally, it could be concluded that
further improvement in earliness, plant
and ear heights (towards shortness) and
grain yield are still possible.
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