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ABSTRACT

Three Egyptian and four exotic parental varieties of bread wheat were
crossed in half diallel crosses mating design to study hetercsis and nature of gene
action for earliness and yield components. Mean squares of genotypes were found to
be highly significant for ail studied traits, providing evidence for presence of
considerable amount of genetic variation among studied genotypes. The results
sfowed that the majority of crosses exhibited significant heterosis vaiues versus the
mid parents for all studied traits. The results revealed that the general combining
ability (GCA) and specific combining ability (SCA) mean squares were highly
significant for all studied traits, indicating that both additive and non additive genetic
variances were imporiant in the inheritance of these tralts The results also indicated
that the magnitudes of additive genstic variances (c A) were positive and lower than
those of non additive genetic variances including dominance (¢~ D) one for earliness,
indicating that non additive gene action played a major role in ‘1e inheritance of
earliness. Whereas, the magnitudes of additive genetic variances (c A) were positive
and larger than those of non additive (o°D) ones for yield components, suggesting that
the inheritance of yield component traits was mainly controlled by additive gene
effects. The broad sense heritability estimates (h" .,%) were more than 89% and targer
than their corresponding narrow sense heritability (h%,%) for all studied traits.
However, the estimates of narrow sense heritability were 3%.11% for earliness and
more than 50% for yield components. The results showed that Sakha 8 (Pz),
Gemmeiza 3 (Pa) and Kai/Bb (Ps) were exceilent generai combiners for earliness and
yield components. The cross combinations (PxP3), (PaxPa). (PaxPs) and (PaxPr)
showed desirable SCA effects and significant heterosis values for most studied traits.
These promising crosses could be used for wheat hybrids and segregating
generations for transgressive segregants.

INTRODUCTION

Development of a new wheat cuitivars required a considerable time
and efforts. Therefore, it is desirable to estimate heterosis and combining
ability as eariier time of the breeding program. Svccessful breeding programs
should be initiated by a good understanding of the mode of inherilance of
desirable traits. Combining ability analysis is used to identify the desirable
parents in cross combinations and provides detailed infoermations about
relative magnitude of additive and non additive types of gene action for
studied traits.

In this respect, additive and non additive genetic variances as well as
heterotic effects for earliness and yield components have been studied hy
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several investigators in wheal. Non additive gene action was important than
additive one in the expression of earliness (El-Hennawy, 1991; &i-
Sherbeny, 1999 and Bayoumi, (2004) and yield components (Saad ef al, 1997
and Hamada et al, 1997) . On the other hand, Eissa (1993); El-Shami et al
(1996); Ageez and El-Sherbeny (1998); Ismail et af (2001) and El-Sherbeny
{2004) reported that additive genetic variances played the major rote in the
inheritance of yield components fraits. However, Darwish (2003), Ei-Seidy
{2003), Abd El-Aty (2004) and Bayoumi (2004) stated that both additive' and
non additive gene action were involved in the inheritance of most yield
component traits.

Heterosis values over the mid parents for earliness and yield
components were estimated by Alkoddoussi and Hassan (1991); El-Borhamy
(1965); EL-Hennawy (1996) and Esmail and Kattab (2002).

This investigation was conducted to detect the amounts of heiercsis
and types of gene action controlling the inheritance of earliness and yield
components in a 7x7 diallel crosses mating design of wheat parental.

MATERIALS AND METHODS

The present study was carried out at the Experimental Research
Farm of Sohag, Faculty of Agricuiture, South Valley University during the two
successive growing seasons of 2002/2003 and 2003/2004. Seven bread
wheat cultivars (Triticurn aestivum L)) representing a wide range of diversity
were chosen as parents. Three of them are local cultivars [ Giza 184 (F.),
Sakha 8 (P2} and Gemmeiza 3 (P3)]. While, the other four genotypes were
introduced from Mexico [Tsifvee "S°{P,) and Bau'S" (P;) ] and Syria [Kara
- wan {Ps) and Kal/Bb (Pg)].

In 2002/2003 growing season, the seven parents were crossed
according to a haif diallel crosses mating design in all possible combinaticns
excluding reciprocals to produce 21 Fy hybrids. All parental cultivar were also
self pollinated to increase seeds from each one.

In 2003/2004 growing season, the seven parental genotygpes and
their 21 F4 hybrids were grown in a randomized compiete blocks design with
three replications. Each replicate contained 28 plots. Each plot consisted of
one row with 3 m. long and 20 cm. apart between rows. Plants were spaced
by 10 cm. within row. All recommended cuitural practices were applied for
wheat production at proper time.

Heading date was measured as the number of days from pianting to
the day when 50% of the heads were extruded from the flag leaf sheath. At
maturity, data were recorded on 10 guarded plants chesen at random from
the middle row of each plot in each replicate for spike length (SL), number of
spikes per plant (S/F),100 grain weight (100 GW) and grain yield per plant
(GY/P).

- Data were subjected to the analysis -of variance to test the
significance of the differences among the 28 genotypes { seven parents and
their 21 F, hybrids}) according to Cochran and Cox (1957). General
combining ability (GCA) and specific combining abiiity (SCA) variances were
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partiticned from total genotypic variance accordingz; to Griffing (1956) as
method 2, mode! 1. The estimates of additive (0°,), non-additive (UZD)
genetic variances  including dominance were calculated according to
Matzinger and Kempthorne (1956).

RESULTS AND DISCUSSION

Genotypic variations

The mean squares of genotypes (Table 1) were found to be highly
significant for all studied traits. This provides evidence for presence oy
considerable amounts of genetic variation among studied genotypes. These
results were in harmony with those previously obtained by Hamada et al
(1997); Ageez and El-Sherbeny (1998); Ismail et al (2001); Abd El-Aty (2004)
and El-Sherbeny (2004).

Table1: The results of the analysis of variance and the mean squares of
the F, hybrids and their parents for all studied traits.

Y DOF HD SC SIP 100GW | _GY/P |
Reps 2 128 028 2.97 c.or | 722 |
Genotvpes 27 | 5363* | 246= | 1612 | 182~ | 1551 |
Error © 54 1.37 0.27 0.81 gos | 201 |

** Significant at 1% level of probability.

Estimates of heterosis

The estimates of heterosis over mid parents for all studied traits are
presented in Table 2. Earliness is an important aim in wheat, thus, the
negative heterotic vatue for number of days to heading is desirable in
breeding program. In this direction, seven out of 21 crosses were significantly
flowered earlier than their mid parents with negative heterotic values ranged
from =3.02% to -5.95%.

Concerning vyield components, 20 out of 21 crosses exhibited
significant positive heterosis values relative to The mid parents for spike
length and ranged from 1.43% to 9.88%. Whereas, only one cross (P-xP.)
showed negative significant heterosis value (-5.40%) for the same trait.
Significant positive heterosis values were obtained for 16 out of 21 crosses
for number of spikes per plant (3.06% to 22.29%). As for 100-grain weight, 17
out of 21 crosses were significantly heavier their mid parents with heterotic
values ranged from 1.02 % t019.77%. Regarding to grain yield per plant, 11
out of 21 crosses were significant and better yielding than their mid parents
and ranged from 4.13% t018.39%. '

These results indicated that the majority of crosses were significantly
earlier and high yielding than their mid parents. This finding suggested the
important role of non-additive gene action in the inheritance of studied traits.
These results were in agreement with those reported by Alkoddoussi and
Hassan (1891); El-Borhamy (1995); El-Sayed et al {(2000) and Abd El-Aaty
{2004).
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Tabie2: The estimates of heterosis over the mid parents for all studied

traits.
Crosses HD SL S/P 100GW GYIP
Pi1xP2 -4 39" 414* 168 19.77* 18.39" |
P1xP3 228 3.19" 10.64™ 17 02** 936~ |
P1ixP, -2.00 5.01* -3.31** g.42" 186 |
P1xPs -2.04 9.88* 9.14* " 8.96™ 5.41*
P1xPs -4.38"* 8.60™ 16.08* 4.47+ 8.43%
PixPr -3 02* 617 3.06™ 6.20* 5.20*
PoxPs; 0.65 6.86™ 517" 8.06™ -5,43**
P.xPa -5,95* -5 40% 21.89** -11.55" -10.27
P,xPs -1.09 1.71% 563 615" -7.31%
P.xPg -1.81 B6.60" 19.24** 781" NG
P2xP7 217 4.08* 7.55% 2.20* -9.00" |
P.xP, -1.84 450" 12.22* 1.02* 821"
P.xPs -2.36 1.94* 22.03" . 6.08* -10.28" |
P3xPg 23.37* 444~ -8.69** 596" 3.41
PixPy -3.70* 3.20" 0.63 1.40* 413° ]
P.xPs -3.64* 8 33* 7.19* 068 7.36"
PixPs -1.67 6.38* 12.50* 5.30™ 872 |
P.xP; -1.32 9.09* 3.70" 781" 4207 |
PsxPg 2.05 6.30* 22.29" -2.29* 172 |
PsxP; -0.66 3.88* 9.09" 588" 262 |
PexP1 -2.67 1.43* - 20.86"* -2.37* R
LSD 5% 2.86 1.28 2.20 0.42 3.4¢

1% 3.80 1.70 2.93 0.56 463

= Significant at 5% and 1% levels of probability, respectively.

Combining ability analysis

Combining ability analysis of variance for all studled traits are shown
in Table 3. The results exhibited that the general combining ability (GCA)
and specific combining ability (SCA) mean squares showed highly
significance for all studied traits. In addition, the magnitudes of GCA was
iarger than those SCA one for earliness and yield components. The results
also indicated that both GCA and SCA were important in the inheritance of
these traits. It could be concluded that the obtained heterosis vaiues mainiy
due to the Epistatic effect (A x A). Similar results were obtained by Hamada
et al (1997); Ageez and El-Sherbeny (1998); Bayoumi (2004) and Abd El-Aty
(2004).

Table 3: The results of the analysis of variance of half diallel crosses of
for the F, hybrids and their parents for all studied traits.

SV DF HD SL S/p 100GW GWIP |
GCA 6 36.62~ | 220* | 16.73" 201 166 52**
SCA 21 1252 | 040~ 213" 0.20% 18 77
Error 54 0.46 0.09 0.27 0.01 . 067 |

= Significant at 1% level of probability.
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GCA effects {g))

Estimates of general combining ability effects (g;} of each parents for
all studied traits are presented in Table 4. The results showed that Sakha 8
(P;), Gemmeiza 3 (P3;) and Kal/Bb (Pg) were the best combiners for eartiness
and yield components trails. Therefore, these parents could be utilized in a
treeding program for early high yielding cultivars. While, the other parents
were found to be the poorest general combiners for earliness and yield
components.

Table4: Estimates of general combining ability effects {g) of each
parent for all studied traits.

Parents HD SL S/P 100GW GY/P
Giza 164 (P1) 2.50"™ -0.99* -1.28* -0.25* 257
Sakha 8 {P2) -6.83%" 0.80* 1.87 1.04* 6.09**
Gemmeiza 3 (Pa) -0.65™ 0.12 1.38* 0.10 1.70*
Tsilvee’S™ (P4} 217 -0.94** -Q.48** -0.33 -3.48™
Karawan {Ps) 0.22 -0.09 -0.05 -0.28** -2.10*
Kal/Bb {Ps) -1.06** 0.49* g1 0.14* 1.52"
Bau'$’ {P7) 3.85% 0.61* -2.07* -0.42* =117
ISE (gi) 0.21 0.09 0.16 2.03 025 |

™" Significant wi 5% and 1% levels of probability, respectively.

SCA effects ()

Estimates of specific combining ability effects (Sy) of each cross
combination for all studied traits are cleared in Table 5. The results revealed
that seven cut of 21 crosses showed desirable SCA effects for earliness,
among them only three crosses exhibited significant vaiues which could give
early genotypes in segregating generations. it could be aiso observed that
the three desirable crosses (P.xP,), (PaxP;) and (P4xPs) were resulted from
crossing {(good x poor), {goed x poor) and { poor x poor) general combiners,
respectively.

With respect to yield component traits, four, seven, eight and 10
crosses showed significant positive SCA effect values for spike length (SL),
number of spikes per plant (S/P), 100 grain weight (100 GW) and grain yield
per plant (GY/P), respectively. Regarding to spike length, the four crosses
were resulted of good x poor general combiners [(P, x P3) and (P, x P;)] and
poor x poor general combiners [(Py x Ps) and (P4 x Ps}]. As for number of
spikes per plant, the seven crosses which revealed desirable SCA were
resulted from crossing good x poor general combiners. Concerning 100 grain
weight, one cross (P.xPg) was good x good general combiner, three crosses
{P1 X P2).{F: x P3) and (P.xPs) were gocd x poor general combiners and the
four crosses (Py X P3),(Ps X Ps),{Ps X P7) and (Ps X P;} were poor x poor
general combiners. For grain yield per plant, seven crosses were resulted
from good x poor general combiners and three crosses (Ps x Ps), (Psx P7)
and (Ps x P7) were poor x poor general combiners.

It could be noticed that the best cross combinations were obtained
from crossing (good x good },(good x poor) and (poor x poor) general
combiners. Therefore, it is not necessary that parents having estimates of
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high GCA effects would also give high ectimates of SCA effects in their
respective cross combinations. The previous promising crosses which gave
desirable SCA effects could be used for wheat hybrids and segregating
generstions for transgressive segregants.

Table5:The estimates of Specific combining ability effects ( S;) of each
cross for all studied traits.

Crosses —{ HD SL S/P 100GW GY/P
P1xP; -0.48 0.12 -0.66 0.79™ 16.00"
P1xP3 -1.00 -0.11 133+ 0.37* 3.40"
PsxPs 1.85" 0.06 -0.73 -0.01 416"
P1xPs 0,93 0.62* 0.09 -0.08 0.86
P1xPsg -0.70 0.40 0.94* -0, 11 1,55
PxP7 0.37 0.24 -0.15 -0.05 -0.54
PaxP3 -0.67 0.88* 0.22 . 0.28" 307
PoxPs -2.48% | -0.99™ 2.43" 078" Y .42
P2xPs 0.83 013 | 066 0.46% 3,867
P2xPs 0.98 048 | 138" 0.37 -5.61
P2xP; 1.37* 025 | 004 -0.03 -6.63"*
P3xPs 1.67™ 018 |  -1g92% 012 6.31*
iPaxPs 0.41 -0.19 2.5C" 0.11 -8.17*
1P3xPs 0.1 0.10 -2.15* -0.11 1.41
PaxP7 -1.48% 0.03 - 014 0.13 279"
PaxPs -2.07* 0.54* 0.01 041" 561+
PaxPs 029 | 026 | 0.69 0.21* 4.33"
PyxPy 0.37 0.73% | 0.03 L 0.30" 1.58*
PsxPs 1.04 0.22 | 127~ | -0z .92
PsxP7 211 002 [ -0.03 | 0.19* 2.48™
PsxP7 <118 | -0.33 130~ | -0.20* 2.68"
SE (sy) 061 | 027 047 |  0.09 037

=" Significant at §% and 1% levels of probability, respectively.

Gene action

Estimates of all types of gene action for all studied traits are given in
Table 6. The results indicated that the magnitudes of additive genetic
variances (G°A) were positive and lower than those of nen additive genetic
variances including dommance (G°D) one for earfiness. This finding could de
verified by the ratio (¢°D/ o°A)"? which was more than one, indicating that
non additive gene action played a major role in the inheritance of earliness,
Similar resuits were obtained by El-Hennawy (1991), El-Sherbeny (1999) and
Bayoumi (2004) An the contrary, the magnitudes of additive gensetic
variances (0°A) were positive and larger than those of non additive (¢° D)
ones for yield components. This fact could also verified by the ratio of (o-D/
a°A)"? which was less than one. This result suggested that the inheritance of
yield component traits was mainly controlled by additive gene effects. The
same trend was observed by El-Shami et af (1996); Ageez and El-Sherbeny
(1998); Ismail ef al (2001) and El-Sherbeny (2004)
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Table6: Estimates of genetic parameters and heritability in broad (h%,% )
and narrow (h™;% ) sense for all studied traits.

Genetic parameters]  HD SL SiP 100GW GY/P
oA | 804 0.49 3.66 0.44 36.94
a’D 12.06 0.31 1.86 0.19 18.10
c’e 0.46 0.09 0.27 0.01 0.67
(o’Df a*AY™ 1.22 0.80 0.71 066 | 070
H’:% [ 38.11 55.06 §3.21 6875 | 6631
H % | 9776 [ 8988 9534 | 9843 | 9879 |

Estimates of heritability

The resulis in Table 6 showed that broad sense heritability estimates
(hzb%) were more than 89% and larger than their corresponding narrow
sense heritability (hzn%) for all studied traits. The estimates of narrow sense
heritability were 39.11% for earliness and more than 50% for vyield
components. The astimates of narrow sense heritability presented additional
evidence aboul the imporant of non additive gene action for earliness and
additive gene action for yield components. The estimate of narrow sense
heritability for earliness was relatively low (Ei-Sherbeny, 2004), while it was
found to be moderately high (Hamada et al, 2002 and Darwish, 2003).
Concemning yield compoenents, narrow sense hertability estimates were
moderately high for number of spikes per plant (Ismait ef &, 2001 ), 1000
grain weight (E!l-Seidy, 2003 and Bayoumi, 2004) and grain yield per ptant
(El-Sherbeny, 2004),

It could be concluded that the cross combinations (F,xPs), (P:xP.),
{PaxPs) and (P.xP;) showed desirable SCA effects and significant heterosis
values. These promising crosses could be used for wheat hybrids and
segregating generations for transgressive segregants. The estimates of
nature of gene action and narrow sense heritability in this set of genetic
materials emphasize that selection program in segregating generations
could be possible for isolating new high yielding wheat cuitivars.

REFERENCES

Abd Ei-Aty. M. S. M. (2004). Genetic diversity, heterosis and combining ability
in some bread wheat crosses. J. Agric. Res., Tanta Univ., 30 (4): 847-
862.

Alkoddoussi, A. R. and E. E, Hassan (1981): Heterosis in r~lation to general
and specific combining ability in durum wheat (Triticum turgidium var.
durum). Zagazig J. Agric. Res. 18 (1): 1-9.

Ageez, A. A. and G. A. R. El-Sherbeny (1998): Heterosis in relation to
additive and non- additive genetic variances for yield and its
components in bread wheat (Triticum aestivivum L)). J. Agric. Sci.
Mansoura Univ., 23 (12): 5287- 5295.

Bayoumi, T. Y. (2004): Diallel cross analysis for bread wheat under stress
and normal irrigation treatments. Zagazig J. Agric. Res.. 31 (2): 435-
455,

7587



El-Sherbeny, G.A.R. etal.

Cochran, W. G. and G. M. Cox (1857) : Experimental Designs. 2™ edition,

John Wily Sons, New York, U.SA.

Darwish, 1. . (2003): Diallel cross analysis of wheat under stress ang
normal lmgatlon treatments Third Plant Breed. Conf., Giza. April 26.
253-269.

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

El-Borhamy, H. S. {1995): Heterosis and combining ability for some
characters in wheat. M. Sc. Thesis, Fac. of Agric., Al-Azhar Univ,
Cairo.

El-Hennawy, M. A. (1891): An analysis of cambining ability in bread wheat
crosses. Zagazig J. Agric. Res. 18 (6): 1855-1865.

El-Hennawy, M. A. (1996): Heterosis and combining ability in diallel crosses
of eight bread wheat varieties. Bull Fac. Agric. Univ. Cairo, 47: 379-
392,

El-Seidy, E. H. (2003): A diallef cross analysis in Fy and F, generations for
earliness, yield and its components of bartey under favourable and
water stress conditions. Third Plant Breed. Conf., Giza, April 26, 643-
663.

El-Shami, M, M.; T. M. Shehab El- Din; A. H. Abd El-Latif and M. S. Sharshar
(1996): Heterosis and combining ability for grain yield and some related
characters in bread wheat. J. Agric. Sci. Mansoura Univ., 21 (8); 278¢-
2796.

El-Sherbeny, G. A. R. (1999); Estimates of heterosis and nature of gene
action under drought stress and favourable conditions in bread wheat
{Triticum aestivivum L.). J. Agric. Sci. Mansoura Univ., 24 (12): 7341-
7352.

El-Sherbeny, G. A. R. (2004): Nature of gene action for eariness and yield in
bread wheat under heat stress. Jd. Agric. Sci. Mansoura Univ., 28 (11):
6213-6224.

Esmail, R. M. and S. A. M. Kattab (2002): genetic behaviour of yield and its
components in three bread wheat crosses. Minufiya J. Agri¢. Res. 27
(2): -224.

Ismail, A.A., M. A. Khalifa and K . A. Hamam (2001): Genetic studies on
some yield traits of durum wheat. iI- Grain yield and its attributes.
Assiut J. Agric. Sci., 32 (2): 121- 139

Griffing, B. (1956) : Concept of general and specific combining ability in
relation to diallel crosses systems. Aust. J. Biol. Sci., 9 : 436-493,

Hamada, A. A.; M. M. Abd El-Maksoud and G. A. Rizk (1997): Heterosis and
types of gene action associated with it for earliness and vyield
components in crosses involving Egyptian and exotic wheat
germplasm. J. Agric. Sci. Mansoura Univ., 22 (9):2833-2844.

Hamada. A.A., E.H.El-Seidy and A K. Moustafa (2002); Genetic behaviour of
some econemic characters in two wheat crosses. Egypt J. Plant Breed.
5 (2): 31-50.

7588



J. Agric. Sci. Mansoura Univ., 30 (12), December, 2005

Matzinger, D. F. and O. Kempthorne (1956) : The modified diallei table with
parttial inbreeding and interactions with environment. Genetics, 41 822-
833

Saad F. F., A. A. Hoballah and M. M. Salem (1997): Biometrical and
genetical analysis in wheat. |- heterosis and combining ability for grain
yield and yield components in diallel cross among seven Egyptian
bread wheat varieties. J. Agric. Sci. Mansoura Univ., 22 (4): 985-997.

AN b A Jganall ciligley jub 5 clikal Gl Jad dask (agl 548

'*‘&quﬁhm‘,"gdwﬂmwuﬁis‘q@ﬂl ng_;mid)ta

e~ 5 e gl Araly —gla g Aot 0 A8 (340 £ ) (o150 LA aud
.JAAA_BJMA-“ aa.nl;-asi_))'jla._ﬁs—a_)ﬂ\aau:

cpaa — i g gia daala —za g Ao )30 A8 - Jualaad gttt

gy e el sl Uaill daghy cumedl 58 A Candl s 65

Jom B il 2l e Cilial R g g il caill Guagil s abeanily Gy Jgeandi

.;JJM#I}&IJ‘JLJ&AL}‘JJ&_HS!}LJ)-

1ok Lasd it ‘ui‘_,an.ﬁus.ud
Ay V! Taan el anailly Ay ginay Dlle Cpan 358 el Gagh adhas of mit oeki -
4.....3_)_411 ul&.ﬁji?}.‘la.q.ll

g Le e g 2all .—_u.al|an_;L}mqma¢\;z..aun,aﬂmn il i ulS -
| _“ ul.\..ajld.ﬂ_ljgsm.nll _).\c.ju.n...a..zh\r_/ﬁ\ uL..;Jid,.x..ﬂ

ol Sl e Alle Lo 5,38 W Py, Ps, P olW) o} il e -
Lals 5 8 il (PaxPr)e (PaxPs) ¢ (PaxPa)(P1xP3) agh wals LS &y j2dll
Jpmanall Cliva aliney o il dial il e e

Lﬂa‘JPJﬂ‘RL45-49AJ‘¢#JJ“LﬁhJ‘;H.xs‘Hﬂﬂld‘JP o ol daf ois -
J—anall Aol Cipmdl e Al bl e S Clacaall a0 calal) a8 S
A5G Sy

Jalas ad e lof cil€y %A o St ad sl (gaall d Sy il LLAM;L_._S_;! cis -
___‘d|~’r5._u}yj|d.nh4‘as NS . -’L.u._").‘u]‘t_ll.l..aildﬂd.\.all P RITRY)
d}_...:l:s:J'I L..Jl&__.al(o/oo )U_A H‘_,J.l:\ alS Ladn Jg_,;ll Adueml (OA)..\' ""l‘ ) L,;_aii
43l g8

Caell N30V JLall 4 Gl gli A ol Cad cticall 20 sl il Wk -
Jpeaadd Adle &d 5y ) 5 o dsanll 8 Lana 058 85 el

7589





