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ABSTRACT: A 6 x 6 half diallel cross fashion in F1 and F2 generations was
employed to study heterotic effects , gene action , heritability and graphical
analysis for days to heading , flag leaf area, plant height, spike length as
well as yield and its components. The results indicated highly significant
differences among parental wheat genotypes and their F: and F2 progeneis
for all studied characters. The most superior crosses exhibited desirable
heterobeltiosis for grain yield , its components, earliness and the broadest
flag leaf area were (Giza 168 x H.D 1220), (Giza 168 x Pvn"S"/Sprw"S")
and (Gzia 168 x Gemmeiza3d), with specific superiority for the wheat cross
(Gizal68 x H.D1220) in grain yield by about 25%, also, positive and highly
significant true heterosis was observed for spike length in both- wheat
crosses (H.D1220 x BR-12)and(H.D1220 x Pvn"S"/Sprw"8"), suggesting
their importance as promising crosses in wheat breeding programs.

The magnitudes of F1 relative to mid-parents as indicated by {h} values
revealed that,the highest and significantly desirable {h} values for grain
yield, its components, earliness, broader flag leaf area were recorded in
cross combinations (Giza 168 x H.D 1220), (Giza 168 x Gemmceizal), (Giza
168 x Pvn“S” / Sprw “S” },(Gemmeizad x BR-12) and (BR-12 x Pvn“S8” /
Sprw “S” ), indicating the presence of heterotic effects. -

Negative and highly significant F2 deviations have been reported
towards earliness in the wheat crosses (H.D 1220 x Gemmeiza3),(H.D 1220
x BR-12),(Gemmeiza3 x BR- 12)and(BR-12 x Pvn*“S"/Sprw*S"”) and for
shortness in the crosses (Sakha 61 x Gemmeiza3) and (BR-12 x Pvn*$8” /
Sprw “8” )indicating accumulation effect of decreasing alleles .Whereas,
positive and highly significant F2 deviations were observed for flag leaf
area in the crosses (Sakha 61 x Gemmeiza3}and(Giza 168 x Gemmeiza3) as
well as grain yield, number of grains / spike and 1000-grain weighi ia the
crosses (Giza 168 x BR-12) and (H.D 1220 x BR-12),indicating
accumulation of increasing alleles.

The additive and dominance gene effects were significant and involved
in the inheritance of days to heading , plant height, number of spikes/plant,
number of grains/spike and grain yield/plant in the F1 and F2 generations ,
as well as flag leaf area and spike length in the ¥1 hybrid only. The
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dominsance genetic variance was the main component controlling the
inheritance of 1000-gram weight in the Fr and F2'generations and flag leaf
area and spike length in F2 generation. The dominance gene action was
larger in it’s magnitude than additive ones,resulting in’ (H1/D)os more
than unity in most cases. Hereby, hybrid breeding method was effective,

Whereas, the ddditive component played the major role in the inheritance
of days to heading in F1 and Fz generations as well as spike length in 1

only. Thus, phenotypic selection would be an effective procedure for
improving both characters. The “F’ values coupled with KD/KR: ratio
indicated excess of dominant increasing alleles for all characters, except
flag leaf area and number of spikes/plant in F1 hybrid. Narrow sense
heritability showed an increase from Fi to F2 generation for days to
heading, plant height, number of grains/spike and 1000-grain weight. High
heritability estimate (>50%) was obtained for days to heading in F1 and F2
generations ; spike length in F1 and plant height in F2 generation, however
low values were detected for grain yield /plant and its components in F1

and F2 generations . Graphical analysis indicated that the parental wheat
genotype Sakha 61 contained high frequency of recessive alleles for
earliness and shortness . Meanwhile, Sakha61, Gemmeiza3 and the exotic
genotype H.D1220 displayed high concentration of dominant alleles for
broader flag leaf area; Giza 168 for tallness,spike length, number of
spikes/plant and number of grains/spike. as well as Gemmeiza 3 for
number of spikes/plant, 1000-grain weight and grain yleld/plant,
reinforcing their importance to produce F1 hybrid, or to isolate new
promising recombinant lines from segregating generations.

INTRODUCTION

Information about heterotic
effects and genetic components for
yield and its attributes are of prime

powerful  tools in  wheat
improvement.
" Heterobeltiosis 1s exteremely

useful in identifying the best cross
combinations  displayed more
favourable genes for the economic
characters. The superiority of the
hybrids over parent average was
32%(Livers and Heyne, 1968) and
in the meantime certain hybrids

yielded more than the better parent
and as much as 27% (Allan, 1973
and Hassan ,1998). Therefore, the
development of  hybrid wheat
became possible after male sterility
and fertility- restoring genes were
identified in wheat or.by using
chemical  hybridizing  agents
(Gametocide)that suppress pollen
production . in  the female
parents. Pickett (1993} in UK, in his
reports on hybrid wheat - results
and problems, reported that the
three aspects must be taken in
consideration 1.e, heterosis and the
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genetices of hybrids, male
sterility and  hybrid  seed
‘production. '

From another point of view. -

when the F1 hybrid was superior
in yield potentiality, this offer the
wheat breeder great apportunity
for 1solating new promising
recombinant  lines . after“n”of
selfing generations, cxceeding Fi
hybrid or exceeding: -parental

range.

Significant heterobeltiosis
(heterosis retative to the high
performing parent) and
inbreeding deviations in Fz for
yield contributing characters in
wheat were reported by several
authers (Walia et al,1993; Khan
et al .,1995; Perenzin et al .,1996;
Hassan, 1998 and Salama,2000) .
Considerable amount of {h}
estimates were recorded for days
to heading and yield contributing
characters by Eissa and Awaad
(1993} and Awaad (1996).

Assessment of the genetic
components of variance using
second degree statistic help the
breeder to identify the genetic
system controlling yield contrib-
uting characters and then the

effective breeding method for-

improving these characters. In
this respect, additive and
dominance gene effects with
great importance fo dominance
found to be controlled the genetic
system of days to heading, plant
height and spike length (Eissa,
1993); flag leaf area (Singh et al.,
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1986) as well as grain yield and
its. components (Awaad ,1996a)
and Salem et al., 2000).

Heritability in narrow sense
(Ta) was more than 50% for days
to heading,plant height and spike
length (Salama, 2000 and Salem
et al., 2000), howerer Singh et
al.(1986) recorded (Tn) estimates
of 31.03% for flag leaf area and

- 9.69% for grain yield / plant.

Meanwhile, prevalence of the
dominance  genetic  vairance
resulting in low to moderate (Tn)
values for grain yield and its
attributs (Hassan, 2002),

The high potential of genefic
diversity in wheat genotypes
makes it imperative to carry out
this investigation to estimate
heterobeltiosis,{h}, Fz deviation
parameters , gene action,
heritability and graphical analysis
using 6 x 6 diallel cross analysis
for yield and its attributes .

MATERIALS AND METHODS

1-Parental genotypes and

The present investigation was
conducted at the Experimental
Farm, Fac. of Agric., Zagazig
University, .Egypt during the
three winter growing seasons of
199972000,  2000/2001  and
2001/2002 to study some genetic
paramelers coentrolling yield and
1ts attributes using a diallel cross
set between six diverse bread
wheat genotypes excluding
receprocal.  The origin  and
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pedigree of the six parental wheat
genotypes involved in the present
study are illustrated in Tabie (1).

Table(1):The origin and pedigree of the
studied parental wheat genotypes.

No. Parent On'g_in Pedigree

1 Sakha 61 | Egypt fInia/RL4220//
TC/3/Yr V87

CM15430-28-55-

05-61S-0EGY

2 | Gizal68 | Egypt ImIL/BUC/Seri:
CM93046-8M-
OY- OM-2Y-OB

3 H.D 1220 | Mex., [H-D 1220- Kal(3)

. x Na¢/ Psn “8”
CM 64792 -3 Gm
- OGm,

Kal//*3 xSakha8/
&RRV/15/3/B)

g BR-12 | Brazil [BRI2Z*23/Jup//
PAR 214% 6/
F6631

e
6 | P S ByrMe |cmacroz. zap-
Sprw *8 OAP-2AF-1AP-
OAP

In the first season of
1999/2000, the six bread wheat
genotypes were evaluated in a
randomized complete  block
design experiment with three
replications, at the meantime half
diallel crosses were made to
produce 15 Fi cross grains. In the
second season of 2000/2001, the
obtained 15 F1 seeds were sown
to produce F1 plants which have
been selfed to produce F2 grains,
and the parents were crossed
again in a half diallel to produce
more F1 cross grains. In the third
season of  2001/2002, the
obtained grains of the 6 parcnts,
15 Fi's and 15 Fz's crosses were
evaluated using a completely
randomized block design with
three replications. Wheat grains

4 | Gemmeiz3d | Egypt |Be/rc*21/yS0E L]
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were sown on the last week of
November. Each plot consists of
10 rows {2 rows for each parent
and F1 crosses and 4 rows for Fz
generation). Each:-row was 3m.
long , row to row and plant to
plant spacing were 20 and 10 cm,
respectively. All- the
recommended agronomic
practices for wheat production
were applied. Date of main spike -
emergence and flag leaf area
were recorded at the time of full
emergence of . main spike,
however, at harvest, the data of
plant height, spike length,
number of spikes/plant, number
of grains/spike, 1000- grain
weight and grain yield/plant were
recorded on 10 competitive
individual plants for each of
(P1,P2 and F1) and 70 plants for
each F: generation in each
replicate.

2- Biometrical assessment:

The obtained data were
subjected  firstly to  the
conventional two way analysis of
variance .Heterobeltiosis and
{h}- parameters were estimated
according to Mather and Jinks
(1982) as follows:

Heterobeltiosis (heterosis over the
better parent “BP”),

“BP” value =( F1- BP/BP)IOO
Dommance deviation {(h}
{h} = Fi- -~ (PH—Pz)

Fz dev:atmn (Sun et al.,
was calculated as follows :
| ) dewatmn-Fz-—{Fl + —1— (P1+P2)}

The ttest was used to
measure the significancy of thesc
parameters.

1972)
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The components of  genetic
variance were computed in the Fi
and Fz generations as well as

graphical analysis was made in -
- the F1

according to Hayman
(1954) and Mather and Jinks
(1982).

RESULTS AND DISCUSSION

Results given in Table (2)
revealed  highly  significant
differences among parental wheat
genotypes, F1 and F2 generations
characters,
providing evidence for the
- presence of a high degree of

genetic variability which
considered adequate for further
~ biometrical assessment.

The two local parental wheat
genotypes; Giza 168(P2) and
Gemmeiza 3 {P4) as well as the
exotic one Pvn"S"/Sprw"S"(Ps)
and their Fi's and F2’s progeneis
(P2XPa ), (P2 X P4}, (P2 X Ps)and
(PsaX Ps ) were the best for
earliness, broader flag leaf area,
spike length as well as yield and
its components, indicating that
these genotypes could be
considered the promising ones.

1-Heterotic effects:
1.A . Heterobeltiosis :

Heterobeltiosis term is the true
heterosis due to the heterozygous
situation of the loci in Fi hybrid
beiween compietely homozygous
and high distantly related parents.
Then the superiority of Fi

resulted from the sum of the
dominance deviations of the loci
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that have different alleles in the
two parental lines.

Data presented in Table(3)
indicated that negative and highly
significant  useful  heterosis
relative to the earliest parent
(heterobeltiosis) was observed
towards earliness in the seven
cross combinations;(P1 x P4),(P2x
P3),(P2x Pa),(P2x Ps), (P13 x Pa),

- (P3 x Ps) and (P4 x Ps) with

specific superiority by
about-2.82,-2.55 and-2.45 days in
the three crosses (P3 x Ps),(P2
xPs). and (P3 xP4),in the same
respective order. Significantly
negative heterotic effect for
shortness was recorded in the
Crosses (P3xPs),(PsxPs)and
(PsxPe).Otherwise, the  best
combinations for tallness.were,
(P1xP3), (P1xP4), (P1xPs), (P2xP3)
(P2xPs) ,(P3xP4) and - (P3xPs).
Positive and highly significant
heterobeltiosis for broader flag
leaf area was recorded in twelve
crosses, with maximum values of
24 .88, 2435, 22.79,22.63,20.72
and 20.44% in the six wheat
crosses (P1xP4) ,(P2xP4),(PaxPs)
AP1xPz), (P2xPs) and (PsxPs)
Jqespectively. True heterosis  for
spike length  was expressed;
11.24, 7.91,"5.83, 5.75, 3.64 and
3.25% in the six wheat crosses
(P3xPs), {(PaxPs) A{P1xP2),
{(PixP4) ~,(P1xPs) ,and(PaxPs)
respectively. Morcover, the most

promising crosses exhibited
maximum positive and
significant  heterobeltiosis  for

grain yield/plant, number of
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Table { 2) : Mean pefformancc of parental wheat genotypes, F1 and F2 generations for

the studied characters.

Parents or cronses sod | Days to Flag leal  J Plant Spikelength | No.of No,of  § 1000-grain | Grain yield/
heading | sreaiemt) | {em) (em)  [epikesiplant | graiaispike | weight(gm) | plantigm}
n
Sakha 61 89.20 | 34740 | 8943 | 11.17 | 417 51.67 } 47.130 { 10.033
Giza 168 (P:)} 91.67 | 36.188 ] 94.00 | 1235 } 470 J 60.66 | 46.330 | 11.230
HD1220 (P} 93.20 | 39439 | 88.66 10.77 1 4.50 58.33 | 43.330 | 9.367
Gemmeiza 3 (Ps)f 9033 | 37.091 § 9233 | 1201 | 5.00 48.02 | 50.210 | 13400
BR_12 9210 § 33902 | 88.67 11.00 | 4.10 53.00 ] 47.680 | 8670
Pvn~S"/Sprew 45 9900 J 30218 | 11067 ] 11.83 } 5.10 | 61.11 | 48.120 ] 12833
Crosses:
P X 9065 § 44378 | 9940 | 1307 | 450 | 5733 153410 ] 11.567
87.67 | 32.067 | 95.07 13.03 | 420 52.03 | 44067 | 7.067
P X P 9266 | 45648  101.13 | 11.83 | 501 | 5267 | 54230 | 12.300
9047 44,100 | 99.13 12.10 3.98 50.86 {49983 |} 12.133
P X P: 88.20 | 46318 § 11225 ] 1270 | 507 ] 53.33 § 56330 1 13.370
87.83 | 46.133 | 9887 | 1250 | 441 57.12 |} 54.066 { 11.600
P X Ps 90.67 | 33331 ]| 9650 | 1090 | 401 55.12 ] 51.230 | 9.566
91.27 | 32.167 | 10027 | 1080 f 400 ] 5823 § 55433 { 10.133
P X Pe 9230 | 40.675 | 11466 § 1226 { 5.00 5867 1 50.130 1 12.067
9637 | 34200 | 11003 | 12.07 | 390 | 55.30 { 50.166 | 8.067
B XPs 91.15 | 45.965 ] 10833 | 1206 | 530 | 4733 ] 63.000 | 14.133
9040 § 43.233 { 104108 1140 | 380 54.40 { 60.233 § 12500
P X P 89.20 | 46.123 | 105.53 12.10 | 5.89 52.01 58.430 | 16.366
89.17 | 48.267 ] 103.17 1203 1 420 50.80. | 59400 | 14.672
P X Ps 9240 | 35567 | 9133 | 12.16 { 520 | 6000 § 48200 | 13066
91.53 ) 33200 ] 9190 | 11.70 | 450 | 64.20 | 51.800 | 12.767
P X Pe 8933 | 43.686 § 11031 ] 1190 | 590 | 4933 ] 60.000 | 15.833
9130 | 34466 | 11030 § 1106 | 507 4827 164.133 | 14.100
Py X Ps 88.12 | 42608 J 105.13 | 9.20 | 510 | 58.12 § 48.000 | t1.466
86.23 | 35.067 ] 100.53 ] 897 | 430 57.26 § 50.367 § 10.120
P X Ps 8950 § 41.826 10020 | 1187 § 456 | 46.34 | 53.330 | 8.367
8747 | 40300 ] 97.17 | 8.80 441 58.20 | 54.733 ] 11.767
P X Ps 94.80 | 42.379 | 97.65 13.16 | 467 52.10 | 57.330 | 12966
93.53 39233 | 9823 13.07 § 403 56.13 49433 | 8900
Py X Ps 89.33 | 45.544 § 9540 11,73 ¢ 427 62.67 [ 58.200 | 16.267
87.07 32267 | 94.30 1130 ] 520 65.10 53.133 | 14.400
P« X P 9366 | 32616 | 97.67 1240 § 582 5467 § 53.670 § 15400
9193 | 25767 1 100,13 | 11.77 | 390 62.06 | 55.967 | 15.166
B X P 9430 § 20831 | 9889 | 1197 | s42 ] 5966 | 51520 | 15200
9107 | 28033 § 96.07 11.50 } 502 4970 | 32200 | 13.400
F.test o % o o ¥ e . .

_* And ** Signficant at 0.05 and 0.01 levels of probability. respectively.
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spikes/piant  and  1000-grain
weight were (P2xP3) , (P2xPe),
(P1xP3), (P2xPa) and (PsxPs) as
well as for grain yield/plant,
number of  grains/spike and
1000-grain weight in the wheat
cross (PaxPs).

It is evident to mention that,
the cross combinations (PzxP3),
(P2xPs) and (P2xP4), were superior
in high yielding ability, earliness
and broadest flag leaf area, hereby
these crosses are of great value in
practical wheat breeding
programs for gathering the
earliness, flag leaf area and high
yielding ability in one genotype or
more, especially the promising
~wheat cross (P2xP3) which yielded
more than the high performing
parent by about 25%. This
superiority may be due to the
difference between their parents
in geographical origin (Table 1).
Thus, heterosis was greater in
crosses of more distantly related
parents and it usually occurred
with significant dominance and
one or more significant epistatic
effects (Sun et al, 1972)and
confirmed the results of {h}
parameter. The previous results
are in agreement with
reported by Walia et al .(1993),
Khan et al. (1995), Perenzin ef al.

{1996) and Salama (2000) .
1.B.{h} - parameter:

The {h}-parameter which
indicate dominance deviations
was  estimated. Significant (h)

those .
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value, suggest the presence of
heterotic effects and dominance
and /or dominance x dominance
gene effects were involved. As
given in Table(3),negative and
significant desirable {h} values
relative to the mid-parents have
been detected towards earliness in
eleven cross combinations, with
specific superiority by  about
-6.01, -3.65 and -3.15 days in the

“three crosses (P2xPs) ,(PaxP4) and

(P3xPs),respectively. Significantly
negative {h} values for shortness
-2.02 and -3.83cm were recorded
in the cross combinations(P3xPs)
and(PaxPs),respectively. However,
positive and sighificant {h}-
estimates were recorded for both
broader flag leaf area and plant
height' in the wheat crosses
(P1xP2), (P1xP3), (P1xP4), (PixPs),
(P2xP3), (P2xPa), (P2xPs), (P3xPas),
(P3xPs)and(PaxPs} . Also, positive
and significant {h} values were
observed for spike lengthe in
eight crosses with maximum
heterotic effects 1.86, 1.31 and
1.1lcm in the cross combin-
ations,(P3xPe),(P1xP2)and (P1xP4),
respectively. ~ Positive  and
significant {h} estimates were
recorded for wheat pgrain
yield/plant and its components in
the crosses (PixP4)and(PsxPs)as
well as grain yield/plant, number
of spikes/ plant and 1000-grain
weight in the crosses (PixPa),
(P2xP3) {P:xPa4),(P2xPe),(P4xPs)
and  (PsxPs). These results
provide evidence for the presence
of overdominance gene effects
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Table (3): Heterobeltiosis (BP %) and {h} parameters for the studied characters in 6x6 diallel cross of bread

wheat,
Ché::::ﬂ‘ Da_ys to headingi Flag leaf area Plant height Spike length spi:e‘;;fam gra?:los‘l:;ike E mgg;g;:'" Grain yield:’plaur\F

BF | (h} BF {h) BF | (h} BF | (n} BF | (h} BF | (h BP | (b} | BPF | ih}
P, xP, [l 163° 022 [22632*% 8910%* | 575%  769% | $83**  131* | 426% 00T | -5.49% 117 13325** 668"  3001* 0936
P,x P, | 388% 146* 15743 83560 | 1308%% 1209% | -591°* 086" | [1.33°" 068" | -0.70°" .233  16065** 3.00°" 22595°% 2.600%
P xP, §-L12° -1.57° |24877%% 10.400°*| 20.58% 2137%% | 575%*  LII* | 140 049% | 321*  349% 121807 766%* . 0204+ [ e54*
Py x Py L65* 002 |-4.056%* 0900 | 791 745 -2.42 019 | -3.834* .013 | 4.00° 279 | 7.445% 125" | 4.655°" 0215
P, x P, || 348°" -150° | 17.084° 8190°% | 3.61  1446%* | 3.64*  0.76% { -1.96 037 | -399* 228 |4.177°* 2505 |-5969%* 0.634
Pox Py [ 0.57° -1.29° |16.547°% 3.150° | 1525%% 17.00% [ 235  0.50° [ 12.77**  0.70% |-21.98%" -i2.17%* [35981%* B.I70%*[25.850°* 18354
P,xP, 0§ -1.25° -1.80° [24351%% 9480 | 12.27°* 1237** | 202 0.08 | 17.80°" 1047 [-14.10** 233 116371°% J0.160°* |22.)3d"= 4051*"
P,xPy [ 079 052 | -1.716 03520 | -284 0005 | -154 049 | 10.64**  0B0* . -1.09  347* | Lo91"= LI95 116349%" 3 Iiges
P,x P, || 255" 601°%]20.719°" 10480 | 058  898% | -3.64*  -0.19 | 15.69%*  100° |-19.28%* .11.56°* |24.688%% 12.7759%123377°" J02°°
Pyx Py f 245" -3.65% | 8035%° 4.340° | [3.86°" 14.64%* | 2339%* -2.19°% | 200°  035° | 036  495° |4402° 1230 -14433*" 0083
P,x Py || -282° -3.15% | 6052  5.460° | 13.00°* 1154*% | 791 099* | 133 0.06 | -20567* 9.33%% | 11.849%* 1825°% | tD676°% 0652
B x P, |l 1.72¢  -110% | T455%%  7850ee | 1177 302° | 11.24%% 1867 | -8.437T  «G.3 -i47J4% Tedvt 1904970 1160377 |063*  1366% |
P,x Ps [ -LIl® -189% |22.789** [0.050°*| 333 490° | -233 023 |-1460°" 028 | 18.25°% (216 | 15913%* 9255%% |21 396 52324~
P x Py [ 369°% -1.01° [-12065%* -1.040 [-11.75% -3.83% | 325% 048 | 14.12°% 0779 [-10.54*% 041 | 6891" 4505% |14925% 2284
Pox Py || 239® -1.25* [20438°% 8770° [-1064*s 078 | 118  056% | 628**  082% | 237 261 | 7066** 3.620° | 18445% 4449 |

* And ** significant at 0.05 and 0.01 levels of probability, respectively
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with positive heterotic . effects.
Thus the increasing alleles were
more frequent in the genetic
“makeup of wheat
genotypes. Therefore, hybnd
 breeding. method has been
~advocated on the basis of
overdominance gene effects of
“crosses, Similar conclusion was
reported by Eissa and Awaad
(1993)and Awaad (1996).

In conclusion, heterobeltiosis
(BP) results coupled with {hj}
parameter, showing that the most
promising crosses exhibited a
great potential for hybrid wheat
production , or produce new
recombinant lines after “n” of
. selfing generations were (P2xP3),

(P2xPs)and (P2xPa).

Z-E !v- |l N .

F2 deviations exhibited
adequate amount of genetic

variability which could be useful
for isolation transgressive
segregants in pedigree procedure.

Significant F2  deviations,
indicate the presence of epistatic
effects (Marani, 1968 and Sun et
al., 1972). As presented in Table
(4), negative and significant F2

deviations have been recorded for

earliness in the cross combin-
ations (PixP2), (PaxPa), (P3xPs),
(P4xPs), (PaxPs)and (PsxPs)
narrow flag leaf area (PixP2),
{(P2xPs), (P3xPa), (PaxPs),
(P4xPs)and (PsxPe);  shortness
(PixPa)and (PsxPs); short spikes
(P2xPs),(P3xP4) and (P3xPs);
fewer number of spikes /plant

parental
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(PixP3),(P1xPs) ,(P2xP3) ,(P2xPa),
(PaxP4). (P3xPs) and (PaxPs);

fewer number of grains /spike
(PixP2), (P2xPs) and (PsxPs);

1000-grain  weight (PixP2) as
well as for grain yield/plant in the
wheat crosses (PixP2), (PixPs),
{P3xP4) and (P3xPs). The previous
results indicated the presence of
epistatic  effects, and  the
accumulation  of  decreasing

- alleles in the genetic constitution

of the parental populations. These
results are in agree well with
those reported by Sun et al.

(1972), Hassan (1997) and
Salama (2000). .
The higher positive and

significant Fz deviations were
recorded towards latness in the
cross combination (P1xPs); broa-
der flag leaf area (P1xPs) and
(P2xPa); tallness (P1xP3), (P1xPs),
(P2xP3),(P2xP4) and (P2xPs); long
spikes (PixP3) and (PaxPs);

greater number of spikes/plant

(PaxPs); greater number of
grains/ spike (PixP4),(PixPs),
(P2xPs), (P3xPs),(PaxPs) and
(P4xPs);  heaviest  1000-grain

weight (PixPs), (P2xP3), (P2xPa)
AP2xPs), (PzxPs),(P3xPs),(PaxPs)
J{PaxPs) and (PsxPs) as well as
for grain yield/piant in the cross
combinations (P1xP3),(P2xPs) and
(P3xPs) The forementioned
results confirming the importance
of  cpistatic  gene  effects
(dominance and /or dominance x
domipance), also indicate the
accumulation of inceasing alieles
in the genetic makeup of these



1132

Awaad, H. A.

Table (4): F; deviation for the studied characters in 6x6 diallel
cross of bread wheat.

Character || Daysto Flag Plant Spike No. of No. of 1000- Grain
heading feaf height | length spikes/ grains/ grain yield/
Cross ares plant spike weightz plant
P,xP, || 287 | -7854% 0 049 | 062 @ 027 4.72% | 6003*F | -4.032*
PyxPy || -l46 2731 C070* 069" 298 0253  1.133%
P,xP, I -L15 5016 C 036 . 042 553+ 1566 | -0943
P,xPs | 06l -1.659 . <019 1 007 | 450* | 6116* | 067
P,xP, || 3.17** © 237 L0619 ¢ o092 | 223 1289 -3683%
P,xP, || -139 1344 041 st 0.99 6.318%% | 0284
P,xP, | 093 | 6886* | 011 ¢ -17Y | 238 | 6050% | 0332 |
P,xP; || -0.61 -2.106 DR 030 5.79* 4198* | 1259*
P,x P, || -103 @ -3979* D094% 0 033 | -6.84% | 10521 | 0.168
PyxP, | -3.71% | -5369* C.133% | -0.63* 1.61 2982* | -1.305*
Pyx P i -3.61% | 1.052 258 1 002 | 709* | 5316* | 3.074*
Psx P, | -192 0.629 043 | 084* . -071* | 0.2 2,095 | -3.133*
Pex P || -320**  -8253*¢: 135 © 032  079* | 85I** | 0439 | 0.749
CPex P, || -223% T 7368*% | 055 . 039 | -154%* | 744** | 4549 | 0908
Pox P, | -3.86% | -8413** . 321** . .0.19 0.01 B66%t | 2490° | 0424

populations, which considered to

be wuseful for isolation new
promising recombinant lines
falling outside Fi hybrid or
parental  range In this

connection, positive and highly
significant F: deviations were
reported for kernel weight by Sun
et al. (1972) as well as yield and
its attributes by Hassan (1998). In
this repect, population
improvement through pedigree
method may be given a good
response. Thus, crossing and
selection may lead to produce
wheat genotypes had desirable
alleles responsible for earliness
and high yield potentiafity.

- ic components of variance
and heritability :
Assessment of the genetic

components of variance using

second degree statistic (Table 5)
revealed that both additive (D)
and non additive (H: and Hz)
gene effects were significant for
days to heading, plant height,
number of spikes / plant, number
of grains/ spike and grain yield/

plant in the F1 and F2
generations. Both types of gene
action could be exploited

simultaneously through crossing
and selection (pedigree method)
to make the utmost of the two
types of gene effects.

Meanwhile, the additive and
dominance (Hi and H2) gene
effects were significant in the Fi
only for flag leaf area and spike
length.But dominance(H1 and Hz2)
genetic variance was the main
component  controlling  the
inheritance of 1000-grain weight
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in the Fr and _E:_;' -gcnerations. and
flag leaf area.and spike length in
F2 generation only .

- The  dominance  genctic
variances  were higher in its
magnitudés as compared to addi-
tive ones, resulting in (HyD)"
more than unity for the most
studied characters in  both
generations. Therctore | hybrid
breeding method would be an
cffective procedure, if the exploit
of heterobeluiosis  in wheat
become - feasible.  In  this
connection, overdominance gene
effects played an important role
in the genetic system controlling
flag leaf area (Singh et al .,1986
and Awaad, 1996a), plant height

(Eissa ,1993) as well as grain

yield and its components (Awaad
.1996a and Salem et al ., 2000).
Whereas, the additive genetic
variance was the main type
controlling days to heading in F1
and b2 as well as spike length in
Fi  generation, resulting in
(H1/D)*%less  than unity. The

prcvalence of additive gene
effects could be effectively
exploited through individual

phenotypic selection and thus
early heading and long spikes
genotypes could be identifying
directly from its phenotypic
expression. Similar conclusion
was rcported by Salem et al
(2000). ‘

Theortically, both dominance
components; (H1) and (Hz} will
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be exactly similar in magnitude if
positive and negative alleles at
loct exhibiting dominance are in
equal proportion in the parents
(Mather and Jinks, 1982), in this
respect the  dominance
component (Hi) was approxi
-mately equal to (Hz) for plant
height, number of spikes / plant,
1000-grain  weight and grain
yield/plant in F2 generation as
well as flag leaf area in F1 only
and confirming the findings of
Hz2/4H1  which  approximately
equal to 0.25. Whereas for the
remaining characters, the (Hi)
was significantly larger than (Hz),
suggesting assymmetrical
distribution of positive and
negative alleles among parents.

“Positive and significant “F”
value was recorded for the most

studied characters, indicated
excess of dominant alleles in the
parental genotypes, while

negative “F” value for flag leaf
area and number of spikes/plant
in F1 hybrid, indicated excess of
recessive alleles between the
parents. These results confirm the
ratio of dominance to recessive
alleles (KD / KR} in the parents
which was >1 for the studied
characters, suggesting the
preponderance  of  dominant
alleles in both generations, except
flag leaf area and number of
spikes/piant in F1 hybrid (KD/
KR<1), showing an excess of
decreasing alleles among parental
genotypes.
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The overall dominance effects
of heterozygous loci “h?’ .
indicated directional dominance
for days to heading, flag leaf
area, plant height, number of
grains/spike, . 1000-grain weight
and grain yield / plant in the Fi
and F2 generations, and number
of spikes/plant in F2 generation
only. But no trend for dominance
could be identified for the other
cases. It is important to note that

the “h?'values in F2 generation

were higher rather than Fi,
suggesting that genes controlling
the studied characters were in
heterozygous phase and still
segregated .

The correlation coefficient of

( Wr+Vr ) with P (Table 5) was
.positive and significant for' flag

leaf area in Fi (r=0.69") and
number of grains/ spike in F2

(r=0.63*) generation, this means
that dominance was
unidirectional i.e. increasing
alleles were associated with one
parent , whereas the decraesing
alleles were presented in the
second one,
correlation coefficient was found
to be negative and significant
(=" - 0.87*) for 1000-grain
weight in Fi hybrid, suggesting
that dominant genes controlling
this character was unidirectional
ie. decreasing alleles were
associated with one parent,
whereas the increasing alleles
were presented in the other one.

However, the-
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However, the correlation
coefficient of (Wr«Vr) with P
was insignificant for the other
characters, indicating  that
dominant genes were
ambidirectional. Similar
interpretations were reported by
Kearsey and Pooni (1996).

Heritability in narrow sense
showed an increase with
advanced generations for days to ~
heading (from 61 to 63%); plant
height (from 28 to 54%); number
of grains / spike (from 11 to
25%)as well as 1000-grain
weight (from 6 to 7%). Similar
conclusion was reported by
Awaad (1996a). High heritability
estimate (>50%)was recorded for
days to heading in F1 and F2
generations; spike length in F1 as
well as plant. height in F2
generation. These resuits indicate
that substantial progress can be
made using standard selection
schemes in the development of
pure line genotypes. In this
connection, Awaad (1996a) and
Salem et al. (2000) recorded high
heritability value ( > 50 %) in
narrow sense for days to heading,
plant height and spike length .

However, low to moderate
heritability values were reported
for grain yield/plant and its
components, indicating  that
selection should be delayed to
later segregating generations. In
this respect, moderately low"Tn”
values were reported for yield
and its components (Salem et al.,



Table (S) : Additive (D) , dominance (H)genetic variances and their derived parameters for yield and its attribuites in 6 x 6 diallel wheat crosses.

Character Days 1o heading Flag leal aren Plant height Spike length Numlper of spibesplant | Nomber of grainvspike | 1000-grain weight Grain yield/plant
Parameter Fro- ¥z i Fi 3] ¥z F1 Fr Fr F2 Fi F1 Fi [3] Fu F1

1! D 2261°t | 1085+ ] BBGt | 667% Jsestr fa0evr) 3,15 | 094 | omat | 057t [ 3225 | 2581 | 298t 244t | 26 165+
149 3.2 4.2 585 1982 10.90 0.56 en t.09 013 { 1426 10.52 807 522 1.309 6.30

Hi 0027t § 17427 | 90237+ | 92717 fas0.6ve | 53400t § 2w § 3ar: ¥ o273e | varr: fovsazie Jusogsi) 1022004] 5899 | gses 835
.86 BA5 1 187 5.23 50.33 21 ¥t 163 023 0.30 .97 878 ] 2049 | B2 450 372

H 158771 | rasee 570w ] as2ae laoogse |53t | 2aae | o207t} wsemr Lvazes Lieagses | sasa ot aagars | so00s | w2ee 830z
7.92 718 10.60 35.04 4498 2473 116 1431 o020 0.32 1169 1739 14.30 29.13 1.07 in

¥ 1281 £ | 550+ A5 § IS0 Fogasye | 2353 | 096 049t | 043t | 009z ] 9046t | 4532t 6.86+ 8.501 248t T2

344 +] 604 £f 1030 830 4121 2635 134 L4 0.21 029 82.80 10.26 19.51 22.54 434 354

bt 291 0671 §643.307¢ | 157.69™ |500007t Jazp a5y Jors.00 4] 2k | G461 0241 | 000"r Ja09.34"+ | 360,00+ f 534747 +] 955,407+ N 12307 | 12252
533 | s00 1.10 292 | 000 | 1664 | 085 Lo &4 020 { 5230 ) 1903 | 1200 § 2302 | 270 2.55

E 039r | 2542 oo e | 250 [ oroae fosse | 025t [osie | oraoms Lwore 1 20 | sl i | osaoe | oiae §osie

- 1.32 1.26 177 1.99 2.49 412 021 0.5 0.03 0.05 295 4.7% 105 2.4\ 68 0.55
(DS 8.94C 0.468 1190 1.865 1.730 0,527 094 0952 1803 0.784 2570 1.208 5.560 2458 1.762 L]
(H24H} 0189 0.208 0.241 0.230 0.200 0249 | 9216 0.220 0078 023 | 0170 0,140 0230 1 0250 § 0.232 023y
KD/KR 1861 1840 | 8.947 4307 1.900 1.600 1380 .19 0.75% 1.540 | 2400 6099 1490 1 Sm6i ) 1653 3645
=Wr+ Vrip 0.37 0.57 069" 0.03 017 0.20 0.01 010 0.60 o 058 063* 087+ 0.28 0.14 0.06
Te 0.61 0.6} 023 0 0.28 054 059 0.25 047 011 0.t 0.25 0.06 007 013 Bl
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2000 and Hassan, 2002).
4-Graphical analysis of Fi
hybrid:

The relationships  between

Wr-Vr (Figs:1-8) illustrated that

the regression coefficients were
deviated significently from zero
but not from umty for flag leaf
area, plant height, spike length,
number of spikes/ plant and
1000-grain  weight, suggesting
that additive- dominance genetic
model was satisfactory to explain
the inhentance of  these
characters. However = the
regression coefficient for grain
yield/plant was deviated
significantly from zero and more
than unity (b=1.16%0.27),
revealing that complex genetic
“model was appropriate to explain
the genctic mechanism of that
character.

The regression line intersect
the Wr axis above the point of
origin for  spike  length,
suggesting the importance of
additive gene effect and degree
of dominance in the range of
partial dominance. However, for
days to heading , flag leaf area,
number of spikes/plant and
1000-grain weight, the regression
lines cuts the Wr axis below the
point of origin, indicating
predominance of non-additive

gene effect and degree of
dominance in the range of
overdominance for these

characters, which mainly due to

Awaad, H. A.

complementary  gene effects,
while the regression line pass the
point of origin in plant height,
number of grains/ spike and grain
yield/ plant, indicating complete
dominance.

The relative position of array
points on Wr-Vr graph indicated
that the parental genotypes;
Sakha 61 (Pi1} contained high -
frequency of recessive alleles for
earliness and shortness.
Meanwhile, the local wheat
cultivars; Sakha  61(P1),
Gemmeiza 3 (Ps)and the
imported one H.D1220(P3)
possessed excess of dominant
alleles for broader flag leaf area.
Giza 168 (P2) had more dominant
alleles for tallness, spike length ,
number of spikes/ plant and
number of grains/pike . Whereas,
Gemmeiza 3(Ps) showed high
frequency of dominant alleles for
spike  length, number of
spikes/plant, 1000-grain weight
and grain yield/plant. The
remaining parental genotypes,
exhibited different frequenceis
of both recessive and dominant
alleles.

Such result suggested that
crossing involving Sakha 6! or
Gemmeiza 3 and H.D1220 may
result in high level of
heterozygosity and transgressive
segregants  characterized by
earliness, broader flag leaf area,
longe spike as well as higher
yield and its components.
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