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ABASTRACT

A half diallel cross between eight common bread wheat varieties and/or lines
(Triticum aestivum vulgare L.) was evaluated under three different nitrogen rates for
six quantitative characters in RCBD with three replications. Nitrogen rates, genotypes,
parents, hybrids, genotypes x nitrogen rates interaction and hybrids x nitrogen rates
mean squares were significant for all traits under study. General and specific combing
ability mean squares were found to be significant for all traits. High ratios which
largely exceeded the unity were obtained for all studied traits except grain yield/plant
in low and normal nitrogen fertilization rates indicating that large part of the total
genetic variability associated with these traits was additive and additive by additive
gene action. For the exceptional case GCA/SCA ratios was less than unity, therefore,
it could be concluded that the large portion of the total genetic variability associated
with this case is due to non-additive gene action. The largest heterotic magnitude
express by the previous traits. May strength ened the conclusion about the 9
importance of non-additive gene effects in their inheritance. For grain yield/plant;

eight, ten, eight and sit crosses expressed significant and positive (.S ij) effects in
zero, low, normal nitrogen levels and the combined analysis, respectively. However,

the most desirable (S ;) effect were recorded for the crosses 3 x 6,1x8,2x4,6x7

and 5 x 6 in the respective cases. Also, the cross 1 x 2 (8.40**) in zero nitrogen level,
2 x4 (13.14**) in low nitrogen level and 1 x 8 (22.10*) in normal nitrogen level ranked

the first best (S ) effects in the respective cases.

It could be concluded that the parental genotype P2 and P3 seemed to be
the best general combiner for grain yield/plant and some of its components in the
combined analysis of the three nitrogen rates. Also, P2 and P5 gave the best

combiner for heading date. The most desirable (Si) effect were recorded by the

crosses P3 x P6, P1 x P8, P2 x P4, P6 x P7 and P5 x P6 in the respective cases.
Also, the cross 1 x 2 (8.40**) in zero nitrogen rate, P2 x P4 (13.14**) in low nitrogen

rate and P1 x P8 (22.10**) in normal nitrogen rate ranked the first best (S y) effects.

INTRODUCTION

Wheat (Triticum aestivum L.), as a nutritive crop, is considered one of
the most important cereal crops in Egypt as well as in many parts of the world.
The local production of wheat is not sufficient to cover the local consumption in

Egypt.
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Success of any plant breading program depends largely upon a better
understanding of the genetic basis of yield and its contributing characters.
Information about heterosis, general and specific combining abilities and the
types of gene action may help the wheat breeder of formulate the most
efficient breeding procedure for achievement of maximum genetic
improvement among a particular set of genotypes. Besides, to identify
desirable parents and cross combinations as genetic resources for improving
yield and yield contributing charters. The long-term objective of the most plant
breeding programs is to increase the unit area yield of high quality crop.
Development of commercial (F4) hybrid wheat may be one way of increasing
yield one of the most important factors in determining the feasibility of hybrid
wheat is the nature and amount of heterosis.

Grain yield is a complex trait made up of the interaction between
different yield components and environmental effects. Because of these
complex interaction, it is difficult to improve yield through breeding (especially
in the early generation) if yield is the only factor recorded, suggesting that
component traits should also be used as selection criteria for yield
improvement. This is the reason why it is necessary to know the genetic
architecture of yield components (Misra et al.,1994)

The ability of some crop cultivars to perform well over a wide range
of environmental conditions has been long appreciated by the agronomist
and plant breeder. The understanding of genotype-environment interaction in
plant breeding is a matter of great interest, since genotype-environmental
interaction usually hamper selection of the genotypes which consistently
show superior performance over a series of environments. So that, the
genotype-environment interaction variance should be partitioned into its
components of variation.

The present investigation was carried out to study: 1- Mean
performance of parental wheat cultivars, F1's crosses for heding date, plant
yield and its components., 2- Estimation of general and specific combining
abilities and their interactions with three different nitrogen fertilization levels,
as three different environmental conditions, three nitrogen fertilization by
application of Griffing method 2, model 1 (1956).

MATERIALS AND METHODS

This investigation was carried out at Etay EL-Baroud Agricultural
Research Station, Behaira Governorate, Egypt during the two successive
growing seasons of 2008/2009 and 2009/2010. Eight common bread wheat
varieties and/or lines (Triticum aestivum L.), representing a wide divergent
origin were used as parents, for make a diallel cross. The code number, name,
pedigree and origin of these parental genotypes are presented in Table 1.

In 2008/2009 season, grains from each of the parental varieties and or
lines were sown at various dates in order to overcome the differences in time
of flowering during this season. All possible cross combinations without
reciprocals were made among the eight genotypes to produce 28 F; seed
hybrids.
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Table 1: Genotype names, pedigree and origin of the eight bread wheat

varieties and or lines.
No. Varleﬁ{n:ndlor Pedigree Origin
1 Sakha 94 OPATA / RAYON // KAUZ Egypt
CMBWS0Y3180-0TOPM-3Y-010M-010M-010Y-10M-
015Y-0Y-0AP-0S
2 Sids 12 BUC//7C/ALD/5/MAYA74/0ON//1160.147/3/BB/GLL/4/ Egypt
CHAT"S"/6/MAYA/NUL//CMH74A.630/4*SX
SD7096-4SD-1SD-1SD-0SD

3 Line 1 SSER 11/ MLAN Egypt
Line 2 TUKURU / PASTOR Egypt
5 Line 3 PGO0 / SER1 // BAV92 Egypt
6 Line 4 NINGMAI9415-16 // SHA4 / CHIL /3/ NINGMAI50 Egypt
7 Line 5 CMH83.2578 \ ELVIRA Mexico
8 Line 6 MILAN \ S87230 \\ BABAX Mexico

In 2009/2010 season, 25" of November, the parental genotypes and
their respective 28 hybrids were sown in three adjacent experiments were
conducted three nitrogen fertilization rates, i.e., zero (low rate), 35 (low rate)
and 70 (normal rate) Kg N/fad. Randomized complete block design with three
replicates was used. Each plot consisted of two rows and each row was
three meters long and 30cm apart. Plants within row were 20cm a part. Dry
method of planting was used in this concern. The other cultural practices of
growing wheat were properly practiced.

Data were recorded on ten individual guarded plants, chosen at random
from each plot for Fy. for heading date, number of spikes/ plant, number of
spikelets/ spike, number of kernels/ Spike, 1000- kernel weight and grain
yield / plant.

The obtained data were statistically analyzed for analysis of variance
by using computer statistical program MSTAT-C. General and specific
combining ability estimates were estimated according to Griffing's (1956)
dialle! cross analysis designated as method 2 model | for each experiment.
The combined analysis of the three experiments was carried out whenever
homogeneity of variance was detected (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

The analysis of variance for all studied traits at each nitrogen rates and
across them is presented in Table 2. Results indicated that mean squares
due to nitrogen rates were significant for all studied traits indicating over all
differences between the three nitrogen rates. Significant genotypes mean
squares were observed for all studied traits in each nitrogen rates and the
combined data, indicating a wide diversity among the investigated wheat
materials. Also, significant genotypes X nitrogen rates interaction mean
squares were obtained for all studied traits. Such results clarified that the
studied wheat genotypes differed from nitrogen rates to another. Results
also, showed mean squares due to parents and crosses were significant for
all studied traits at the three nitrogen rates as well as the combined data.
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Such results indicate the presence of wide genetic variability among the
tested parents and hybrids of wheat. Significant interaction between nitrogen
rates and both of parent or crosses were detected for all studied traits. This
means that the tested wheat parents and their F, hybrids responded
differently to the three nitrogen rates.

The mean performances of the tested parent and hybrids for all traits
studied in the three nitrogen rates as well as the combined data over them
are presented in Table 3. For heading date the parental variety Sids (12), line
3 and line 6 gave lowest values of these traits. On the other hand, line 1
exhibited significantly latest for this trait in the combined analysis. Regarding
crosses mean performance, it is clear that the crosses P7 x P8 (line 5 x line
6) and P2xP8 (Sids 12 x line 6) were the earliest crosses at the three nitrogen
rates and the combined data since it expressed the lowest mean values for
heading date being 85.78 and 86.78 in the combined data.

Earliness if found in wheat is favorable for escaping destructive injuries
caused by wheat leaf rust like Puccinia triticina causes " black rust", Puccinia
recondite causes " brown rust" and P. sriformis causes " yellow rust " it is
the most prevalent of all the wheat rust disease, occurring in most wheat
growing regions. Also, earliness is favorable for escaping destructive injuries
in seed sating caused by high temperature at the end of season. For parent
mean performance, it is clear that increasing the rate fertilization it gave
increasing in number of spikes/plant. In this context, Sakha 94, line 1 and line
2 showed high number of spikes/plant at the normal rates of fertilization and
the combined analysis. Also, the parent combination 1 x 8, 3 x4, and 5 x 7
exhibited the highest mean values for this trait at the normal rates of
fertilization and the combined analysis. For number of spikelets/spike,
parents Sids 12, line 1, line 2, line 5 and line 6 were the best among the
studied parents. Meanwhile, the single crosses P1xP8, P2xP4, P2xP 6,
P2xP7, P3xP4, P3xP7, P4xP6, P4xP7, P4xP8, P5xP7, P6xP7, and P6 x P8
were the best among the studied crosses for this trait. Since these crosses
recorded values from 24 for the cross 3 x 4 to 25.19 for the cross 4 x 7 in the
combined analysis. The parent Sids 12 gave the best values for number of
grains/spike since it recorded the highest values 82.33, 118.22, 98.00 and
99.52 in zero, low, normal and the combined analysis, respectively. The
crosses P2 xP4 (Sids 12 x line 3) and P2xP8 (Sids 12 x line 6) exhibited the
highest significant mean values which recorded 73.61, 83.44, 83.67 and
80.24 at zero, low, normal nitrogen rates and the combined analysis,
respectively and the cross (P2 x P8) and 73.20, 89.53, 86.63 and 83.12 at
zero, low, normal nitrogen rates and the combined analysis, respectively.
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Table 3: Mean performance of eight parental wheat genotypes and their
F; crosses for all studied traits under three levels of nitrogen

and their combined data.

Heading date (day) Number o(st:;kesl plant Numbsepri l?; sg::)eletsl

Fer. 1|Fer. 2| Fer.3 [Comb. |Fer. 1[Fer. 2[Fer.3]Comb. |Fer. 1|Fer. 2| Fer.3 | Comb.
1x1_[91.33]94.33| 96.33 | 94.00 | 7.42 [17.86|20.92| 15.40 |20.24|22.83|23.22| 22.10
2x2 188.00/89.67| 90.33 | 89.33 | 8.00 | 9.05 | 8.20°| 8.42 |22.83|24.11|24.47| 23.80
3x3  195.00(95.67| 96.67 | 95.78 | 9.80 |16.22[19.15| 15.06 |23.67|23.66|24.33| 23.89
4x4 80.33|98.67| 99.33 | 92.78 | 9.20 [19.39]18.00| 15.53 |23.13|24.00|24.33| 23.82
5x5_ 189.00]92.00| 92.33 | 91.11 | 7.08 [15.28]17.67| 13.34 |19.08]20.44 |21.67| 20.40
6x6 92.33]93.00{100.67 | 95.33 [10.14[12.27[17.66| 13.36 [20.16 23.20(23.44| 22.27
7x7__189.33|92.00| 93.00 | 91.44 [14.22[15.16[15.16| 14.85 |24.67|26.55|25.50| 25.57
8x8 |89.67|90.67| 90.67 | 90.33 | 7.45 | 8.17 | 7.93 | 7.85 |24.29|25.28|25.77| 25.11
1x2  |87.33/89.67| 91.00 | 89.33 |10.05|16.22|16.30| 14.19 |23.44|22.72|23.55| 23.24
1x3_ |89.00(89.67] 91.67 | 90.11 | 9.67 [18.6616.75| 15.03 |22.73|23.55|23.83| 23.37
1x4 193.33/96.00| 96.33 | 95.22 [11.25]13.68[20.00| 14.98 |22.50|23.53|24.60| 23.54
1x5 [90.33(93.33| 95.00 | 92.89 | 8.67 [17.97|13.45| 13.36 |19.77|22.50|22.63| 21.64
1x6 194.33[95.33| 96.33 | 95.33 | 7.40 |19.55|16.50| 14.48 |21.40|23.66|23.43] 22.83
1x7_ 190.33/92.33| 93.33 | 92.00 | 8.28 [12.4015.78| 12.15 |22.67|24.47|24.28| 23.80
1x8 |90.67[91.67| 92.67 | 91.67 [10.09|13.08]23.05| 15.41 |23.84|24.17|25.78| 24.60
2x3 |88.67/90.33| 93.00 | 90.67 | 9.64 | 9.81 [13.44| 10.96 |22.83|24.09|24.44| 23.79
2x4 [90.67|91.67| 92.33 | 91.56 |11.50|19.39|16.26 15.72 |23.61|25.11|25.22] 24.65
2x5  189.33190.00| 91.00 | 90.11 | 8.92 [10.87[13.44| 11.07 |20.94|22.87|23.00] 22.27
2x6_ 89.67]90.33] 91.33 | 90.44 [10.92[10.89(12.67| 11.49 |23.55|24.11|24.50| 24.05
2x7_189.00]90.33| 91.33 | 90.22 | 7.28 [11.73[13.83| 10.95 |23.00]25.00|25.17| 24.39
2x8 |86.67(86.33! 87.33 | 86.78 | 6.47 | 6.78 | 6.60 | 6.61 |23.00 24.22(24.64| 23.95
3x4 [95.67|96.67| 97.33 | 96.56 [10.17|13.00|20.22| 14.46 23.80|23.78(24.42| 24.00
Bx5 191.00/93.33| 94.67 | 93.00 | 9.73 [14.52[18.12| 14.12 |22.20|21.87|23.27| 22.44
3x6 193.33/194.67 | 96.33 | 94.78 | 9.62 |18.89[17.80| 15.43 |22.60|23.66|24.57| 23.61
3x7 _|92.33/94.33[ 96.33 | 94.33 | 9.14 [13.1119.10| 13.78 23.00|24.1126.44| 24.52
Bx8 192.67]94.33| 96.00 | 94.33 | 9.32 [12.22|11.58| 11.04 |23.43|24.55|24.33] 24.11
4x5 192.33|95.33| 96.67 | 94.78 | 7.68 |18.22[13.00| 12.97 |21.13]23.00|22.20] 22.11
@x6 194.33|97.33| 98.33 | 96.67 [10.28]14.67|17.50] 14.15 |23.00|25.00|26.44| 24.81
@4x7_ 190.33/92.00| 93.33 [ 91.89 [ 6.94 [17.55|15.33| 13.28 |23.78 26.11(25.70| 25.19
4x8 |89.33/90.33| 91.33 [ 90.33 [10.83[12.72[12.55| 12.04 24.23|24.55(24.83| 24.54
5x6  195.33196.67| 98.00 | 96.67 | 6.08 [17.08|16.33| 13.17 |20.00|22.39|23.17| 21.85
©X7_ 190.33]91.33| 92.33 | 91.33 | 7.39 |13.44|22.44| 14.42 |22.00|25.89|25.00] 24.29
5x8 |93.33/95.33| 96.67 | 95.11 | 6.55 [12.61(11.40| 10.19 |22.47 24.16[23.67| 23.43
6x7_193.00/95.00| 96.33 | 94.78 | 9.94 [13.11[16.17| 13.07 |23.55|26.55|25.44| 25.18
6x8 190.33/92.00| 93.33 | 91.89 [10.57]|12.55/12.89] 12.00 |23.40|25.44|25.49| 24.78
7x8 |84.33(86.00| 87.00 | 85.78 | 8.53 |10.55] 9.25 | 9.45 [23.40|23.77|24.61] 23.93
LSD
at 5% 0.99 | 1.09 | 0.79 | 0.95 [1.69 | 240|258 | 222 [1.16|1.27|1.01] 1.13
LSD
at1% | 1.32 | 1.45| 1.04 | 1.25 | 2.25|3.19|3.42| 292 | 155|168 | 1.34 | 1.49
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Table 3: Cont.

Number of grains / spike

(No.) 1000-grain weight (q) Grain yield / plant (g)

Fer. 1] Fer. 2 | Fer.3 | Comb. |Fer. 1[Fer. 2| Fer.3 | Comb. |[Fer. 1|Fer. 2| Fer.3 | Comb.
1x1 |55.91| 61.02 |63.47| 60.13 [44.38|45.58[49.41| 46.45 [16.5341.1748.27| 35.32
2x2 |82.33|118.22(98.00| 99.52 [52.65|56.56|58.29| 55.84 |26.75|45.00/40.33 | 37.36
3x3 |74.27| 52.77 |79.91| 68.98 [43.88|40.66|39.74| 41.43 |23.27|35.75|43.20| 34.07
x4 165.51| 43.44 |73.92| 60.96 [47.99[41.69(42.08| 43.92 [21.22|35.00|44.58| 33.60
5x5 |43.58| 34.22 |65.20| 47.67 |54.80|53.29(55.82| 54.63 |18.25|31.33|48.97 | 32.85
6x6 |47.22| 35.60 |54.44| 45.75 |46.88(53.11|52.45| 50.81 [17.27[26.92|36.65| 26.94
7x7 158.05| 71.05 169.83| 66.31 |56.99|51.61|54.14| 54.24 |29.52|42.42|32.75| 34.89
8x8 |71.47| 73.69 |86.32| 77.16 |50.35/53.06|57.53| 53.65 |23.05/31.17|38.37 | 30.86
1x2 |74.28| 54.17 |80.97| 69.80 |53.82[49.50|54.46| 52.60 [35.57|43.92|45.47| 41.65
1x3 |70.67| 47.65 |69.33| 62.52 |47.49(45.2448.45| 47.06 [23.92)|51.42/41.60| 38.98
x4 166.50] 41.63 |72.20| 60.11 [51.27[45.91|47.19| 48.12 |26.80/36.00(48.47 | 37.09
1x5 |55.44| 50.00 |67.63| 57.69 |52.62[51.02[56.04| 53.23 |21.05|39.50|37.70| 32.75
1x6 |51.73| 57.11 |60.97 | 56.60 |53.67[51.22|54.75| 53.22 |16.80[45.42(42.55| 34.92
1x7 163.563| 60.73 |65.69| 63.32 |50.39|52.65[51.31| 51.45 |21.22|36.23|34.45| 30.63
1x8 |57.82| 48.75 |75.16| 60.58 [53.39(52.15|55.70| 53.75 |29.00(37.75|64.37 | 43.71
2x3 167.97| 60.55 |91.83| 73.45 [50.78{47.08[50.22| 49.36 [30.10|48.75|47.70| 42.18
x4 173.61| 83.44 |83.67| 80.24 [51.78(50.63[49.11| 50.51 |33.33(57.17|52.97 | 47.82
Px5 |56.30| 70.33 |86.22| 70.95 |55.64|56.85(62.75| 58.41 [25.65|35.28|46.82| 35.92
2x6 |77.61| 55.78 |83.67| 72.35 |60.06|57.59(58.35| 58.67 [33.12(38.17|50.48| 40.59
2x7 161.72| 74.40 |73.92| 70.01 [58.60(56.84 [55.14| 56.86 [22.32|43.03|54.90| 40.08
2x8 |73.20| 89.53 |86.63| 83.12 |58.69/59.34|65.02| 61.01 |25.67 |36.42|36.87 | 32.98
3x4 |61.18| 49.64 |83.42| 64.75 |49.52|43.89(45.67| 46.36 |23.85|36.08|58.70| 39.54
3x5 |56.60| 35.15 |61.78| 51.18 [53.41]|50.84 [51.59| 51.95 |21.92|34.70[47.00| 34.54
3x6 |53.78| 43.89 |69.78| 55.82 [52.16(51.25[52.31| 51.91 [20.70{52.00|{51.52| 41.41
3x7 |55.72| 65.44 |81.91| 67.69 [56.25]53.59(51.80| 53.88 [29.82|35.67|54.67 | 40.05
3x8 |74.33| 63.11 [83.25| 73.56 |50.25|49.29|52.73| 50.76 |29.62|47.17[41.80| 39.53
4x5 |59.63| 59.67 |64.33| 61.21 |55.65(52.2657.02| 54.98 [20.52|48.92(32.33| 33.92
4x6 |51.50| 62.33 |77.53| 63.79 |56.55|54.48|54.22| 55.08 |23.68|34.92|59.47 | 39.36
4x7 |36.75| 54.22 |64.98| 51.98 [55.23|53.73(50.64| 53.20 |17.57|45.00|38.48| 33.68
4x8 |68.77| 58.44 |80.28| 69.16 |54.87|52.27[53.11| 53.42 |31.33|40.25|39.45| 37.01
5x6 |40.90| 51.66 |58.42| 50.33 [56.71]56.91[59.30| 57.64 [14.67|43.33|45.50| 34.50
5x7 |47.61] 56.22 |81.23| 61.69 [61.13|58.51 [62.04| 60.56 |22.52]|43.92|58.87 | 41.77
5x8 |44.31| 43.11 |69.20| 52.21 [58.24(57.68(60.50| 58.81 [17.92|35.33(34.73| 29.33
6x7 |56.00| 59.88 |79.05| 64.98 [55.56|55.87 |56.06| 55.83 |26.20|31.00/49.20| 35.47
6x8 |56.55| 57.11 |77.64| 63.77 |58.24|57.35[59.58| 58.39 |28.95|41.33|44.38| 38.22
7x8 |55.27| 73.50 |66.14| 64.97 [64.09]62.60(63.17| 63.28 {27.9336.00|35.15| 33.03
LSD
at
5% | 9.68 | 10.68 | 9.29 | 9.75 | 2.21 220|223 | 218 | 511 |[4.86 | 6.26 | 5.36
LSD ;
at y
1% [12.85|14.17 |12.33| 12.79 | 2.93 [ 2.92 | 2.96 | 2.86 | 6.78 | 6.44 | 8.31 | 7.03

It is clear that Sids 12 and line 5 exhibited the highest mean values of
grain yield/plant at zero and low nitrogen rates. Meanwhile, Sakha 94, Sids
12, line 1, line 2 and line 3 gave the highest mean values of this trait at
normal nitrogen rate as well as the combined analysis. In the same trend, the
crosses 1x2,1x8,2x3,2x4,3x6, and 5 x 7 showed the best mean
values of grain yield/plant at zero, low and normal nitrogen rates. This result
clear that, Sakha 94, Sids 12, line 1, line 2, line 3, and line 4could be
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considered the promising ones for high productivity. On this context, their
parental combinations sakha 94 x sids 12, sids 12 x line 2, sakha 94 x line 5
and sids 12 x line 1 were superior for grain yield/plant. )

Grain yield/plant tended to increase from 31.33, 52.00 to 64.37 gm
with increasing nitrogen levels from zero, low and normal rates, respectively
such increase may be due to the important role of N stimulating assimilation
activities and hence vegetative growth as well as spike initiation and grain
filling. Also, due to the favorable role of N in increasing spike length and
number of grains/spike recorded herein. These results are confirmed with
finding by Salem. (2000).

Analysis of variance for combining ability as outlined by Griffing's
(1956) method 2 model 1 in each nitrogen rates and the combined data for all
studied traits is presented in Table 2. Results indicated that mean squares
associated with general (GCA) and specific (SCA) combining ability were
significant for all studied traits. The variance of general combining ability
includes the additive and additive X additive genetic portion. While, specific
combining ability represents the non additive genetic portion of the total
variance arising largely from dominance and epistatic deviations. If both
general and specific combining ability 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 both types
of combining ability.

Both GCA and SCA mean squares were highly significant for all traits.
Hence, GCA/SCA ratio was used as measure to reveal the nature of genetic
involved. High ratios which largely exceeded the unity were obtained for all
studied traits except grain yield/plant in low and normal nitrogen fertilization
rates indicating that large part of the total genetic variability associated with
these traits was additive and additive by additive gene action. For grain yield/
plant showed GCA/SCA ratios less than unity, therefore, it could be
concluded that the large portion of the total genetic variability associated with
these traits is due to non-additive gene action. The largest heterotic
magnitude express by the previous traits. May strength ened the conclusion.
about the 9 importance of non-additive gene effects in their inheritance.

The importance of additive genetic variance in controlling yield and
yield attributes in wheat was reported by several investigators, among those
are: El-sayed et al. (2000) and Abdel-Wahed (2001) for number of
spikes/plant, El-Sayed (1997), Hassan (1998) and Hendawy (1998) for
number of grains/spike; Hassan (1998) and El-Sayed et al. (2000) for 1000-
grain weight; Abdel-Shafi (1999), Mahmoud (1999) and El-sayed et al. (2000)
for grains weight/plant. On the other hand, several investigators reported that
non-additive gene action was responsible for the inheritance of wheat grain
yield and its attributes Abdel-Shafi (1999), El-Sayed et al. (2000) and Abdel-
Hameed (2002).

Also, results in Table 2 indicated that the interaction between GCA X
nitrogen and SCA X nitrogen rates was significant for all studied traits
indicating that the magnitude of additive and non-additive types of gene
action varied from nitrogen rates to another.
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It is fairly evident that the ratio for GCA x N /GCA was lower than ratio
of SCA X D/SCA for all studied trait. This result indicated that non-additive
effects were more influenced by nitrogen levels than additive genetic effects
for these traits (Gelbert 1958).

General combining ability effects:

General combining ability effects were computed for the parents when
the traits showing significant GCA mean squares. Estimates of GCA effects
( g,.) for individual parental genotype in each trait for each nitrogen rates i.e.

zero, low, normal as well as the combined data are presented in Table 4. -

Table 4: Estimating of general combining effects (é,.) for all studied

traits.

e Heading date Number of spikes/ plant Numbersc::i:é)ikeletsl

Fer. 1 |Fer.2|Fer. 3[Comb.|Fer. 1|Fer.2 |Fer. 3|Comb.|Fer. 1| Fer.2[Fer. 3[Comb.
P1 0.24* | 0.23 |0.25** | 0.24* | -0.13 [2.01**[2.46** [ 1.45" |-0.65**|-0.60" -0.48**|-0.57**
P2 -1.83"" |-2.64**|-2.85**|-2.44** -0.08 |-2.34**|-3.02**|-1.81**| 0 27* 0.01 | 0.01 [ 0.10
P3 1.71** [1.03**| 1.22** |1.32**| 0.53**| 0.55* 1.62** | 0.90** | 0.46** [-0.33*| 0.06 | 0.06
P4 -0.89** [2.23**| 1.78** | 1.04**| 0.55** | 2.08** 1.18"]1.27**10.50** | 0.29* | 0.27* [0.35**
P5 0.44** 10.49**| 0.25** |0.39**|-1.24**[ 0.81** 0.44 | 0.00 |-1.67**[-1.27**|-1.31**|-1.41**
P6 1.94* |1.29*) 2.48** |1.91**| 0.35 | 0.41 | 0.61* | 0.46 |-0.55"* 0.10 0.06 | -0.13
P7 -0.73*1-0.91**|-1.05**|-0.89**| 0.44* | -0.49 | 0.31 | 0.09 | 0.74* |1.28" 0.83**]0.95**
P8 -0.89™ 1-1.71**]-2.08**|-1.56**| -0.43* |-3.03**|-3.59**|-2.35**[ 0.90* | 0.5~ 0.55** [ 0.66**

LSD ¢ at5%
LSD g, at1%
LSD (- ) at

021 | 023 | 016 | 0.20 | 0.35 | 0.50 | 0.54 047 | 024 | 0.27 | 0.21 | 0.24

028 | 0.30 | 0.22 | 0.27 | 047 | 0.67 | 0.72 062 | 032 | 0.35 | 0.28 | 0.32

5% 031 | 035 025 | 0.30 | 0.54 | 0.76 | 0.82 | 0.70 | 0.37 0.40 | 0.32 | 0.36
LSD ( 8" g,-) at
1% 042 | 046 | 0.33 | 0.40 | 0.71 | 1.01 | 1.08 | 0.93 | 0.49 | 053 0.42 | 0.48

Table (4): Cont.

Number of grains/ spike 1000-kernal weight Grain yield per plant
Fer. 1 |Fer.2|Fer. 3[Comb.|Fer. 1| Fer.2 |Fer. 3 Comb.|Fer. 1| Fer.2 |Fer. 3[Comb.

P1 " 0.99 [-4.74**|-5.31**|-3.02**|-3.21**|-3.17**[-2.02**]-2.80* -1.20*| 1.17* | 0.40 | 0.12
P2 10.75"*19.53+*|11.09**|13.79**1.12** [ 2.04** | 2.47** 1.88"*[3.99**|3.19**| 0.87 |2.68**
P3 4.69** |-5.85*| 2.92** | 0.59 |-3.59**|-4.80* -5.47**|-4.62**| 0.71 |1.64**[2.22**[1.50*
P4 0.71 |-3.31** 0.23 |-0.79 |-1.26**|-3.40**|-4.58**|-3.08* 0.01 | 0.75 | 1.19 | 0.65
P5 -9.39"" |-0.48**|-5.28**|-8.05** 1.95** | 2.01** [ 3.40* | 2.45* -3.87**(-1.72**| -0.63 |-2.07**
P6 -5.94*" |-7.04**-5.60**|-6.19**| 0.32 |2.04**[1.26** | 1.20* -2.07**|-2.09**] 0.92 | -1.08
P7 -4.92*|5.72**| -1.94 | -0.38 [3.17**[2.65**[1.15%* 2.32**| 0.72 | -0.52 |-1.60* | -0.46
P8 3.13" |5.16**| 3.90** |4.06** | 1.50** [ 2.63** | 3.79** 2.64™[1.71**]-2.43**|-3.37**| -1.36*

LSD gi at 5%
LSD g, at 1%
LSD (é,'él) at

2.03 | 223 | 1.94 | 2.07 | 0.46 | 0.46 | 0.47 046 | 1.07 | 1.02 | 1.31 | 1.13

269 | 296 | 258 | 274 | 061 | 0.61 | 0,62 0.61 | 142 | 1.35 | 1.74 | 1.50

5% 3.06 | 338 | 294 | 313 | 0.70 | 0.70 | 0.71 070 | 162 | 1.54 | 1.98 | 1.71
LSD (3 - ) at
1% 4.06 | 448 | 3.90 | 415 | 0.93 | 0.92 | 0.94 0.93 | 215 | 2.04 | 263 | 227

* and ** significant at 0.05 and 0.01 levels of probability, respéctively.

2009



EL-Hosary, A. A. et al.

The parent (P1) exhibited significant positive (g,) effects for grain

yield/plant at low nitrogen rate, and number of spikes/plant at each of low,
normal nitrogen rate and the combined analysis.

The parent 2 (Sids 12) gave highly significant negative ( g,.) effects for

heading date in the three nitrogen rates as well as the combined analysis.
Such results indicated that Sids 12 could be a good combiner for developing
early heading and maturity genotypes. On the other hand, this parent P2
(sids 12) expressed highly significant positive ( §,. ) for number of grains/spike
and 1000-grain weight at the three nitrogen rates as well as the combined
analysis, number of spikes /plant at low, normal N-rate and combined data,
number of spikelets/spike at zero nitrogen rate and grain yield/plant at zero,
low N rate and the combined analysis. Such results indicated that the
parental new variety Sids 12 could be considered as excellent combiner for
developing early maturity genotypes.

The parent No. 3 (line 1) showed that significant positive (&)

effects for number of spikes/plant at the three nitrogen rates as well as the
combined analysis, number of spikes/ plant at zero nitrogen level, number of
grains/spike at zero and normal level of nitrogen and grain yield/plant at low,
normal and combined analysis. This parent could be considered as the
second best combiner for grain yield/plant and some of its components.

The parent No. 4 (line 2) seemed to be good combiner for number of
spikes/plant, number of spikelets/spike at the three nitrogen levels and the
combined analysis. On the contrary, it expressed either undesirable

significant or non appreciable (g,) values for the other traits.

The parent No. line 5 exhibited significant positive (§,) effects for

1000-grain weight at three nitrogen rates and the combined analysis, number
of spikes/plant at low nitrogen rate. It was around the average for the other
cases.

The parent No. 6 (line 4) behaved as the best combiner for number of
spikes/plant at normal nitrogen levels, 1000-grain weight at low, height and

the combined data. However, it gave undesirable (Q,. ) effects for other traits.

The parent No. 7 (line 5) seemed to be good combiner for heading
date, 1000-grain weight, number of spikelets/spike, number of spikes and
number of grains/spike at low nitrogen rate. It is worth noting that earliness is
required for developing early maturing season to escape stem rust. The

parent which possessed high (g,) effects for total yield/plant showed the
same effect for one or more of the traits contributing to grain yield. However,
it exhibited either significant undesirable or insignificant ( é,) effects for the
other traits.

The parent No. 8 (line 6) showed that significant negative (g,) effect
for heading date indicating that this parent could be considered as good
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combiner for developing early genotypes. Also, it gave significant (é,) effects

for number of spikelets/spike, number of grains/spike, 1000-grain weight at
the three nitrogen levels as well as the combined analysis and grain
yield/plant at zero N-rate.

From the previous result, it could be concluded that the parental
genotype P2 and P3 seemed to be the best general combiner for grain
yield/plant and some of its components in the combined analysis of the three
nitrogen rates. Also, P2 and P5 gave the best combiner for heading date.

In most traits, the values of (§,.) effects mostly differed from nitrogen

rate to another. This finding coincided with that reached above where
significant GCA by nitrogen rates mean squares were detected in Table 2.
Specific combining ability:

Specific combining ability effects for 28 F, crosses were estimated for
all studied traits at the three nitrogen rates as well as the combined analysis
are presented in Table 5. For heading date, ten, nine, twelve and seven

parental combinations exhibited significant negative (S) effects under zero,

low, normal nitrogen rates and the combined analysis, respectively. Also, the
crosses 1 x 3 under different nitrogen levels and the combined gave the best
crosses for SCA. Thus, it could be considered stable cross and of great value
in practical nitrogen rate breeding programs to produce early heading
genotypes. For number of spikes/plant; seven, five, four and four crosses at
zero, low normal and the combined analysis, respectively gave significant

A

and positive (.S ;) effects. However the best (Sy) effects were detected for

the crosses P1 x P8 (3.43*%), P2xP4 (3.37**) and P3xP6 (3.05**) for the
respective cases. As fore number of spikelets per spike; five, three, three

and two crosses exhibited significant and positive S iy effects in zero, low,

normal N-rate and the combined analysis, respectively. However the best S;

effects were detected for the crosses P6xP7 (1.35™) and P1xP8 (0.85*) for
the respective cases in the combined analysis.
For number of grains per spike; five, five, four and one crosses

exhibited significant and positive (S ;) effects in zero, low, normal nitrogen

A

rate and the combined analysis, respectively. However, the best (.S ;) effects

were detected by the cross 3 x 8 (7.46**) for the respective cases in the
combined analysis. Regarding 1000-grain weight, eleven, seven, ten and ten

crosses gave significant and positive (S;) effects in zero, low, normal
nitrogen rate and the combined analysis, respectively. Also, the crosses
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P2xP8, P3xP6, P4xP8, P5xP6, P4xP6 and P6xP7 were exhibited the best
(S) effects in the nitrogen rates as well as the combined analysis.

Table 5: Estimates of specific combining ability effects for crosses
studies in each nitrogen levels as well as the combined data.

) Number of spikelets /
Heading date Number of spikes / plant spike
Fer. 1| Fer.2 [Fer. 3|Comb.|Fer. 1| Fer.2 [Fer. 3[comb.|Fer. 1] Fer.2 [Fer. 3]comb.
1x2 -1.70**| -0.63 | -0.46 |-0.93**| 1.20* [ 2.42** | 1.41 [1.67**[1.23*| -0.72 | -0.35 | 0.05
1x3 -3.57**|-4.30**|-3.86**|-3.91**| 0.20 | 1.97* [-2.78**| -0.20 | 0.33 | 0.45 | -0.12 | 0.22
1x4 3.36**| 0.84* | 0.24 | 1.48**|1.77**|-4.54**| 0.91 | -0.62 | 0.06 | -0.18 | 0.43 | 0.10
1x5 -0.97**| -0.10 | 0.44 | -0.21 | 0.97 | 1.02 [-4.90**| -0.97 [ -0.50 | 0.34 | 0.05 | -0.04
1x6 1.53** [ 1.10**| -0.46 | 0.73* |-1.88**| 3.00** | -2.02* | -0.30 | 0.01 | 0.14 | -0.52 | -0.12
1x7 0.20 | 0.30 | 0.08 [ 0.19 [-1.09* |-3.25**|-2.45**|-2.26**| -0.02 | -0.24 | -0.44 | -0.23
1x8 0.70* | 044 | 0.44 | 0.53 |1.59** | -0.03 |8.73**[3.43** [1.00**| 0.22 [1.33**] 0.85
2x3 -1.84**| -0.76* | 0.58* | -0.67* | 0.12 |-2.53**| -0.62 | -1.01 | -0.49 | 0.38 | 0.00 | -0.04
2x4 2.76** | -0.63 | -0.66* | 0.49 |1.97**|5.51**|2.64*|3.37**| 0.25 | 0.79 | 0.56 | 0.53
2x5 0.10 | -0.56 | -0.46 | -0.31 [ 1.17* [-1.73*| 0.56 | 0.00 [-0.25 | 0.10 | -0.08 | -0.08
2x6 -1.07**|-1.03**|-2.36**|-1.49**| 1.58** | -1.32 | -0.38 | -0.04 |1.24**| -0.03 | 0.06 | 0.42
2x7 0.93** | 1.17** [ 1.18** [ 1.09** [-2.14**| 0.44 | 1.08 | -0.21 |-0.60 | -0.31 | -0.04 | -0.32
2x8 -1.24**|-2.03**[-1.79**|-1.69**|-2.09**| -1.98* [-2.25**| -2.11 [-0.76*| -0.33 | -0.29 | -0.46
3x4 4.23**| 0.70* | 0.28 [1.74**| 0.02 [-3.76**| 1.97* | -0.59 | 0.25 | -0.20 | -0.29 | -0.08
3x5 2.33** | -0.90* | 1.21** | 0.88** [-2.09**| -0.97 | -0.17 | -1.08* | -0.38 | -0.56 | 0.05 | -0.30
3x6 0.00 | -0.36 |-0.92**| -0.43 | -0.88 |3.80** | 6.23** [3.05** | 0.33 | -0.13 | 1.11**] 0.44
3x7 3.16* | -0.30 | 4.44** | 2.44**| -0.84 | 1.05 | -0.91 | -0.23 | 0.64 | 0.80 | 0.05 | 0.49
3x8 1.16** |-4.10**| 0.84** | -0.70* | 0.09 | -0.05 | -0.21 [ -0.06 | 0.77* [-2.05**| 0.18 | -0.36
4x5 -1.34**| 1.50** |-1.12**| -0.32 | 1.58**| -1.08 | 0.42 | 0.31 [ 0.46 [-0.87*| 0.50 | 0.03
4x6 -4.67**| 2.30** [-3,92**|-2.10**| -0.54 | 0.57 [-2.93**| -0.96 |-0.83*| 0.34 |-1.14**| -0.55
4x7 -1.77**| -0.10 [-0.86**|-0.91**| 1.38* | 1.20 | 0.60 [ 1.06* [ 0.81* | -0.04 | 0.14 | 0.30
4x8 -0.94**| 1.10** [-1.42**| -0.42 | -0.33 [-1.96* | 0.12 [ -0.72 | 0.10 | 0.59 | 0.07 | 0.26
5x6 0.73* |-2.03**[2.11**| 0.27 | -0.90 | 1.83* | 1.71* | 0.88 |-0.79*| 0.52 [1.18**| 0.30
5x7 1.23**|-2.90**| 2.81**| 0.38 | 0.15 | -0.46 | -1.90* | -0.74 | -0.52 | -0.28 | -0.66" | -0.48
5x8 2.16** | 2.17**| 0.58* | 1.64**| -0.69 | 1.73* |-4.07**| -1.01 | -0.29 | -0.47 |-1.14**] -0.63
6x7 2.66**|-0.96**| 0.01 | 0.57 | 0.31 | -1.00 | 0.26 | -0.14 | 0.46 |1.85** | 1.74** [1.35*
6x8 1.33** | 3.84** [-1.46"*] 1.24** |-3.11**| 0.70 | -1.61 | -1.34 | -0.05 | 0.89* | 0.23 | 0.35
7x8 0.50 [1.90**|-2.42**| -0.01 |1.65**| -0.94 | -0.49 | 0.08 | 0.24 |1.15**| -0.37 | 0.34
LSD at 5% -
Sij 0.64 | 0.70 | 0.50 | 0.61 | 1.09 | 1.54 | 165 | 1.43 | 0.75 | 0.81 | 0.65 | 0.74
LSD at 1%
Sij 085 | 093 | 0.67 | 0.82 | 144 | 204 | 219 | 1.89 | 0.99 | 1.08 | 0.86 | 0.98
LSD at 5%
Sij-Sik 0.94 | 104 | 0.75 | 091 | 161 | 2.28 | 2.45 | 211 | 1.11 | 1.20 | 0.96 | 1.09
LSD at 1%
Sij-Sik 125 | 1.38 | 0.99 | 1.21 | 213 | 3.03 | 3.25 | 2.80 | 1.47 | 1.59 | 1.27 | 1.44
LSD at 5%
Sij-Ski 089 | 098 | 0.70 | 0.86 | 1.51 | 215 | 2.31 | 1.99 | 1.04 | 1.13 | 0.90 | 1.03
LSD at 1%
Sij-Sik 118 | 1.30 | 093 | 1.14 | 2.01 | 2.85 | 3.06 | 2.64 | 1.38 | 1.50 | 1.20 | 1.36
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Table 5: Cont.

Number of grains / spike 1000-grain weight Grain yield / plant

Fer. 1] Fer.2 [Fer. 3[Comb.|Fer. 1|Fer.2 Fer. 3|Comb.|Fer. 1] Fer.2[Fer. 3 [Comb.
1x2 2.33 |-19.44"™ 0.52 | -5.53 |2.19*|-1.65* | -0.09 | 0.15 |8.40* | -0.54 -1.04 | 2.27
1x3 478 | -0.68 | -2.94 | 0.39 | 0.56 | 0.93 | 1.84* | 1.1 | 0.03 |8.51* |6 26" 0.76
1x4 4.59 |-0.14**| 262 | -0.64 [2.02*| 019 |-0.31 | 0.63 | 3.61* |-6.01~ 1.64 |-0.25
1x5 363 | 540 | 355 | 419 | 0.16 | -0.11 | 0.56 | 0.21 | 1.74 | -0.05 -7.31**| -1.87
1x6 -3.53 110.06**| -2.79 | 1.25 |2.84*| 0.07 | 1.41 | 1.44" | -4.31" | 6.04* -4.01 | -0.69
1x7 725" | 094 | -1.72 | 215 |-3.30*| 0.89 |-1.92**|-1.44*| 2.68 |-4.52| 9 59 -5.60**
1x8 -6.51* |10.49*| 1.91 | -5.03 | 1.38 | 0.41 | -0.18 | 0.54 | 411" | -1.09 22.10**|8.37**
2x3 -7.68" |11.95™ 3.16 | -5.49 | -0.47 |-2.44*[ -0.89 [-1.27*| 1.03 | 3.82* -0.63 | 1.41
2x4 1.95 | 8.41* | -2.32 | 268 |-1.80*| -0.30 |-2.89**|-1.66* | 4.96" |13.14"] 5,57 7.92**
2x5 5.26 | 146 | 574 | 065 |-1.15] 052 [2.78"| 0.71 | 1.15 |-6.28" 1.33 [-1.26
2x6 12.59"|-15.53"| 3.51 | 019 [4.90**| 1.23 | 0.52 | 2.00* |6.83*" | -3.03 | 3.45 242
2x7 -4.32 |-9.66"|-9.90* | -7.96* | 0.59 | -0.13 |-2.58"[-0.71 |6.77*"| 0.27 10.39**| 1.30
2x8 -0.88 | 6.02 | -3.02 | 0.71 [2.35%|2.39**|4.65" |3.13* |-4.41%|-4.44"| 5 87 -4.91
3x4 -4.42 | -0.02 | 561 | 0.39 | 0.65 |-0.19 | 1.62* | 0.69 | -1.25 |6.40 |10 05 0.80
3x5 -3.98 | -8.34" | 537 | -5.90 | 0.72 | 1.35 | 0.55 | 0.87 |-3.77* |-5.32""| -0.03 -3.04
3x6 1.71 | -2.04 [13.78*| 4.48 [2.29**| 1.74* |3.39** [2.47*| 1.28 |12.35~ 15.85**)9.83*
3x7 -9.64™] 017 | -4.08 | -4.52 | 1.07 | 0.40 [ -0.79 | 0.23 |-4.31% | 5.75" | 5651+ -1.69
3x8 6.65" | 3.81 [11.93"*| 7.46* |-1.66"|5.04* | -0.45 | 0.98 | 3.8 | -1.15 | 4.65* 2.22
4x5 -0.85 | 676 | 4.69 | 3.53 [2.70*[3.46**| 0.43 | 2.20* |4.93* |-5.55+ 1.59 | 0.32
4x6 -3.15 | 4.98 [10.48™ -2.89 [5.70**]-0.81 [4.12**[3.00"| 1.12 | 7.86" -5.13* | 1.28
4x7 1.09 113.64*1-10.52* 1.40 | 1.33 | 1.37 | -0.44 | 0.75 | 0.70 | 9 79+ 0.17 | 3.55*
4x8 -5.18 113.86**| -2.19 | 2.16 | 1.71*|3.56** |2.42* [2.56* | -2.31 | -3.84* 3.13 | -1.01
5x6 -4.26 | -7.01" | 6.27* | -1.66 |2.94**[2.20**|2.01* [2.38" | 4.01* | 4.67** | 8.80" 5.83**
5x7 6.31* | -2.22 | 177 | 1.95 |-1.39 | 0.76 | 0.30 | -0.11 | 2.862 | 1.83 -2.29 | 0.79
5x8 811" 19.36™ | -5.28 | 4.06 | 1.24 | 0.58 [4.10**[ 1.97* | -0.01 | 7.04* -13.47** -2.14
6x7 -3.48 | 1.16 |8.24* | 1.97 [3.77**| 1.57* [3.44**[2.93"| 1.37 |6.06" 12.12**6.51**
6x8 -19.25™:11.39* -7.97** 1.12.87**| -0.40 | 0.76 | -0.03 | 0.11 |-7.54*| -0.61 -6.35** |-4.84**
7x8 472 | 239 | 1.49 | 2.87 | 0.91 [-1.10 [-0.20 | -0.13 | 5.23 |-6.49* -3.61 | -1.62
LSD at 5% Sij| 6.21 | 6.85 | 596 | 6.34 | 1.42 | 1.41 | 1.43 142 | 328 | 3.11 | 4.01 | 3.47
LSD at 1% Sij| 8.24 | 9.09 | 7.91 | 8.41 | 1.88 | 1.87 | 190 1.88 | 4.35 | 413 | 533 | 4.60
LSD at 5% :
Sij-Sik 919 11014 | 8.82 | 9.38 | 2.10 | 2.09 | 2.12 | 2.10 | 4.85 | 4.61 5.94 | 513
LSD at 1%
Sij-Sik 12.19 | 13.45 | 11.70 | 12.44 | 2.78 | 2.77 | 2.81 | 2.79 | 6.44 | 6.11 7.88 | 6.81
LSD at 5% ;
Sij-Ski 866 | 956 | 831 | 8.84 | 1.98 | 1.97 | 2.00 | 1.98 | 457 | 4.34 5.60 | 4.84
LSD at 1%
Sij-Sik 11.49 | 12.68 | 11.03 | 11.73 | 2.62 | 2.61 | 2.65 | 263 | 6.07 | 5.76 7.43 | 6.42

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
For grain yield/plant; eight, ten, eight and six crosses expressed

significant and positive (.S i ) effects at zero, low, normal nitrogen rate and the

combined analysis, respectively. However, the most desirable (Sy) effect

were recorded by the crosses P3 x P6, P1 x P8, P2 x P4, P6 x P7 and P5 x
P6 in the respective cases. Also, the cross 1 x 2 (8.40™) in zero nitrogen rate,
P2 x P4 (13.14*) in low nitrogen rate and P1 x P8 (22.10*) in normal

nitrogen rate ranked the first best (S ) effects.
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In these crosses showing high specific combining ability involving
only one good combiner, such combinations would show desirable
transgressive segregates, providing that the additive genetic system present
in the good combiner as well as the complementary and epistatic effect in the
cross, act in the same direction to reduce undesirable plant characteristics
and maximize the character in view. Therefore, the previous crosses might be
of prime importance in breeding program for traditional breeding procedures.
In most traits, the values of SCA effects were mostly different from nitrogen
rate to another. This finding coincided with that reached above where
significant SCA by nitrogen rates mean squares were detected Table 2.
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