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ABSTRACT

Fourtcen yellow maizc inbred lines derived from different segrepating generations
of Pep. Sk-21, Pop. 59E and locel open pollinuted vericty were top crossed to each of
thver inbred tester mes, T-1, T-2, and T-3, whickh were derived from lowa High Oil Syn#t1
(E.1924), Iowa High Oil Synit2 (B.1935) and a local variety, respectively at South Valle;
Agwic. Res. Sation, Toshka region nnder drip irvigation sysiem in 2003 season. Top
caresses were evalnsted in field trisls st Sakba and Sids Agric. Res. Stations during 2004
sewson. Duga for grain yicld, oil percentage and oil yicld were collected (o estimate the
combining sbility effects, type of pene action and select the mast superior promising
simgle crossies).

Resules indicsted that significant of mean squares were detected due to the top
crasses, parenial inbred Gnes, tester fines and line x tester imteractions for the three traits
ot each location and for their oc mbined analyyis, except lester lines at each location and
commbined across locations as well as parental inbred linex at Sids for oil yield. However,
combined dota over the two locations indicated that 9 out of the 42 single crosses i.e. (L-1
x T-1), -5 x T-1), (L-8 x T-1), {(L-H1 x T-1), (L-2 x T-D), (L-1} x T-2), (L-1 x T-3), (L-10
x T-3) and (L-13 x T-3) manifested sigrificandly kigher oil% and oil yield by at least 2.1
tinges than the three commercial simgle crosses. In the seme time, these crosses, except
-1 x T-I) and (L-2 x T-2) did not differ insignificandly in grain yield from the best
cowmnerciel simple cross (SC Pion3084). These crasses skowld be further tested for
possible comsperciaBzation (0 improve maite productivity and oil content. Also, they
wsight be of interest in the national breeding progrom for developing good new high oil
imbred lines and/or composiie varicties,

The best general combiner in the combined data across locations were obtained
Jrowm 4, 5 and 3 parentad inbred lines toward high grain yield, kigh oil (%) and high oil
yicld, respectively. Moreover, one of them (L-1) could be considered the best combiner
Jor the three sindied troits. The highest desirable SCA effects resulied from 12, 13 and 5
sep-crosses for the previous three traits, respectively. However, the top-crosses (L-2 x T-
2), (L-9 x T-2), (L-18 x T-3) and (L-13 x T-2) had the best specific combining ability for
the three studicd treits.

The magnitude of dominant gewetic variances wis considered to be the major
sonrce of the totel penctic variance responsidle for the inkeritance of the three studied
traits ot botk locations and combined over locations, excepe grain yield at Sakha.
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. INTRODUCTION ,

High oil content is a desirable character of maize grain because of
high caloeic demand in feeding poultry and livestcck. Also, com oil is very
useful for human nutrition because its high content of favorable essential
polyunsaturated fatty acids. The first experiments on inheritance of the oil
content of the com kemmel has begun with the local maize variety “Burr



White” by Hopkins at the university of Illinois in 1898 (Leng 1962). Percent
oil in the kernel is a function of percent germ in the kemel and percent oil in
the germ, because very little oil is present in the endosperm and they
contributed by the genetic makeup (Pamin efr al 1986). Therciore, with
selection for high oil, oil content increases at rates paraliel to increasce m
percent germ. This increase of percent germ was due to over all reduction in
kernel size that began after percent oil reached 8.3%. Acconling w0
Cromwell (2000) and Thomison et af (2003), the 2.25 fold higher content of
oil compared with starch results in more metablizable energy. In high oil
com, metablizable energy level in grain approximately 150 k calkg
{Cromwell 2000), and averaged 130 k calVkg (Thomison ef ol (2003) more
in top-cross blend compared with the ordinary hybrids. Seccessful
developments of improved maize hybrids with good performance for grain
yield and oil content is dependent on accurate evaluation of inbred lines
under selection. Several high oil maize hybrids have been developed with
high grain yield compared to commercial hybrids. In this respect,
Jugnheimer and Williems (i959) indicated that two new com hybrids
produced 30% more oil with similar to standard hybrids in grain yield and
other agronomic traits. Alexander (1974) reported that high oil hybrid
(R802A x R806) gave the same grain yield as an average of fowr popular
commercial hybrids, since cil content was 8.5 and 4.2%, respectively. Miller
et al (1981) found that seven cycles of high intensity selection for oil
content with a farge effective population size in an open pollinated variety “
Reid Yellow Dent” were effective in increasing oil content up to 10%
without significant correlation effects on grain yield. Gajic and Savic (1983)
reported that one of the examined corn hybrids (7% oil) was present i the
group of the highest yielding commercial hybrids (4.5% oil). They added
that the feasibility of developing corn hybrids having 8% oil content and
grain yield over ten tosvha. Misevic ef al (1989} and Soliman ef of (1999)
found that grain yield of population crosses with intermediate oil percentage
indicated that the heterotic pattern could be used for developing hybrids
with 7 to 9% oil and grain yield close to the elite hybrids.

Egyptian Total oil production in Egypt has become insufficient 1o face
the increasing requirement. Therefore, developing better performing maize
hybrids with high grain oil content is considered among the main objective
of the Egyptian Maize Breeding Program at ARC. In this respect, the
present study was designed to:

a) Estimate both general (GCA) and specific (SCA) combining ability
effects and variances among 14 inbred lines top-crossed with 3
inbred tester lines and their interactions with locations for grain

. yield, oil percentage. oil vield and other agronomic traits.

b) Determine the important types of gene action.
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c) Selecting the best inbred lines to be utilized in hybrid breeding
program and/or to be used in developing new improve synthetic
variety. ‘ :

d) Identify the most promising high oil and high yielding single cross
hybrid(s) for possible commercial release to Egyptian Farmers.

MATERIALS AND METHODS

The present study was conducted at Sids (Middle of Egypt), South
Valley (Toshka Region) and Sakha (North of Egypt) Experimental Research
Stations, Agricultural Research Center during the period of 2002 to 2004
seasons.

Fourtcen parental inbred lines and three tester lines derived by
National Maize Research Program (NMRP), Field Crops Research Institute,
Agricultural Research Center were chosen on the base of their good
performance, high oil content and highly positive combining ability effects
for grain yield and oil content (Soliman et a! 2001). All materials used were
yellow, dent of grain type. Pedigree, genetic base and the origins of these
inbreds (Soliman ef al, 1999 and 2001a) are presented in Table 1.

Tabie 1. Pedigree and base popuistions of the 14 parental inbred lines and the 3

tester limes.
parests Pedigree Base population
L-1 £3-2-1-1
L-2 53-3-2-1
L-3 61-1-2-1 Fop.SK-21 (Developed by NMRP,
. 114-2-1-1 Egypt)
L5 132-1-1-1
L6 152-1-1-2
Parcatalinbred | 7 -
limes L8 7-3-2-1
L9 31-5-1-1
L-ie 32111 (lnporte:?ri ?hailand)
L1 41-1-42-1-1
L-12 18-3-3-1-1-1-1
L-13 18-2-3-1-1-1-1
L-14 22121 Locat gm’:;‘;‘*‘y
T-1 2-1-1-1-1 Tows high oil Syn#l (B.1934), USA
Tester inbred himes |  T-2 3-1-3-2-1 TIowa high oil Sym#Z (B.1935), USA
T3 232111 o e ey |
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In 2002 season at Sids Agric. Res. Station, the fourteen parental inbred
lines along with the three inbred tester lines were planted in two ridges cach.
Self pollination was done to increase quantities of their seeds in addition %o
perform the advanced inbreeding generation of each lines. At maturity lines
were harvested separately and kept in the farmyard until dried. An equal
number of kemels from the middle part of each ear within each linc were
carefully shetled and bulked.

In 2003 season at South Valley Agric. Res. Station, Toshka Region,
seeds representing each of the 14 parental inbred lines along with the thwee
inbred tester lines were planted under drip irrigation system in Scparatc
plots. Plots consisted of 15 rows, 6 m long, one-meter width and 50 cm
spaces between drippers. One row was used for sib-mating and the other for
top-crossing. At flowering time, top-crosses were constituted by collecting a
bulk of pollen grain from each tester (at least 100-plants) and then hand
pollinating the respective lines. At harvest, the 42 top crosses along with the
14 parental lines and the 3 tester lines were harvested, shelled separately and
stored in a cooling room.

In 2004 season, experiments were conducted at Sids and Sakha Agric,
Res. Stations to evaluate the resultant 42 top crosses along with the three
commercial single crosses i.e. SC Giza 155, SC Pion 3080 and SC Pion
3084. The experimental design was randomized complete block with 6
replications. Plot size was one ridge, 6 m long and 80 cm apart. Three seeds
were hand planted in hills spaced 25 cm within the ridge on 25 and 16/5/04
at Sakha and Sids stations, respectively and hills were thinned to one
plant/hill pro\qdmg a plant population density of 21000 plants/feddan (one
feddan=4200 m?). All cultural practices were applied as recommended in
the research stations. Among the 6 replications, 4 of them were used to
determine grain yield and the other two replications were used to determine
oil content, since plants inside each genotype were sib-mated to avoid any
harmful effect of xenia on oil content (Misevic and Alexander 1989,
Misevic et af 1989, Lambert er a/ 1998 and Soliman et a/ 1999 and 2001a).

Studied characters were

1- Grain yield/fed was adjustcd to 15. 5% grain monsture % and expressed
in ardab/Feddan (one ardab=140 kg).

2- Oil percentage: an equal volume of kernels from the middle part of each
ear from each plot was shelled and bulked for oil analysis. Percent oil
was measured as an average of two samples of approximately 10 grams
according to the method described in AOAC (1975) using hexane as a
solvent. Oil percentage is expressed on a dry weight basis.

3- Oil yield (kg/fed) was calculated from the average grain yield of cach
entry in the first and second replication and also in the third and fourth
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replication, and then multiplied by oil percentage of the same entry of
the fifth and sixth replicates, respectively.

Statistical analysis for separate locations and the combined analysis
across locations was done according to Mcintosh (1983) using the
MSTATC computer program followed by combining ability analysis
according to Kempthome (1957) as explained by Singh and Chaudhary
(1979). Genotypes sum of squares and their interaction with location were
partitioned into crosses, checks and crosses vs. checks. Also, sum of squares
due to crosses and their interaction with location were further partitioned
into their components, ie. lines, testers and lines x tester interactions

Combining ability analysis was done for the single locations and their
combined according to Kempthome (1957) method. His design is related to
design of Comstok and Robinson (1952). General (GCA), specific (SCA)
combining ability effects and their standard errors are estimated according
to Singh and Chaudhary (1979

From the expectation of the mean squares, half-sib and full-sib
covariance are calculated, and hence the variance due to general (GCA) and
SCA combining ability are estimated according to Singh and Chaudhary
(1979).

RESULTS AND DISCUSSION
Analysis of variance:
Mean squares due to 14 parenial inbred lines, three tester lines and

their 42 top-crosses for the three traits at Sakha, Sids locations and for
combined data over locations are presented in Table 2.

Combined data over the two locations (Tabie 2) indicated that highly
significant difference between the two locations for the three studied traits.
Such results indicated that these traits were affected by environmental
factors.

Highly significant differences were detected among the 42 top crosses
for the three traits at each location and their combined analysis. In addition,
partitioning sum of square of crosses to lines, testers and lines x testers
interaction, (Table 2) revealed that significant or highly significant
differences were found among each of them for the three studied traits at
each location and combined over locations, except tester lines at each
location and combined over locations, as well as parental inbred lines at
Sids for oil yield. These resuits indicated that a great diversity existed
among parental lines and among tester lines, which contributed to the
variability among their top-crosses. Moreover, variance due to tester lines
contributed ruch more than variance due to parental lines for the genetic
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Table 2 Mean squares of line x tester analysis for grain yield (ard/Scd), ol (%) and ol
yield (kg/fed) at Sakha, Sids and combined over locations im 2004 srasen.

Grain yidd OoF
SOV . % Yield
DF —FM’ DF SaklnLil%ls Sekha s
plicates (Rep) | 3 | 27.82*+ 398 1 | 00001 Li* | 7%ms e
E:mypes G | 44 {7349 30910 | 44 | 764  65i*e | DITRE mETRI™
rosses (C) 41 69.15** 40.05** 41 4.58** 432** | 2017 MNIILT**
Becks (Ch) 2 sz si6 | 2 | 115 16| ss s
1 (37445 9756+ | 1 |14634+ 1088+ | mevOt 2 caman
13 85.58** 19.64** 13 529 }.73** 1S~ 53351
2 227.48* 2931** 2 217+ .99 [ e} IO
26 48.76** 57.49** 6 4.41** 536 | 2284446~ 133006~
Hi) 59 5% 14| 04 &% | S8 a&ns
692 Tom 634 3% | Tm T mm
Combined
f.ocations (Loc) 1 9891.97=* 1 18.50~* 12365 3
Rep/Loc. 6 1590 2 0.56 SNALS
G 44 83.03*+ 44 9. 39~ 13T S
C 41 7953 4} 4.32%* 19999. 5
Ch 2 11.13 2 .13 ST
Cvs. Ch 1 370.25* 1 253. 71 26Nis e
L 13 79.44** 13 4.65%* 14976~
T 2 97.39%+ 2 2.62%* e
LxT 26 80.50*+ 26 4.29%* 22M0 8"
G x Loc. 44 30374+ 44 4294+ 11 5e 6
CxLoc, 41 29.67%% 41 4,578 11349 9%
ChxLoc 2 26.63%* b4 0.08 Tl
Cvs.ChxLoc 1 66.60%* 1 1.39* 15174
LxLec 13 28 e 13 337 TR
T x Lac 2 159.40%~ 2 53 764
LxTxLoc 26 25.75%* 26 5.48* 191345
| Pooled error (264 | 595 1. 8 | ! 03 | s1™3 |
V% 8.11 630 159

* ** Significant at 0.05 and 0.0} levels of probability, respeciively.

variance among crosses for grain yield/fed, but the opposite was trae for oil
percentage and oil yield/fed in each location and combined analysis.

Combined analysis of variance (Table 2) showed that the meam
squares due to interaction of crosses with locations and its compenents 7e
lines, testers and lines x testers were highly significant for the three studied
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traits, except the interaction of tester x locations for oii % and oil yield.
These results indicated that parental lines and tester lines had a great
diversity which contributed 0 the differences their cross behavior under
different environmental conditions.

Mean performance:
Grain yield (ard/fed):

Mean grain yield of the 42 top-crosses and their 14 parental lines and
the 3 tester lines as well as three commercial check hybrids are presented in
Table 3.

In general, results in Table (3) indicated that average grain yield at
Sakha (34.92 ard/fed) was highly significant higher than that at Sids (24.55
ard/fed). This result may be due to the differences in environmental

Mean grain yiekl of the parental lines in their crosses with the three
testers (Tables 3) was significantly higher at Sakha than that at Sids. The
inbred line L-11 showed the highest grain yield in their crosses with testers
(41.25, 2695 and 34.10 ard/fed at Sakha, Sids and their combined analysis,
respectively). At Sids location, there were insignificant differeaces in grain
yield among crosses of L-1, L-5, L-8, L10 and L-11 with testers, which
ranged from 26.95 to 25.18 ard/fed. On the other hand, crosses of L-12 with
tesiers at each location and combined over locations as well as crosses of L-
7 and L9 with testers at Sids and combined over locations produced the
lowest grain yield/fed.

Respecting to the tester lines (Table 3), crosses of T-1 manifested
significantly the highest grain yield (37.12 and 30.55 are/fed) at Sakha and
combined data, respectively and crosses of T-3 (25.36 ard/fed) at Sids. On
the other direction, crosses included T-3, T-1 and T-2 gave the lowest grain
yicld of 31.37, 23.99 and 28.72 ard/fed at Sakha, Sids and combined
analysis, respectively. The difference between crosses of T-1 and crosses of
T-2 at Sids and crosses of T-1 and crosses of T-3 in combined analysis was
insipnificant.

Regarding the 42 top-crosses (single crosses) grain yield (Table 3)
ranged from 26.22 ard/fed for (L-12 x T-2) to 45.58 ard/fed for {L-11 x T-2}
at Sakha, from 1794 ard/fed for (L-9 x T-1) to 29.94 ard/fed for (L-10 x T-
1) at Sids, and from 23.34 ard/fed for (1-10 x T-2) to 36.07 ard/fed for (L-
11 x T-2) in the combined analysis. However, the highest grain yields were
resulted from 4, 12 and 5 out of the 42 top-crosses (more than 40.00, 27.00
and 34.00 ard/fed at Sakha, Sids and combined analysis over locations,
respectively). In contrast, 6, 6 and 5 out of the 42 top-crosses gavc the
lowest grain yicld (less than 30.0, 20.0 and 26.0 ard/fed at Sakha, Sids and
combined analysis over locations, respectively). Moreover, the most
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Table 3. Mean grain yield (ard/fed) for 42 tep-crosses and 3 commercial single crosses as checks evaluated at
Sakha, Sids and combined over locations in 2004 season.

Sakha Sids Combined
Prrents T T2 T3 [ Meam | T4 | T2 | T3 [ Meas | T | T2 |T-3]Mean
-1 A8 3254 37.83 36.43 2645 21.78 1199 25.40 32.68 27.14 {3291 30.91
-2 36,77 37.58 36.67 37.00 23.71 2131 22.54 24.52 30.24 32.45 [29.60] 30.76
IL-3 36.84 36.15 33.57 35,52 20.23 25.47 25.45 2371 28.54 30.81 [29.51] 29.62
-4 34.24 34.97 31.86 34.36 24.18 21.75 27.62 24.52 29.21 28.36 [30.74] 29.44
IL-§ 39.22 34.18 34.79 36.06 27.28 28.75 19.50 25.18 33.25 31.46 _|27.14] 30.62
L-6 36.37 3228 30.07 32.90 23.33 28,19 21.41 24,31 29.85 30.22 {25.74] 28.60
iL-7 37.49 28.55 32.36 32.80 28.42 19.09 21.46 22.99 32.96 23.82 [2691] 27.%0
IL-8 38,72 29.96 34.11 34.26 29.72 21.93 28.70 26.78 34.22 25.95 ]31.40) M0.52
L-9 36.10 33,20 29.53 32.94 17.94 26,06 23.70 22,57 17.02 29.63 [26.62| 27.76
IL-10 37.84 27.63 43.51 36.33 19.92 19.05 29.69 15.22 32.38 23.34 [36.60| 30.77
1-11 42.79 45,58 15.39 41,25 26.46 26.56 27.84 26.95 .62 36.07 (31.61] 34.10
1L-12 35,44 26.22 28.43 30.03 22.13 24.25 25.16 23.85 28.78 2523 126,79} 26.93
1~-13 34.03 33.77 40,29 36,03 19.39 25.12 28,03 24.18 26.71 2944 (34.16; 30.10
L-14 34,85 31.60 32,34 2.9 19.71 24,63 26.00 1345 27.28 | 28.12 |19.17} 28.19
Mean 37.12 33.16 31.37 34,92 1399 24.28 2536 24.55 30,58 28.72 12992y 29.72
Checks
C Gz 155 kY] ] 28.4 33.6
C Pion3080 41,7 4.1 39
C.Pion084 41.7 28.6 35.2
LSD 5% for
ines (L) 1.96 2.17 146
[Testers 0.91 1,01 0.68
L xT 3.40 3.76 1.79
iGenotypes (G) 1.3 3.37 .39
x L 2.07
xT 0.96
LocxLxT 3.59
Loecx G 3.38
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superior and promising top-crosses (single crosses) were (L-11 x T-1), (L-
Il x T-2) and (L-10 x T-3) which ranped from 42.79 to 45.58 ard/fed at
Sakha, (L-8 x T-1), (L-10 x T-1), (-5 x T-2), (L-10 x T-3) and (L-10x T-
3) which ranged from 28.70 to 29.92 and/fed at Sids, and (L-11 x T-2) and
(L-10 x T-3) which gave 36.07 and 36.60 ard/fed in the combined data over
locations, respectively. These single crosses outyicided the best commercial
check hybrid SC-Pion 3084 with a minimum of 0.15 and maximum of 3.88
ard/fed.

Oil percentage

Mean oil (%) in grains of the 42 top-crosses, their 14 parental lines
and the 3 testers as well as the three comunercial check hybrids are presented
in Table (4).

Based on combined data, Tables (2 and 4) indicated that mean oil (%)
was significantly higher at Sakha (10.1%) than at Sids (9.4 %). This result
indicated that oil (%) was affected by the different envirommental conditions
between the two locations.

Concemning the parental lines in cross combinations with the three
testers (Table 4) indicated that the highest desirable cross combinations with
testers unrelated parental lines L-5 and L-12 in both locations and combined
over locations, L-1 at Sakha and combined, L-7 at Sakha and L-8 at Sids,
since they manifested the highest oil (%). In the contrary, crosses unrelated
L-10 and L-13 at Sakha and combined, L-6 at Sids and combined, and L-3
and L-7 at Sids had the lowest oil %.

Regarding to crosses of tester lines with all parental lines (Tables 2
and 4) indicated that crosses including T-2 expressed the highest oil (%) of
10.4, 9.5 and 9.9, while crosses including T-1 gave the lowest percentage of
9.9, 9.2 and 9.5 at Sakha, Sids and combined data, respectively. However,
the differences between crosses of T-1 and crosses of T-3 at Sakha, and
between crosses T-2 and crosses of T-3 at Sids and combined data were
insignificant.

Data in Table (4) indicated that 7, 3 and 6 top-crosses (single-crosses)
manifested the highest 0il% with a minimum of 12.0, 122 and 11.0%, and
maximum of 13.1, 12.5 and 11.6% at Sakha, Sids and combined data,
respectively. In the contrary, 4, 5 and one crosses had the lowest 0il% at
Sakha, Sids and across locations, respectively. '

Comparing the 42 top-crosses (single crosses) with the three check
commercial single crosses for oil content (Tables 2 and 4) indicated that all
top-crosses significantly exceeded the best commercial hybrids SC.Gz.155
(43, 4.1 and 4.2%) with ~uinimum of 3.1, 2.3 ana 3.6%, and maximum of
8.8, 8.4 and 7.4% at Sakha, Sids and across jocations, respectively.
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Table 4. Mean grain oil (%) for 42 top-crosses and 3 commercigl single crosses as checks evaluated at Sakha,
Sids and combined over locations in 2004 season.

Parents Sakha Sids Combined
T-1_ [ T2 [ T3 [ Mean T-_ | T2 | T3 | Mean T-1 T-2 T-3 Mean

L-1 114 10,9 11.0 11.1 1.6 10.0 11.1 96 9.5 [F] 11.0 10.3
1.2 9.4 122 7.7 9.3 89 10.8 9.7 9.8 9.1 11.5 8.7 9.8
L-3 93 10.8 10,8 10,3 12.2 6.4 8.2 8.9 10,7 3.6 9.8 9.6
L4 86 9.0 12.8 10.1 9.8 6.7 L3 ] 84 9.2 73 10.8 9.3
L-§ 10.6 13.1 10.5 11.4 125 2.6 2.5 10.5 116 113 10,0, 11.0
L-6 18,7 8.4 9.8 9.6 6.4 9.7 8.7 83 8.5 9.0 %1 - 89
L-7 12.1 10.8 12.0 1.6 64 10.0 9.6 8.7 9.2 10.4 103 10,1
L-8 8.6 9.9 11.5 10.0 9.5 12.5 89 10.3 9.0 112 10.2 10.1
L-9 10.1 10.5 7.4 9.3 8.7 1.0 8.5 94 9.4 10.7 8.0 9.4
L-10 1.5 8.6 2.7 . X 9.6 9.2 10,0 9.6 8.5 39 5.9 9.1
L-11 8.7 1.0 1.2 10.3 9.7 34 10.0 9.4 9.2 9.7 10.6 9.3
L-12 121 120 89 1.0 87 11.1 10.8 102 104 1.5 29 10.6
L-13 89 8.0 94 8.3 9.3 8.1 10.6 93 9.1 8.0 10.0 9.0
L-14 10.0 10.5 74 2.3 9,2 2.3 8.7 9.2 92.6 10.1 8.1 9.3

Mean 9.9 10.4 10.0 10.1 9.2 9.8 9.5 9.4 9.5 9.9 9.8 9.7
Checls
SC Gz 158 43 4.1 4.2
SC.Picn3080 4.0 k¥ ] 39
SC.Plon3084 4.0 39 4.0
LSD 5% for
Lines (L) 0.79 0.59 0.49
Testers (T) 0.37 0,27 0.23
LaT L37 1.02 0.60
Genotypes (G) L3 0.99 0.83
Locx L 0,70
Locx T NS
tocxLaT 1.21
Locx G L17
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Oil yield (Kg/fed)

Mean oil yicld (Kg/fed) of the 42 top-crosses, their 14 parental lines and
the 3 tester lines as well as the three commercial check hybrids are
presented in Table 5.

Combined data, (Tables 2 and 5) showed that mean oil yield was
significantly higher at Sakha (473.5 Kg/fed) than at Sids (304.4Kg/fed).
These results clearly indicated that oil yield was affected by the different
environmental factors between the two locations.

Considering crosses of parental lines with the three tester lines, Tables
(2 and 5) showed that insignificant differences were detected among the
parental lines at Sids location. However, the most preferable parental lines
in crosses were L-1, L-5 and L-11 at Sakha and across locations, L.-2, 1-3.
L-4 and L-7 at Sakha, and L-8 at Sids, since they manifested the highest oil
yield. On the other side, crosses of L-3, L-6 and L-7 at Sids and crosses of
L-14 at Sakha and over locations had the lowest oil yield.

Insignificant differences were obtained for oil yield between crosses of
the three tester lines at both locations and over locations (Tables 2 and 5).

Results presented in Table (5) indicated that mean oil yield ranged from
644.7 for the top-cross (L-2 x T-2) to 291.6 Kg/fed for the top-cross (L-10 x
T-2) at Sakha, from 451.8 for the top-cross (L-5 x T-1) to 173.2 Kg/fed for
the top-cross {L-10 x T-2) at Sids and from 513.5 for the top-cross (L-2 x T-
2) to 2324 Kgffed for top-cross (L-10 x T-2) in combined data over
locations. However, the number of the top-most favorable crosses for high
oil yield (more than 500, 310 and 435 Kg/fed) was 17, 9 and 13 crosses at
Sakha, Sids and combined over locations, respectively.

From the previous results, it is concluded that combined data over the
two locations (Tables 3, 4 and 5) indicated that 9 out of the 42 single
crosses i.e. (L-1 x T-1), (L-5 x T-1), (L-8 x T-1), (L-11 x T-1), (L-2 x T-2),
(L-11 x T-2), (L-1 x T-3), (L-10 x T-3) and (L-13 x T-3) manifested
significantly higher 0il% and higher oil yield by at least 2.1 times than the
three commercial single crosses. In the same time, these crosses, except (L-
1 x T-1) and (L-2 x T-2) did not differ significantly in grain yield than the
best commercial single (SC Pion3084). These crosses should be further
tested for possible commercialization to improve maize productivity and oil
content. Also, they might be of interest in breeding programs for developing
good new high oil inbred lines and/or composite varieties. Similar results
were reported by Jugnheimer and Williems (1959), Alexander (1974),
Miller et al (1981), Gajic and Savic (1983), Misevic er af (1989), Report of
Ohio Sate University (1999), Soliman et af (1999), Cromwell (2000) and
Thomison et al (2003). ' :
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Table 5. Mean grain oil yield (Kg/fed) for 42 top-crosses and 3 commercial single crosses as checks evaluated
at Sakha, Sids and combined over focations in 2004 season.

Parents Sakha Sids Combined

T1 [ T2 | T3 | Memn T3_J T2 | T3 | Mean | T- T-2 T-3 __ Mean
L-1 6426 4923 4755 5368 | 2621 3050 4083 3241 | 4524 3987 4402 404
L2 4170 - 6447 3609 4742 | 2953 3823 2812 3196 | 3862  SI135 31 3969
13 4374 549 4907 4843 | 2893 1980 2927 2660 | 3634 36Ls 7 Ina2
L4 3832 430 6041 4T | 367 1838 3413 2806 | 3500 3089 4727 372
L-$ 5724 6420 4498 8547 | 4518 3240 2048 3269 | S120 4830 - 3273 4408
L6 SILS 4120 4006 4415 | 1899  30%.6 3132 2709 | 3509 3608 - 359 3562
L7 6115 4320 5442 5292 | 1871 3004 2899 2890 | 3993 3663 4170 3942
L-8 4858 4161 S03.5  468.5 | 3896 3880 2392 3389 | 4377 4020 IN3 4037
L-9 480.6 5593 2%6.1 418.7 2739 4137 2435 3104 3373 4865 269.8 364.7
L-10 4020 2916 6I90 4376 | 302 1732 3138 1887 | 3861 2324 4665 36L7
L-11 5210 SBILO 5169 5396 | 3684 2937 3672 3431 | 447 434 4420 414
L-12 $89.2 4026 3168 4362 | 3037 3937 2387 3410 | 4465 3981 2762 3M6
L-13 4272 3789 S0 4430 | 3037 2740 3966 3280 | 3655 3250 4593 384l
L-14 399.6 4320 3407 3908 | 2623 38533 1947 2700 | 336 36 2677 3304

Mean 4887 4744 4599 4738 | 3045 3063 1940 3044 | 3981 3903 ~ 3770 3878 |

Checks
SC.Gz 158 2336 163.0 198.3
SC.Pion3080 23358 1282 150.8
SC.Pion3084 233.8 156.2 194.9
LSD 5% for
Lines (L) 83.48 NS 30.0
Testers (T) NS N§ NS
LxT 144.6 61.0 72.1
Genotypes (G) 147.6 1335 99.5
Locx L 83.2
LoexT NS
LocxLxT 144.1
Locx G 140.7
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Combining ability effects

Estimates of general (GCA) and Specific (SCA) combining ability
effects for grain yield (ard/fed), 0il% and oil yield (kg/fed) at Sakha, Sids
and across locations are presented in Tables (6, 7, 8 and 9).

Grain yield (ard/fed)

- Comparing GCA effects among the 14 parental inbred lines (Table 6)
showed that L-11 was considered to be the best general combiner, since it
expressed highly significant and positive GCA effects at both and across
locations. In addition, parental inbred lines L-1 and L-10 at Sakha and
combined over locations, as well as L-2 at Sakha and L-8 at Sids also
exhibited significantly positive (desirable) GCA effects for grain yield.
These inbred lines produced the highest mean grain yicld/fed (Table 3) and
they could be utilized in breeding program for developing new high yielding
hybrids. On the other direction the poorest GCA effects were obtained for
paremtal inbred lines -7 and 9 at both and across locations, as well as L-6.
L-12 and L-14 at Sakha and across locations. They also gave the lowest
grain yield/fed. as shown in Table 3.

Concerning the tester lines, results in Table 6 revealed that T-1 at
Sakha and across location, and T-3 at Sids exhibited significantly positive
GCA effects in relation to high yielding ability (Table 3). In contrast with
that, T-2 at Sakha and across locations gave significantly negative GCA
effects (undesirable) for the lowest grain yield (Table 3).

Regarding to specific combining ability effects, results in Table 7
indicated that 6, 9 and 12 out of the 42 top-crosses manifested the best SCA
effects (significantly positive) at Sakha, Sids and across locations,
respectively. However, three out of them ie. (L-7 x T-1), (L-10 x T-3) and
(L-13 x T-3) werc the most favorable top-crosses for SCA effects in grain
yiekt at both and acrouss locaticns. These crosses should be further evaluated
for possible commercialization to improve maize productivity. Also, they
might be of interest in breeding programs for developing good new inbred
lines and/or composite varieties. On the other hand, 7, 11 and 9 out of the 42
top-crosses manifested unfavorable SCA effects (significantly negative
estimates) for grain yield at Sakha, Sids and across locations, respectively.
Oil% im grain '

Estimates of general (GCA) combining ability effects for grain 0il% of
parenal lines (Table 6) confirmed that the best general combiners over the
three testers (significantly positive GSA estimates) were L-5 and L-12 at
both and across locations and combined, L-1 at Sakha, and L-8 at Sids and
across locations. They also expressed the highest 0il% (Table 4). This resuit
indicated that the previous lines had favorite genes and gene actions for high
0il%. On the other direction, L-9, L-10, L-13 and L-14 at Sakha and
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Table 6. Estimates of general combining ability effects (&) of 14 parental inbred lines and three testers lines
for the three traits at Sakha, Sids and combined over locations, in 2004 season.

Parents Grain yield/fed 0Qil (%) 0Oil yield/fed
Sakha _ Sids Comb. | Sakha Sids Comb. | Sakha Sids Comb.
L1 151* 085  L18* [0.99** 0.6  0.57** |83.I8** 28.80*  55.69*+
L-2 2.10** -0.02  1.03* |-033  0.41 0.04 [-0.76 20.63 9.93
L-3 061 -083 -011 (009 -047 -0.14 931  -37.24%* -13.96
L4 056 003 -030 004 -097* 047+ [-128  -2248  -IL.88
L-5 LIS 063 089 | 132+ 1LI3**  1.22% |79.32** 23.77  51.74*
L-6 -2.02%% -0.23  -L13* [-046  -L.12*% -0.79** [-33.55  -32.20* -32.87
g L7 2.12%% -1.55% L83 | LS4**  -0.72** 041 [5421  43.98** 512
S| L8 -0.65  2.24** 079 (0.0  038** 0.39* [-6.57 3583  14.63
L-9 -L98** -1.9B* -1.98** |-0.73* -0.01  -037* |-5634  7.28 -24.53
L-16 1.41*  0.68  1.04* |-146** 0.19  -0.64* [-3746 -17.34  -27.40
L-11 6.33*% 241** 437** | 022  -004 009 64.62*  40.02** 52.32*
L-12  |-4.89** 070  -2.79** | 0.92** 0.81** 0.87** [-3883 794 -15.45
L-13 111 036 037 [-135** -0.07  -0.70** [-32.00 2200  -5.01
L-14_ |-1.99* -1.10  -1.54** |.0.80** -0.16  -0.48** |-84.25** -33.03*  -58.64**
£ T 220%* -055 082* [-023  -0.22* .0.22** (1539 265 9.02
% | T2 -L76%* 027  -L01** | 0.31* 0.1 0.21** |-0.49 4.98 2.25
=T33 -0.44 _ 0.82* 019 |-0.08 0.1 0.01 -14.91___-7.63 -11.27
LSD 5% for lines
8 139 154 1.04 |056 042 0.35 59.0 249 41.6
B — 196  2.17 i46  [079 059 0.49 83.5 352 58.8
LSD 5% for testers
2 064 071 048 Lo.ze 0.19 0.16 J 27.3 11.5 19.3
Bi-g 091 101 068 037 027 0.23 38.6 16.3 27.2
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Table 7. Estimates of specific combining ability effects (S.j) of the 42 top-crosses for grain
yleld/fed at separate location and combined over locatins, in 2004 season.

Sakha Sids Comblined

Parents 7 —TT2 [T Tl L T2 1 T3 | T1_ T2 T3
L-1 029  -2.13 184 | 1.61  -3.38%% 1,77 | 095  2.76** 181*
L-2 43¢ 233 010 [ -025 306 -2.80* [-134  2.69% -1.38
L3 088 239 o181 | -293* 202 09t |-190 220 -0.30
L4 231 238 006 | 021 250 228 [-L08 006 Ll
L-3 046 012 -0.84 | 2.66*  3.84* -650%* | 1.81*  1.86*  .3.67+*
L-6 128 LIT 238 | -0.43  4185%% 372%% | 043 2.63** -3.06*
L7 250 249% 001 | 898%% .3.63%+ 238 | 424*%  .306** 118
L-8 226 -L54* 028 | 349%* .459**  L10 | 2.88%* 35T 0.69
L9 096 202  -298%% | -407** 376 032 |-186  2.89** .133
L-10 069  6.93%% 762 | 225 891 365%% | 078 .6.42%%  S5.64%*
L-ki 0.66  6.09** -543** | 006 013  0.07 [-030  2.98%% .2.68%
L-12 322+« 208  -117 |-L17 067 050 | 103  -0.69 -0.34
L-13 4200 050 470 | -424%* 120 304 | 422 0385 387w
[ L-14 028 043 015 |38 148 173 [-173 094 09
LSD 5%for

y 241 2.66 1.79

8 Si) 3.40 3.76 2.54
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across [ocations, L4 and L-6 at Sids and across locations, L-3 and -7 2t
Sids were the poorest GCA effects regarding 0il% as showimg sipaificantly
negative GCA estimates in relation to lowering 0il% of their crosses
combination (Table 4).

For inbred tester lines, resuits in Table (6) showed that Sop-crosses
involving T-2 had the best desirable GCA effects for oil% (0.31"and
(.21**} and possessed significantly the highest oil of 10.4 aad 9.9% (Table
4) at Sakha and across locations, respectively. This indicated that tesicr lne
T-2 had a high frequency of favorable dominance allcles, whick comtribeted
to high 0i1% in top-crosses. On the opposite, T-1 at Siis and over locations
{Table 6) showed significantly negative GCA effects (andesarabic) for 0i1%,
which connected with the results in Table 6 for the lowest oil%.

In consideration of SCA effects, resulis in Tablc 8 mdBcaacd tha 9, 12
and 13 out of the 42 top-crosses exhibited significantly positiwe SCA effects
at Sakha, Sids and over locations, respectively. Howewer, the best out of
them were 3 crosses (L-4, L-10 and L-11 crosses with T-3) at Sakha and
across locations, and 8 crosses i.e.(L-3 x T-1), (L-5 x T-1), L-8 x T-2), (L-9
x T-2) (L-12 x T-2), (L-1 x T-3), (L-7 x T-3) and (L-13 x T-3) at Sids and
across locations. Moreover, the top-cross {L-2 x T-2) was the most saperior
and promising single cross since it had highly significant and positive SCA
effects for 0il% at both and across locations. Also, this cross highly
significant outyielded the thee commercial single at both and across
(Table 4). On the other side, 11, 14 and 9 out of 42 sop-cyosses had the
poorest SCA effects for oil% (significantly negative estamates) at Sids,
Sakha and combined over locations, respectively.

0Oil yield (Kg/fed)

Estimates of general (GCA) combining ability effects for parental lines
(Table 6) confirmed that the most superior general combiners (significantly
positive GSA effects} for oil yield were L-1 and L-11 at both and across
locations, L-5 at Sakha and across locations and L-8 at Sads. They also
expressed the highest oil yield (Table 5) with a Maximoam of 539.6 Kg/fed
for L-11 at Sakha and minimum of 324.1 Kg/fed for L-1 at Sakha This
result indicated that the previous lines had favorable genes for high oil yield.
In contrast with that, L-14 at both and across locations, L-3, L- 6 aad L-7 at
Sids had the worst GCA effects (significantly negative estimates) soward the
lowest oil yield in their hybrids (Table 5).

No significant GCA effects {either positive or negative cstinzates) were
obtained for the three tester lines (Table 6) for oil yick] at both and across
Iscations. These resuits are in conformity with the results cbiaized in (Table
5).
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Table 8. Estimates of specific combining ability effects (Su ) of the 42 top-crosses for oll % at
separate location and combined over locations, in 2004 season,

Sakha Sids Combined

Parents T3 113 Ta 1 T2 1 T3 | Tl T2 T3
L1 0.83  -0.81 -0.02 |-L72** 031 141°* [ 059 010  0.69*
L2 000 201%% 22,004 | 0.72* 091 009 | -041  LSI**  -110**
L-3 077 019 088 | 3.82%  .2.66%% -086* | 137+ .123** .0,14
L-4 S2TRY L1464 2730 | 1,62%*  .1.86%* 024 | 017  -L66**  1.49%*
L-S 055  1.36*  -0.80 | 2.22** -1.06** -L16** | 0.83** 015  .0.98**
L-6 128 -1,56** 028 |-1.63** 134** 029 |-018 011 029
L-7 0.68  -L11* 043 | -2.03** 119** 084 |-0.68* 004  0.64*
L-8 JL14% 043 1.86% | 088  2,09*% .1.81+* | 086" 083* 003
L-9 100 086  -5.85%% | -0.50  1.48** .098* | 025  L17T*%  .L41%*
L-10 087 .03 118 | 020 -053 033 |-034 042 078
L-11 -1.40"* 0,41 1.00* | 0.53  -1.09** 086 |-0.44 034  0.78*
L-12 138* 0,66  -2.00%% | -1.27** 0.76*  0.51 0.04  071* -0.75*
L-13 036  -1.08* 071 022  -136"*  L14%% | 029  .1,22%% (93%*
| L-14 091 087  -1.79** | 018 048  -0.63° | 0.83  0.67*  -1.21**
LSD 5%for

§, 0.97 0.72 0.60

-8 137 1.02 0.88

523




Results of specific combining ability effects for off yickd of the 42 top-
crosses (Table 9) revealed that 6, 15 and 5 crosses wese e best specific
combiners for oil yield at Sakha, Sids and across locations, scspoctively.
Three out of them ie. (L-2 x T-2), (L-9 x T-2) and (14 x T-3) woxc
considered to be the best top-crosses (single crosscs), simoc fhey saanificsiod
highly significant and positive SCA cffects and high por sc ol yickd (Tabic
5) at both and across locations. On the other duection 4, 11 ad 4 cosscs
exhibited significantly negative estimates SAC cffects (emGvorable) for of
yield at Sakha, Sids and across locations, respectively.

From the previous resuits, combined over locations (Tabie 6) sadicated
that the best general combiners were L-2, L-10 and T-1 for graim yicld, L-7,
L-8, L-12 and T-2 for 0il%, L-11 for grain amd oil yicid, aad L-5 Sor botk
0i1% and oil yield. In addition, L-1 is considered 0 be the st sepevios and
preferable general combiner for the three studied traits. These Ewes gl be
of interest in breeding programs for developing high yicikding aml ol coment
of a good new composite variety or in breeding proprases for developing
new hybrid (s5). Furthermore, combined data (Tables 7, 8 and 9) imdicaod
that four top-crosses (single crosses) ie. (-2 x T-2), (L9 xT-2), L-10x T-
3) and (L-13 x T-3) are considered to be the best specific combsacys Sor €he
three traits. These crosses might be of usefulness in brecduny progyasss, for
developing new lines and/or new composite varicties of high gram vickl and
high oil content

Genetic variance for grain yield/fed, oil % and ol yickiVicd

Robinson et al (1955) pointed out that any negative csimmaws of
additive (6°A) or dominance (o°D) variance is considered o be ogeal zore.
These negative estimates could be due to sampling ermor andior assumsnct
mating, which resulted from the d[ﬂi:mme in flowering Gamz wien
developing the top-crosses.

Estimate of additive (c°A) and dominance (o’D) variance amd sheir
interactions with locations for grain yield (snd/fed), oil% amd o8l vieid
(kg/fed) at each location and combined over location are prescatod in Tabiz
(10).

The magnitude of additive (6°A) genefic variances for parcatal islbwed
lines and tester lines were either estimated m (ncghigibic) or smalicr
values than dominance (6°D) genetic variance i terms of the thwor stwdicd
traits at both locations and combined data, except graim ynil = Sokina
These results indicated that (0°D) is considered to be the major sowoe of
the total genetic variance responsible for the inheritance of the: thwor stadied
traits. These results are in conformity with those of El-Zcir et of 2000),
Sadek et al (2000, 2001 and 2002), Soliman (2000 a and b), Sollsam er of
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Table 9. Estimates of specific combining ability effects (Q.,} of the 42 top-crosses for ol! yleld/fed
at separate location and combined over locations, in 2004 season,

Parents Sakha Sids Combined
T-1 T2 " ]T3 T1 | 12 T T3 T-1 T-2 T-3
L-1 1335 654 -68.1 T4 86 81,0** | 30.5 -37.0 6.4
L-2 728 1709+ -98.4 -18.6 536 -349 48,6 1123 -66.7
L-3 -62.3 41.1 21.2 20.8 J28% 821+ | -208 -15.9 36.7
L-4 -i06.0 -39, 148.2%% | 33.8 -101.8%*  68.3** | .363 10,8 106.8+*
L-S 2.2 89.8 -90.0 1223* .19 -114.4%* | 623 40.0 102,24+
L6 55,0 «29.0 -26.0 $3.6%* 337 499 | -143 23 12.00
L-7 66.9 96.7 29.9 4.7 363 38,4 39 «30.2 .1
L8 19 -51.9 49.9 48.0*  440% 9214 | 250 A9 211
L9 -33.8 141.1%* -107.6* | -39.1 98.4**  -89.3* | .36.3 119.7#%  .83.4%
L-10 -51.0 “145.4%%  196.4%* | BLEY  .117.8** 2387 15.4 13184 116.1**
L-11 4.1 499 1.8 22.6 S44r 37 8.7 6.2 119
L-12 137.6*+ 331 -104.5* | .10.0. TITN 67 | 638 22.3 86.1*
L-13 -31.2 63.7 94.9 -20.1 £9.0%*  T9.1** [ .28.7 614 87.0¢
| L-14 £6 417 -38.1 -10.8 78,2%%  .67.7*% | 8.8 60.0 S1.4
LSD 8%for
102.0 43,1 721
8- 81 1446 61.0 1019
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Tabie 10. Estimstes of pruefic varisnce compunentts fiar grain yicldffed, Of % and ol
yiekl/fed at separaie lncatios and condbiandl over lncaSons, in 3004 scosen.

. Gezim oR
Genetit variance compencats ekl O % yickdfied
Saldha
[ & A for limes (L) 7 Y 9IS
o’ A for testers (T) nn -ax 234
¢’ Dfor(LxT) s L% g~ L)
Sadls —
o A(L) 1262 A7 53357
o A(T) 2mM = | -as7 -Inss
o D(LxT) 1253 255 41858
Comhined '
o’ A(L) a1 (Y7) 26971
¢ A(T) o |-eunz 1138
¢’ D(LIT) 223 | 098 a%s
o’ Axloc. (L) an -4 4198
o’ Axioc. (T) 9254 amn -a
o’ Dxioc.(LxT) 478 | 258 0539

A negative values is comsideyed te be cgual 2ove (Ruhissen of 28 1955

(2001), El-Shenawy et af (2003), Gabr (2003), Abd Fl-Moula er ol (2004)
and Abd El-Moula (2005) for grain yicld, Dadicy et of (1977), Rajmi e1 of
(1984) and Soliman et al (2001) for oil cosstemrt. They reported that son-
additive gene action was involved and commprisod mwost of semetic the
variance in the inheritance of grain yicld and oil comtent. On the other side,
Misevic et al (1989), El-itriby et af (19903, Salra o af {1995), Solasn et
al (1995), Soliman and Sadek (1999), Solman o @f (2001 b). Amcy et o
(2003) and Mahmoud and Abd El-Azccm (2004) mdicaed that o’pea
(additive genetic variance) exceeded that of osca (non-additive practic
variance) for grain yield. In addition, Abd E-Axcesn et of (2004) scparsed
that both 6’A and o’I> werc showed similar e the inhoritance of grais yickd.
El-Rouby and Penny (1967), Poncicit asd Baumes (1970), Millkcr o1 of
(1981) and Misevic ef af (1989) indicated dhat additive peactic offect was
much more important than non-addittec in the inhrritance of ol comtens.
Combined data (Table 10) rowealed that the magmitade of additive
variance x locations (6”A x Joc) imteraction fior parcstal isbred facs was
either smaller than dominance x locations (o”D x oc) istcoaction for grain
yield or exhibited negative estumates im casc of 0% and ol yicld Threse
results indicated that variance duc to dominance (1)) was mose affecaed by
environmental conditions tham %A Simillar resats were reported by Dudicy
et al (1977), Rajni ez al (1984) and Solamam er of (2001) for high off comgemt.
In contrast with that, 6’A was morc aflecaced by locations them o’p as
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concluded by Salama ef of (1995). Soliman er af (1995), El-Zeir et al
(2000). Sadek et af (2001), El-Shenawy ef of (2003) and Abd El-Azeem et
al (2004) for grain yield, El-Rouby and Penny (1967), Poneleit and Bauman
(1970), Miller et al (1981) and Misevic ef af (1989) for high oil content.
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