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GENETICAL STUDY ON SOME BREAD WHEAT

CROSSES UNDER TWO NITROGEN LEVELS
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ABSTRACT

Heterosis and nature of genetic effects on plant growth and yield characters
were studied in a 6x6 diallel crosses, without reciprocals, in the Fi1 and their F
generations in wheat to define and select efficient and prospective materials to be used in
hybridization programs in order to improve grain yield of wheat in Egypt. Parents, F1
and F2 were evaluated using a randomized complete block design (RCBD) with three
replications for quantitative characters in 2018/2019 season. Significant genotype mean
squares of parents and crosses were obtained for all characters. Significant heterosis in
F1 generation was obtained for all studied characters. The useful heterosis of grain yield/
plant relative to better parent varied from 6.22 to 38.91% in F1 crosses. Two crosses, viz.
P1xP2 and P3xP6 had the best values of heterosis for grain yield. General (GCA) and
specific (SCA) combining ability mean squares were significant for all characters.
Besides, MSe (GCA)/ MSe (SCA) ratios indicated the relative importance of additive gene
action in their inheritance for all the characters. The two parents P1, P4 and P5 gave the
highest positive significant ig effects for grain yield plantin both generations. The three
crosses P1xP5, P3xP6 and P4xP5 showed significantly desirable heterotic effects for
most studied traits. Generally.

Key words: Wheat, (Triticum aestivum L.), Diallel analysis, Gene action, combining
ability.
INTRODUCTION

Wheat is the most important cereal crop in Egypt. Increasing wheat
production to narrowing the gap between production and consumption is
vital in Egypt. Big variation in wheat productivity in different parts of the
country should be reduced to achieve a projected high productivity, through
diversification of wheat breeding programs and developing new set of wheat
cultivars with high yielding.

Heterosis is a complex phenomenon, which depends on the balance
of different combinations of gene effects as well as on the distribution of
plus and minus alleles in the parents of a mating system. In self-pollinated
crops, like wheat, the scope for utilization of heterosis mainly depends upon
the direction and magnitude of heterosis. Heterosis over better parent may
be useful in identifying the best crosses but these hybrids can be of immense
practical value if they involve the best cultivars of the area (Prasad et al
1998). Production of wheat hybrid seed is expensive and the economics of
the commercial production of hybrid wheat have not yet been worked out.
The economic feasibility would be considerably improved if sufficient
heterosis was retained in the F2 generation to render its production value.
The segregation that occurs in F2 generation could, however, cause
problems. Further advancement in yield of this important species requires
adequate information regarding the nature of the combining ability of the
parents available in a wide array of genetic material to be used in the



hybridization programme and also the nature of gene action involved in the
expression of traits of economic importance. According to Arunachalam
(1976), Baker (1978), Esmail (2002), Joshi et al (2004), Hasnain et al
(2006), Farooq et al (2010), EL-Hosary and Nour EL Deen (2015), AL
Saadoon et al (2017) and EL-Gammaal and Yahya (2018), the combining
ability is a most reliable biometrical tool to circumvent plant breeding
programs. The diallel analysis also provides a unique opportunity to test a
number of lines in all possible combinations.

The present study is aimed at estimating heterosis in Fi and
comparing combining ability obtained from F, crosses with those of F;
resulting from a set of diallel crosses for certain quantitative traits of
wheat.to be used in breeding programs in order to improve wheat
productivity.

MATERIALS AND METHODS

Six parents of bread wheat were selected for this study representing
a wide range of variability. The code number, names and pedigree for the
genotypes are presented in Table (1).

Tablel. The code number, name, pedigree and selection history of the
studied parental bread wheat varieties and lines.

Code No. Name Pedigree and selection history
. Sakha 93 /Gemmieza 9.

P1 Gizalll 572003 -101-1GZ - 4GZ ~1GZ - 2GZ - 0GZ.
Site / MO/4 /Nac/th.Ac.//3*pvn/3/Mir LO/Buc.

P2 Shandweel 1 [Cmss93Boos  675-72Y-010M-010Y-010M-3Y-OM-0THY -
OSH.
Indus66 x Norteno''S"'/PK

P3 Sakha8 314 65 1SW-0S

P4 Line 6 MILAN/S87230//BABAX

P5 Line 7 SSER11/MLAN
CMSS98Y04821S-0100M-04Y-04M-030Y-28M-3Y-0M

P6 Line 8 PGO/SER1//BAV92
CMSS96M031935-10M-010SY-010M-010SY-4M-0Y

These parents were crossed in all possible combinations excluding
reciprocals during 2016/2017 growing season, giving seeds of 15 crosses
from Fy In 2017/ 2018 season, hybrid seeds were sown to obtain F> seeds
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and parents were re-crossed for obtaining adequate hybrid seeds. In
2018/2019 season, the experiment involved parents, F1 hybrids and F2
crosses, under tow nitrogen levels (35 and 75 kg N/fed.).The experiment
was conducted in a randomized complete block design with three
replications at Etay EI-Baroud Agricultural Research station, EI-Bheira
governorate. Egypt. Plots of parents and F1's consisted of three rows and F»
consisted of six rows, all with 3 meter long and 30 cm apart, plants within
row were 20 cm apart. The recommended agricultural practices for wheat
production were applied. Data were recorded on individual plant basis: 10
for F1 and parents and 50 guarded plants for F> were chosen randomly from
each plot. The following traits were measured: Days to maturity, plant
height, No. of spikes plant?, No. of grains spike™, 200-grain weight and
grain yield plant™,

Heterosis relative to better parent was computed according to Bhatt
(1971) as a deviation of F1 mean performance from the better parent mean
value. The general and specific combining ability estimates were determined
according to Griffing (1956) for method 2 model 1.

RESULTS AND DISCUSSION

Analysis of variance of both F1 and F2 generations for all studied
characters is shown in Table 2. genotypes, parents, crosses and parent vs.
crosses mean squares were significant for all traits in both F; and F
generations, except days to maturity under 75 kg N/fed., for genotypes and
parents and No. of spikes/plant under 35 kg N/fed., for parents in the F
generation, indicating the presence of diversity in the studied materials and
sufficient amount of genetic variability adequate for further biometrical
assessment. The parents vs crosses mean squares were highly significant for
all studied characters in the F1 and was significant or highly significant for
most characters studied in the F2 under both 35 kg N/fed., and 75 kg N/fed.
These findings are reasonable and might be due to existing the F> which
would reduce the heterosis effects. Significant differences among genotypes
for grain yield and related characters in different sets of material of wheat
were reported by Joshi et al (2004), Seleem and Koumber (2011), EL-
Hosary and Nour EL Deen (2015), AL Saadoon et al. (2017) and EL-
Gammaal and Yahya (2018).
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Table 2. Significance of mean squares from ordinary and combining
ability analysis for all characters studied in F1 and F2
generations.

F1 df  |Days to maturity (days)| Plant height (cm) No. of spikes/plant
sov |5 | ¢ |3ed| (g | Comb.| ed | res [comb| 19 | (g [comb.
Env. 1 34&67 111:3.5 60&28

RepxEnv) 2 | 4 [3%2 | 030 | 21 | 039 | o011 [025| 092 | 091 | 092
Gen((é;%/pes 20| 20 54'3(8 1i.EO 12.30 52.:13 42.51 9(1.’:1.5 5’.3(8 9.35%* 8;13
Parents 5| 5 9.56 | 22.89 | 18.38 | 61.73 |28.80* | 64.51 3.26 7 gg* 4.60

(P) e "k *k ok * ok ok ek

Cl;lozslies 14| 14 3’.15 4&6 3’.&8 22.56 2431* 4&1.10 4’&2 10.45% 9’;17
PvsE | 1| 1 5’.(114 83.51 61.32 483’.(14 325;92 793’.(61 11.38 0.78 13.85
GxEnv. 20 7,;37 9 Z 9 6,;20
PYENV. 5 11.27 2(1.81 6;34
FixEnv. 14 4,;13 4.17 53(0
p VESnl\:/l X 1 23.34 745 5’;30
Error |40| 80 | 0.52 | 0.68 0.60 8.04 | 2.80 | 5.42 0.70 0.70 0.70
GCA 5| 5 1;18 53&5 4’;15 8.:12 15.35 12 .;:59 2’.36 3’&8 3,.3(1
SCA 15| 15 14}16 3;3(8 2;3(5 Zi fO 11.32 31 fO 1:}(1 3;((19 2;1(8
Error |40.| 80 0.17 | 0.23 0.20 268 | 093 | 181 0.23 0.23 0.23
GCA/SCA 101 | 132 161 0.36 0.88 | 0.47 1.82 1.03 1.54
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Table 2. Cont.

F1 df No. of grains/spike 200-kernel weight Grain yield/plant
35kg | 75kg 35kg | 75 kg 35Kkg | 75 kg
SOV | S | €1 Nifed. [Nffed. | O™ | Nifed. | Nifed. | CO™P: | Nifed. | Nifed, | COMP-
3543.89 18.43 2581.55
EnV 1 ** ** **
21.095 [22.369| 21.732 | 0.395 | 0.016 | 0.20 | 4.085 | 10.96 | 7.524
Rep X Env 2 4 * ** ** ** *
Genotypes 96.161 | 95.32 | 162.40 | 2.210 3.89 | 46.86 | 87.22 | 77.76
(G;’p 20 20 ** ** ** ** 1964** ** ** ** **
Parents 141.45 |163.64|267.578 | 2.537 | 3.389 | 5.56 | 68.62 |152.69| 45091
(P) 5 5 *%* *%* *%x *%x ** *%* ** ** *%x
Crosses 76.32 |67.01| 115.19 | 1.824 | 1.169 | 2.73 | 35.69 | 68.75 | 93.63
(Fl) 14 14 *%* *%* *%x *%* ** *%* ** ** *%x
p 147.45 |150.02| 297.47 | 5.982 | 5.970 |11.953| 94.54 | 1845 | 14.73
VS Fl 1 1 *%* *%* *%x *%* ** *%* ** ** *
29.08 0.27 56.32
GXxEnv. 20 o o o
37.52 0.36 175.404
PxXEnv. 5 o o o
Foeny. | |16 %4 025 100
pvs F1x 1 0.006 0.000 98.26
Env. el
Error | 40 |80| 8.136 |7.832| 7.984 | 0.074 | 0.037 | 0.055 | 4.306 | 1.629 | 2.968
34.10 |39.65| 61.42 | 2.15 | 1.63 | 3.64 | 30.87 | 15.22 | 9.87
GCA 5 5 **% **% **% **% *%x *%* *%x *%x **
3137 [29.15| 51.71 0.27 0.33 0.52 | 10.54 | 33.69 | 31.27
SCA 15 15 **% **% **% *% *%x *%* *%x *%x **
Error | 40. |80 2.71 2.61 2.66 0.02 0.01 0.02 1.44 0.54 0.99
GCA/SCA 1.09 1.36 1.19 8.04 4.96 6.99 2.93 0.45 0.32
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Table 2. Cont.

F2 df Days to maturity (days) Plant height (cm) No. of spikes /plant
35kg | 75kg 35kg | 75kg 35kg |75 kg
SOV | S 1 C I Nifed. | Nffed. | ©OMP | Nifed. | Nrfed. | SO™P" |Nrfed. [N/fed.| 0P
190.67 1790.00 365.98
EnV 1 ** ** **
RepxEnv.| 2 | 4 9’.3*3 7.87 8.60 11’;14 6.47 8.50 0.12 | 0.22 | 0.17
Genotypes 20 | 2 11.37 | 4152 | 31.99 |120.27 | 32.73 | 109.56 | 1.79 | 411 | 4.84
(G) O O ** ** ** ** ** * ** **
11.39 | 32.89 | 23.16 |227.30 | 29.44 | 17487 | 1.51 | 455 | 4.61
Parents (P) 5 5 ** ** *%* *%* ** *%x
Crosses 14 | 14 12.03 | 3491 | 29.71 | 83.70 | 32.87 | 84.08 | 2.01 | 405 | 5.20
(Fl) *%x * ** *%* *%* *%* ** *%x
1.94 |177.07 | 108.06 | 97.00 | 47.12 | 139.67 | 0.09 | 2.67 | 0.90
P VS Fl l l * ** ** ** **
GXENV. 20 20.89 4i.f4 1.06
PYENV. 5 21.12 81.38 1.45
EXENV. 14 17.23 3&50 0.86
pvs F1x 1 70.95 4.45 1.85
Env. *
Error 40 | 80 0.70 | 25.67 | 13.19 | 2.52 273 | 263 |0.78 | 1.03 | 091
224 | 1057 | 7.79 | 4116 | 1154 | 4299 | 0.60 | 1.59 | 1.99
GCA 5 5 *%x **% *% *% **% **%
431 | 1493 | 11.62 | 39.73 | 10.70 | 34.36 | 0.60 | 1.30 | 1.49
SCA 15 15 *%x *%x *%x *% *% * **% **%
Error | 40. | 80 0.23 8.56 | 4.40 0.84 0.91 0.88 | 0.26 | 0.34 | 0.30
GCA/SCA 052 | 0.71 0.67 1.04 1.08 125 | 100|123 | 134
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Table 2. Cont.

F2 df No. of grains/spike 200-kernel weight grain yield/plant
35kg | 75kg 35kg |75 kg 35kg | 75kg
SOV 1S | C | Nifed. | Nifed. | €O™P: |Nifed. [Nrfed.| CO™P" | Nrfed. | Nifed. | COMP:
3420.57 11.21 3546.34
EnV 1 ** *%* *%*
Rep x Env.| 2 4 23.87 | 8.15 16.01 0;13 0.01 0.32 1.83 1.99 191
Genotypes 20 | 20 144,53 | 108.06 | 224.02 | 2.06 | 1.55 | 3.47 | 47.25 | 95.13 | 85.99
(G) ** ** ** ** ** ** ** ** **
182.55 | 195.68 | 348.91 | 3.85 | 422 | 7.91 | 62.10 |159.72 | 54.96
Parents (P) 5 5 ** ** *%* *%x ** *%* *%* *%* *%x
Crosses 14 | 14 109.07 | 61.14 | 140.23 | 1.49 | 0.70 | 2.07 | 45.22 | 70.31 | 99.85
(Fl) *%x *%x *%* *%x ** *%* *%* *%* **x
450.90 | 326.78 | 772.70 | 1.04 | 0.09 | 0.8 1.48 |119.64 | 47.25
P VS Fl l l ** ** ** ** ** ** **
GXENv. 20 2857 0.1 56.39
PXENV. 5 29’.(32 0.&6 16&86
FixEnv. 14 2338 0.12 1i‘E8
pvs F1x 1 4.98 0.26 73.86
Env. **
Error 40 | 80 13.37 | 5.73 9.55 | 0.07 | 0.06 | 0.07 3.98 2.82 3.40
86.52 | 64.17 | 133.64 | 2.00 | 1.47 | 3.39 22.57 | 17.68 | 17.09
GCA 5 5 ** ** ** ** ** ** ** ** **
3540 | 26.63 | 55.02 | 0.25 | 0.20 | 0.41 13.48 | 36.38 | 32.52
SCA 15 15 ** ** ** ** ** ** ** ** **
Error 20. | 80 4.46 191 3.18 | 0.02 | 0.02 | 0.02 1.33 0.94 1.13
GCA/SCA 2.44 241 243 | 808|739 | 825 1.67 0.49 0.53

*, ** gignificant at 0.05 and 0.01 levels of probability, respectively.

Mean performance values of the parents, F1 and F2 generations for
all traits are presented in Table 3. For maturity date, the F1 hybrids of
P4AxP5, P2xP3 and P2xP5 had the lowest values under 35, 75 kg N/fed.,
levels and in combined analysis, respectively. On the other hand, for F»
hybrids: P1xP4 was the latest cross in days to maturity with value 148.33

day.
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Table 3. Mean performance of all studied genotypes (parents, F1 and F2
generations) for all studied traits.

Days to maturity (days) Plant height (cm) No. of spikes /plant
F1 35kg | 75kg 35kg | 75kg 35kg | 75kg

Nffed. | Nifed. | ©°™P | Nifed. | Nifed. | ©OM | Nrfed. | Nfed. | SOMP-

P1 14467 | 152,67 | 14867 96.74 | 106.79 | 101.77 6.42 1437 10.40
P2 14433 | 153.00 | 148.67 100.37 | 106.25 | 103.31 822 14.89 11.56
P3 14467 | 14700 | 14583 95.28 98.29 96.78 827 13.65 10.96

P4 14467 | 146,67 | 14567 9802 [104.26 | 101.14 7.78 10.81 929
P5 143 67 | 148 67 14617 8899 | 10241 95 70 922 1407 11.64
P6 14867 | 15067 | 14967 101.83 | 10453 | 103.18 922 11.65 10.44
1x2 146.67 | 148.00 | 147.33 98.60 | 106.39 | 102.50 9.38 13.82 11.60

1x3 14467 | 14533 | 14500 | 10151 | 105.72 | 103.62 815 9.98 9.07
1x4 14400 | 14833 | 146.17 103.08 | 110.70 | 106.89 822 12.07 10.15
1x5 14533 | 147 .00 14617 10691 | 11229 | 109,60 7.40 17.65 1252

1x6 14433 | 14733 | 14583 10655 | 111.34 | 10894 876 10.74 975
2x3 14533 | 14500 | 14517 99.40 [ 106.64 | 103.02 | 10.03 13.36 11.70
2x4 14533 | 14833 | 146.83 102.67 | 112.14 | 107.41 985 1455 12.20
2x5 14367 | 146.00 | 144.83 103.86 | 108.26 | 106.06 | 11.41 14.18 12.80
2x6 14300 | 14767 | 14533 103.81 | 110.88 | 107.35 923 13.59 11.41
3x4 14367 | 14733 | 14550 [ 10656 [ 111.68 | 109.12 9.09 12.06 10.58
3x5 14500 | 14633 145 67 10066 | 10586 | 103 26 878 13.09 1094
3x6 14433 | 14633 | 14533 | 10398 | 10849 | 10624 | 1228 15.80 14.04
4x5 142.00 | 14867 | 14533 10799 | 111.38 | 109.69 | 10.26 13.81 12.03
4x6 14467 | 14867 | 146.67 10051 | 106.39 | 103.45 847 13.71 11.09
5x6 14500 | 14833 | 146.67 98.63 | 103.69 | 101.16 9.16 13.88 11.52
Mean 14465 | 147 97 146 .31 10124 | 107.35 | 104 .29 903 13.42 11.22

| SD59% 1.19 1.39 1.26 468 2.80 378 1.38 1.40 1.36

No. of grains/spike 200-kernel weight Grain yield/plant
F1 35kg | 75kg 35kg | 75kg 35kg | 75kg

Nffed. | Nifed. | ©°™P- | Nifed. | Nifed. | ©OM | Nrfed. | Nfed. | COMP-

P1 55.99 72.41 64.20 9.84 10.19 10.02 19.62 5211 35.86
P2 70.86 75.54 73.20 825 9.80 9.02 24.79 3450 29.65
P3 61.26 69.37 65.31 852 9.30 891 29.69 3513 3241
P4 73.45 90.56 82.00 8.62 9.73 9.17 33.71 39.14 36.42
P5 70.62 78.84 7473 7.43 7.68 7.55 2715 41.41 34.28
P6 70.46 79.69 75.08 7.33 7.87 7.60 28 80 3254 30.67
1x2 67.50 74.60 71.05 9.99 10.60 10.29 29.08 39.65 34.36
1x3 63.90 7355 68.72 10.09 10.86 10.47 29.54 3531 32.43
1x4 64.05 7459 69.32 9.97 10.50 10.23 27.78 3347 30.62
1x5 65.66 72.42 69.04 9.56 10.09 9.82 2461 3731 30.96
1x6 59.01 70.73 64 .87 10.02 10.27 10.15 2796 3422 31.09
2x3 72.87 80.23 76.55 814 9.03 859 29.54 36.36 32.95
2x4 62.23 69.72 65.97 890 9.97 9.44 32.55 39.55 36.05
2x5 70.37 82.40 76.39 8.04 8.96 8.50 31.04 4194 36.49
2x6 64.60 7597 70.29 876 9.93 9.35 3271 47 66 37.68
3x4 67.50 80.18 73.84 943 9.52 9.48 31.58 3753 3455
3x5H 5?2 .62 67.51 60.06 8729 10.00 9.15 33.15 40.03 36.59
3x6 60.49 70.41 65.45 911 948 9.29 34.88 47.00 4094
4x5 57.88 81.20 69.54 8.05 9.27 8.66 33.97 42.78 38.38
4x6 62.40 69.99 66.19 8.40 9.18 8.79 29.43 33.59 31.51
5x6 64.74 71.28 68.01 841 8.98 8.69 22.26 2772 24.99
Mean 64.69 75.29 69.99 882 9.58 9.20 29.23 38.28 3376

1 .SD.5% 470 468 459 0.44 0.32 0.38 3.42 2.13 2.79
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Table 3. Cont.

F2

Days to maturity (days)

Plant height (cm)

No. of spikes/plant

35kg | 75k 35kg| 75k 35kg | 75 ki
Nifed, | Nifed | COMD- [ Nrke | wifea, | SO | nrred | nifed, | COMP
x2 147.33 | 14867 | 148.00 |100.50| 105.88 | 103.19 | 8.77 | 12.63 | 10.70
1x3 145.00 | 135.00 | 140.00 |103.29| 10457 | 10393 | 7.27 | 952 | 840
x4 14833 | 14933 | 148.83 |94.98 | 106.85 | 100.92 | 9.72 | 12.20 | 10.96
x5 142.33 | 14433 | 14333 |109.26| 111.47 | 110.37 | 881 | 1052 | 9.67
1x6 142.33 | 14467 | 14350 |102.78] 10421 | 10350 | 8.40 | 11.41 | 9.91
2x3 146.00 | 146.67 | 146.33 |94.65 | 10251 | 9858 | 948 | 12.95 | 11.22
2x4 14267 | 14767 | 14517 |93.44| 109.20 | 101.32 | 9.96 | 13.99 | 11.98
2x5 14467 | 147.33 | 146.00 |94.13 | 98.87 | 9650 | 8.70 | 12.18 | 10.44
2x6 145.00 | 148.33 | 146.67 |94.13 | 106.96 | 10055 | 8.23 | 12.32 | 10.28
3x4 14467 | 148.00 | 146.33 |101.26] 107.38 | 104.32 | 845 | 12.13 | 10.29
3x5 142.67 | 14533 | 14400 |100.67 105.14 | 10291 | 951 | 12.01 | 10.76
3x6 14567 | 147.00 | 146.33 | 9599 | 103.76 | 99.88 | 10.43 | 14.26 | 12.34
4x5 146.67 | 147.67 | 147.17 |100.93] 106.53 | 103.73 | 957 | 12.27 | 10.92
4x6 14300 | 14567 | 14433 |89.48 | 10456 | 97.02 | 8.33 | 12.30 | 10.31
5x6 142.00 | 14533 | 14367 |92.25| 99.36 | 9581 | 852 | 12.30 | 10.41
Mean | 144.67 | 147.13 | 14590 |97.07 | 104.60 | 100.84 | 8.92 | 12.33 | 10.63
LSD.5% | 1.38 | 849 | 590 | 262 | 277 | 2.63 | 146 | 170 | 1565
No. of grains/spike 200-kernel weight Grain yield/plant

F 35kg | 75k 35kg| 75k 35kg | 75 ki
Nifod, | Nifed | SO0 |Nrred | nifed | COMD | Nrked | Nifed, | COM-
1x2 66.38 | 6848 | 6743 | 9.82 | 998 | 990 | 2467 | 3101 | 27.84
1x3 48.67 | 7065 | 59.66 | 9.34 | 946 | 9.40 | 21.92 | 28.69 | 2531
1x4 69.61 | 80.01 | 7481 | 918 | 947 | 932 | 2949 | 40.33 | 3401
x5 6424 | 7474 | 6949 | 917 | 970 | 944 | 2816 | 3558 | 31.87
1x6 6260 | 7485 | 6873 | 962 | 991 | 9.76 | 23.07 | 33.23 | 2815
2x3 56.88 | 72.09 | 6448 | 7.01 | 868 | 830 | 27.41 | 4047 | 33.94
2x4 6167 | 6843 | 6505 | 8.36 | 897 | 866 | 2398 | 36.37 | 30.8
2x5 6120 | 6951 | 6536 | 8.14 | 898 | 856 | 22.61 | 38.29 | 30.45
2x6 6529 | 72.81 | 69.05 | 7.40 | 842 | 7.91 | 26.62 | 36.94 | 31.78
3x4 66.60 | 79.66 | 73.13 | 833 | 9.27 | 880 | 2399 | 37.88 | 30.94
3x5 5377 | 6501 | 5939 | 821 | 890 | 856 | 30.92 | 4021 | 3557
3x6 5820 | 68.99 | 63.60 | 9.05 | 924 | 9.15 | 3366 | 4462 | 39.14
4%5 5944 | 72.78 | 66.11 | 8.18 | 883 | 851 | 32.86 | 38.65 | 3576
4x6 6481 | 7326 | 6903 | 7.07 | 847 | 822 | 2621 | 3260 | 29.45
5x6 7166 | 7981 | 7574 | 841 | 891 | 866 | 21.65 | 26.86 | 24.26
Mean | 63.76 | 74.18 | 6897 | 853 | 912 | 882 | 2638 | 36.99 | 3169
LSD.5% | 603 | 401 | 502 | 045 | 042 | 043 | 329 | 281 | 3.00
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For plant height, the two F1 hybrids: (P1x P2 and P5xP6) showed
the lowest values. On the other hand, for F2 hybrids: P1xP5 had the highest
values under 35, 75 kg N/fed., levels as well as for overall the two levels of
nitrogen.

F1 hybrids (P3xP6, P1xP5and P3xP6) had the highest number of
spikes splant™. For No. of grains spike, F1 hybrids of P2xP3, P2xP5 and
P2xP3 as well as the F2 hybrid P5xP6 expressed the highest values for this
character. The Fy hybrid P1xP3 and F. hybrid P1xP2 were the highest
hybrids for 200-grain weight. As for grain yield, the F1 hybrid P3xP6
exhibited the highest weight.

Heterosis

Mean squares for parents vs. crosses in Fi generation, as an
indication of average of heterosis in Fy for all crosses were significant for all
the studied characters except No. of spikes/plant under 75 kg N/fed. (Table
2). The heterotic effects relative to better parent are presented in Table 4.
The most significant and desirable heterosis relative to better parent was
exhibited by two crosses (P2xP6 and P2xP3) for days to maturity, cross
(P3xP6) for No. of spikes plant?, cross (P2xP3) for No. of grains spike-
1,tow crosses (P1xP6 and P3xP5) for 200-grain weight under 35, 75 kg
N/fed., levels as well as the combined data.

As for plant height six, eleven and nine crosses were highly
significantly positive under 35, 75 kg N/fed., and combined analysis,
respectively.

For grain yield/plant crosses (p1xp2, p1xp3, p2xp5, p2xp6, p3xp5
and p3xp6), under 35 kg N/fed., were highly significantly positive, crosses
(p2xp5, p2xp6 and p3xp6) under 75 kg N/fed., were highly significantly
positive, in addition, crosses (p2xp5, p2xp6 and p3xp6) were also highly
significantly positive in the combined analysis.

Concerning grain yield plant?, the four crosses (P1xP2, P1xP3,
P2xP6 and P3xP6) showed significant positive heterotic effects under tow
nitrogen levels. These hybrids exhibited heterosis for one or more of the
contributing characters. Significant positive heterotic effects relative to
higher yielding parent were obtained by Fonseca and Patterson (1968),
Prasad et al (1998), Abdullah et al (2002), EL-Hosary and Nour EL Deen
(2015), AL Saadoon et al. (2017) and EL-Gammaal and Yahya (2018).
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Table 4. Heterosis percentage relative to better parent for studied traits
in the studied Fiwheat crosses.

days to maturity (days)

Plant height (cm)

No. of spikes /plant

35kg | 75kg 35kg |75kg 35 kg 75 kg
Nifed. | Nffed. | CO™P- | Nsfed. |Nrfed.| CO™P- | Nffed. | Nffed. | COMP:
F1
1x2 1.50** | -3.16** | -0.90* 0.05 -012 -0.04 28 17** -5.56 5.69
1x3 0.00 -3.00** | -1 R3** 5 73* 3.10* 4 37* 11.03 -28 79**| -1510*
1x4 -0.46 -0.89 -0.68 5. 85* 4 90**| B 36** 15.83 -413 3.06
1x5 | 081 [-243** | 085 | 1513%* [7.35%*| 11.01%* | 537 [2410**| 1366
Ix6 | -1.59** | -2 86** | -2.23** | 7.32** |5 37**| 6.31** 12.07 |-17.44** -6.37
2x3 0.58 -3.33** | -1.41** 1.61 4 28** 297 21.65* -6.35 3.90
2x4 0.58 -1.00* -0.23 3.50 6.54**| 5.0Q7** 23.19** | 13.20* 17.04*
2x5 | 023 |-320%* [175% | 970** [377%*| f59** | 3091** | 209 | 1031
2X6 | -2 39** | .2 T4** | .9 B7** 2 68 B 21** 397* 501 2 36 377
x4 | 069 | 034 | -017 | 1026%* [1007*] 1026** | 1325 | 134 | 444
35 | 058 | -101* | 023 | 925 |549%*| 779 | 046 | -551 | -320
36 [ -1.59** | -1.68** | -1.64** 5.850* [6.98**| @.25** 40.49** [2490** | 31.27**
4x5 |-150° | 068 | -040 | 1549% [7.79%*| 1145 | 2075* | 1102 | 1497*
4x6 | -1 36** 0.00 -0.68 058 191 126 -0.35 22 08** 12 42
5x6 -0.80 -0.89 -0.85 338 021 1.73 -0.61 7.93 4 36
No. of grains/spike 200-kernel weight grain yield/plant
35kg | 75kg 35kg |75 kg 35kg | 75 kg
Nffed. | Nifed. | SO0 | Nifed. |Nffed.| O™ | Nifed. | Nifed. | COMP-
F1

1x2 | 642 | 084 | 342 | 1050~ [6.02%*] 815 | 30.96** |-8.44** | 401
1x3 | 899 | 375 | 613 | 9.91* |11.44%| 10.70* | 19.82** [-10.04**| -501
x4 | -1.03 | 846 | 517 | 8.03** |538**| 6.66~ | 410 |-26.64%*| -15.26**
1x5 | 373 | 424 | 061 | 1073 |12.84%| 11.80* | 525 |-20.22%%| -11.73**
1x6 | -6.66 | -6.99% | -6.84% | 16.77** |13.76%| 1523** | 1549* |-19.14**| -6.54
2x3 | 1030 |10.73** |1053**| -2.86 |[541%% -422 | 844 | 443 | 619
x4 |-13.76%%|-16.05%* |-14.09*%| 550% | 243 | 3.74 | 1128 | 7.40% | 9.12*
25 | -052 | 6.75% | 327 | 264 | 255 | 259 | 1952%* |10.48** | 14.16%*
2x6 | 858 | 212 | 520 | 12.54%* |12.47*| 1250 | 22.04%* |27.05%* | 24.94%
3x4 | 021 | 028 | 0.25 | 10.05* | 009 | 481* | -039 | 107 | 040
3x5 |-20.20%%| -8.00% [-1422°%| 3.97 |17.82%| 1111%* | 16.63** | 459 | 9.72*
3x6 | -8.15% | 5.52 | -6.76% | 14.97** |10.46%| 12.63** | 10.24** |38.91** | 20.79%*
AX5 |-19.65%%| 413 |-11.27**| 031 |6.41**| 349 | 11.66* | 6.22* | 8.56*
AX6 |-13.28%*|-17.78**|-15.72%*| 537 |4.32% | 482 | 583 | 627% | -6.07
BX6 | -8.23* |-10.08%*| -0.21** | 13.96** |15.45%| 14.72%* | -20.44** |-25.04%*| -23.06**

*, ** gignificant at 0.05 and 0.01 levels of probability, respectively.
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Combining ability

The analysis of variance for both general (GCA) and specific (SCA)
combining abilities shows that the mean squares were highly significant for
all studied characters in both generations except days to maturity and No. of
spikes/plant in F> (Table 2) which indicates the importance of both additive
and non-additive gene effects in the inheritance of such characters.

The relative importance of additive and non-additive gene actions is
essential for the development of an efficient hybridization program. The
concept of combining ability as a measure of gene action refers to the
capacity or ability of genotype to transmit superior performance to its
crosses. The value of an inbred line depends on its ability to produce
superior hybrids in combination with other inbreds. If both GCA and SCA
mean squares are significant, it is vital to determine the type of gene action
which is important in determining the performance of progeny. To
overcome such situation, the magnitude of mean squares can be used to
assume the relative importance of general and specific combining ability
mean squares which were highly significant. Hence, GCA/ SCA ratio was
used to reveal the nature of genetic variance involved. The ratio of
MSGCA/MSSCA (Table 2) displays the relative importance of additive
gene action effects in their inheritance. Therefore, selection for these traits
in early generations would be effective in developing the high yield in
varieties in wheat breeding programs. The preponderance of additive genetic
variation gene action for yield and its related characters in F1 and F
generations indicate that the parents involved in these crosses could be
selected based on their GCA values. The genetic variance was previously
reported to be mostly due to additive for yield traits by El Seidy and
Hamada (1997).0On the other hand, the non-additive genetic variance was
previously reported to be the most prevalent for plant height by Abd EI-Aty
and Katta (2002); No. of spike plant*and No. of kernels spikeby Abd El-
Aty and Katta (2002); for 200-grain weight by Abd El-Aty and Katta
(2002); For grain yield plant? by Siddique et al (2004) and AL Saadoon et
al (2017).

General combining ability effects

General combining ability effects ig of individual parent for each

trait from both F1 and F> generations are presented in Table 5.
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The estimates of ig effects obtained from F» generation were similar
to those of F1 generation in most cases. High positive response would be of
interest for all studied characters except for days to maturity and plant
height since short stature is preferred due to non-liability to lodging and
progressive response to increased rate of fertilizer. Therefore, negative
combining ability effects regarding plant height are preferred in wheat.

The parent P1 (cv. Giza. 171) exhibited significant desirable ig effect
among all the tested parents in plant height and 200-grain weight in F1, plant
height and 200-grain weight in F> generation.

The parental variety P2 (Shandaweel 1) gave significant positive ig
effects for the No. of spikes plant? and No. of grains spike?,under 35 N.
level, maturity date, plant height, No. of spikes plant* and 200-grain weight
under 75 kg N/fed., level. 200-kernel weight only in the F> generation. But,
it gave significant undesirable or insignificant ig effects for other traits. The
variety P3 (Sakha 8) gave significant positive i effects for the grain yield in
F1, plant height and grain yield in F2 under 35 kg N/fed., level. The parental
variety P4 (line 6) expressed significant positive ig effects for plant height
and 200-grain weight under 75 kg N/fed., levels and grain yieldplant* under
35 kg N/fed., level . The parental line P5 expressed significant desirable ig
effects for No. of spikes plant™ and grain yieldplant™ in F1 generation under
75 kg N/fed., level. The parental line P6 expressed significant positive ig
effects for days to maturity and No. of spikes plant® in the Fi. It gave
significant positive ig effects for Maturity date and No. of grains spike™ in
F2 generations. Such obtained results suggested that a great opportunity for
selection would be possible for yield and its components having a semi-
dwarf plant height hence can response to more N fertilizers without least of
lodging. Therefore, the mean performance of the genotypes could be a
reliable and effective indication for their general combining ability effects
for most characters. Therefore, selection among the tested parental
population for initiating any proposed breeding program could be practiced
either on mean performance or ig effects basis with similar efficiency. These
results are in harmony with those obtained by Hasnain et al (2006), Seleem
(2006), Gurmani et al (2007), EL-Shaarawy and Koumber (2010), Seleem
and Koumber (2011) and EL-Hosary and Nour EL Deen (2015), AL
Saadoon et al (2017) and EL-Gammaal and Yahya (2018).
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Table 5. Estimates of parental general combining ability effects for all
studied traits in F1 and F2 generations.

Days to maturity Plant height No. of
(days) (cm) spikes/plant
35kg | 75kg 35kg | 75kg 35 kg 75 kg
N/fed. |Nffed. | €O | Nifed. | Nffed. | CO™P | Nrfed. | Nffed. | COMP:
F1
P1 0.22 10.69**| 0.46** 0.18 1.07** | 0.63** | -1.06** -0.11 | -0.58**
p2 0.01 [0.65**| 0.33** 0.06 0.67* 0.36 0.39* Q.67** | 0.53**
P3 -0.03 |11.43**| -0.73** | -0.75 |-2.06** | -1.40** 0.21 -0.29 -0.04
P4 -0.44** | -0.14 | -0.29** 1.03 1.17** | 1.10** -0.22 -0.76%* | -0.49**
P5 -0.53** | -0.26 | -0.40** | -1 58** | -0.64* | -1.11** 0.28 0.85** | QK7**
P6 0.76** |0.49*%*| 0.62** 1.06 -0.20 0.43* 0.39* -0.36* 0.02
LSDQais% | 0.27 0.31 0.14 1.07 0.63 0.41 0.32 031 0.15
1. SD i 19% 0.36 0.42 0.18 1.43 0.84 0.55 0.42 0.42 0.20
LSD qi-qi 0.42 0.48 0.22 1.65 0.98 0.67 0.49 0.49 0.24
1 SD qi-qi 0.56 0.65 0.30 221 1.31 0.89 0.65 0.65 0.32
P1 0.08 0.10 0.09 3.53** | 2.00*%* | 2 77** -0.42* | -0.62** | -0 /52**
P2 0.29 1.68 | 0.99** 0.15 0.51 0.33* 0.35* Q0.67** | QK1**
P3 0.00 -1.90 | -0.95** | 1.11** | -0.78* 0.16 017 0.33 0.25**
P4 0.33* | 0.06 0.19 -0.96** 0.35 -0.30* 012 -0.14 -0.01
P5 -1.04** | -024 | -064 | -3.28*%* | -1 21** | -2 25** -0.04 -0.10 -0.07
P6 033* | 031 0.32 -0.55 | -0.87** [ -Q.71** -0.18 -0.14 -0.16
LSD ai 5% 0.32 1.91 0.64 0.60 0.62 0.29 0.33 0.38 017
1 SD i 1% 0.42 255 0.85 0.80 0.83 0.38 0.45 0.51 0.22
LSD qi-qi 0.49 2.96 1.04 0.93 0.96 0.47 0.52 0.59 0.27
1 SD qi-qi 0.65 3.96 1.38 1.24 1.29 0.62 0.69 0.79 0.36
No. of grains/spike 200-kernel weight Grain yield/plant
35kg |75 kg 35kg | 75kg 35 kg 75 kg
N/fed. |N/fed.| €O | Nifed. | Nifed. | CO™P | Nifed. | Nrfed. | O™
F1
P1 -2.59%* 1.2 04**| -2.32** | 0.95** | 0.70** | 0.83** [ -3.30** [ 2.03** | -0.64**
P2 3.31** | 0.87 | 2.09** | -0.17** | 0.13** -0.02 -0.01 0.15 0.07
P3 -1.62*%* 1.2 06**| -1.84** 0.05 0.05 0.05* 1.68** -0.18 Q.75**
P4 1.02 3.72* | 2 37** 0.03 0.10** | 0.07** 2.26%* -0.35 0.96**
P5 -0.04 0.68 032 -0.56** | -0 55** | -0 56** -0.66 0.58* -0.04
P6 -0.08 [-1.16*| -0.62* |-0.29** | -Q.44** | -Q.37** 0.03 -2.21*%* | -1.09**
LSDaik% | 1.07 1.05 0.50 0.10 0.07 0.04 0.78 0.48 0.31
LSD ai 1% 1.44 1.41 0.66 0.14 0.10 0.06 1.05 0.64 0.41
L. SD qi-qi 1.66 1.63 0.81 0.16 011 0.07 1.21 0.74 0.49
L. SD qi-ai 2.23 2.18 1.08 0.21 0.15 0.09 1.62 1.00 0.66
P1 -2.86%* 11 38*%* -2 12** | 0.94** | Q.76** | Q.85** | -2 20** | 197** -0.11
P2 0.08 -2 68**| -1.30** | -Q.23** 0.02 -0 11** | -1 54** -037 | -096**
P3 -4 89*%* |2 47**| -3.68** | -0.01 -0.04 -0.03 1.16** 0.35 Q.75**
P4 3.28*%* |4.74**| 4.01** 0.08 0.09 0.08** 2.34%* 0.58 1.46**
P5 1.29 024 | Q.77** | -0.41** | -Q.42** | -0.42** 0.28 0.05 0.16
P6 3.10*%* [1.655**| 2. 33** | -0.36** | -0.40** | -0.38** -0.03 -2.57*%* | -1.30**
L SD ai 5% 1.38 090 0.55 0.10 0.09 0.05 0.75 0.63 0.33
LSD ai 1% 1.84 1.21 0.73 014 0.13 0.06 1.01 0.85 0.43
L SD qi-qi 213 1.40 0.89 0.16 0.15 0.08 1.16 0.98 0.53
L. SD qi-ai 2.85 1.87 1.18 0.21 0.20 0.10 1.56 1.31 0.70

*, ** significant at 0.05 and 0.01 levels of probability, respectively.
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Specific combining ability effects

Specific combining ability effects 8ij of both F1 and F» for all
characters are presented in Table 6. The data show highly significant
desirable §ij values for some crosses in the F1 than F2 generation. This result
Is expected and indicating inbreeding depression in the F» reducing the non-
additive or increased the additive portion.

Table 6. Estimates of specific combining ability effects of the parental
combination for all studied traits in F1 and F2 generations.

Days to maturity Plant height No. of

L (days) (cm) spikes /plant
Ifl?f:c? IZIE/-)ftl:g Comb. ri?ﬂl:g IZI?T(I:(? Comb. l?l?f(l:g IZIE/-)T(L(C? Comb.
1x2 1.78** | -1.32** | 0.23 | -2.87 |-2.70%*|-2.79**| 1.01* | -0.15 | 0.43
1x3 -0.18 | -1.90** | -1.04** | 0.84 | -0.64 | 0.10 | -0.03 |-3.04**|-153**
1x4 -0.43 -0.19 -0.31 | 063 | 1.11 | 0.87 | 047 | -0.47 | 0.00
1x5 0.99* | -1.40** | -0.21 |7.07** |4.52%*|579%* | -0.86 |3.49%* |1.32**
1x6 -1.30%* | -1.82%* | -1.56** | 4.07** |3.12** | 3.59** | 0.40 |[-2.20**|-0.90**
2x3 0.70 | -2.19** | -0.75** | -1.14 | 0.68 | -0.23 | 0.40 | -0.43 | -0.02
2x4 1.11** | -0.15 0.48 0.35 |2.95%*| 1.65 | 0.65 |1.22%*|0.94**
2x5 -0.47 | -2.36** | -1.41%* |4.15%* | 0.88 |2.52** |1.71**| -0.76 | 0.47
2x6 S2.43%% | J1.44%*% | -193** | 1.46 |3.06%*|2.26**| -0.58 | -0.14 | -0.36
3x4 -0.51 0.93* 0.21 |5.05**|5.22** |513** | 0.07 | -0.30 | -0.12
3x5 0.90* 0.06 0.48 175 | 1.22 | 1.48 | -0.74 |-0.89* |-0.81**
3x6 -1.05%* | -0.69 | -0.87** | 2.43 |3.40**|2.92%* | 2,65%* | 3,03%* | 2.84**
4x5 -1.68** | 1.10* -0.29 |7.31** |3.51** | 5.41** | 1.17** | 0.30 | 0.74*
4x6 -0.30 0.35 0.02 | -2.82 |-1.93* [-2.37**| -0.73 | 1.42**| 0.34
5x6 0.11 0.14 0.13 | -2.09 |-2.82**|-2.45**| -0.54 | -0.03 | -0.29
LSD Sij 5% 0.75 0.86 0.56 293 | 1.73 | 1.68 | 0.87 | 0.86 | 0.60
LSD Sij 1% 1.00 1.15 0.74 392 | 232 | 222 | 1.16 | 1.15 | 0.80
LSD sij-sik 5%| 1.11 1.28 0.83 438 | 258 | 250 | 129 | 129 | 0.90
LSD sij-sik 19| 1.49 1.71 1.11 586 | 346 | 3.32 | 1.73 | 1.72 | 119
LSD sij-skl 5%| 1.03 1.18 0.32 405 | 239 | 095 | 120 | 1.19 | 0.34
LSD sij-sik 19| 1.38 1.58 0.42 542 | 320 | 125 | 1.60 | 1.60 | 0.45
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Table 6. Cont.

E gra’i\ln%/:gike 200-kernel weight yiecladr/?)llr;nt
S?fé(g Zj?fé(g Comb. lfl?f(le(g ;?fé(g Comb. S?fé(g L?fi? Comb.
1x2 2.09 0.48 1.29 | 0.40** | 0.18 |[0.29**|3.16**| -0.81 1.18
1x3 3.41* 236 [2.89**| 0.27 | 0.52** |0.40**| 1.93 | -4.81** | -1.44*
1x4 0.94 -2.38 | -0.72 | 0.17 0.11 0.14 | -0.41 | -6.49** | -3.45**
1x5 3.60* -151 1.05 | 0.36* | 0.35** |0.36**| -0.66 | -3.58** | -2.12**
1x6 -3.00* | -1.36 |-2.18*| 0.55** | 0.42** |0.49**| 2.00 | -3.87** | -0.93
2x3 6.49** | 6.12** |6.30**| -0.55** | -0.73** |-0.64**| -1.36 | -1.89** | -1.62*
2x4 -6.79** |-10.16**|-8.47** 0.23 0.16 | 0.19* | 1.07 1.47* 1.27*
2x5 241 | 556** |3.99**| -0.04 -0.19 | -0.12 | 2.48* | 2.93** | 2.71**
2x6 -3.32* 0.97 | -1.17 | 0.41** | 0.66™* |0.54** |3.46** | 6.44** | 4.95**
3x4 3.41* 3.23* |3.32**| 0.53** | -0.22* | 0.16 | -1.60 -0.22 -0.91
3x5 -10.42**| -6.41** |-8.41**| -0.01 | 0.92** |0.46**|2.90**| 1.35* 2.12**
3x6 -2.50 -1.66 |[-2.08*| 0.54** | 0.28** [0.41** |3.94** | 11.12** | 7.53**
4x5 -7.79** | 151 |[3.14** -0.24 0.13 -0.05 [3.14** | 4.27** | 3.71**
4x6 -3.22* | -7.86** |-5.54**| -0.16 -0.07 | -0.11 | -2.09 | -2.13** | -2.11**
5x6 0.17 -3.53* | -1.68 | 0.45** | 0.38** |0.42** |-6.34**| -8.93** | -7.63**
LSD Sij 5% 2.95 2.89 2.03 0.28 0.20 0.17 | 2.15 1.32 1.24
LSD Sij 1% 3.95 3.87 2.70 0.38 0.26 0.22 | 2.87 1.77 1.65
LSD sij-sik 5% | 4.40 4.32 3.04 0.42 0.30 0.25 | 3.20 1.97 1.85
LSD sij-sik 1% | 5.89 5.78 4.03 0.56 0.40 0.34 | 4.29 2.64 2.46
LSD sij-skl 5% | 4.08 4.00 1.15 0.39 0.27 0.10 | 2.97 1.82 0.70
LSD sij-sik 1% | 5.45 5.35 1.52 0.52 0.37 0.13 | 3.97 2.44 0.93
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Table 6. Cont.

Fa

Days to maturity (days)

Plant height (cm)

No. of spikes/plant

g
e Comb. | Si9 | e 3
1x3 oF -0.24 1.03 od. | Nrfed, | COMP- N;’)fkg 75 kg
1x4 3 2'5** 210.32%* | -5.04** -0.25 123 | 074 ed. N/fed. Comb.
1x5 * 2.05 1.58 1.2 - -0.09
1x6 -1.38** -2.65 2'263* -4.65** 0'1(5) 20'17 -1.41** 20'5225 0.08
_D . 75** - -2.01 11.95%* -V, _2.38** * -0 5o** - - .
2x3 286 | - .95** | 6,08** 1.10* 1.96%*
1.04* 2.81* . 9.01** 0.63
R T Y WK 213 1153 | 00 635 105" | 0.37
2x5 0.75 120 | -1.01 67* | -1.82% |-2.75** 0.08 .16 -0.37
2x6 ny; 124 | 024 2.8 |3.74**|_0.46 0.04 038 -0.04
3x4 _0'32 078 | -054 020 [-5.08%* | 2.42% 0.57 T -0.17
3x5 20,06~ 272 119 5% [2.72%% | 0.09 053 e 0.85*
3x6 e 0.35 031 4.05%* | 3.20% | 3.63%* -0.86 ) -0.63
4x5 RIS 147 107 5.78%* | 2.53%* | 4.15% -0.76 038 -0.70*
4x6 R 0.72 171 -1.63_| 0.81 | -0.41 0.47 055 -0.57
oo oo | rse T o T o 1o i o5 F7o5 L3
DSii5% | 0 186 | -L. -6.07** | 047 [-2.80| -0 8 63**
LSD il 220 8 =2 Lol | D95 -3.16m ot 07 238
sij-sik ' 01 : 171 | 1 -0.18 -0.
LSD sii-sik i?g 7.82 3-3(7) 220 | 229 iég 0.01 g-gé 0.02
LSD sij-skl | 1.20 10.46 518 2.45 255 | 174 1.22 11 0.69
LSD sij-si - 7.24 : 328 | 3. : 1.36 : 0.91
i-sik 1.60 1.48 41 231 1.57
. 9.69 196 2.27 236 0.66 1.83 510 1.02
No. of * 3.04 3.16 0:87 1.26 1:45 %)36
F grains/spike 200-kernel 169 1.95 og?
r?f? kg | 75kg weight _Grain
I fed. | Nifed. | €omb. 35kg | 75k yield/plant
X2 540~ N/fed 9 | co Bk
1x3 R -1.64 1.88 | Nffed. | €O | N g 75 kg
Lt e T 0.58** | 008 | 033* ed. | Nifed. | COMP
1x5 2 0 2.47 3.95%* -0.11 -0.37** _d o> 2.03 7 57%*
1x6 .04 1.70 0 0.36% 1-0.50*]-0./ 3 a0+ [1061% 277
23 TR 181 042 PR R
2x4 < 3.06* : 0.51%* | 0.43 | 0.47%* 3707 | 3.4 1.88*%*
2d o T8 050|037 0415 L o1 S0
2 : 2.2 63> | -001 ) - - 141 : -2.12%*
3X6 -1.65 | -0 22 208 0.26 026 | -0.14 | -320** 350** | 2.46**
x4 4.46% 24 [ -0.95 0.26% [0.26% o
P s oo 0% 1053 052 2T Db 201
3x6 : -6.94** | - -0. 010 | 81 2 89~ -0.44
377 | - 6.67** 0 : -0.08 | - .89** > 35
4x5 4.27* | - 11 0.2 5.89** .35%*
-8.89%* 4.02* | 0.90* | 0.5 5 | 018 003 | -
4x6 -6.38** | - 90** [ 0.56%* 3.10%* 2.96**
_5.33** 7.63** 0 . 0.73** 2 .82%*
5x6 7.21%* | - 01 | 004 6.15** > | 2.96+
LSD Sij 5% g% 3.84%* 3? 6287:: 026 1-0.35"* _Ooéoli* 3.86%* 9f83 8.00%*
B I 065 10617 (063 245 | 232" Y
sij-sik ) 31 2. - 026 | ( 4087 | 762 | 6
LSD sij-sik ?gg 3.69 3 gg 0.38 0.35 gég 2.06 16724 -6.30**
LSD sij-skl 5'23 4.94 4:41 0.42 0.39 0.28 2.76 2'32 1.33
LSD sij-sik 6.99 3.42 1.26 0.56 0.52 0'37 3.08 2'59 1.76
- 458 167 039 | 036 | 01 412 a7 1.98
: 052 | 048 | 0. 1 285 : 263
= 0.14 2.40 0
3.82 391 75
. 0.99

* X% Q1 1
, ** significant at 0
.05 and 0.01 levels of probability, re
, respectively
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As for days to maturity the crosses P1xP6, P2xP6, P3xP6 and P4xP5
under 35 kg N/fed., and P1xP2, P1xP3, P1xP5, P1xP6, P2xP3, P2xP5 and
P2xP6 under 75 kg N/fed., in F1 generation and the crosses of P1xP5,
P1xP6, P2xP4, P3xP5, P4xP6 and P5xP6 gave significant and negative §ij
effects. With regard to plant height, five and seven crosses expressed
significant and positive §ij effects at F1 generation, under 35, 75 kg/fed,
respectively. Five and six crosses expressed significant and positive §ij
effects at F» generation, under 35, 75kg/fed, respectively.

Such results indicate that the crosses P1xP2, P2xP5, P3xP6 and
P4xP5 under 35 kg N/fed., crosses P1xP5, P2xP4, P3xP6 and P4xP6 under
75 kg N/fed., of F1 and crosses P1xP4 and P3xP6 under 35 kg N/fed.,
crosses P2xP4 and P3xP6 under 75 kg N/fed., of F2 recorded the highest
desirable §ij effects. The other crosses had either significantly negative or
insignificant §ij effects for these characters. As for No of grains spike™, the
crosses P1xP3, P2xP3 and P3xP4 under 35 kg N/fed., P2xP3, P2xP5 and
P3xP4 under 75 kg N/fed., in F1 generation and the crosses P1xP2, P1xP4
and P3xP4 under 35 kg N/fed., P2xP3, P3xP4 and P5xP6 under 75 kg
N/fed., in F2 generation gave significant and positive §ij effects for this trait.

For 200-kernel weight, crosses p1xp2, p1xp5, p1xp6, p2xp6, p3xp6
and p5xp6 under 35 kg N/fed., crosses p1xp3, p1xp5, p1xp6, p2xp6, p3xp5,
p3xp6 and p5xp6 under 75 kg N/fed., in F1 generation, had significant
positive §ij effects., crosses plxp2, plxp6, p3xp6 and p5xp6 under 35 kg
N/fed., crosses plxp6, p2xp5, p3xp6 and p5xp6 under 75 kg N/fed., in F2
generation, had significant positive §ij effects.,

For grain yield plant, cross p1xp2 under 35 kg N/fed., cross p2xp4
under 75 kg N/fed., crosses p2xp5, p2xp6, p3xp5, p3xp6 and p4xp5 under
both nitrogen levels in F1 generation, crosses plxp4, p1xp5, p3xp5, p3xp6
and p4xp5 under 35 kg N/fed., crosses p2xp3, p2xp6, p3xp5 and p3xp6
under 75 kg N/fed., in F2 generation, had significant positive 8ij effects. The
crosses P3xP6 gave the highest desirable §ij effects in both generations.

If crosses of high SCA involve both parental lines which also are
good combiners, they could be exploited for breeding varieties.
Nevertheless, if crosses of high SCA involve only one good combiner, such
combinations would throw out desirable transgressive segregates provided
that the additive genetic system in the good acts in the same direction to
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reduce undesirable characteristics and maximize the character under
consideration. Therefore, the mean performance of crosses could be a
reliable and effective indication for their specific combining ability effects
for all studied traits.
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