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ABSTRACT
A half diallel cross among seven yellow maize inbred lines was evaluated under low
(60 kg N fed™) and normal (120 kg N fed™) nitrogen levels for six quantitative characters i.e., plant

' and grain yield

height, ear length, ear diameter, number of rows ear™!, number of kernels row”
plant™, to estimate general (3CA) and specific (8CA) combining ability effects and their interactions
with nitrogen levels as well as identify the superior inbred lines and crosses. Significant differences
were detected between the two nitrogen levels for all the studied traits except ear diameter and
number of rows ear™'. Mean squares of crosses and crossesx N interaction were significant for all the
studied traits. Both GCA and SCA mean squares were highly significant for all the studied traits
under the two nitrogen levels and their combined data. The ratio of GCA/SCA exceeded the unity

' and number of kernels row™}, indicating that

for plant height, ear diameter, number of rows ear”
these traits were mainly controlled by additive gene action. On the contrary, predominance of non-
additive gene action chiefly controlled the expression of ear length and grain yield plant™ under
both and across nitrogen levels. Significant interaction mean squares between GCA and SCA with
nitrogen levels were detected for the most studied traits. Three crosses FxP,, P.xP; and P XP; at low
nitrogen level, four crosses PxP,, P xP,, P xP; and P, <P, at normal nitrogen level and five crosses
P.xF,, PxF,, P xP., P xP; and F,xP, at the combined data were significantly outyielded the check
hybrid SC168, The inbred lines P; and P, were the best. general combiners for ear length, number
of rows ear™!, number of kernels row™! and grain yield plant™ under both nitrogen levels and their
combined data. Six crossesi.e., P.xP, P.xP, P xP, P xP. P xP, and P,xP, were distinguished specific
combiners for grain yield plant™ and most of its components under low and normal nitrogen levels
as well as the combined data.
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INTRODUCTION

Maize (Zea mays 1..) 1s one of the major cereal crops in Egypt and the world, which ranks the
third one surpassed only by wheat and rice. One of the major objective of maize breeding program
in Egypt is to develop high wyielding yellow maize hybrids to activate the national plan for
increasing yvellow maize production to meet the increasing demand for poultry and animal feeding.

The nature and magnitude of gene action is an important factor in developing an effective
breeding program. Combining ability analysis is an important tool to select desirable parents
together with the information regarding to the nature and magnitude of gene effects controlling
quantitative traits. The diallel cross technique as developed by Sprague and Tatum (1942) and
Griffing (1956) provided information on gene action and combining ahility of parental lines. The

two main genetic parameters of diallel cross analysis are general and specific combining ability
(GCA and SCA). The GCA effects are attributed to preponderance of genes with additive effects
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and SCA indicates predermminance of genes with non-additive effects (Falconer, 1981). Several
investigators reported that the additive genetic effects were operated in the expression of grain
yield (Vacaro et al.,, 2002; Ojo et al., 2007; Mousa, 2014; Rovaris ef al., 2014), plant height
{(Nigussie and Zelleke, 2001; Abd El-Hadi et «l., 2004; Worku ef al.,, 2008) and number of
rows ear ! (Saeced el al, 2000; Abuali ef al., 2012; El-Badawy, 2013). While, other researchers
suggested that the magnitude of non-additive genetic effects represented the major role in the
inheritance of grain yield (Bhatnagar et al., 2004; Barakat and Osman, 2008; Gouda ef al., 2013)
and ear length (Zare et al., 2011; Abdel-Moneam ef al., 2014). These differences generally arise due
to differences in the genetic materials and the environments under which the experiments were
performed.

Combined with the genetic improvement, the use of nitrogen fertilizer and other cultural
improvement have contributed to increase the grain yield of maize (Duvick, 2005; L et af., 2011).
Nitrogen is the most important nutritive element for the production of maize as it promotes
vegetative growth, maximizing both kernel initiation and kernel set, also it is key in filling the
kernel sink (Below, 1997). Modern maize hybrids require high doses of nitrogen fertilizer to express
full yield potential. However, besides increasing the cost of cultivation, high nitrogen fertilization
has adverse effects on the ground water, atmosphere and other components of the ecosystem
(Socolow, 1999; Bowman et al., 2008). Most Egyptian farmers use low nitrogen fertilizer rates
because of high price ratio between fertilizer and grain. Limited availability of nitrogen fertilizers
and low purchasing power of farmers continued to be an important yield limiting factor in farmer’s
field (Al-Naggar ef al., 2015). Breeding programs should pay attention to develop maize hybrids
with high performance under variable nitrogen levels that will be of economic benefit to farmers
who cannot. afford to spend money for purchasing the recommended amount of nitrogen fertilizer,
also will help to reduce environmental pollution associated with excessive inputs of nitrogen
fertilizers, for a sustainable and environment friendly production system. The objectives of this
study were to (1) Estimate general (GCA) and specific (SCA) combining ability effects and their
interactions with nitrogen levels (2) Identify the promising inbred lines and crosses under low and
normal nitrogen levels to be used in maize breeding programs.

MATERIALS AND METHODS
Plant materials: Seven yellow maize inbred lines were used as parents 1in this studyi.e,
P, (Inb. 176), P, (Inb. 185), P, (Inb. 200}, P, (Inb. 205}, P, (Inb. 213), P, (Inb. 247) and P, (Inb. 209).

These inbred lines were obtained from Maize Research Department, Field Crops Research
Institution (FCRI), Agricultural Research Center (ARC), Egypt.

Field experiments: In 2012 growing season, a half diallel cross among the seven inbred lines were
made by the hand method at the Experimental Farm of the Faculty of Agriculture, Kafrelsheilkh
University, Egypt. In 2013 growing season, the resulted 21 F, hybrids and the commercial check
hybrid SC168 were evaluated in two separate experiments under two different nitrogen levelsi.e,,
60 kg N fed™ (low-N) and 120 kg N fed™ (Normal or recommended). A randomized complete block
design with three replications was used for each experiment. Each plot consisted of two rows, 6 m
long and 70 cm width. Planting was made in hills spaced at 25 ecm with three kernels per hill on one
side of the row. The seedlings were thinned to one plant per hill after 21 days from planting. Each
experiment was hoed twice, before first and second irrigations. Pheosphorus in the form of caleium
super phosphate (15.5% P,0,) at a rate of 200 kg fed? was added to the soil during seedbed
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preparation and potassium sulphate (48% K,O) at a level of 50 kg fed ! was applied after thinning.
Moreover, nitrogen in the form of Urea (46% N) at the studied levels (60 and 120 kg N fed™) was
added in two equal split doses, before the first and the second irrigation. Other agriculture
practices were applied as recommended. Data were taken for plant height (cm), ear length (cm),

1 1

ear diameter (cm), number of rows ear™!, number of kernels row™? and grain vield plant™ (g) which

was adjusted to 15.5% moisture.

Statistical analysis: The obtained data were statistically analyzed for analysis of variance by
using computer statistical program MSTAT-C. General and specific combining ability were
estimated according to Griffing (1958) diallel cross analysis designated as method-4, model-1. The
combined analysis of the two experiments was carried out whenever homogeneity of variance was

detected (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION
Analysis of variance for all the studied traits under both nitrogen levels and their combined
data are presented in Table 1. Significant differences were detected between the two nitrogen levels

Table 1: Mean squares from ordinary analysis of variance and combining ability for all the studied traits under low and normal nitrogen

levels as well as the combined data

d.f Plant height (cm) Ear length (cm) Ear diameter (cm)
S.0V Single Comb. Low-N Normal Comb. Low-N  Normal Comb. Low-N Normal Comb.
Nitrogen () - 1 - - 18008.4% - - 208.0% - - 7.65
Rep/N - 4 - - 13726 - - 24.01 - - 6.17
Crosses (C) 20 20 1236.11%* 1719.98%% 2794 40%% 17.93** 19.65%*% 36.10*%* 0.51%* 0.44%* 0.82%%
GCA 6 5} 1400.69%*%  2696.31%% 3062.07*% 13.58%* 15.22%% 28 12%* 1 15%* 0.61%* 1.62%*
SCA 14 14 1165.81%* 1301 .55%* 2206.52%% 10.80%* 2] %%  3052%%  (.23*%* 0.37%* 0.48%%
CxN - 20 - - 161.69%* - - 1.49% - - 0.13%%
GCAxN - 6 - - 143.94% - - 0.68 - - 0.14%
SCAxN - 14 - - 170.84%% - - 1.83% - - 0.12%
Error 40 80 61.19 56.51 58.85 0.79 0.84 0.82 0.05 0.07 0.06
GCA/SCA 1.21 2.07 1.73 0.69 0.71 0.71 4.94 1.64 3.37
GCAXN/SCAXN - - 0.84 - - 0.37 - - 1.17

daf No. of rows ear™ No. of kernels row™ Grain yield plant™ (g)
S.0V Single Comb. Low-N Normal Comb. Low-N  Normal Comb. Low-N Normal Comb.
Nitrogen (N} - 1 - - 65.51 - - B40.5% - - 31506.4%*
Rep/N - 4 - - 22.02 - - 18.07 - - 341.0
Crosses (C) 20 20 3.55%% 7.16%* 9.43%* 50.19%* 30.58%*  7517** 1319.5%* 1884.0%* 3005.7**
GCA 6 5} 6.82%% 14.57** 19.60%* B6.77%*% 34.31*  87.093%* 790.43** 1008.28%* 1567.99%*
SCA 14 14 2. 15%* 3.00%*% 5.O7** A737FF 28 08% GO B4R 4% 2220 72x* 3621.86%*
CxN - 20 - - 1.29* - - 5.59% - - 197.80*
GCAxN - 6 - - 1.78*% - - 3.15 - - 329, 72%*
SCAxN - 14 - - 1.07 - - 6.64%* - - 141.26
Error 40 80 0.84 0.60 0.72 2.60 3.08 2.79 95.89 112,01 104.40
GCA/SCA 3.16 3.65 3.87 1.20 1.18 1.26 0.562 0.49 0.43
GCAXN/SCAXN - - 1.66 - 0.47 - - 2.33

* ¥*Qienificant at 0.05 and 0.01 levels of probability, respectively
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for all the studied traits except ear diameter and number of rows ear™!. Crosses mean squares
were highly significant for all the studied under both nitrogen levels and their combined data,
indicating the existence of substantial genetic variability among the studied crosses. Significant
interaction mean squares between crosses and nitrogen levels (CxN) were observed for all the
studied traits. This indicates that, these crosses behaved somewhat differently from nitregen level
to another. These results are in accordance with those obtained by Moesa ef al. (2010), El-Badawy
(2013), Katta et al. (2013) and Abd El-Aty et al. (2014).

Mean squares due to general combining ability ((GCA) and specific combining ability (SCA) were
highly significant for all the studied traits under both nitrogen levels and their combined data,
suggesting that both additive and non-additive genetic effects were involved in the inheritance of
these traits. When both GCA and SCA mean squares are significant, one may ask which type and
or types of gene action are important in determining the performance of single cross progeny. To
overcome such situation the size of mean squares can be used to assume the relative importance
of GCA and SCA mean squares which were highly significant. Hence, GCA/SCA ratio was used as
measure to reveal the nature of genetic variance involved. GCA/SCA ratio was more than umty for

' and number of kernels row™ under both and

plant height, ear diameter, number of rows ear-
across nitrogen levels, indicating that these traits were mainly controlled by additive gene action.
These results are in general agreement with those previously reported by Vacaro et al. (2002),
Nigussie and Zelleke (2001), Abd El-Hadi ef @l (2004), Worku et al. (2008), Mosa (2010) and
Rovaris et al. (2014) for plant height, Saeed et al. (2000), Abual ef al. (2012) and El-Badawy
{2013) for number of rows ear! and Mosa (2003), Katta et al. (2007) and Motawei and Mosa (2009)
for ear diameter and number of kernels row™.

On the other hand, GCA/SCA ratio was less than unity for ear length and grain yield plant™
under both nitrogen levels and their combined data, indicating the predominance of non-additive
gene action in controlling the inheritance of these traits. These results are in agreement with
reparts of other researchers about the predominance of non-additive genetic effects for ear length
(Vidal-Martinez et al., 2001; Rezael and Rochi, 2004; Zare et al., 2011; Gouda et al., 2013) and
grain yield plant-1 (Bhatnagar et al., 2004; Katta et «l., 2007, Barakat and Osman, 2008;
Irshad-Ul-Haq et al., 2010; El-Badawy, 2013; Abdel-Moneam et al., 2014).

Mean squares due to the interactions of GCA and SCA with nitrogen levels were significant for
all the studied traits except GCAXN for ear length and number of kernels row™ and SCAxN for
number of rows ear™! and grain vield plant™. Such results showed that the magnitude of additive
and no-additive types of gene action varied from nitrogen level to another. Mean squares due to
GCAXN were higher than those due to SCAXN and GCAxN/SCAXN ratio was more than unity for
ear diameter, number of rows ear™! and grain vield plant™. Such results clarified that the additive
genetic effects were more influenced by nitrogen levels than the non-additive genetic effects for
these traits. Conversely, the non-additive genetic effects were more affected by change in nitrogen
levels than the additive genstic effects for plant height, ear length and number of kernels row ™.
These results are in agreement with those obtained by Abd El-Aty (2007) and Katta ef al. (2013)

for plant height and number of kernels row™".

Mean performances: Conspicuously, Table 2 shows that the overall mean values of the crosses

under normal nitrogen level were higher than those under low nitrogen level for all the studied
traits. The increase of plant height under normal nitrogen level might be due to the positive effect
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of nitrogen element on plant growth that leads to a progressive increase in internodes length and
consequently plant height (Siddiqui et af., 2006; Kaur ef al., 2012). The improved growth of maize
plants under normal mitrogen level compared to those under low nitrogen level may account for the
superiority of all yield components and ultimately the increase of grain yield plant™. These results
are in agreement with those obtained by Zaidi et al. (2003), Medici ef af. (2004) and Kamara ef al.
(2014).

Five erosses P xP,, PxP, P xP. PxP. and P xF,; under both nitrogen levels and their combined
data had significantly decreased values than the check hybrid SC168 for plant height. Also, the
cross PoXP, under low nitrogen level, the cross P,xP, under low nitrogen level and the combined
data and the cross P,xP, under normal nitrogen level were significantly shorter than the check
hybrid SC168. The short, stalks are preferable in maize for decreases lodging percentage and thus
increased yield potential. Five crosses P.xP,, P.xP,, PP, P.xP, and P,xP, under both nitrogen
levels and their combined data were significantly higher than check hybrid SC168 for ear length.
Concerning, ear diameter the crosses P, xP, and P.xP, under both nitrogen levels and the combined
data, the crosses PoxP;and PyxP, under low nitrogen level, the cross P,xP; under low nitrogen level
and the combined data and the cross P xP; under normal nitrogen level and the combined data were
significantly surpassed the check hybrid 5C168. Four crosses P XP;, F.xP,, P.xP, and PxF. under

Table 2: Mean performance of the 21 single crosses and check hybrid SC168 for all the studied traits under low, normal nitrogen levels

and their combined data

Plant height (cm) Ear length {cm) Ear diameter (cm)
Crosses Low-N Normal Comb. Low-N Normal Comb. Low-N Normal Comb.
PxPy 235.00 263.00 250.33 17.50 19.30 18.40 3.38 4.27 3.83
PxPs 226.67 240.33 233.50 18.30 20.20 19.25 4.15 5.53 4.84
P.xP, 270.50 302.00 286.25 19.47 22.67 21.07 4.01 4.43 4.22
PxPs 239.00 247.00 243.00 16.50 18.30 17.40 4.03 4.45 4.24
PxPs 213.33 232.67 223.00 13.60 17.00 15.30 3.53 4.43 3.98
PxPy; 221.00 235.80 228.40 13.80 16.75 15.28 4.08 4.29 4.19
P:xP; 240.00 252.00 246.00 17.40 19.50 18.45 4.44 4.75 4.60
P.xP, 238.00 256.67 247.33 16.40 19.00 17.70 4.13 4.65 4.39
PoxPs 223.00 255.50 239.25 14.40 17.90 16.15 3.98 4.21 4.10
PoxPs 249.00 268.33 258.67 19.80 22,65 21.18 4.88 5.02 4.95
PoxPy 234.00 252.00 243.00 17.80 18.78 18.29 4.60 4.99 4.80
P:xP, 255.00 208.00 276.50 20.30 23.50 21.90 4.54 5.00 4.77
PsxPs 226.83 266.67 246.75 14.30 18.38 16.34 4.55 4.85 4.70
P:xPs 285.00 316.67 300.83 21.20 23.50 22.35 4.45 5.00 4.73
PaxPy 265.00 278.00 271.50 18.30 20.20 19.25 4.76 4.85 4.81
PxPs 275.00 205.00 285.00 19.40 23.90 21.65 4.53 4.98 4.76
PxPs 235.00 261.67 248.33 14.00 15.20 14.60 4.02 4.55 4.29
PxPy; 243.00 288.00 265.50 17.00 20.00 18.50 4.95 5.50 5.23
PsxPs 233.33 251.33 242.33 13.00 15.00 14.00 4.02 4.55 4.29
PsxPy 214.17 243.78 22897 19.20 20.20 19.70 4.57 4.95 4.76
PexPr 215.00 237.20 226.10 16.20 20.00 18.10 4.60 5.30 4.95
Check SC168  240.00 261.00 250.50 17.90 21.00 19.45 4.23 4.85 4.54
Overall mean  239.86 263.76 251.87 17.08 19.67 18.38 4.29 4.79 4.54
LSD (5%) 12,91 12.40 8.81 147 152 1.04 0.37 0.44 0.28
LSD (1%) 17.27 16.60 11.68 1.97 2.03 1.38 0.49 0.59 0.37
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Tahle 2: Continue

No. of rows ear™ No. of kernels row™?* Grain yield plant™ (g)
Crosses Low-N Normal Comb. Low-N Normal Comb. Low-N Normal Comb.
PxPy 13.55 15.70 14.63 34.50 39.40 36.95 115.62 155.17 135.39
P.xPy 15.13 19.30 17.22 39.80 43.00 41.40 149.57 194.44 172.01
PxP, 14.85 15.50 15.18 39.75 41.85 40.80 132.32 176.09 154.20
P=Pg 14.80 15.00 14.90 38.50 44.10 41.30 126.00 169.71 147.86
P=P; 12.70 14.60 13.65 32.00 38.50 35.25 94.03 127.36 110.70
P.xPy 13.50 14.33 13.92 34.50 37.30 35.90 108.09 136.11 122.10
PoxPy 14.70 15.80 15.25 41.80 46.80 44.30 128.63 145.83 137.23
PoxP, 14.45 15.55 15.00 36.50 43.00 39.75 12017 142.98 131.57
P.xPsg 14.00 15.33 14.67 34.33 36.80 35.67 104.13 126.00 115.06
PxP; 14.47 14.60 14.53 43.80 45.50 44.65 160.53 188.61 174.57
PoxPy; 15.60 17.00 16.30 37.00 42.50 39.75 107.68 136.85 122.27
PsxP, 15.60 17.97 16.78 39.80 44.00 41.90 128.33 169.17 148.75
P3xPs 14.00 16.73 1537 36.50 41.50 39.00 108.85 127.46 118.16
PsxPy 13.66 15.50 14.58 44.33 47.20 45.77 166.25 198.33 182.29
PoxP; 16.07 17.50 16.78 39.98 42.50 41.24 132.22 149.33 140.78
Py=Psg 14.70 15.65 15.18 43.00 47.00 45.00 142.92 193.47 168.20
P=P; 14.50 15.33 14.92 38.00 41.50 39.75 101.56 131.68 116.62
PxPy 16.83 19.00 17.92 41.00 46.00 43.50 153.61 195.42 174.51
PsxPy 13.20 14.00 13.60 30.20 38.00 34.10 94.79 143.62 119.21
PsxPy 13.67 14.63 14.15 38.00 43.00 40.50 126.78 142.63 134.70
PoxPy 12.47 13.70 13.08 30.30 39.50 34.90 137.28 154.20 145.74
Check SC168 13.80 14.83 14.32 40.00 44.00 42.00 135.16 175.58 155.37
Crrerall mean 14.38 15.80 15.09 37.89 42.41 40.15 126.11 158.18 142.15
LSD (5%) 1.51 1.27 0.97 2.61 2.89 1.92 15.16 17.53 11.73
LSD (1%) 2.02 1.711 1.29 3.49 3.87 254 21.62 23.46 15.656

the two nitrogen levels and the combined data and two crosses P,xP; and P.xP, under normal
nitrogen level and the combined data had significantly increased values compared to the check
hybrid SC168 for number of rows ear. The crosses P,xP; and P xP, under both nitrogen levels and
the combined data, P;xP; under low nitrogen level and the combined data and P,xP; under the
combined data exhibited significantly increased values compared to the check hybrid SC188 for
number of kernels row™!. Concerning grain yield plant™ three crosses PxP,, PP, and P %P, at low
nitrogen level, four crosses P.xP,, P,xF., P,xP, and P xP, at normal nitrogen and five crosses P xP,,
P xP;, PXF, P xP, and PxP, at the combined data were significantly outyielded the check
hybrid SC168. These crosses exhibited significant increase in one or more of traits contributing to
grain yield plant™. Hence it could be concluded that these crosses offer possibility for improving
grain yield of maize. The fluctuation of the hybrids performance from nitrogen level to another was
detected for most traits. These results would be due to significant interaction between crosses and
nitrogen levels.

General combining ability effects (GCA): Identification of parents for improvement of trait in
question necessitates the assessment of general combining ability effects. Estimates of GCA effects
of the seven inbred lines under low and normal nitrogen levels as well as the combined data for all
the studied traits are shown in Table 3. High positive values of GCA effects would be of interest for
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all studied traits in question except plant height, where high negative values would be useful for
plant breeder point of view. Obviously, the results showed that the inbred lines P, P,, P, and P, had
significant or highly significant negative GCA effects for plant height under both nitrogen levels
and their combined data, indicating that these inbred lines could be considered as good combiners
for developing short stalk genotypes. On the other hand, the inbred lines P, and P, exhibited
significant or highly significant positive GCA effects and considered as a good combiners for ear

! !and grain yield plant™ under both nitrogen

length, number of rows ear™*, number of kernels row”
levels and the combined data. While, the inbred lines P, and P, were the best general combiners for
ear diameter under both and acress nitrogen levels. These results indicated that these inbred lines
possess favorable genes and the improvement in vield may be attained if they are used in

hybridization program.

Specific combining ability effects (SCA): Estimates of SCA effects of the 21 crosses for all the
studied traits under both nitrogen levels and their combined data are given in Table 4. For plant,

height nine, six and nine crosses exhibited significant or highly significant negative SCA effects

Table 3: General combining ability effects of the seven inbred lines under low and normal nitrogen levels as well as the combined data
for all the studied traits

Plant height (cm) Ear length (cm) Ear diameter (cm)
Inbred line Low-N Normal Comb. Low-N Normal Comb. Low-N Normal Comb.
P, -6.72%* -12.50%* -9.61** -0.62%* -0.69** -0.65%* -0.52%* -0.26%* -0.39%*
Py -4.02% -7 6% -5 BorE 0.21 -0.13 0.04 -0.07 -0 17 -0.12%*
P 11.88%* 13.67** 12.78** 1.51** 1.52%* 1.52%* 0.22%% 0.25%% 0.24%%
Py 15.48%* 23.60%* 19.54%* 0.86%% 1.32%* 1.09%* 0.08 0.08 0.080
P -5.56%% -4.81% -5.18%% -1.09%* -0.80%* -0.094%* -0.02 -0.15% -0.083*
Py -1.69 -3.09 -2.39 -0 .80 -0.88%* -0.89%* -0.05 0.02 -0.02
Pq -9,39%* -9, 71%* -9.55%% 0.01 -0.35 -0.17 0.36%* 0.23%% 0.29%*
LSD i (5%) 3.78 3.63 2.58 0.43 0.44 0.30 0.11 0.13 0.083
LSD i (1%) 5.06 4.86 3.42 0.58 0.59 0.40 0.14 0.17 0.11
LSD gi-gj (5%) 577 5.55 3.94 0.66 0.68 0.46 0.16 0.20 0.13
LSD gi-gj (1%) 792 7.42 5.22 0.88 0.91 0.62 0.22 0.27 0.17
No. of rows ear™ No. of kernels row™?* Grain yield plant™ (g)

Inbred line Low-N Normal Comb. Low-N Normal Comb. Low-N Normal Comb.
P, -0.38 -0.13 0.25 154" -1.97%* 175 -5.60% 2.95 -1.37
Py 0.07 -0.22 -0.07 0.24 0.00 0.12 -3.47 -0.74%* -B.60%*
P 0.55% 1.55%* 1.06%* 3.09%* 2.20%* 2.65%* 11.95%% 8.09%* 10.02%*
Py 0.90%* 0. 79%* 0.85%* 2.26%% 1.87*%* 2.07%*% 4.96% 12.93*%* 8.95%*
P -0.41 -0, 74%* -0.58%* -1.24%* -0.72 -0.98%** -10.13%* -8.25%% -9.19%*
Py -1.08%* -1.47%* -1.28%* -1.62%* -0.76 -1.19%* 0.07 -0.07 0.00
Pq 0.34 0.22 0.28 -1.19%* -0.64 -0.91** 231 -5.92*% -1.80
LSD i (5%) 0.44 0.37 0.29 0.76 0.85 0.56 4.73 5.13 3.44
LSD gi (1%) 0.59 0.50 0.38 1.02 1.13 0.74 6.33 6.87 4.56
LSD gi-zj (5%) 0.68 0.57 0.44 1.17 1.29 0.86 7.23 7.84 5.25
LSD gi-gj (1%) 0.91 0.76 0.58 1.56 1.73 1.14 9.67 10.49 6.96

* ®*Sigmificant at 0.05 and 0.01 levels of probahility, respectively
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under low, normal nitrogen levels and the combined data, respectively. The crosses P xP,, P xP,
PxF,, P xF,, PxP; and P,xF; gave the highest desirable SCA effects under both nitrogen levels and
their combined data, indicating that these crosses were the best combinations for short plants. With
regard to ear length, eight, seven and nine crosses expressed significant or highly significant
positive SCA effects under low, normal nitrogen levels and the combined data, respectively. Also,
the crosses P.xP,, P.xP,, P xP,, P.xP,, P.xP,and P xP, exhibited the best SCA effects for this trait
under the two nitrogen levels as well as the combined data. As for ear diameter three, five and five
crosses possessed significant. or highly significant positive SCA effects under low, normal nitrogen
levels and the combined data, respectively. The crosses PXF, and P XF, recorded the highest
desirable SCA effects for this trait under both nitrogen levels and the combined data. Concerning,
number of rows ear™ three, three and five crosses exhibited significant or highly significant positive
SCA effects under low, normal nitrogen levels and the combined data, respectively. In addition, the
best SCA effects was detected by the cross P xP, under both nitrogen levels and the combined data.
With regard to number of kernels row™ six, seven and seven crosses expressed significant or highly

significant positive SCA effects under low, normal nitrogen levels and the combined data,

Table 4: Specific combining ability effects of the 21 crosses under both nitrogen levels and their combined data for all the studied traits

Plant height (cm) Ear length (cm) Ear diameter (cm)

Crosses Low-N Normal Comb. Low-N Normal Comb. Low-N Normal Comb.
P=P, 5.89 18.78%* 12.33%* 0.86% 0.51 0.69% -0.33%* -0.09 -0.21*
P.xPy -18.34** -24,72%% -21.53%* 0.36 -0.24 0.06 015 0.76%* 0.46%*
PxP, 21.89%* 27.01%* 24 45%*% 2.18%* 2. 43%* 2.30%* 015 -0.17 -0.01
P.xPs 11.42%* 0.42 5.92*% 1.16** 0.18 0.67% 0.27* 0.07 0.17%
P=P; -18.11%*% -15.63%* -16.87** -1.94%* -1.04% -1.49%* -0.19 -0.12 -0.16%
P.xPy -2.74 -5.88 -4.31 -2.64%* -1.82%* -2.23%*% -0.05 -0.46%* -0.26%*
PoxP; -7 -18.309%* -13.05%* -1.36%* -1.51%* -1.43%* -0.01 -0.12 -0.06
PoxP, -13.31%* -23.66%* -18.49%* 21.72%* -1.80%* -1.76%* -0.17 -0.05 -0.11
PoxPg -7.28 3.58 -1.85 -1.76%* -0.79 -1.27%* -0.22% -0.26% -0.24%*
PxP; 14.86%*% 14.70%* 14.78%* 3.44%*% 3.95%* 3.69%* 0.71%*% 0.38%* 0.54%*
PxP; 7.56% 4.98 6.27* 0.54 -0.36 0.09 0.02 0.14 0.08
PsxP, -12.21%* -3.16 -7.69%* 0.88*% 1.05% 0.97%* -0.06 -0.12 -0.09
Po=Pg -19.34%*% -6.08 -12.71%* -3.16%* -1.96%* -2 5G%* 0.05 -0.04 0.00
PsxPy 34.06%* 42,20%* 38.58%% 3.54** 3.25%% 3.39%* -0.01 -0.06 -0.04
PoxP; 22 (E** 10.15** 16.40%* -0.26 -0.59 -0.42 -0.12 -0.42%* -0.27%*
PxPs 25,22%* 12.32%% 18.77%* 2.58%* 3.77%*% 3.18%* 017 0.26% 0.22%%
P=P; -18.64%*% -22 73%* -20.60%* -3.02%* -1 85%* -3.03%* -0.30%* -0.34%* -0.32%*
PxPy -2.94 10.22%* 3.64 -0.92% -0.58 -0.75% 0.21* 0.41%* 0.31%*
P=P; 0.72 -4.66 -1.97 -2.06%* -2.093%* -2 50%* -0.20 -0.11 -0.16%
PsxPy -10.74** -5.59 -8.17%* 3.24** 1.73%* 2.49%*% -0.07 0.08 0.01
PoxPy -13.78%* -13.89*%* -13.83** 0.04 1.62%* 0.83%* 0.00 0.26% 0.13
LSD (sij) (5%) 7.45 7.16 5.00 0.85 0.88 0.60 0.21 0.26 0.16
LSD (sif) (1%) 9.97 9.58 6.75 1.13 1.17 0.80 0.28 0.34 0.22
LSD (sij-sik) (5%) 11.54 11.09 7.88 1.31 1.36 0.93 033 0.40 0.25
LSD (sij-sik) (1%) 15.45 14.84 10.45 1.76 1.81 1.23 0.44 0.53 0.34
LSD (sij-skl) (5%)  10.00 9.61 6.82 1.14 1.17 0.80 0.28 034 0.22
LSD (sij-skl) (1%)  13.36 12.86 9.05 1.52 1.57 1.07 038 0.46 0.29
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Tahle 4: Continue

No. of rows ear™ No. of kernels row™ Grain yield plant™ (g)

Cross Low-N Normal Comb. Low-N Normal Comb. Low-N Normal Comb.
PxPy -0.55 0.20 -0.17 -1.99*% -0.97 -1.48%* -0.90 4.60 1.85
PxPs 0.56 2.04%* 1.30%* 0.45 0.43 0.44 17.63%* 26.05%* 21.84%*
P.xP, -0.08 -1.00%* -0.54 1.24 -0.39 0.42 7.37 2.85 511
P.xP; 1.18%* 0.03 0.60* 3.49%* 4.45%* 3.97** 16.14%* 17.65%* 16.90%*
P.xP; -0.24 0.35 0.05 -2.63*%* -1.11 -1.87%* -26.03%* -32.88%* =20 45%%
PxPy; -0.87*% -1.61%* -1.24%* -0.56 -2.43%* -1.49%* -14.21%* -18.28%* -16.24%*
PoxPs -0.32 -1.37%* -0.85%* 0.68 2.26%* 1.47%* -5.54 -9.87 -7.70%
PoxP, -0.93* -0.86% -0.89%* -3.79%* -1.21 -2.50%* -7.01 -17.57% -12.29%*
PoxPs -0.06 0.45 0.19 -2.46%* -4 82%* -3.64%* -7.96 -13.37% -10.66%*
P.xP; 1.08* 0.44 0.76%* 7.39%* 3.92%* 5.66% 38.25%* 41.06%*% 39.66%*
P.xP; 0.78 1.15%* 0.97** 0.16 0.80 0.48 -16.84%* -4.85 -10.85%%
P:xP, -0.26 -0.21 -0.23 -3.35%* -2.41%* -2.88%* -14.26%* -9.21 -11.74%*
PsxPs -0.54 0.09 -0.23 -3.14%* -2.32%* -2.73%* -18.66%* -29.73%* -24.20%*%
P:xPs -0.21 -0.42 -0.32 5.07** 3.42%* 4.25%* 28.55%* 32.96%* 30.75%*
P.xP; 0.77 -0.11 0.33 0.29 -1.40 -0.55 -7.72 -10.19% -8.96%
PxP; -0.20 -0.24 -0.22 4.19** 3.51%* 3.85%* 22,40%*% 31.43%* 26.92%*
PxP; 0.28 0.17 0.22 -0.43 -1.95* -1.19* -20.15%* -38.54%* -33.85%%
PxPy; 1.18%* 2.15%* 1.67%* 2.14%** 2.43%* 2.29%* 20.65%* 31.05%* 25 .85%%
PsxPs 0.29 0.37 0.33 -4, 73%* -2.86%* -3.79%* -20.83%* -5.42 -13.13%*
PsxPy -0.67 -0.69 -0.68% 2.64%* 2.02* 2.33%* 8.91 -0.56 4.17
P:xP; -1.20%* -0.90*% -1.05%* -4.68** -1.44 -3.06%* 9.21 2.83 6.02
LSD (sij) (5%) 0.87 0.74 0.56 1.51 1.67 1.11 9.33 10.12 6.77
LSD (sij) (1%) 1.17 0.98 0.75 2.02 2.24 1.47 12.48 13.54 8.98
LSD (sij-sik) (5%) 1.35 1.14 0.87 2.33 2.59 1.72 14.45 15.68 10.49
LSD (sij-sik) (1%) 1.81 1.53 1.15 3.12 3.46 2.28 19.34 20.98 13.92
LSD (sij-skl) (5%) 1.17 0.99 0.75 2.02 2.24 1.49 12,62 13.58 9.09
LSD (sij-skl) (1%) 1.57 1.32 1.00 2.70 3.00 1.97 16.72 18.17 12.05

* #*Gjomificant at 0.05 and 0.01 levels of probability, respectively

respectively. Also, the results revealed that the erosses P XP,, P.xP,, P xF,, P xP,, P.x P, and P xFP,
recorded the highest desirable SCA effects for this trait under both nitrogen levels and their
combined data. For grain yield plant™ six crosses i.e., P,xP,, P.xP,, P,xP,, P,xP, P xP,and P xP;
had significant. or highly significant positive SCA effects under both nitrogen levels and their
combined data. It could be concluded that the previous crosses seemed to be the best combinations,
where they had significant SCA effects for grain yield plant™ as well as most of the yield
components traits. Henece, these crosses could be selected and used in hybridization programs for
improving grain yield. These results are in general agreement with those previously reported by
Motawel (2011), Abuali et al. (2012), Katta et al. (2013), Mousa (2014) and Rovaris et al. (2014)
where they cbserved significant positive or negative SCA effects for these traits in their respective
studies.
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