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ABSTRACT

Three possible wheat crosses were made among three wheat cultivars;
Sakha 93, Gemmiza 9, and Sids 6 in 2001/2002 at Sakha Agricultural Research
Station to study their inheritance to stripe, leaf and stem rusts on qualitative and
quantitative bases and to determine their resistant genes. In next season, pari of
hybrid seeds were sown to give F, plants. These plants were sown to produce the
F; seeds. Moreover, in 200372004 F; and F; for each cross were grown in order
to obtain F; and F; seeds, respectively . The final experiment was conducted in
200472005 season. The experiment included the five populations Py, P, F;, F;
and F;, of each cross using the randomized complete block design (RCBD) with
three replications.

Results indicated that each of Sakha 93 and Gemmiza 9 has one
resistance gene pairs to stripe rust. However, the segregation observed in the F,
population of their cross indicated that these two genes are different from each
other. Moreover, Sakha 93 and Gemmiza % have two and one resistance gene
pairs to leaf rust, respectively. Furthermore, both Sakha 93 and Gemmiza 9 have
two resistant gene pairs to stem rust . Meanwhile, Sids 6 has no resistance genes
Jfor the prevalent pathotypes of the causal agents of any of the three rusts
occurred at North Delta Region in 2004/2005 season. This proved the diversity of
resistant genes of these cultivars which is the ultimate goal of the Wheat
National Breeding Program and fulfilled the strategy of protecting wheat crop in
Egypr.

In addition the quantitative analyses revealed that heritability estimates
in broad sense were high, and in narrow sense were medium to high reflecting
that resistance to the three rusts is a simple inherited character controlled by
one, two or few gene pairs and proved the results obtained from the qualitative
analyses. Therefore, selecting resistant plants could be successfully practiced in
early generations.
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INTRODUCTION

Wheat (Triticum aestivumy), the leading cereal crop in the world, is
subjected to various diseases. Rusts are among those destructive diseases
that significantly reduce the wheat production in Egypt (Shehab EL-Din er
al, 1996). Stripe, leaf and stem wheat rusts caused by Puccinia striiformis,
P.recondita and P. graminis, in sequence, are the most serious diseases.

In 1994/95 growing season, wheat plants were subjected to sever
attack by Puccinia striiformis the causal agent of stripe rust; the most
destructive wheat disease. Except for Sakha 61, all Egyptian commercial
wheat cultivars were susceptible. However, the disease severity for these
cultivars were different and ranged from 10 S to 100 S. Therefore, much
attention was given to develop new resistant cultivars. As a result of that
attention, the cultivar Sakha 93 was developed at Sakha, Gemmiza 7 and 9
at EL-Gemmiza and Giza 168 at EL-Giza (Shehab EL-Din et al 1991a, Abu
El-Naga et a/ 1999, Abdel-Latif and Boulot 2000, Shehab EL-Din er a/
2000 ).

Several investigators proved that wheat resistance to rusts is a simple
character controlled by one, two, or few major gene pairs. However,
resistance was dominant over susceptibility in most cases and vice verse
was true in others. (Bartos e a/ 1986, Shehab EL-Din er af 1991a, Abd el-
Latief et al 1995, Abdel-Latif and Boulot 2000, Shehab EL-Din et al 2000
and Mahgoub 2001).

On the other hand, several researchers reported that wheat stance to
rusts is a quantitative character affected by many gene pairs as well as
environmental conditions (Knott 1982, Singh and McIntosh 1984, Padidam
and Knott 1988, Abdel-Latif and Boulot 2000 and Mahgoub 2001)

Therefore, the main target of this research was to study the
inheritance of Sakha 93, Gemmiza 9 and Sids 6 resistance to stripe leaf and
stem rust on qualitative and quantitative bases and to determine the
resistant gene of the three wheat cultivars.

MATERIALS AND METHODS

The field experiments were carried out at Sakha Agricultural Research
Station for four successive seasons from 2001/2002 to 2004/2005. Three
diverse bread wheat cultivars in their reaction to the three wheat rusts were
selected. However, the names and pedigrees as well as their reactions to
stripe, leaf, and stem rusts are presented in Table (1). « .
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Table 1. Cross name and pedigree as well as reactions to stripe, stem, and leaf rusts of
the studied bread wheat cultivars,

Reaction to

parent Name Cross Name and Pedigree Rusts
YR* | LR | SR
1 Sakha 93 | Sakha 92/TR 810328 R** | § R
S 8871-15-28-15-08
2 Gemmiza | Ald "S"/Huac // Cmh 74A. 630 / Sx R R |R
9 CGM 4583-5GM-1GM-0GM
3 Sids 6 Maya"S"/Mon"'S"/CMH47.A.592/3/Sakha8*2. | S S |8
SD10002-4sd -3sd-1sd-osd.
*YR = Yellow rust; LR =Leaf rust, and SR = Stem rust
** R = resistant S = susceptible

In 2001/2002 season, the three cultivars (parental genotypes) were
sown at three planting dates to secure enough hybrid seeds of the three
possible crosses made among the parents to produce Fy hybrid designated as
follows :-

Cross | : Sakha 93 x Gemmiza 9
Cross 2: Sakha 93 x Sids 6
Cross 3 Gemmiza 9 x Sids 6

In the second season, F, plants were sown and left to produce the F»
sceds. Moreoner, in 2003/2004 season, 20 and 60 seed from F, and F; for
cach cross wvere grown in order to obtain F; and F; seeds, respectively. In
addition, the three parents were planted and the same crosses were repeated
e Skiain additional and/or fresh hybrid seeds.

The final experiment was conducted in 2004/2005 season,. The
experiment including the five populations Py, P2, Fy, F> and F; was planted
at the third week of November, using the randomized complete block design
(RCBD) with three replications as indicated by Steel and Torrie (1980 ).
Each replicate consisted of 49 rows for each cross (one row for each of
parent and Fy; 6 rows for F, generation and 40 rows for F; families). Each
row was 3 meters long and 30 cm apart. Moreover, plants within rows were
20 cm apart so, each row .included 15 plants. The experiment was
surrounded by 2m width spreader grown with a mixed of highly susceptible
whicat cullivars to stripe, leaf, and stem rusts i.e. Giza 139, Giza 14+, Giza
163, Sakha 92, Sids 7, Triticum spelta, and Baart to help in the
dissemination of the pathogen's uredeniospore. The spreader was subjected
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to an artificial inoculation using a mixture of fresh uredeniospore of each of
the three pathogens mixed with talcum powder at rate of 1:20. The
inoculation of stripe rust was carried out soon after the sun set in the last
week of January using the method of Travet and Cassel (1951).

In addition, the region was subjected to sever attack from stripe rust
causal agent. Furthermore, the artificial inoculation took place in the third
week of February for both leaf and stem rusts. The recommended cultural
practices were implemented to the final experiment. Finally the infection
types were recorded for plants according to the scale of Chen and Line
(1992).

For the qualitative study, 0, 0;, R, and MR infection types well be
jointly considered as the resistant class, while MS, and S will be considered
as the susceptible one.

The infection type frequency distributions for parental, Fy, F;, and F;
populations for rust reaction in all crosses were computed. In respect to
mode of inheritance, goodness of fit classes, was determined by x* analysis.
Number of genes controlling the character was also estimated on the basis
of breeding behavior of F; families. Moreover, the x* tests were used to
verify the expected segregation ratios indicated from Fa.

For the quantitative analysis, field reaction was converted into an
average coefficient of infection (ACI) according to the method developed
by of Stubbs et a/ (1986) and adjusted by Shehab EL-Din and Abdel-Latif
(1996). In this method, the (ACI) could be obtained by multiplying infection
severity by an assigned constant value namely, 0.025, 0.05, 0.2, 0.4, 0.6, 0.8
and I for 0, 0;, R, MR, M, MS, and S infection types, respectively.

Type of gene effects was estimated according to Hayman model in 1958 as
described by Singh and Chaudhary (1985). Furthermore, heritability was

calculated in broad sense (h’) according to Mather (1949) and in narrow
sense (h’n) in Fa-families by the formula of Lush (1949).

RESULTS AND DISCUSION
1- Stripe rust reaction

The population means and variances of the five populations ( P, P,
F), F2, and F; ) for the three wheat crosses; Sakha 93 x Gemmiza 9, Sakha
93 x Sids 6. and Gemmiza 9 x Sids 6 inoculated with the uredeniospore of
Puccinia striiformis at the adult stage under field conditions are shown in
Table (2). Furthermore, Table (3) the estimated mean effect of F; (m), which
reflects the contribution due to the over all mean plus the locus effect and
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Table 2. Means (X) and variances (SZ) for the reactions of the five populations (P, Py,
F,, F» and F; familics ) for the three bread wheat crosses to stripe rust

Cross name Parameters P, P, F, F. F,

. x 014 | 023 0.47 6.35 | 7.8

Sakha 93 x Gemmiza 9 s’ 0.01 | 0001 | 0216 | 23.10 | 0.53
_ B9 014 | 17.67 7.27 13.58 | 17.38

Sakha 93 x Sids 6 S 0.1 | 4.33 1.88 343 | 798

. . X 023 | 1767 2.82 595 | 935
Gemmiza 9 x Sids 6 s? 0001 | 433 | 235 | 320 | 1991

Table 3. Gene action parameters for reaction of three crosses of bread wheat tc stripe
rust,

Cross Name m d h I i
Sakha 93 x Gemmiza 6.35* 0.05* - 7.48 -8.54 -7.67
Sakha 93 x Sids 6 13.58% -B.77* -14.35* 3.45 -30.24%
Gemmiza 9 x Sids 6 5.95* -8.72* -11.16 9.77 22245+
m = mean infection d= additive h = dominance
| = dominance X dominance i = additive x additive

interactions of the fixed loci, was found to be significantly represents the
estimation of gene action components; additive (d), dominance (h),
dominance x dominance (1), and additive x additive (i) for the three crosses.

Different types of gene effects indicated that (d} effects of the three
crosses and (h) effects in the second cross were more pronounced. In
addition, (i) effects in the second and third crosses were the most important
in the expression of the genes controlling inheritance of resistance to wheat
stripe rust.

F) plants were resistant in cross 1, while they were susceptible in
cross 2 and 3. These data indicated that resistance was dominant over
susceptibility in the first cross and vice verse in the other two crosses (Table
4).

The number of F; resistant : susceptible plants for the three crosses
were 83:7, 25:65, and 24:66, respectively. These numbers fitted the
theoretical expected ratio 15:1, 1:3, and 1:3 with P = 0.54, 0.54, and 8.51,
in sequence (Table 4). These ratio proved that wheat resistance to stripe rust
1s governed by two gene pairs in the first cross and by one gene pair in the
other two crosses.



Table 4. Infection type frequency distributon and phenotypic classes of the parents,
Fy, and F; populations of the three bread wheat crosses to the stripe rust,

Cross name ‘F No of Infection t+pes E.t\c|:lcc : proba
I plants R S . ’ bilty
| ratio
Sakha 93 x Gemmiza 9 |
P, LS 15
P, ! 15 5
F; ‘. 15 15
F, | 0 83 7 15:1 | 0.359 0.54
Sakha 93 x Sids 6 !
P, 15 15
P, 15 15
| ¥ 13 [ 15 | \ l
; Fy 90 | 25 6s | 1:3 | 037 | 054 |
[ Gemmiza 9 X Sids 6 |
f P, B 5 }
1 P, SR E | s
? F, B PoIs ]
F, 90 24 | 66 ( 1:3 ] 013 | 051

Concerning. the F; data presented in Table (3) show that 28. 7 and 5
families were true breoding for resistance. segregating and true breeding for
susceptibility. respectively in the first cross. This ratio fitted the theoretical
dihyvbrid ratio 12:3:1 (with p = 0.26) and confirmed the results obtained
from F, population. Meanwhile. in the other two crosses. F; families
segregated to the three mentioned above categories with a ratio of 1:2:1 with
P = 0.74 and 0.66, in sequence. These results confirmed the monohybrid

ratio indicated from F, population of each cross.

The dihybrid ratio of the first cross indicate that wheat cultivars
Sakha 93 and Gem. 9 have 1wo different resistant gere pairs. that can insure
cultivars grown al a
specific region This is a very useful for the National Wheat Program and a
good strategy to protect wheat crop in Egypt. Similar results were obtained
by Shehab EL-Din and Abdei-Latief (1996). Abu El-Naga ¢t «f (1999) and

long term — resistant to siripe rust when the two

Shehab El-Din er al (2000).

Heritability values in broad and narrow senses, for the infection type
character, are given in Tabie (5). The broad sense heritability estimate were
09.93. 87.36, and 97.30% while in narrow sense estimates these values were
78.57. 59.13, 57.49% in the three crosscs. respectively. These values being
high in broad sense and high to medium in narrow sense indicate that wheat
resistance to stripe rust is a simple inherited character and that selecting
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Table 5. Infection type frequency distribution and phenotype classes of the F, populations of the three bread wheat crosses to the
Stripe -rust reactions

Infection types Heritability %
No of Expected 2 P
Cross name families Resistant | Segregation | Susceptible ratio X Value Broad | Narrow
sense sense
Sakha 93 x Gemmiza 9 40 28 7 5 12: 3:1 2.67 0.26 99.95 78.57
Sakha 93 x Sids 6 40 8 22 10 1:2:1 0.60 0.74 87.36 59.13
Gemmiza 9 x Sids 6 40 8 19 12 1:2:1 0.85 .66 97.30 57.49
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resistant plants could be practiced in early generation. These results are in
accordance with those obtained by Shehab EL-Din ef af 1991 , Shehab EL-
Din and Abdel -Latief1996, and Abdel - latif Boulot 2000, and Mahgoub,
2001,

2- Leaf rust reaction

The population means and variances of the five populations ( P, Pz,
F,. F;, and F;) for the three wheat crosses; inoculated with the
uredeniospore of Puccinia recondita . at the adult stage under field
conditions are shown in Table 6. In addition, Table 7 represents the
estimation of gene action components for the three crosses.

Table 6. Means (X) and variances (S for the reactions of the five populations (P, P;,
F,, F, and Fy families ) for the three bread wheat crosses to leaf rust

: Cross name Parameters P, P, F; F; F;
_ X 022 | 032 | 907 | 1395 | 17.32
$akha 93 x Gemmiza 9 S? 0.001 | 001 | 036 | 1060 | 095
, X 0.40 | 1696 | 480 | 1022 | 18.62
Sakha 93 x Sids 6 S’ 012 | 1.07 138 | 473 | 539
. . X 023 | 847 9.48 3323 | 382
Gemmiza 9 x Sids 6 s? 0001 | 022 6.30 400 | 731

Table 7. Gene action parameters for reaction of three crosses of bread wheat to leaf

rust.
Cross Name m d h [ i
Sakha 93 x Gemmiza 13.95+ -0.05 -12.23% 494 -21.14*%
Sakha 93 x Sids 6 10.22* -8.28* -26.00* 30.30 -38.67*
Gemmiza 9 x Sids 6 33.23* -4.12* -20.75* -41.43* -40,13*
m = mean infection d= additive h = dominance
I = dominance x dominance i = additive x additive

The estimated mean effect of Fo(m), which reflects the contribution
due to the over all mean plus the locus effect and interactions of the fixed
loci, was found to be significantly. The different types of gene effects
indicated that (d) effects of the second and third crosses and (h) effects in
the three crosses were more pronounced. Moreover, (1) effect in the third
one and (i) effects in the three crosses were the most important in the
expression resistance to wheat leaf rust.
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The F; plants were susceptible in the three crosses. These data

indicated that susceptibility was dominant over resistance (Table 8).
Table 8. Infection type frequency distribution and phenotypic classes of the parents,
F,, and F; populations of the three bread wheat crosses to the leaf rust.

Infection types | Expec
No of 1 proba
Cross name ted 1 .
plants R S ratio bilty
Sakha 93 x Gemmiza 9
P, 15 15
P; 15 15
F, 15 15
F; 90 23 67 1:3 0.48 0.47
Sakha 93 x Sids 6
P, 15 15
P, 15 15
F, 15 15
F; 90 6 84 1:15 ] 0.03 0.48
Gemmiza 9 x Sids 6
P, 15 15
P, 15 15
F, 15 15
F, 90 27 63 1:3 1.2 0.62

Number of resistant: susceptible plants in the F, population for the
three crosses were 23:67, 6:84, and 27:63 respectively. These numbers fitted
the theoretical expected ratio 1 : 3 in the first and third crosses with P =
0.47, and 0.62, respectively . Meanwhile they fitted the dihybride ratio 1: 15
in the second one,

Concerning, the F; data; Table 9 show that the observed ratio for
true breeding for resistance: segregating: true breeding for susceptibility in
first and third crosses fitted the theoretical monohybrid ratio 1:2:1.
Meanwhile, this ratio fitted the dihybrid ratio 1:6:9 in the second cross and
confirmed the results obtained from F population.

These results indicated that Sakha 93 has two gene pairs while
Gemmiza 9 has only one. This is a good achievement for the wheat program
that aims to develop high yielding cultivars having different resistant genes
to protect the crop in Egypt. Similar results were obtained by Abdel-Latif et
al 1995 and Mahgoub 2001.




Table 9. Infection type frequency distribution and phenotype classes of the F; populations of the three bread wheat crosses to the
leaf -rust reactions

Infection types

Expected

Heritability %

No of 2 P.
Cross name families | Resistant | Segregation | Susceptible ratio X Value Broad | Narrow
L sense sense
Sakha 93 x Gemmiza 9 40 11 20 9 1:2:1 0.20 0.90 99.68 86.17
Sakha 93 x Sids 6 40 3 14 23 1:6:9 0.18 0.91 97.7 49.28
Gemmiza 9 x Sids 6 40 8 24 8 1:2:1 1.60 0.45 98.59 47.86
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Heritability values in broad and narrow senses, for the infection type
character, are given in Table 9. The broad sense heritability estimate were
99.68, 97.7, and 98.59% while in narrow sense estimates these values were
86.17, 49.28, 47.86% in the three crosses, respectively. These values being
high in broad sense and high to medium in narrow sense indicate that wheat
resistance to leaf rust is a simple inherited character and that selecting
resistant plants might be successfully practiced in early generation. These
results are in accordance with those obtained by Shehab EL-Din et al 1991a
, Shehab EL-Din and Abdel-Latief 1996, Youssef et al 1999, Abdel -Latif
and Boulot 2000 and Mahgoub, 2001.

3 Stem rust reaction

The population means and variances of the five populations ( Py, P2,
Fi, F2, and F; ) for the same three wheat crosses, inoculated with the
uredeniospore of Puccinia graminis the causal agent of stem rust, at the
adult stage under field conditions are shown in Table 10. Moreover, Table
11 represents the estimation of gene action components for the three
crosses.

Table 10. Means (X) and variances (Sz) for the reactions of the five populations (P, P,
F), F; and F;families ) for the three bread wheat crosses to stem rust

Cross name Para_nleters P, Py F, F, ¥,
Sakha 93 x Gemmiza 9 ;(z g:j :{)207‘ 3:(2} zg: ;;:
Sakha 93 x Sids 6 -;(—2 00‘;)2:1 381.;5637 293"3333 ?gg: ?:ﬁ

SRSIYY e Sk ETIAT LTI

Table 11. Gene action parameters for reaction of three crasses of bread wheat to stem

rust.
Cross Name m d h I i
Sakha 93 x Gemimiza 9 2.84% -0.08* -13. 71 19.65* -14.56*
Sakha 93 x Sids 6 30.62* -15.72* -12.69 -3.76 -51.50*
Gemmiza 9 x Sids 6 25.33* -16.04* -28.16* 13.64 -58.61*
m = mean infection ~ d= additive h = dominance
1 = dominance x dominance i = additive x additive



The estimated mean effect of F2(m), which reflects the contribution
due to the over all mean plus the locus effect and interactions of the fixed
loci, was found to be significantly. The different types of gene effects
indicated that (d) effects of the three crosses and (h) effects in the first and
third ones were more pronounced. Moreover, (1) effect in the first cross and
(i) effects in the three crosses were the most important in the expression of
the inheritance of resistance to wheat stem rust.

The F; plants were resistant in all crosses. These data indicated that

resistance was dominant over susceptibility (Table 12).
Table 12. Infection type frequency distribution and phenotypic classes of the parents,
F,, and F, populations of the three bread wheat crosses to the stem rust.

Infection types Expec
No of 2 proba
Cross name plants R s | fed X hiny
ratio
Sakha 93 x Gemmiza 9
P, 15 . 15
P, 15 15
F, 15 15 .
F; 90 80 10 15:1 3.62 0.60¢
Sakha 93 x Sids 6
P, 15 15
P, 15
F, is5 15
F, 90 86 4 15:1 0.50 0.42
Gemmiza 9 x Sids 6
P, 15 15
P, 15 15
Fi 15 15
F, 90 83 7 15:1 0.36 0.51

Number of F; resistant :susceptible plants for the three crosses were
80:10, 86:4, and 83:7 respectively. These numbers fitted the theoretical
hybrid ratio 15 : 1 with P = 0.60, 0.42, and 0.51, sequentially .

Concerning, the F; data in Table (13) show that 20, 19 and | families
were true breeding for resistance, segregating and true breeding for
susceptibility, respectively in the first cross. This ratio fitted the theoretical
dihybrid ratio 9 : 6 : 1 (with P = 0.33). On the other hand, in the other two
crosses; this ratio was 13true breeding to resistance:3 segregating. These
results confirmed the dihybrid ratio indicated from F, population of each
cross ( Table 13) .
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Table 13. Infection type frequency distribution and phenotype classes of the F; populations of the three bread wheat crosses to the

stem -rust reactions

No of

Infection types

Expected

Heritability %

2
Cross name families | Resistant | Segregation | Susceptible ratio X Value Broad | Narrow
sense semse |
Sakha 93 x Gemmiza 9 40 20 19 1 9:6:1 2.24 0.33 98.76 60.09
Sakha 93 x Sids 6 40 3 9 -- 13:3 037 0.52 97.45 48.01
Gemmiza 9 x Sids 6 40 35 6 -- 13:3 0.46 0.37 97.30 61.40

311



The segregation observed in F» plants data for cross 1, revealed that
the parental cultivars (Sakha 93 and Gemmiza 9) have different resistant
gene pairs.

The results indicated that there are at least three different gene pairs
function against stem rust causal agent in these parents. This proved the
diversity of the cultivars which is the ultimate goal of the breeding program.
Th.- diversity of resistance genes is very useful for the National Wheat
Program and a good strategy to protect wheat crop in Egypt. Similar results
were obtained by Shehab EL-Din ef al, 1991 (a and b), and Abdel-Latif and
Boulot, 2000, and Mahgoub, 2001.

Heritability values in broad and narrow senses, for the infection type
character, are given in Table 13. The broad sense estimate were 98.76.
07.45, and 97.30% while in narrow sense estimates were 60.09, 48.01,
61.40% in the three crosses. respectively. These values being high in broad
sense and medium in narrow sense indicate that wheat resistance to stem
rust is a simple inherited character and that selecting resistant plants could
be successively practiced in the early generations. These results are n line
with those obtained by Shehab EL-Din er ¢/ 1991a, Shehab LL-Din and Abd
EL-Latief1996. Youssef er af 1999, Abdel - latif and Boulot 2000 and
Mahgoub, 2001.

REFERENCES

Abdel- Latif, A.-H. and O.A. Boulot (2008). Inheritance of wheat stem rust
resistance adult stage under field conditions. J.Agric. Sci. Mansoura Univ,,
25 (6): 3727-3733.

Abdel- Latif, A.H.; T.M. Shehab EL-Din; M.M. El-Shami, and S.A.Abn EL-
Naga (1995). Genetics of Triticum aestivum: Puccinia recondita tritici
interaction "in three Egvptian wheat cultivars” J. Agric. Res. Tanta Univ.,
21(1): 182-188.

Abu EL-Naga, S.A., M.M. Khalifa; A.A. Bassioni : WA, Youssef; T.M.
Shehab EL-Din and H.A.AbdEIl-Latif (1999). Revised evaluation for
Egyptian what germplasm against physiologic pathotypes of stripe rust
(Puccinia stiformis west). 3, Agric. Sci. Mansoura Univ., 24(2):477-448.

Bartos, P.; J. Kosner and Hanusova (1986). Genetics of stem and leaf rust
resistance of the wheat cultivar Mephisto. Cereal Rusts Bulletin 14(2) : 41-
46.

Chen, X.M. and Line R.F. (1992). Identification of stripe rust resistance genes in
wheat genotvpes used differentiate North American races of Puccinia
striiformis Phytopathol 82:1428-1434. Cited by Shehab El-Din ef af. J.
Agric. Sci. Mansoura Univ., 21 (10} - 3461-3467, 1996.

312



Hayman, B.I. (1958). The separation of epistatic from additive and dominance
variation in generation means. Heredity 12: 371-390.

Knott, D.R. (1982). Multigenic Inheritance of stem rust resistance in wheat. Crop
Sci. 22 (2): 393-399. ,

Lush, J.L.(1949). Heritability of Quantitative Characters in farm Weber Agron.
Jour. 44:202-209.

Mahgoub, S. Hayam (2001). Quantitative determination of the gene action of
stripe, stem and leaf rust resistance in A- 6- Parent diallel cross of wheat. J.
Agric. Sci. Mansoura Univ., 26(1): 147-155.

Mather, K. (1949). Biometrical Genetics. Dover Publications Inc., London.

Padidam, M. and D.R. Knott (1988). Inheritance of resistance to stem rust in
"Bonza" "Chris". Thatcher, Narquillo and Hope Wheats. Genome 30 (2) :
269-276.

Shehab EL-Din, T.M.(1986). Environment as a third variable in modeling the
Gene- for- Gene relationship. Ph.D. Thesis, Kansas STATE Univ.

Shehab El-Din, T.; M. E1-Menoufi; M. Mosaad; R. Mitkees; M. Mahrous; A.
Hammada; A. Ageez; A. Bassiouni; M. EL-Shami; M. Abel-Aleem; M.
Bid; A. Abdel-Ghani; M. Eskander; N. Hanna; S. Sabry; A. Abdel-
Latif; M. Sharshar; Iman, Sadek; M. Mostafa;A, Abo-Warda; Y.
Abdel Gwad; A. Mousa; S. Abdel-Majeed; A. Tammam; Najwa;
Abdel Fatah; M. Moshref; E. El-Sayed; H. Ashoush; M.Towfeeles;
Hayam, Mahgoub; A. Moustafa; F. Hefnawy; H. Hendawy; S. Ali; A.
Abdel-Karim; A. Khattab; M. Abdel-Fattah; A. Menshawy; H. El-
Borhamy; A.Gomaa; F.El- Sayed; O.Khalil; Kadria Hegazi; A. Ali;
Enayat Khanem; S.Mahmoud and S.Sherif (2000). Gemmiza 7: A new
Egyptian long spike wheat cultivar. J. Agric. Sci. Mansoura Univ.
25(11)6709-6720.

Shehab EL-Din, T.M. and A. H. Abdel-Latif (1996). Quantitative determination
of gene action of stripe rust resistance in A 6- Parent diallel cross of wheat.
J. Agric. Sci. Mansoura Univ,, 21(10): 3461-3467.

Shehab El-Din, T.M.; M. A. Guad; S.A. Abouel- Naga, S.A. and M.M. El-
Shami {1991a} Quantitative study on wheat resistance to stem rust caused
by Puccinia graminis tritici. ). Agric. Sci. Mansoura Univ., 16: 1298-1303,

Shehab E}-Din, T.M.; M. A. Guad; S.A. Abouel- Naga, S.A. and M.M. El-
Shami (1991b) Genetics of Triticum aestivum . Puccinia graminis tritici
interaction. J. Agric. Res. Tanta Univ. 18 : 426-437.

Shekab EL-Din, T.M.; M.M. ELShami and A.H.Abdel-Latif (1996).
Qualitative and quantitative genetic studies on Triticum aestivum

Puccinia recondite interaction J. Agric. Sci. Mansoura Univ.. 21 (10):
3461-3467.

tad
[o—
LS



Shehab El-Din,T.; R.A. Mitkees; M.M. EL-Shami; M.A. Gouda; M.M. Abel-
Aleem; A.M. Abdel-Ghani; N.S. Hanna; S.R.S. Sabry; A.M. Abdel-
Latif; M.S.A. Sharshar; Iman, M.M. Sadek; A.M.A. Abo-Warda;
M.Kh. Moshref; E.A.M. El-Sayed; Hayam, S. Mahgoub; AK.
Mostafa; M.G. Mosaad; A.M., Bassiouni; M.M.A. El-Menoufi; S.Kh.
Mahmoud; M.A. Mahrous; A.A. Ageez; M.A.M.Eid; M.H. Iskandar;
M.A. Mostafa; A.A. Hammada; Y.G. Abdel- Gawad; A.M. Mousa;
S.A. Abdel- Majeed; A.M. Tammam; Nagwa; R. Abdel Fatah; H.
Ashoush; F.A. Hefnawy; H. Hendawy; S. EI-Din Ali; M.B. Towfeeles;
A.A. Abdel-Kreem; A.A. Khttab; A.A. Gomaa; O.H.S, Khalil; Kadria
Hegazi; Enayat H. Ghanem; A.A, Ali; F.F. Ei- Sayed; Ikhlas Shafik
and S. Abo- Naga.(1999). Sakha 93 and Giza 168: two new high yielding
and rust diseases resistant bread wheat cultivars. J. Agric. Sci. Mansoura
Univ. 24(5)2157-2168.

Singh, R.K. and .Chuadhary (1985). Biometrical Methods in Quantitative
Genetic Analysis Kalyani Puplisher, New Dehi, Ludhiana, India.

Singh, R.P. and McIntosh (1984)..Complementary genes for genes for reaction to
Puccinia recondite tritici in Triticum aestivum 1.. genetic and linkage
studies Canadian Journal of Genetics and Cytology. 26 (6):723-735.

Steel, R.G.D. and J.H.Torrie (1980). Principles and Procedures of statistics
Biometrical approaches 2 nd Mc Graw-hill Book Company New York
London.

Stubbs, R.W.; Prescott, J.M.Saari, E.E. and Dubin, H.J. (1986). Cereal Disease
Methodology. Manual Cenrol interaccional de Majoramients de maiz tigo
(CIMMYT), Mixico 9922,

Travet, lan and R.C. Cassell (1951). The use of cyclone separation in race
identification of cereal rusts. Phytopathology 41:282-285.

DAY £laadld pall) Aaglia Gl g5 Ao LSy A 5 Gl 0
s bbb
— ot 30 gl 3 e Al pealandl gy g il g gn i grali sl
g §Fang TF liu Al el e cibiual ADE (w LiSeal) Gas DU Je a3
ol ol peadll Laglie Al ptf L Lol 1 30l Gypadl Laae & jomay Yoo V/Y oot ple i 1
A pgall g . agie JO Lagliadl Slin 4 ey Gladl Taay Gsd fray bbiad [1_al
page o g o O il g Jo¥) hadl Sl g LY Duiiagd) ssdill e p ey Al ) el
il y LY el agds Ao Jpaall g S fiad gk e e sn ARl i T g /Y0 Y
S e Claddly T o ofY et g A Lty Daill Cad S N0 o Opad JuSI
paead aladlaly L adll 2dli o3 Ay . Cpas JOSIGY Lol g SN feally fo¥) Lally sl
e 208 3 (RCBD) Ll pudaliilals cle Ll

314



Logliall sy (o £ 40 4 5 sang 7 L Gpiicall e JS of @ilill < gl 1 dy
ot Of Lagia cuagll U Lall § e (3 daldall Jjad¥l G Gl - dabiall fauall s jmad
Jalsall Ga cpa g Ao 5 g 11 L diiall of pitail gkl Les . Lagadaey 0p Glilide cpdad
T a0 Lo gliay Lualih) L3145 Jul gl (30 g £ 05 A0 (5 800 % 8 nan cilleally L)1)
sl Lo gliall ilisn o g A o5 iy Opebedl il a3 of il oy g ] O tiSy
O ol Cuada gl LaS . puupall Lia 4 Gl Jadk dihis 6 5 kil phaill DU 2 g (Jlal
e o gl oda Ju5  ADEY plasll e ¥ daglie i o o s gian ¥ T (e ciiall
lglt pa aclidd 13a Lo gliall dieal Lpeailly 9 5 jpany 4V Lo cpdiall o gl S0 londl
st laad Ldl g Faebiall cilivadl 2a Lop3ba o520 graia g5 g LaS . quadll Ly 5 gralise ciia
- puan (o geall

bady Gl ullS aoud 3 Uiy gl ;ST il Of  alh filadl m5 gl ad g
Logliall diva of o Sy Las LDUD gl (A Dlle () Lau gin Cpla S gl i (Gpmal] 0 Licaas
LS . Ll ol Jolgall o Ll s o Glags of £ g8 pSaly sy dio 4 ADUEN plamadl!
O 5 Aagliie libad Guld ol 1A, 0 ol fuladl (e lgple haadel] ol il ois ciasf
o Saall Ll ai) Joa¥ A plads wl o (Sa LDUN £ 1ane)

(Tee) PVo—vat (1)1 il Ly il 4y puaall Aaad

315





