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ABSTRACT: Pl, Pz, F], Fz, Fl b ¢ parentl(Bc;) and Fl xplrentZ(Bcz)
generations resulting from four crosses i. e., 1) ACSAD 945 x Sakha 69, 2)
Giza 168 x Gemmeiza 5, 3) Gemmeiza 9 x PAT10/ALD’S’ and 4) Sakha 69
x. Sahel 1) among seven genetically diverse bread wheat cultivars for leaf
rust resistance, were artificially infected by a mixture of eleven
physiological races of Puccinia recondita Rob. Ex Desm. {. sp. tritici Eriks
& Hemn urediospores and evaluated for their reaction to leaf rust
resistance, infection type, disease severity (%), grain yield/plant and
predicted loss at the Experimental Farm, Faculty of Agriculture, Zagazig
University, Egypt. Correlation coefficient, genetic analysis and heritability
were estimated for the studied characters. The obtained results could be
summarized as follows:

Significant differences between parental wheat genotypes and their
populations were detected for the studied characters. The most resistant
wheat cultivars were Giza 168 (3 R) followed by PAT10/ALD’S” 5R),
ACSAD 945 (10 R) and Gemmeiza 9 (20 R-MR). Whereas, Gemmeiza 5
(60 S-MS), Sakha 69 (50.6 MS) and Sahel 1 (40.8 MS) expmsed as
susceptible omes. The F, plants showed highly resistant in 1* cross,
complete dominance in 2* cross and partial dominance i in 3" one towards
their respective resistant parent.

Negative and highly significant correlation was detected between grain
yield and each of infection type and disease severity in most studied crosses.

Scaling test revealed that, the digenic model was involved in the
inheritance of the studied characters in most crosses. Whereas, the simple
additive-dominance genetlc model was valid for explaining the inheritance
of leaf rust resistance in 4™ cross, with prevailed type of additive (d) gene
effect. The additive (d), dominance (h) and their digenic interaction types,
additive x additive (i), additive x dominance (j) and domimance x
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,'lnfectlon typé and disease severity in most cases. This: result is hold true for
grain yield / plant in 1* cross; while dominance (h), additive x dominance
(j) and dominance x dominance (I) were significant and more pronounced
in 3" cross. Duplicate type of epistasis was detected for infection type in 1"
cross; disease severity in 1% and 4™ crosses as well as grain yield / plant in
1* and 3™ crosses. However, complementary type has been reported for
infection type in 2™ cross (confirmed with 9: 7 ratio of y* result) as well as
disease severity in 2* and 3™ crosses.

The additive genetic variance (A) was hlghly significant and considered
the prevailed type controlhng disease resistance assessment in most cases,
whereas the dominance genetlc variance (D), 'was more |mportant in the
inheritance of graih yield in all crosses. :

- Narrow sense heritability was high for mfectxon type and dlsease

seventy in three ‘out of the studied four crosses and moderate for gram _

yield in all crosses.

Genetic analysis usnng slmple £ test suggat that, adult leaf rust
resistance was controlled by two interacting gene pairs in 1* cross; two
complementary gene pairs in 2™ cross; two double dominant gene pairs in

3™ cross as well as two recuswe complementai'y geneg&n the 4" one.

v g e
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INTRODUCTION

The
increased productlon

~which leaf rust resistance, is
important. Leaf rust caused by
Puccinia recondita f. sp. tritici. is
an important disease of - whe,at in
Egypt and many parts ofithe-world.
20 to 25 % yield loss has been
recotded following: = leaf rust
mfec’uon, ‘more than 350 physio-
logical ~ ‘ftaces ~ for
recondita f. sp. tritici and more

than 43 gene for leaf rust
' resistance have been genetically
characterized in wheat germplasm

: -(MCIntooh et al.,

Pucczma :

SR L
* 1995 a.nd' 1995a

" and Anonymous, 1997).
prospects of shstalmng”"""
in wheat
depends on various factors from

‘Understanding the inheritance
of host wheat genotype x pathogen
interaction should permit planning
of breeding program for pyram-' '
1dmg the resistance genes in the

_promising  varieties against the

disease,

Resistance against leaf rust has\_,
been documented to be a simple: -
inherited character controlled by a
single: - ‘major ‘dominant gene
(Slb1keev et "or:*1995 and Brown
et dl, 1997) ora single recessive

one (Sudhakar and Joshi, 1996 and "
. Barcellos ef al., 2000) and afew _°

number , of major gene pairs (Abd"'
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El-Latif et al., 1995, Shehab El-
Din et .al., 1996 and Singh et al,,
2001), whereas five to six groups
of genes (Ageez and Boulot,1999)
as well as 10 Lr-gene combi-
nations (Sibikeev ef al, 1996)
have been identified . -

The resistance to leaf rust is
dominated over susceptibility and
controlled by both additive and
non- additive gene effects with
great importance to additive one,
functioning partial dominant genes
(Ageez and Boulot, 1999).
Whereas, additive, dominance and
epistasis especially dominance x
dominance were involved in the
genetic system controlling leaf rust
resistance with duplicate and
complementary types of epistasis
have been detected by Singh et
al.(1999) and Yadav et al. (1999),
respectively. Heritability estimates
in narrow sense for resistance was
high (>70%) (Shehab El-Din et al.,
1996 and Ageez and Boulot,
1999).

Thus, this work was designed to
study the reaction of the six
populations derived from four
wheat crosses against leaf rust
infection. Determination the adeq-
uacy of the genetic model, types of
gene action and heritability for
infection type, disease severity and
grain  yield/plant were also
investigated. Test the goodness of
fit of observed ratios to theoretical
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expectations using Chi-square
analysis were also undertaken.
MATERIALS AND METHODS
Crossing technique and experi-
mental layout

The present investigation was
conducted during the three winter
growing seasons: 1999/2000, 2000
/2001 and 2001/ 2002 at the
Experimental Farm, Faculty of
Agriculture,  Zagazig  Univ,,
Zagazig, Egypt. Four wheat
crosses have been used in the
present study derived from seven
diverse  parental bread wheat
genotypes (Table 1). These geno-
types were used to obtain the
following four crosses; 1) ACSAD
945 x Sakha 69, 2) Giza 168 x
Gemmeiza 5, 3) Gemmeiza 9 x
PAT10/ALD “S” and 4) Sakha 69
x Sahel 1, differed in their
resistance to leaf rust.

In the first season of 1999/
2000, the seven parental wheat
genotypes were evaluated in a
randomized complete block design
with three replicates, at the
meantime, pair crosses were
performed to obtain F;’s grains. In
the second season, 2000/2001, four
F1 cross grains were sown to
produce F; plants. Each of the F;
plants were crossed back to their
respective parents to produce first
(Fﬂ( Pl) and second (F]X Pz)
backcrosses. In the meantime, pair
crosses were made to produce
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more F; grains, also the F; plants
were selfed to produce F; grains.
1In the third season, 2001 /2002, the
obtained grains of six populatlons
(Pl, Pz, F], Fz, B01 and B(‘q) for
each of the four croSses were
evaluated using a randomized
complete block de'sign with three
replncates Wheat _ grains were
~sown in 21% November. Row was
2m long, row to row and plant to
plant spaces was 20 and Scm,
respectively.
Testing procedure: '
At adult plant stage (booting
stage), the six populations for each
cross were artificially infected with
- a- mixture of eleven. Puccinia
recondita Rob. Ex Desm. f. sp. tritici
Eriks & Henn races urediospores,
ie, 2, 5, 17, 28,35,40;52, 121,
124, 126 and 141 kindly obtained
from wheat Dis. Res. Dept., Pl
Dis. Res. Institute, ARC. Uredio-
spores mounted in talic powder
were dusted on moistened wheat
leaves by baby cyclones as
_mentioned by Sibikeev et al.
(1996). Then, additional dose of
nitrogen and irrigation were
performed to enhance  the
infection. After 14 days from the
artificially ~ infection, the data of
infection type, diséase severity %

and predicted loss were recorded.

Grain  yield/plant = was also
estimated at harvest. Infection type
~ was measured using a scale of 0-4

,et.al.

described by Stakman ef al. (1962)
and Knott (1989) where:
O= Immune: no signs uredia or
macroscopic signs  of
infection
=Very resistant: no uredia, but
hypersensitive  necrotic or
chlorotic flecks of varying size
are present.

Resistant:  small
surrounded by necrosis
Moderately resistant: small to
medium uredia surrounded by
green islands
Moderately susceptible: med-
ium-sized uredia without
chlorosis or necrosis
Susceptible: large uredia with a
limited amount of chlorosis,
may be diamond - shaped.

For qualitative study O, O; 1
and 2 infection types will be
jointly considered as the resistant
class, while 3 and 4 infection types
will be expressed as susceptible
one. However, for quantitative
study, infection types O and O,
will be given arbitrary numbers
0.25 and 0.50, respectively.

Leaf rust severity (%) was
assessed using modified Cobb’s
scale (0 — 100 %) according to
Peterson et al. (1948). Predicted
loss as a result of disease attack
was calculated according to Doling
and Doodson (1968) using the
following formula:

0,

—
Il

uredia

N
!
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Loss = 0.268 x disease seventy ®R)
o +3.9.-

assessment:

The obtained - data were
statistically analyzed and corre-
* lation between grain yield/plant
" and each of infection type and
" disease severity (%) were calcu-
lated according to Rangaswamy

(2000). '
The A, B and C scaling tests as
‘outlined by Mather and Jinks
(1982) were applied to test the pre-
sence of non-allelic interactions as
follows, A= 2B,-P\-F,, B= 2B,
P,-F, and C= 4F2-2F.1—p1-f’2 .In the
presence of non-allelic interaction,
the analysis was proceeded to
compute the interaction types
involved using the six—parameters
genetic model according to-Singh
and Chaudhary (2001). The signi-
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ficance of the genetic components

- was tested using the “t” test.
Statistical anglysns and breedmg e

The . components of genetic
variance ie., additive (VA)
dominance (VD). and (VAD)
genetic variances as well as the
environmental variance were com-
puted using Kearsey and Pooni
(1996) formulae as follows
VA*—(ZS2Fr82Bc1 -2 Beig)
VD*—(S Bce. 1+S Bc; z-S Fz-VE)
VAD=('/)(S*Bc12 -S?Bcy.1)
VE=('53) (VP1+VP,+VF))

The genetic components of
variance were used further to
compute the dominance ratio and
heritability in narrow sense by the

- following equations.

hn = (VA*)/ (VA*+ VD* + VE)
Dominance ratio = J4VD"/2VA"

The Chi-square (i) test was
performed according to
Rangaswamy (2000).

Table (1): Name, origin and pedigree of the parental wheat cultivars

No. . Genotype Origin Pedigree

1 . Sakha 69 Egypt Inia/RL4220//7cYr’S’CM15430-25-65-0S-0S

2 Sahel 1 Egypt N.S.732/Pim//Veery’S‘d735-45d-1sd-Osd

3 Gemmeiza 5 Egypt  Vee’S‘/SWM6525GM4017-IGM-6IM-3GM-OGM

4 Gemmeiza 9 Egypt  Ald"S"Huac’S /CMH74A 630/5xCGM4583-
5GM.1GIM-OGM

5 Giza 168 Egypt  MIL/BUC/Seri: CM93046-8M-OY-OM-2Y-OB

6 ACSAD945  Syria Mon’S Ald'S"//Deir Allad ACS-W-8211-11Z-71Z-
11Z-01Z ‘

7 PATIO/ALD’S" Mex.

CM87688-02910PM-5Y-OH-0SY-IM-OY
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RESULTS AND DISCUSSION
1. Reaction of genetic materials
to leaf rust:

Data presented in Table (2)
‘show the mean performance of
infection type, disease severity,
grain yield/ plant and predicted
loss. The results indicated
significant differences between
parental wheat genotypes for all
the studied characters. This result
suggesting the presence of high
level of genetic variability valid
for further biometrical assessment.

Based on the reaction of leaf
rust infection, the four cross
~ populations classified into three
different categories as follows:

L Resistant x Susceptible:

1.ACSAD 945 x Sakha 69

2. Giza 168 x Gemmeiza 5

IL. Resistant x Resistant:

3. Gemmeiza 9 x PAT10/ALD"’S’

III. Moderate susceptible x
Moderate susceptible:

4. Sakha 69 x Sahel'l -

The infection -type disease
measurement of the studied four
cross populations revealed that,
four parental wheat genotypes
were considered as resistant ie.,
Giza 168, PAT10/ALD’'S’, Gem-
meiza 9 and ACSAD 945 with
values of 0.45, 0.56, 1.80 and 1.84
respectively. Otherwise, the wheat
parents, Sakha 69, Gemmeiza 5
and Sahel 1 expressed as susc-
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eptible or moderate susceptible
with infection type of 3.50,3.15
and 3.00, respectively.

From the first category between
(Resistant “R” x Susceptible “S”),
1* cross of the F, and F; plants
were more resistant than their
respective resistant parent ACSAD
945, but the F, plants showed
complete dominance to the
resistant parent Giza 168 in the 2™
one, indicating the accumulation of
resistance genes. Moreover, the F;
plants in this category were
resistant (R) or moderate resistant
(MR), with the presence of type
(MS) in a few plants of 2™ cross.

In continuous, the F, plants of
the 4% cross between (MS x MS)
were moderate susceptible (MS)
and valued 3.07, also the F; plants
possessed the infection type (S)
and valued 3.37. Meanwhile, the
Fy plants of the 3™ cross between
(R xR) behaved the same type (R)
with estimate 1.6 and the F, plants
exhibited type (MR) with value of
2.56.

The backcrosses “Bc; and Bcy”
showed different levels of resis-
tance and in almost crosses
approached to their respective
parent. The lowest infection type
has been observed in B¢, and Bc;
of both 2™ and 3™ crosses between
(R x S) and (R x R). However, the



Table (2): Mean performance for six populations (Py, Fy, Fi, B, Be; and Py) for mfectmn type, disease severity % , grain

yield / plant and predicted loss in four wheat crosses.

Cross Population Infection type ’I‘ype “Disease seventy Grain yield/~  Predicted loss-
(%) plant () =0.268 X R+3.9°
L Resistant x Susceptible o ' ‘
1.ACSAD 945 x Sakha 69 P, 1.842+40.032 R 10.0+1.328 8.9110.254 6.58+0.3%
F '0.625+0.125 R 20.0 +1.132 --9.06+0,281 9.2640.353
F2 1.690+0.245 R 15.0+2.800 78141430 - 7.92+1.058
. Ba 2.800+0.150 R-MR 12.0+2.161 7.60+1.171 7.1240.833
Bc 3.400+0.140 MS-MR 40.242.125 4.10+1.156 14.6740.820
P, 3.500+0.049 ‘MS 50.6+0.860 5.861+0.110 17.46+0.243 .
2. Giza 168 x Gemmeiza 5 '
Py 0.450+0.082 R 3.0+1.212 9.1040.213 4.70+0.356
F 045030.127 R 5.0+1.284 9.3140.138 5.2440.355
F; 2.100+0.296 R-MR-MS  450+4.926 -6.85+1.540 15.96+1.617
Bc 2.000+0.285 R-MR 35.043.126 7.7610.969 13.28+1.024
Be; 2.250+0.200 MR 42.5+3.269 7.60+1.11 15.29+1.095
P, 3.150+0.085 S-MS 60.0+1.236 7.4140.151 19.98+0.347
IL. Resistant x Resistant .
3. Gemmeiza 9 x ‘ : . -
PAT10/ALD"S™ P, 1.800+0.056 R-MR 20.0+1.180 .8.3540.252 9.26+0.358
F 1.600+0.067 R 13.040.707 7.1040.144 7.38+0213
F2 2.56040.123 = MR 30.043.739 6.93+1.361 11.94+1.262
Bc 2200+0.112 R-MR 24 742925 6.83+0.856 10.5240.945
Be, 1.800+0.101 R-MR 25.0+2.516 5.394+0.992 10.60+0.877
P, 0.560+0.081 R " 5.049.164. 10.21+0.172 5.24+0.334
II1. Moderate susceptible x ;
Moderate susceptible )
4-Sakha 69 x Sahel 1 P, 3.500+0.049 MS 50.610.860 5.8610.110 17.46+0.243 .
i 3.070+0.039 MS 40.0+0.509 4.90+0.120 14.62140.157
F; 3.375+0.378 S. 75.043.671 3.1321.139 24.00+1.202
Ba 3.700+0.288 2 MS 50.0+2.415 - 3.2040.500 17.3040.729
Bc, 3.285+0.104 MS-MR 32.742.135 . 4.16+0.849 12.6640.746 -
P 3.000+0.056 MS 40.8+1.180 5.3040.167 14.83+0.337

£00Z ()'ON 0F * 10A “s9Y -9uSy"[ SzvSnZ
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highest values were recorded in 4"
cross between (MS x MS).

With regard to disease severity
(DS), the parental genotypes
displayed high level of genetic
variability as well as their
populations. In general, the results
of disease severity coupled with
those of infection type.

From the crosses between the
resistant cultivar ACSAD 945 (DS
10) and the susceptible one Sakha
69 (DS 50.6), the F; (20R),F,
(15 R) and Bc; (12 R-MR) were
resistant (R) or moderate resistant
(MR). Moreover, when the
* resistant parent Giza 168 (3 R) was
. hybridized with the susceptible one
Gemmeiza 5 (60 S-MS), the
resultant populations possessed
different levels of resistance, i.e.;
(5 R)inFy; (45 R-MR- MS) in F;;
(35 R-MR) in Bc, and (42.5 MR)
in Be,.

The higher disease severity was
developed in the populations of the
category between (MS x MS) of
4™ cross, which varied from (327
MS-MR) in Be; to (75.08) inF,
generation.

Moreover, the resistant plants in
the category (R X R) of 3" cross,
exhibited relatively reactions
ranged from (5 R) in PATI0
/ALD'S" to (30 MR) in F;
generation of this cross.

Generally, based on the
response patterns of the studied

Awaad ,et. al.

populations, the genetic materials
were classified into three groups
the first group, including the
resistant plants exhibited relatively
reactions varied from (O Rto2$
R-MR) which were 3R (Giza 168),
5 R (PAT10/ALD’S’ and F; of 2
cross), 10 R (ACSAD 945), 12 R-
MR (Bc; of 1% cross), 13 R (F; of
3™ cross), 15 R (F; of 1% cross), 20
R or R-MR (F; of 1* cross and
Gemmeiza 9) and 24.7 R-MR (Bc;
of 3" cross) and 25 R. MR (Bc; of
3  cross). These materials
produced the highest grain yield
averages 8.15g. with the lowest
(7.62) predicted loss, and in
general classified as resistant or
moderate resistant.

The second group, showed a
relatively response range (> 25 R-
MR to 50 MS), including 30 MR
(F; of 3m cross); 32.7 MS-MR (Bc;
of 4" cross); 35 R-MR (Bc; of 2™
cross); 40 MS (F; of 4% cross);
402 MS-MR (Bc; of 1% cross);
40.8 MS (Sahel 1); 42.5 MR (Bc;
of 2™ cross); 45 R-MR-MS (F; of
2™ cross) and 50 MS (Bc; of 4
cross) which classified as moderate
either resistant or susceptible. This
category exhibited  slightly
moderate grain yield averages 5.64
g with predicted loss of 13.055.
The third group, showed disease
assessment varied from (>50 MS
to 75 S). This category included
the values 50.6 MS (Sakha 69); 60
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S-MS (Gemmeiza 5) and 75S (F2
- of 4% cross). The genotypes of this
group were moderate susceptible
or susceptible and attained wheat
grain yield varied from 3.13 (Fzof
4" cross) to 7.41 g (Gemmeiza 5),
with the maximum values of the
predicted loss averages 19.75. In
this respect, significant genetic
variations were existed among
wheat cultivars for both leaf rust
resistance and grain yield (Atteia
et al., 2000 and Atteia, 2001).
2.Correlation study:

Leaf rust infection of wheat
causes a significant loss in wheat
grain yield and quality, due to the
lack of translocation of nutrients
towards the ear and the less
effective of  photosynthetic
activities of leaf area.

Data presented in Table (3)
indicate  that, positive and
significant  associations  were
recorded between infection type
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and disease severity in three out of
the studied four wheat crosses.

Consequently each one of them
could be used as satisfactory
criterion for measuring resistance.
In this connection, values of area
under disease progress curve
(AUDPC) and rate of disease
progress were closely related to the
severity of leaf rust infection and
might be of importance in
selection of wheat varieties with
higher resistance to leaf rust as
mentioned by Atteia (2001).

It is important to notice that,
negative and significant correlation
coefficient has been recorded
between each of infection type and
disease severity on one hand, and
grain yield / plant in 1%, 2™ and 3™
crosses, on the other hand. Thus
increasing infection type and
disease severity led to substantial
reduction in wheat grain yield. In
this respect, significant

Table (3): Simple correlation coefficient among infection type, disease severity of
leaf rust and grain yield / plant in four wheat populations.

Disease

Character Population severity Grain yield/ plant

1 0.663* 20.847%+
Infection type 2 0.992%* -0.877**

3 0.944+* 0.717*

4 0.388 -0.452

1 -0.795**
Disease severity 2 -0.919%*

3 0.763*%*

4 -0.479

* ** Significant and highly significant at 0.05 and 0.01 levels of probability, respectively.
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reduction in wheat grain yield due
to leaf rust attack varied from 20 to
25% in Egypt (Anonymous, 1997).

3.Adequacy of genetic model:

In the present study; scaling
test (A, B and C) was employed
to test the presence of epistasis
(Table 4). The results stated
insignificant non-allelic intera-
ction for infection type in 4™ cross
only with main importance of
additive gene effect, suggesting
that, the simple additive-domin-
ance genetic model proved tobe
satisfactory in explaining the
inheritance of leaf rust resistance.
Hereby, backcross technique with
phenotypic  selection in early
segregating generations might be
effective for improving leaf rust
resistance in this cross. Similar
finding has been reported by
Brown et al., 1997).

Significant non- allelic interac-
tions were recorded for infection
type in 1% 2™ and 3" crosses;
disease severity and grain yield /
plant in all crosses. This result
suggests the presence of epistasis
and the digenic model was
adequate to explain the genetic
system for these characters. This
result is expected, since the
artificially infection was perfor-
med by urediospores mixture of
eleven physiological races, and the
reaction for these races was done.

Awaad , et . al.

Six parameter genetic .moc!el
presented in Table (4) indicate
that, additive (d), dominance (h)
and their all digenic interaction
types i.e., additive x additive (i),
additive x dominance (j) and
dominance x dominance (I), were
highly significant and involved in
the genetic system controlling the
inheritance -of infection type and
disease severity in most cases. The
significant  estimates of six
parameters, indicate that, both
additive and dominance as well as
epistasis are all important in
controlling these characters. In this
connection, . additive, dominance
and epistasis were involved in the
inheritance of leaf rust resistance
(Shehab El-Din et al., 1996, Singh-
et al, 1999 and Yadav ef al,
1999).

It is important to mention that,
the negative values have been
recorded in the six parameters
were in favour of decreasing
infection type and disease severity,
then increasing leaf rust resistance.
Since increasing alleles for resist-
ance were more frequent than
decreasing ones.

The all types of gene effects
and their digenic interaction were
significant and involved in the
inheritance of grain yield / plant in
1* cross. This result coupled with
those obtained of infection type
and disease severity, suggesting



Table (4): Scaling test, adequacy of genetic model, genetic components of variance and
heritability for the studied characters in four wheat crosses.

Character Infection type Disease severity (%) Grain yield / plant
cross 1 2 3 4 1 2 3 4 -2 3 v 4
Scaling test :
A 2.68** 0.90** | 1.00** | 0.83 9.8** 20.0** | 16.4** 9.4%* 16.724*%| -1.52 -1.79 |-4.360**
B 3,13+ 3.10%% | 1.44** | 0.50 6.0** | 62.0%* | 32.0** | -15.4** [-2.774* |.2.89** |-6.53** | -1.886
C 0.17 3.90** | 4.68** | 0.86 | -40.6** [107.0** | 96.0** | 128.6** | -1.658 L7.73** |-5.04* | -8.440
Appropriate genetic model : :
m 1.69** 2.10%*| 2.56** | 2.78**| 15.00**] 45.00** | 30.00**| 75.00** | 7.810** 6.850**| 6.930** 3.130**
d 0.60** 0.25*¢| 0.40** | 0.25*| 28.20**| 7.50** | -0.30 17.30**{ -3.500 | -0.160 | 1.440 -0.957
h 3.50%% | -].25%% | -1.82**| 2.09] 34.10**] -51.50* |-20.10**| -140.30" | -6.161*] 4.375%| -5.460% ~ 1.514 -
i 5.64%¢ 0.10 | -2.24%+ 44.40**|-25.00**] -20.60**| -134.60" | -7.840* 3.320 | -3.280 2.194
i -0.23** | -1.10%%] -0.22*+ 7.90** [-21.00**| -7.80** | 12.40**| -1.975*| 0.685 | 2.370* -1.237
1 -11.45** | -4.10**| -0.20 -48.20**/-57.00**[ -27.80**| 140.60**] 17.338"| 1.090 | 11.600*[ 4.052*
Genetic components of variance ‘
VA®* ' 0.179%* | 0.735%#/0.172** [ 0.585%|11.434*+ | 3.474* [15.368*% 15.669**| 4.202*| 2.124* | 4.338* | '2.720*
VD* 0.018* 0.059*] 0.031* | 0.024*] 1.045* ([18.173** [ 0.571* 0.287* | 5.985**| 3.914** 4.996* | 3.084**
VAD 0.0025 0.061 | 0.046 | 0.046| 0500 | 3.894 4.11 2.257 0.950 | 0.462 | 1.943 0.950
VE 0.115 0.174 | 0.160 | 0.081 2.271 2.495 1.817 1.772 1.114 | 0.449 | 0.778 1.606
Dominance ratio 0.448 0.400 | 0.600 | 0286 | 0.428 [ 3.235 | 0.273 0.191 1.688 | 1.919 | 1.518 1.506
V4 VD*/VA*
Heritability (hn) | 57.37 75.93 4738 [84.78 | 77.52 1438 [86.55 {88.39 37.18 p2.74 42.89 36.70

* ** Significant and highly significant at 0.05 and 0.01 levels of probability.

VA*= Additive genetic variance

VD* = Dominance genetic variance

VE = Environmental variance
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that grain yield and leaf rust
resistance could be
simultaneously through crossing
and selection (pedigree method), to
make the utmost of the types of
gene effects. Whereas, the domin-
ance (h) and the digenic intera-
ctions additive x dominance (j) and
dominance x dominance (I) were
significant in 3" cross.  Also, the
dominance (h) was only significant
and accounted the major part of
gene effects in controlling grain
yield in 2™ cross and dommance X
dominance (1) in 4® cross. The
considerable amount of non fixable

gene action type displayed by .
these crosses nught suggested that,

improving grain yield could be

achieved through hybrid breeding -

method.  Similar result was
detected by Hassan (1993) and
Awaad (2002).

It is worthily to notice that, the
dominance (h) and its digenic
interaction, dominance x domin-
ance (I) were significant and has

dlfferent signs for infection type in

1* cross, disease severity in 1* and
4™ crosses as well as gram yield /
plant in 1* and 3™ crosses,
indicating that interaction is pred-
ominantly of duplicate type (Singh
et al,1999). Whereas, the sign of
(h) and (l) was similar for infection
type in 2 cross (confirmed with

9:7 ratio of * result) and disease -

severity in 2™ and 3™ crosses,

improved

Awaad,et. al.

suggesting  that interaction 1s
predominantly of complementary
type. Similar interpretation has
been reported by Yadav ef al,
(1999).
4.Components  of
variance and heritability:
Data presented in Table (4)
clearly indicate that, additive and
dominance genetic variances were
significant, with the predominant
of additive component in
controlling infection type in all
crosses; dlsease severity in 1%, 3™
and 4™ crosses, resulting in
dominance ratio was less than

genetic

‘unity, suggesting the effectiveness
of : phenotypic

selection  for
improving leaf rust resistance.
Similar conclusion was reported by
Ageez and Boulot (1999).

The dominance genetic variance

‘was the prevailed type controlling

the inheritance of disease severity
in 2" cross as well as grain yleld/
plant in all crosses, resulting in
dominance ratio was more than
unity, indicating the effectiveness
of using hybrid-breeding method
when commercial seed production
of wheat is feasible. Similar
conclusion was reported by Yadav
et al, (1999) for leaf rust
resistance and Awaad (2002) for
grain yield.

Heritability estimates depend on
the magnitude of its portions,
additive and dominance genetic
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components to the phenotypic
variance (Table 4). In this regard,
narrow sense heritability “hn”
reflects the fixable type of gene
action transmissible from the
parents to the progeny or from
generation to generation, was high
for infection type and disease
severity on three out of four
crosses studied. These results allo-
wing for considerable progress
from selection. In this connection,
high narrow sense heritability
values have been reported for leaf
rust resistance (Shehab EIl-Din et
al, 1996 and Ageez and Boulot,
1999).

Whereas, low (14.38%) “hp”

estimate was reported for disease
severity in 2™ cross and moderate
(47.38 %) for infection type in 3™
cross, also moderate for grain yield
/plant in all crosses. This result
supported those obtained from
adequacy genetic model which
revealed that additive and
dominance as well as epistasis
were involved in the expression of
these characters in aforementioned
crosses. These results are confir-
med by those of Awaad (2002) for
grain yield /plant.

5.Chi square ()(* ) test:

Simple ¢ tests were applied to
compare the observed segregations
to expected ratios (Table 5).
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The results showed that the F
of ACSAD 945 x Sakha 69 cross
gave 163 resistant:47 susceptible
plants provide a ratioof 13 R:3 S
(x*=1.817) for two interacting gene
pairs conferring  resistance.
Whereas, the observed resistant:
susceptible ratio for F, population
(Giza 168 x Gemmeiza 5) was 125
resistant: 75 susceptible, fitting the
expected ratio 9:7 (’ = 3.174),
suggesting the function of two
complementary  gene  pairs
controlling the resistance and
confirmed with previous results of
infection type. ,

The number of resistant:
susceptible plants were 191:19 for
F, population of Gemmeiza 9 x
PAT10/ ALD’S’;  fitting the theo-
retical ratio 15:1 (¢ =2.805). This
result suggested the presence of
high levels of adult plant resistance
in both Gemmeiza 9 and the exotic
PAT10/ALD’S’ one, thus could be
used as donor for resistance genes.
The previous result indicating the
functioning of two double
dominant gene pairs. Whereas, the
number of resistant: susceptible
plants in F; population of Sakha 69
x Sahel 1 were 62:148, provide a
ratio of 1R: 3S ()} = 2.292), for
two  recessive complementary
genes conferring resistance.

The various ratios have been
recorded for resistance reflects the
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differences in the genetic makeup
of the parental materials for
resistance. In this respect, leaf rust
resistance has been documented to
be a simple inherited as monogenic
character (Dyck, 1991, Sibikeev e?
al, 1995; Sudhakar and Joshi,
1996; Brown et al, 1997 and
Barcellos et al., 2000), or contro-
lled by a few number of major
gene pairs (Abd El-Latif er al,
1995; Shehab El-Din et al., 1996

Awaad, et . al.

and Singh et al, 2001). Whereas
some recent researchers showed
that resistance is a polygenic trait
governed by many gene pairs
(Sibikeev et al, 1996 and Ageez
and Boult, 1999).

Thus, pyramiding leaf rust
resistance genes from the studied
resistant germplasm may prove to
be useful in breeding for diseases
resistant varieties.

Table (5): Segregation of reaction to Puccinia recondita f. sp. tritici in F,
progenies of four wheat crosses.

Number of plants Expected
Cross Resistant  Susceptible  ratio L

®R) S)

L Resistant x Susceptible i

1. ACSAD 945 x Sakha 69 163 47 133 1.817

2.Giza 168 x Gemmeiza 5 125 75 97 3.174

IL Resistant x Resistant

3.Gemmeiza 9 x PAT10/ALD’S” 191 19 15:1 2.805

IIL Moderate susceptible x

Moderate susceptible
4.Sakha 69 x Sahel 1 62 148 13 2.292

For 1 df , the value of y  is 3.84 (P=0.05)
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