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ABSTRACT

A partial diallel crosses matting design was made among seven common
wheal varieties and lines during 2000/2001 and 2001/2002 seasons at the Farm of the
Fac. of Agric. Al-Azhar univ. Madient Nasr, Cairo, Egypt. Significant mean squares
were obtained for genotypes, parents, crosses for ali traits studied. Parents vs
crosses for heading date, No., Kernels/spike 1000- Kernels weight and Grain
yield/plant were also significant. P: and Pswere at the top of the tested parents in
grain yield/plant. The two crosses Pz X Ps and Pz x ps gave the highest values of grain
yield/plant. The mean squares associated with GCA and SCA were significant for all
traits studied which indicated the presence of both additive and nor-additive types of
gene effects including dominance.The ratioes of GCA/SCA were more than unity in all
traits except for No. spikes/pfant which indicated that additive gene effects were more
important than dominance in the expression of these traits. The crosses P; X Ps, P2 X
Ps . Pz X Pz and P3 X Ps gave significant values for heterotic effect relative to better
parent for grain yield/plant.

INTRODUCTION

!

Information regarding the types of gene effects controlling different
traits in wheat are of prime necessity before starting a breeding program.
Joshi (1979) stated that genetic studies invoiving high yielding and widely
adapled parents need more attention because their crosses are expected to
offer desirable genetic variability.

Most studies on wheat revealed that general combining ability (GCA}
was found to be more important than specific combining ability (SCA) for
numbers of spikes/plant and grain yield; Busch et a/. 1971, Raghavaiah and
Joshi 1986, Dasgupta and Mondal 1988, Al-Kaddoussi and Hassan 1991,
Eissa 1993. However, additive (GCA) and non-additive (SCA) gene effects
were observed for grain yield, kernels/spike 1000-kernel weight and tillers
numbers/plant -;Sharma et al. 1984; Srivastava et al. 1992, and Saadalla and
Hamada 1994. The mid parent heterosis for grain yield varied from 5 to 58%
while i varied from 17 to 41% for better parent heterosis (Cregan and Busch
1978), meanwhile khalil et al. (1979) and Bitzer et al. (1982) reported that
heterosis over mid parent for grain yield was significant in crosses between
high x high and high x low but it was insignificant for low x low parents. On
the other hand, heterosis percentage based on better parent varied from 17
to 38, 9 to 18, zero to 7 , 9to 45 and from 2 to 58% for grain yield, tillers
number/plant, kernels number/spike, spike yield and 100-kernel weight,
respectively.in a study by singh et al. (1991}, they found that GCA was
insignificant and SCA was significant for grain yieid.

The objective of this study was to assess the types at gene action
controlling some of the economic traits in some wheat crosses.
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MATERIALS AND METHODS

The present study was carried out at the experimental farm of Faculty
of Agric. Al-Azhar Univ. during 2000/2001 and 2001/2002 growing seasons.
Seven common wheat varieties and lines { Triticum aestivum L.} representing
a wide divergent germplasm were slected for this study from National Wheat
Program (NWP), Field crops Res. Inst. (FCRI), Agric. Res. Cent. {ARC). The
name, pedigree and code number of these varieties or lines are presented in
.Table 1. In 2000/2001 seasons, grains of each of the parental varieties were
sown at 3 various dates to produce 21 F, hybrid grains. in 2001/2002 growing
season the seven parenls and the obtained 21 F, hybrids were grown for
evaluation in a randomized complete blocks design (RCBD) with 3
replications. Each entry was planted in two rows 2m long, 30 ¢cm abart and
the distance between plants within row was 10 cm. The recommended
agriculturai practices were applied from sowing to harvest Data for the
foliowing traits were recorded on 10 plants chosen at randon from each plot.

The studied traits were heading date {H.D}, maturity date(M.D},
plant height(PL.H), spike length(S.L), No. spike / plani(S/P), No. kerneis /
spike(K/S), 1000 kernel weight(Kwt) and grain yield/plant(G.Y/P).

The obtained data were analysed to estimate general and specific
combining abilities according to method [l model | of Griffing (1556).
Heterosis was computed with respect to better and mid parents according to

Bhatt (1971) formula,
Table 1: The name and pedigreeof parental varieties and/or fine valuated

No. Parent Origin
P, |Giza 164 _Egypt
P,  Mildeess Mo 73/pol/ T. aest.-Bon/con-7c Mexico
Py IREN.A Mexico
P, [Tsiivee "s” /l Giza 165 ICARDA
Ps ISids7 Egypt
Ps [Sakha 8 Egypt
P; |Gemmeiza 7 Egypt

RESULTS AND DISCUSSION

1- Mean performance and analysis of variance:-

The mean performances of the seven parental lines and varieties of
wheat are presented in table 2. The preliminary ANOVA revealed the
presence of significant differences among genotypes for all studied traits. The
parental lines Ps and P. gave the lowest values for heading and maturity
date, respectively. The parentallines or varieties Py, Py, Ps. Py, Psand Ps
were at the top of the tested parents for spike length, plant height, No,
spikes/plant, No Kernels/spike, 1000 kernel weight and grain yield/plant,
respectively.
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Table 2: Mean of characters studied for seven parents and their21 F,
crosses
[Genot, | HD | MD [ PLH | S.L [No.S/P| No. KiS [1000 kwt| G.Y/P
f P, 860 | 1417 882 |11.7| 130 | 505 | 44.07 | 26.05
CP, 590 (139311036 !105| 13.4 | 406 | 4550 | 24.0%
Ps 953 | 137.3| 884 |12.0] 144 | 511 | 3368 | 22.31
P, 85.3 [ 139.0 1088 {123 9.4 35.1 | 5578 | 19.81
Ps 81.0 {13971 84.0 (105! 10.0 | 329 | 74.46 | 27.57
Pe 877 | 1460 85.3 | 106! 184 | 464 | 3435 | 2470
- 873 | 1447} 903 [12.0, 128 | 311 { 37.79 | 2254
PxP, | 96.0 | 1433 916 {131 104 | 646 | 44.29 | 3075
PxP, | 940 {1357 958 {122 112 | 565 | 4439 | 2844
PxPs | 920 11343 ] 889 {122 102 | 428 : 42.80 | 20.39
PxPs | 857 | 136.0 | 89.5 [10.3( 102 | 487 | 52.52 | 24.86
PxPs | 90.7 | 1453 | 87.3 |10.9| 146 | 409 | 4169 | 2515
PP, | 94.0 {1383 | 830 [1161] 122 | 472 | 4169 | 2242 |
PxPy | 943 (1363 | 91.1 |13.0] 104 | 515 | 4402 | 27.25 |
PxPy | 913 11360 1 1068 | 12.8| 12.0 | 281 | 49.54 | 29.52
P,xPs | 81.7 | 1333 ,103.1 {125 158 | 51.5 | 4596 | 42.05
PxPg | 89.0 | 13971 97.3 {126 142 | 327 | 4910 | 39.07
P,xP; | 933 [137.7| 882 {119 156 | 525 | 4343 { 3395 l
P.xP, | 94.0 {1383 97.5 |12.1] 122 | 440 | 3962 | 1963
PxPg | 94.7 | 1383 | 992 [10.3| 9.6 575 | 4117 | 23.98 !
PaxPs | 96.7 | 1450 | 884 |125] 194 | 479 | 3607 | 3564
PxP; | 95.0 | 1447 | 925 (113 | 162 | 392 | 34.85 | 24.74
PxPs | 97.0 | 146.7 | 997 123! 62 | 513 | 4827 | 1584
PxPg | 92.3 | 146.3 | 103.3 | 114 76 56.5 | 44.65 l 18.73
PxP; | 927 | 1463 {1041 1125| 98 | 592 ‘41‘39 27.71
PxPs | 96.0 [ 1467 | 937 111.8] 108 | 56.3 | 42.94 , 29.43
PxP, | 957 [ 1463 | 944 |11.5( 152 | 603 | 3764 | 38.29
PexP; | 92.7 11440 837 {115] 13.0 | 559 | 38.92 | 30.47
LSD5%| 250 ] 27 [ 081 95| 15 23 | 300 3.19

Data presented in Table 3 showed that crosses mean squares were
significant for all the studied traits among genotypes, parents and crosses,
revealing the presence of sufficient genetic variability in the population. The
significance of general combining ability (GCA) and specific combining ability
{SCA), indicated the presence of both additive and ncnadditive types of gene
effects i the genetic system controlling these traits this materials. The ratio
of GCA/SCA Tabie 3, were more than unity in all trails except No.
kernels/spike which indicated that additive gene effects were more importarit
than non additive in the expression of these traits. However, a lower ratio of
GCA/SCA than unity was ohserved for MNo. kemels/spike (0.35), indicating
that nonadditive gene effects play an important role in the inheritance of No.
kernels/spike. These results are in line with those obtained by Bhatt (1971),
Singh et al. {1987), Eissa (1893). El-Sayed et al. {2000} and Mana (2001).
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Table 3: Observed mean squares from ordinary analysis and combining
ability analysis in the F, diallel

S.0.V.[d.f[ HD [ MD | PLH | S.t [No.S/P[No. K/S[1000 kwt[G. Y/P]

Genotype| 27 | 65.29 | 56.74 |165.23 | 3.51 | 4.16 |280.18 [ 195.01 [18.13

Parents | 6 [115.43°| 3041 |273.10'| 4.15 | 7.67 [210.13°[ 631.27" |11.17

Crosses | 20 | 41.02° | 67.44  |138.18| 3.49° | 3.32° |255.99) 64.10° [533.11

P.VS.C. | 1 [250.00 | 0.67 | 39.84 | 0.04 | 0.05 [1184.30] 195.52_ [85.90

GCA 6 | 73.14° |122.97'1475.167,10.70'| 10.01" |114.47 | 555.13" [25.39
SCA 21 | 63.05 | 37.97" | 76.68" | 145 | 249 |327.52°| 92.12° [16.05
Error |54 | 234 | 2.70 | 33.66 [0.24 | 009 | 8.18 | 3.38 |043

GCA/SCA 146 | 324 | 620 | 738 4.02 | 0.35 6.02 | 1.58 |

General combining abllity (GCA):-

The GCA effects for traits studied are presented in Table 4. Four
parents were significant in GCA effects for heading date and P; and P had
the highest negative GCA (-2.413 and -1.118), respectively which were
desirable for this trait and it was considered as a good combiner for earfiness
of heading. On the other hand P, (Giza 164), P, and P, were significant and
negative for maturity date suggesting that these parents were considered
good general combiner to decrease number of days to maturity. With respect
to plant height P, {Giza 164) and Ps (Sakha 8} had negative and significant
GCA effects, while the parents P, and P, had the positive and significant
GCA effects, suggesting that these parents were considered as a good
general combiner to decrease or increase plant height. For spike length P,
and Ps (Sids 7) was a good combiner to increase spike length. For number of
spikes/plant P, , Py, Pg and P; were positive and significant GCA effects,
suggesting that these parents were considered as a good combiners to
increase number of spikes/plant. With respect of number of kernels/spike the
three parent P, (Giza 164),P3{IREN.A) and Ps (Sids 7) were positive and
significant for GCA suggesting that they had an additive gene effects and
were considered as a good combiners for increasing number of kernels/spike.

Table 4: Estimates of general combining ability effects of parents for the
studied traits in the F, diallel
[ Parents | H.D. M.D. [ PLH S.L  |No. S/P|No. K/S|1000 kwt| G. Y/P
Pi  |-1.116 |-1.2437[-4.259 [-0.224 | -0.099 | 2315 [ 0.107 | -0.222
P, | 1.032 [-2503'| 3844 | 0869 | 0.286 |-2.070 | 1.815 | 1506
Py | 2772 |-1.614°| -1.052 | -0.009 | 0.382° | 2.004 | -4.837 | -0.226
Ps -0.487 | -0.169 | 7.452 | -0.131 |.0.766 (-3.174 | 3.148 | -1.432
Ps |-2.413"|-0.095 | -0.348 | 0.810° |-0.877 | 1.182" | 7.148" | -0.760
Ps | -0.190 | 3.497° |-2.926 |-0.790_| 0.701" | 0.241 | -3.219° | 0.659
P; | 0402 | 2127 [-2.711 |-0.524 | 0.375 | -0.499 | -4.504 0.465
L.5.0 5% .
gi 0545 | 0,586 | 2.067 | 0.175 | 0108 | 1.019 | 0.855 0.232
gi-gj 0.833 ) 085 | 3158 | 0.268 | 0.163 | 1.556 | 1.000 0.355

r for mean and GCA
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With respect to 1000-kernel weight P, P4 and Ps, had positive and
significant GCA effects (1.815, 3.148 and 7.148), respectively. Meanwhile Py
P, and P, had negative and significant GCA effects with values of 4.837 , -
3.219 and —4.504, respectively. These results indicated that each of Py, P,
and Ps had additive gene effects in the inheritance of 1000-kernel weight.
For grain yield/plant parents, P;, Pg and P, had positive and significant GCA
effects and two parents P, and Ps had negative and significant GCA effects
for this trait. These results suggested that Sakha 8 and Gemmeiza 7 had
additive gene action and were considered as a good combiner for increasing
grain yield/plant. This may be due to the high linkage between yield and
number spikes/plant.

Generally, the variety Giza 164 was a good combiner for early
heading and maturiety, the line Mildeess Mo 73/ pol / T. aest-Bon / con-7c,
(P,)was good combiner for No. spikes/plant, 1000 kernel weight and grain
yield/plant, IRENA (Pa)was a good combiner for No. spikes/plant, No. kerneis
/spike, P, was a good combiner for 1000 kernel weight, Sids 7 was a good
combiner for No. kernels/spikes, and 1000 kemel weight, Sakha 8 was a
good combiner for No. spikes/plant and grain yield/plant and Gemmeiza 7
was a good combiner for No. spikes/plant and grain yield/plant.

Specific combining ability (SCA):-

The results in Table 5 showed that four crosses Py x Ps, P, x Py, P
Ps and Pz X P5 and 9 crosses Py X Ps, P x Py, Py x Pg,, P, x P7, pz X pq, sz
Ps, P, x Ps, P2 x P; and Ps x P; were negative and significant for days to
heading and maturity, respectively. This indicated that these crosses
maintained a desirable non additive gene effect to selection for earlines in
heading and maturity, respectively. Meanwhile for plant height P, x P and Py
x Ps were positive and significant for SCA and P, x P, and P, x P; were
negative and significant SCA.For spike lenght Py x Ps, P2 x Ps, P3 x Pg and Py
x P, were positive and significant for SCA, Meanwhile P; x Py, P2 x Ps, P2 x
P, Pax P4, Pax Pg, P2 x Py, and Ps x Py, showed positive and significant SCA
effects for No. spikes/plant indicating that they had a considerable non-allelic
gene effects in these combinations. For number of kernels/spike 12 crosses
(P1 X Pg, Py x Pa, Pz X p:;, P; X Ps, Py x P, P3 X P5. Pax Ps, Py x PE, Psx Py,
Ps x Ps, Ps x Py and Ps x P;), have positive and significant SCA effects, so
segregating lines may have high number of kernels/spike. The crosses Py x
Py, P, x P3, Py x Ps P x Py, and Pg x P; were positive and significant SCA
effects in 1000 kernel weight, this results indicating that these crosses
contained an epistatic effect in the inhentance of this trait. For grain
yield/plant the crosses (P x Pa, P2 x Py, Py x Ps, Pox Pg, P X Pg, Py X Py, Ps x
Ps, and Ps x P;) have positive and significant SCA effects, this results
suggesting that these crosses had non-allelic gene action for increasing grain
yield/ptant and could be used i the segregating generations to produce lines
that have high grain yiels/plant. Similar results were obtained by Khalil ef af.
(1979), Baywa et al (1986), Eissa (1993), Attia (1998), El-Sayed et ai. (2000)
and Mana (2001).
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Table 5: Estimates of specific combining ability for crosses studled in
the F, diallel

fcrosses] H.D | M.D | PLH | S.L [No.S/P|No. K/iS[1000 kwt] G.YIP
PixP; | 4287 | 6.138 | -1.835 | 0.099 [-0.781 [16.751] -1.507 | 0212
PixP; | 0.546 [-2.417 | 7.261 | 0.077 [-0.611 | 4544 | 5245 | 1.163
PixPy | 1.806 |-5.194°1-8.176"| 0.166 | 0.204 |-3.945 | -4.329 | -0.305
PixPs | -2602°|-3.602 | 0.224 | 0.692 | 0.315 1 -2.368 | 1.049 | 0514
PixPs | 0.176 | 2.139 | 0669 | -0.442 | 0.204 |-9.227 | 0.922 | -0.807.
PixP; | 2917 |-3.4917{ -3.880 | -0.042 | -0.270 | -2.219 | -1.340 | -1.525
| P2xPy |-1.269°| -0.491 | -5.509 | -0.249 |-1.263 | 3.995 | 3.166 | -0.963
PaxPy | -1.009 | -2.269 | 1.654 |-0.327 | 0419 -14.227 | 0.705 | 1.011
PoxPs |-8.750 |-5.009 | 5787 | 1.732° | 1.796" | 4.818" | -7.218° | 4.516
PxPs |-3.639" [-2.269 | 2.565 | 0.132 | -0.315 1-13.042) 6613 | 2105
PxP; | -0.102 | -2.898 | -6.783 |-0.868 | 0478 | 7.432° | 2.244" | 0.502
PP, | -0.083 | -0.824 1-2.783 | -0.116 | 0.389" | -2.434 | -2.569 | -0.594
PixPs | 2509 | -0.898 | 6.750 | 0.477 | -367 | 6.744 | 5355 | 0.213
P3xPe | 2287 | 2176 | -1.472 | 0.944™ | 1322 [ -1982 | 0.246 | 2681
PsxP; | 0.028 | 3.213) | 2.446 |-0.523 | 05817 /-9.908"| 0.320 | -0.756,
PaxPs | 8.102 | 5.991 | -1.220 |-0.801 | -0.352]| 5.721" | -5.247 | -1.262
PaxPs | 1.213 | 2.065 | 4.957 | -0.068 |-1.463 |11.862 | 0.846 | -1.739
PaxP7 | 0.954 | 3.435 | 5476 | 0.732° |-0.404 |15.269"| -0.626 | 1.450
PsxPs | 6.806 | 2324 | 3.157 | -0.608 | -0.285 | 7.240' | -5.211" | 1.158
PsxP; | 5.880 | 3.361 | 3609 |-1.208"| 1.507 |11.9817| -9.220 | 4.304
PexPy | 5657 |-2.565 | 4.546 | 0.458 | -0.804| 8.521 | 2.927 0.278
L.S.0 5%

Sij ] 0883 ] 1805 | 6699 | 0.570 | 0.349 [ 3.302 | 2.122 | 0.753
Sij-sik | 2.355 | 2.532 | 8.932 j 0.759 | 0.465 | 4.402 | 2.829 1.004
Sﬁ-skl{Z.ZOS 2.368 0.710 | 0434 | 2.059 | 2647 | 0470

r for mean and GCA

8.355

Heterosis:-

Differences in significance for parenls vs. crosses mean squares
were detected for heading date, No. kernels/spike, 1000 kernel weight and
grain yield/plant as shown in Table 3. Heterosis expressed as percentage
deviation of F, performance from its mid-parent and better parent average
values for all studied traits are presented in Table 6.

For heading date three crosses expressed significant negative
heterctic effect from the mid parents but for maturity date five crosses
expressed significant negative heterotic effect over mid parent and only two
over better parent. Significant negative heterotic effect for earlines was
previously detected by El-Shamarka (1980), Karrar (1980), Darwish {1992).
Hendawy (1894), El-Sayed (1996), El-Sayed et al. (2000) and Mana (2001).

For plant height four and two crosses exhibited significant positive
heterotic effects relative to mid-parent and better parent, respectively.
Significant positive heterotic effect relative to the taller parent was found by
El-Shamarka (1980), Karrar (1980), El-Henawy (1996), Hendawy (1980),
Darwish {1992), Ashoush (1996), El-Sayed et a/. (2000) and Mana (2001).

Concerning spike length 14 crosses significantly exceeded mid-
parent value. Also, nine hybrids had significant positive heterotic effects
relative to better parent value.
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Spike length in fact may be lead to erratic judgement as the long
spike could be lax or dense and, therefor, number of spiklets and kernels per
spike could be resuited in betler criterion for spike density than spike length,
These results are in agreement with findings of Karrar (1980), Mitkees
(1981), Mosaad et al. (1990), Ashoush (1996}, Ei-Sayed et al. (2000) and
Mana (2001).

For the number of spikes/plant seven and five crosses exhibited
significant positive heterotic effect relative to mid parent and better parent,
respectively. In this respect positive heterosis for number of spikes/plant was
obtained by Gyawali ef al. {1968), Mani and Rao (1975), Ashoush (1996), El-
Sayed eof al. (2000) and Mana {2001).

For number of kernels/spike, 14 and 11 crosses significantly
exceeded the mid parent and better parent values, respectively. Significant
positive heterctic effect for number of kernels/spike was found by Darwish
(1992), Ashoush (1996), El-Sayed ef al. (2000) and Mana (2001).

For thousand kerne! weight, 8 and 2 crosses showed positive and
significant heteratic effect for mid parent and better parent respectively.
Similar results were obtained by El-Sayed (1998}, El-Sayed ef a/. (2000} and
Mana (2001).

Concerning grain yield/plant 13 and 12 crosses showed significant
positive heterotic effect relative to mid parent and befter parent values,
respectively This hybrids exhibited heterosis for one or more traits contributed
yield. This finding agreed with the general trend where the expression of
heterosis for a complex trait is always a function of its components. It could
be concluded that these crosses would be efficient and prospective in wheat
breading programs for improving grain vyield/plant. Significant positive
heterotic effects relative to the better yielding parent were also determinded
by Sharma et al (1986), Hendawy (1990), Darwish (1992), Mekhamer
{1995), Ashoush (1996), El-Sayed (1996), El-Sayed et al. (2000} and Mana

(2001).
REFERENCES

Al-iaddoussi, A. R. and E. E. Hassan (1991). Hetrosis in relation to general
and specific combining ability in durum wheat {Triticum turgidum var.
durum), Zagazig J. Agric. Res., 18:1-9.

Ashoush, H. A. H. ({1996). Analysis of diallel cross of some quantitative
characters in common wheat { Triticum aestivum L.) Ph.D. thesis Fac.
of Agric., Moshtohor, Zagazig Univ. Banha branch Egypt.

Attia, 1. A. A, (1998). Morphophysiologicai and genetical studies on eariiness
in wheat M. Sc. Thesis, Fac. of Agric., Assiut Univ.

Bajwa, M. A; A H. Shah; A G. AsiandA. G. Khan (1986). Heterosis and
combining ability studies in durum wheat. Rachis, 5:42-46.

Bhatt, G. M. (1971). Heterosis performance and combining ability in a diallel
cross among spring wheat (Triticum agstivum L.). Aust. J. Agric. Res.,

22 359-368.

§742



J. Agric. Sci. Mansoura Univ., 27 (9), September, 2002

Bitzer, M. J; F. L. Patterson and W. E. Nyquist. {1982). Hybrid vigor and
combpining ability in high-low yielding, eight-parent diallel cross of soft
red winter wheat. Crop Sci., 22 : 1128-1128.

Busch, R. H.; K. A. Lucken andR. C. Frohberg. (1871). F1 hybrids versus
random F5 line performance and estimates of genetic effects in spring
wheat. Crop Sci., 11 - 357-361.

Cregan, P. B. and R. H. Busch (1878). Heterosis, inbreeding and line
performance in crosses of adapted spring wheat. Crop Sci,, 18 : 247-
251

Darwish, |. H. (1992). Breeding studies on wheat M. Sc. Thesis, Facuity of
Agric. Menofiya Univ., Egypt.

Dasgupta, T. and A. B. Monda! (1988) Diallel analysis in wheat Indian J.
Genet,, 48 : 167-170.

Eissa, M. M. (1993). Combining ability for main spike characteristics in durum
wheat (Triticum turgidum var. durum), Zagazig J. Agric. Res., 20:
1673-1681.

El-Henawy, M. A {1996). Heterosis and combining apility in diallel crosses of
eight bread wheat varieties. Bulletin, Fac. Agric Univ. Cairo, 47 : 379-
392,

El-Sayed. E. A. M. (1996). Breeding wheat for high yield. Ph.D. Thesis,
Faculty of Agric. Al-Azhar Univ. Egypt.

EL-Sayed. E A M., M. Tammam and S. A Ali (2000). Genetical studies on
some bread wheat crosses (Triticum aestivum, L.). Menofiya J. Agric.
Res , 25 (2) 1 388401.

Ei-Shamarka, S. A (1880). Studies on heterosis and combining ability in
common wheat. M.Sc. Thesis Fac. of Agric. Menofiya Univ. Egypt.
Griffing, J. B. {1956). Concept of general and specific combining ability in
relation to diallel crossing systems. Aust. J. Bio. Sci., 9. 463493.
Gyawali. K. K., C. O. Qualset and W. T. Yamazaki {1968). Estimates of

heterosis and combining ability in winter wheat. Crop Sci.. 8 . 322-324.

Hendawy, H. | (1990}. Breeding for yield and its components in wheat M Sc.
Thesis Fac. of Agric. Menofiya Univ. Egypt.

Hendawy, F. A (1994). General and specific combining abiiity estimales in a
diallel cross of seven bread wheat varieties. Menofiya J. Agric. Res,
18 (1) 75-93.

Joshi, A B (1978). Breeding methodology for autogamous crops. Indian J
Genet., 39 - 567-578.

Karrar, A. M. A. (1880). Performance and combining ability of durum wheat in
a diellel cross. M.Sc. Thesis Fac. Agric. El-Minia Univ. Egypt.

Khall, O S.: K F. Hegazi and E. H. Ghanem. (1979). Heterosis and
combining abilily in common wheat by diallel analysis. Agric. Res.
Rev , 8:23-34.

Mana, H.- M A (2001). Combining ability in some wheat crosses Facully of
Agric Al-Azhar Unwv. Egypt.

Mam, S. C and M. V Rao (1975). Heterosis in winler x sprning wheat crosses.
Indian J. Genet. P!. Breed, 35 : 330-335.

Mekhamer, K. I. S (1995) Breeding for some guantitative traits in common
wheat. M.Sc Thesis, Menofiya Univ. Egypt.

5743



El-Beially, . E. M. A. and E. A. M. El-Sayed

Mitkess, R. A. {1981). Inheritance of some morphological and technological
characters in wheat crosses. Ph.D. Thesis. Cairo Univ., Egypt.

Mpsaad, M. G.; M. A. El-Morshidy; B. R. Bakheit and A. M. Tamam (1990).
Genetical studies cf scme morpho-physiological traits in durum wheat
crosses. Assiut J. Agric. Sci., 21 (1) : 79-94.

Raghavaiah, P. and Joshi(1986). Combining ability studies in emmer wheat.
indian J. Genet., 46 . 476-483.

Saadalla, M. M. and A. A. Hamada (1994). Inheritance of yield and yield
components in spring wheat under heat stress. Jour Agric. Sci.
Mansoura Univ., 19 : 2151-2160.

Sharma, 8. K.; I. Singh and K. P. Singh (1986). Heterosis and combining
ability in wheat (Triticumn aestivum L.). Cropimprovement, 13 : 101-
103.

Sharma, S. K; R. K. Singh and M. Singh (1984). Components of heterosis for
harvest index, biological yield and grain yield in wheat. Indian J. Agric.
Sci, 54 : 75-78.

Singh, I.; 8. C. Sharma and G. R. Sharma (1991). Combining ability for harvest index
and its components in bread wheat. Crop Res., 4 : 268-271.

Singh, V. P R. S.Rana; M. 8. Chaudhary and A. 5. Redhu (1987). Genetic
architecture of ear emergence in bread wheat. indian J. Agric. Sci., 57 :
381-384.

Srivastava, R. B.; S. C. Sharma and M. Yunus. {1992). Additive and
nonadditive gene effects for yield and yield components in two crosses
of wheat { Triticum aestivum L.} Indian J. Genet.. 2 : 297-301.

il mad caa paad CBENY e 5 al s Gaagdi 568
e e a I BT
B AN - e 0¥ e - Al LS Jealaall and -
- A 5l g 36 5 - Aliadl (Bealaall &gy dgaa - pail a ghll gl - Y
.5 yalidl
o e YNy Gliad daped 5 0 el g e LaSU Cag il g
LR WYY O e el Zam ST T ale iy e W dadla det N A E e
At oY N ALYl e T ane 50U aal a5 VoY ST Y aige g
el el gl Sy Al Slies UK gima gy SO aad ol S
O Rl s oy ad F A dal e B A i agdly U o ikl
D ol Jyanagam e
Prx Py Prx By plagy el e Sl Jpana 4 eV la aalsdiy 00 Y 8
il il Jpan 3 L oY) L
e g Laa Y e Gaalalhy Aaladt 3 e IS G pina S T il D il
el Gearsca deadlt Al Wb e pi ) ey T 00 Glie e sl Ay sl Jai
S Sl e Y sadl Jad el aa gy e 3 g 2 Tiea e L dazanalt S2a gl
A Al Sl
U R O B o B N Y ) N T MECTPUR I VAL B3 SO N
c gl J pmana dial Loy

5744



