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ABSTRACT

This investigation was carried out to identify stem rust resistance genes in the
six Egyptian bread wheat cultivars Sakha 93, Sids 1, Gemmeiza 10, Gemmeiza 11,
Misr 1 and Misr 2. F; seed were developed from the crosses between the six wheat
cultivars and each of the wheat monogenic lines of Sr 11, Sr 32, Sr 33 and Sr40 in
2012/2013 season. In the next season, 2013/2014, F; plants were tested under field
conditions after artificial inoculation with a mixture of stem rust physiological races at
Sids Agricultural Research Station, ARC, Egypt. Chi-square test was used to test the
fitness of segregation in F2 plants for each cross to the expected ratios. Out of the six
wheat cultivars, the two cultivars Sids 1 and Gemmeiza 10 showed no or negligible
segregations in F» crosses between them and each of the four stem rust monogenic
lines. All or majority of F2 plants showed resistant type of reaction to stem rust under
field conditions indicating that both cultivars expected to carry Sr11, Sr32, Sr33 and
Sr 40 adult-plant stem rust resistance genes. On the other hand, the remaining four
wheat cultivars, Sakha 93, Gemmeiza 11, Misr 1 and Misr 2 showed significant
segregation in their F> crosses with the monogenic lines. Segregations among F»
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plants were toward resistance in the crosses with the two cultivars Sakha 93 and -

Gemmeiza 11 while it was toward susceptibility in the crosses with the two cuitivars
Misr 1 and Misr 2. Resistance found to be dominant over susceptibility in the crosses
between the two cuitivars Sakha 93 and Gemmeiza 11 and the monogenic lines
except for the cross Sakha 93 x Sr 32. Meanwhile, susceptibility was dominant over
resistance in the crosses between the two cultivars Misr 1 and Misr 2 and the
monogenic lines. The results of this study indicate the importance of the two Egyptian
bread wheat cultivars Sids 1 and Gemmeiza 10 as a source of adult-plant stem rust
resistance genes which could be utilized in wheat breeding program for improving
stem rust resistance in Egypt.
Keywords: Wheat, adult-plant resistance and stem rust (Puccinia graminis f sp.
Tntici) : ’
, INTRODUCTION

Wheat (Triticum aestivum L.), as nutritive crop, considered one of the
most important cereal crops in Egypt as well as in many parts of the world. In
Egypt rust diseases are the most common and dangerous on wheat plants
(Abd El-Hak et al, 1973). Wheat stem rust caused by the fungus Puccinia
graminis f. sp. tritici is a heterocious obligate biotroph with a macrocyclie
lifecycle feating five distinct spore stages ( Leonard,2005).Stem rust
considered as the most destructive disease of wheat ( El — Sayed, 2011).
The losses may reach 100% on susceptible wheat cultivars when conditions
are favorable for the disease ( Singh et al., 2002 , 2006 and 2011). The
appearance of virulent and aggressive pathotypes of the causal organism is
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one of the most dangerous factors in the occurrence of any disease epidemic
(Diab, Hoda 1994, Abdel Malik, Nagwa 2003) . The appearance of race 15B
of stem rust in the USA in 1960's ( Zadoks, 1971) and the appearance of race
Ug99 in Uganda in 1999 were clear examples ( Wanyera et al., 2006 and
2009). Breeding for adult-plant resistance is still the most economic and
desirable method for controlling the disease ( Mcintosh, et al., 2008). Nature
of wheat resistance to stem rust disease dependent on genetic agents is
controlled by major or minor genes or both together { Simons, et al., 1978).
The effectiveness of resistance in wheat cultivars to any rust disease
depends on its level, stability and durability. Therefore, the effectiveness of
stem rust resistance genes (Srs) at adult-plant stage against stem rust were
evaluated under field conditions. Identification of stem rust resistance genes
(designated “Sr" genes) presents in each variety enable wheat breeders to
achieve their objectives more quickly and reduce the time for testing under
filed conditions ( Anderson et al, 1971). The characterization of specific stem
rust resistance genes is very useful to determine exactly which resistance
genes are present in commercial wheat varieties. Little is known about the
adult plant stem rust resistance genes present in the Egyptian wheat
cultivars. The main objective of the present study were to identify the genes
governing adult-plant resistance to stem rust in the six Egyptian bread wheat
cultivars Sakha 93, Sids 1, Gemmeiza 10, Gemmeiza 11, Misr 1 and Misr 2.

MATERIALS AND METHODS

To Iidentify gene (s) for stem rust resistance in the six Egyptian bread
wheat cultivars Sakha 93, Sids 1, Gemmeiza 10, Gemmeiza 11, Misr 1 and
Misr 2, crosses were conducted between them and each of wheat stem rust
monogenic lines Sr 11, Sr 32, Sr 33 and Sr 40. Table 1 demonstrates name,
pedigree and stem rust reaction of the four monogenic lines and six Egyptian
bread wheat cultivars used in the study. Seeds of wheat cultivars were
provided by Wheat Res. Dept., and the stem rust monogenic lines were
provided by Wheat Disease Res. Dept., ARC, Egypt. The parentai varieties
and monogenic lines were grown in 2011/2012 growing season at Sids
Agricultural Research Station in three successive sowing dates with 15 days
intervals to overcome differences in the time of flowering. The Monogenic
lines under the study were used as male parents for crosses with each of the
wheat cultivars. Any doubtful of F plants were discarded and each was
harvested separately. The F, seeds were grown at the following season
(2012 /2013) in rows of 4 m long and 30 cm apart and spaced 30 cm in order
to facilitate production of F, seeds. In 2013/2014 growing season, parents
and F, seeds were grown in piots, each plot of the F, contained 10 rows,
each 4 m long and spaced 30 cm between rows and 15 cm between plants.
A mixture of the two stem rust highly susceptible wheat varieties; Morocco
and Triticum spelta saharinsis were grown as spreader around all plots. F,
plants were tested at adult stage under artificial inoculation conditions
{Stakman et a/ 1962) . Plant response to rust infection at the adult plant stage
was termed infection response (IR,%). According to the size of pustules and
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associated with necrosis or chlorosis, IR,s were classified into four discrete
categories : R = resistant, MR = Moderately Resistant, MS = Moderately
Susceptible and S = Susceptible ( Roelfs et al., 1992). Infection response
overlapping between any particular two categories were denoted using a
dash for instance " MR-MS" denoted an infection response class overlapped
between the MR and MS categories. Entries were evaluated for IR,s two to
three times between plant heading and maturity. The infection responses at
the soft-dough stage of plant growth were used to represent the final disease
scores in this study (Jin et al., 2007). IR,® was recorded for each F plant for
each cross grouped and into several categories depending on the IR, S under
field conditions. The first four categories were considered resistant phenotype
and the late three categories were considered as susceptible phenotypes.
For identification of the adult-plant stem rust resistance genes in each cross,
the chi-square test (X‘?) was used to test the significance of difference
between observed and expected ratios in F, populations for stem rust
reaction according to Steel and Torrie (1960).

Table (1). Name, pedigree and stem rust reaction of the four stem rust
monogenic lines and six Egyptian bread wheat cultivars
used in the study.

Name Pedigree Stem rust reaction
1Sr11 Lee/6*LMPG-6 DK 37 Moderately resistant
Sr32: [ER5155 S-203 (1995) Roelfs Moderately resistant
Sr 33 IRL 5405 (1192) Kerber Moderately resistant
1Sr 40 RL.6087 Dyck Moderately resistant
Sakha 92 / TR810328 )
ISakha 93 S 8871-15-25-1S-0S Susceptible
) HD2172/Pavon"S"//1158.57/Maya74"S" )
ISids 1 SD46-4SD-2SD-1SD-0SD Moderately resistant
. IMAYA47"S"/ON//M60-147/3/BB/GLL/4/CHAT"S"/5/ CROW"S" .
Gemmeiza 10| 3017892-2GM-1GM-2GM-1GM-0GM Resistant
. BOW'S"/KVZ'S'/[7C/SER182/3/GIZA168/SAKHA 61 :
iGemmeiza 11 CGM5820-3GM-1GM-2GM-0GM Susceptible
) OASIS/SKAUZ/I4'BCNI/2"PASTOR )
Misr 1 CMSS00Y01881T-050M-030Y-030M-030WGY-33M-0Y-0s|  Susceptile
: SKAUZ/BAV92 )
Misr 2 CMSS96M03611S-1M-010SY-010M-010SY-8M-0Y-0S Susceptible

RESULTS
’

To identify genes governing wheat adult-plant resistance to stem rust,
21 crosses between the six bread wheat cultivars, Sakha 93, Sids 1,
Gemmeiza 10, Gemmeiza 11, Misr 1 and Misr 2, and each of the four wheat
monogenic lines Sr 11, Sr 32, Sr 33 and Sr 40 were used. The F;
populations of these crosses were tested for adult plant reaction for stem rust
under field condition. The detailed results are showed in Table 2 and
summarized in Table 3. F, populations from all crosses showed a range of
stem rust infection response from complete resistance to segregation to
susceptible and resistance with different ratios. The piants with infection
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responses R, R-MRMR and MR-MS were grouped into the resistance
category (R) and MS, MS-S and S were grouped into the susceptible
category (S).
Sr11

Al of the 224 and 222 F, plants of the crosses between the
monogenic lines Sr 11 and each of the two wheat cultivars Sids 1 and
Gemmeiza 10, respectively had resistant response and showed no
segregation (Table 2). These results indicate that both cultivars are expected
to carry the aduit-plant resistance gene Sr 11. On the other hand, F, plants of
the crosses between the monogenic line Sr 11 and each of the wheat
cultivars Sakha 93, Gemmeiza 11, Misr 1 and Misr 2 segregated to 210 R :20
S, 180 R :48 S, 160 R: 63 S and 70 R : 175 S with expected segregation
ratios of 57:7, 13:3, 3:1 and 1.3, respectively (Table 2). These results indicate
the absence of Sr 11 in the above four cultivars.
Sr32

Of the 219 F, plants there were only 6 susceptible plants to stem rust
recorded in the cross between the monogenic line Sr 32 and the cultivar Sids
1 (Table 2). Probability of chi-square test was very low (0.01-0.05) indicating
insignificance of the segregation in F, population in this cross. In addition, all
F. plants of the cross between the monogenic line Sr 32 and the cultivar
Gemmeiza 10 showed resistance reaction for stem rust. These results
indicated that both wheat cultivars Sids 1 and Gemmeiza 10 are expected to
have the same stem rust resistant gene as the monogenic line Sr 32. On the
other hand, the segregations ratios of F, plants confirmed that the three
cultivars Sakha 93, Misr 1 and Misr 2 did not have the stem rust resistance
gene Sr 32 (Table 2), Segregation ratios were 1R: 3S, 7R:57S and 7R:57S,
respectively. F, plants of the crosses between the monogenic line Sr 32 and
the cultivar Gemmeiza 11 segregated to 162 R : 68 S. The segregation fit the
rato3R:18S.
Sr33

Only 7 susceptible plants were recorded from the 240 F, plants from
the crossing between the monogenic line Sr 33 and the cultivar Sids 1.
Probability of chi-square test was very low (0.01-0.05) indicating
insignificance of the segregation in F, population of this ¢ross. In addition, all
F, plants (225 plants) of the cross between the monogenic line Sr 33 and the
cultivar Gemmeiza 10 showed resistance reaction for stem rust. These
results indicate that both wheat cultivars Sids 1 and Gemmeiza 10 expected
to have the same aduit-plant stem rust resistant gene as the monogenic line
Sr 33. Meanwhile, F, plants of the crosses between the same monogenic line
(Sr 33) and the wheat cuitivars Sakha 93, Misr 1 and Misr 2 segregated to
166 R : 38 S, 41 R: 179 S and 22 R : 182 S, respectively. The segregations
of F, plants indicate that the wheat cultivars Sakha 93, Misr 1 and Misr 2 did
not have the stem rust resistance gene Sr 33. Probability of chi-squares was
0.90-0.95 for the expected segregation ratios 13R : 3S, 3R : 13S and 7R :
578 for the crosses with the wheat cultivars Sakha 93, Misr 1 and Misr 2,
respectively. :

Sr 40
1000
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All of the 235 and 214 F, plants of the crosses between the monogenic
line Sr 40 and each of the wheat cultivars Sids 1 and Gemmeiza 10,
respectively were resistant to stem rust (Table 2). Absence of segregation in
F, plants of the two crosses indicated that the two wheat cultivars Sids 1 and
Gemmeiza 10 expected to have the adult-plant stem rust resistance gene as
the monogenic line, Sr 40. On the other hand, F, plants of the crosses
between the monogenic line and the wheat cultivars Misr 1 and Misr 2
segregated to 21R : 190S and 22R : 200S, respectively. The presence of
segregation in the crosses indicates the absence of Sr40 in the two cuiltivars.

DISCUSSION

The most economical and preferable method for controlling wheat stem
rust is the utilization of host genetic resistance. Therefore, special focusing has
been concentrated on the adult-plant resistance genes to stem rust, which is very
important to protect wheat plants during the flowering and seed filling stage.

Gene Sr 11 was isolated from Trticum turgidum var. durum cv. Gaza
(Watson and Stewart, 1956) and it was mapped to chromosome 6 B L
(Loegerning, and Sears,. 1966). Results of this study showed the expression of
this gene in the two cultivars Sids 1 and Gemmeiza 10 and no expression in the
other four cultivars Sakha 93, Gemmeiza 11, Misr 1 and Misr 2 indicating the
absence of Sr 11 in the last four cultivars (Table 3). In addition, the monogenic Sr .
11 and each of the four cultivars differ in at least two pair of genes. Resistance to
stem rust is dominant over susceptibility in the three cultivars Sakha 93,
Gemmeiza 11 and Misr 1.

Gene Sr 32 was isolated from Tnticum speltoides and was allocated on
chromosome 2 A (Mcintosh et al., 1974). F, results demonstrated its expression
in Sids 1 and Gemmeiza 10 but not in the three cultivars Sakha 93, Misr 1 and
Misr 2 as the presence of segregations in F, confirmed that these cultivars did
not have the stem rust resistance gene Sr 32 (Table 3). The results indicate that
the three cultivars have at least two recessive resistance genes against stem rust
differ from Sr 32. Meanwhile, the wheat cultivars Gemmeiza 11 has one
dominant gene for stem rust resistance different from the tested gene Sr 32.

Gene Sr 33 was found from Trticum tauschii RL.5288 and was allocated
on chromosome | DL( Kerber and Dyck, 1979). In the present study six Egyptian
bread wheat cultivars were tested for the presence of the gene Sr 33. Results
showed that all of F, plants of the crosses between the monogenic line carrying
the gene Sr 33 and eath of the cultivars Sids 1, Gemmeiza 10 showed
resistance responses of infection to stem rust under field conditions. These
results confirmed the expression of the adult-plant resistance gene Sr 33 in the
two wheat cultivars. On the other hand, the segregation of F, plants indicated
that the cultivars Sakha 93, Misr 1 and Misr 2 did not have the stem rust
resistance gene Sr 33. Resistant are dominant over susceptibility in the cross
with Sakha 93 while the opposite was in the other two crosses.
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Table (2). Stem rust infection response, observed ratio, expected ratio, chi-square and probability of F, plants from
the crosses between four stem rust monogenic lines and six Egyptian bread wheat cultivars under
artificial inoculation in field condition in the season 2013/2014.

. . Observed
Cross Stem rust infection response ratio Expected ratio| X* |{Probability
R ]RRMR | MR° | MR-MS | MS* [ MS-S | §7 R S

Sakha 93x Sr11 40 48 60 62 6 4 10 | 210 20 57:.7 1.187 | 0.25-0.50

Sids 1x Sr11- 123 14 85 2 0 0 0 | 224 0 No segregation| - -

Gemmeiza 10 x Sr 11 169 20 22 11 0 0 0 | 222 0 No segregation - -
Gemmeizal1x Sr11 54 33 62 k)| 6 13 29 | 180 48 13:3 0.794 | 0.25-0.50
Misr 1x Sr11 48, 18 63 3 48 8 7 | 160 63 3:1 1.257 | 0.25-0.50
Misr 2x Sr11 22 13 25 10 30 12 133 | 70 175 1:3 1.667 | 0.10-0.25
- Sakha 93x Sr32 20 10 35 8 72 10 80 | 73 162 1:3 4.609 | 0.01-0.05
= Sids 1x Sr32 126 3 80 4 6 0 0 | 213 6 No segregation | 4.605 | 0.01-0.05

N |Gemmeiza 10 x Sr32 73 12 140 0 0 0 0 225 0 No segregation - -
Gemmeizal1x Sr32 10 15 125 12 50 8 10 | 162 68 31 2.557 | 0.10-0.25
Misr 1x Sr32 5 2 9 4 59 9 120 | 20 188 7:57 0.373 | 0.50-0.75
Misr 2x Sr32 7 3 6 3 48 11 114 | 19 173 7:57 0.214 | 0.50-0.75
Sakha.93x Sr33 83 7 94 8 29 2 7 166 38 13:3 0.002 | 0.90-0.95
L Sids 1x Sr33 140 15 68 10 3 0 4 233 7 No segregation| 4.551 | 0.01-0.05

* . |Gemmeiza 10 x Sr33 | 55 10 160 0 0 0 0 |225 0 No segregation} - -
’ Misr 1x Sr33 3 4 16 18 48 58 73 | 41 179 3:13 0.002 | 0.90-0.95
Misr 2x Sr33 6 3 8 5 52 21 109 | 22 182 7:57 0.005 | 0.90-0.95

Sids 1x Sr40 80 5 150 0 0 0 0 235 0 No segregation - -
Gemmeiza 10 x Sr40 42 8 164 0 0 0 0 214 6 No segregation | 4.659 | 0.01-0.05
Misr 1x Sr40 9 3 4 5 25 11 154 | 21 190 7:57 0.210 | 0.50-0.75
Misr 2x Sr40 8 4 6 4 90 9 101 | 22 200 7:57 0.241 | 0.25-0.50

a R = Resistant; b MR = Moderately resistant; c MS = Moderately susceptible; d S = Susceptible.
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Gene Sr 40 was originally isolated from Triticum timophem and
ailocated on 2BS (Dyck, 1992). and closley linked for Sr 36 (El- Daoudi, et a.,
1995 and Hassan, 2006). All of F, plants of the crosses between the
monogenic line carrying the gene Sr 40 and each of the cultivars Sids 1 and
Gemmeiza 10 found to be resistance and showed no segregation. These
results indicated that the two cultivars Sids 1 and Gemmeiza 10 expected to
carry the stem rust resistance gene Sr 40. On the other hand, the two
cultivars Misr 1 and Misr 2 segregated and its segregations fit the ratio 7R :
578 indicating that these two wheat cultivars have three independent
recessive genes and susceptibility was dominant over resistance (Youssef et
al., 2012).

In conclusion, the adult plant stem rust resistance in the six Egyptian
wheat cultivars under study is controlled by a group of the genes Sr 11, Sr
32, Sr 33 and Sr 40, these genes are expected to be a part of the genetic
pool of the two Egyptian bread wheat cultivars Sids 1 and Gemmiza 10
(Table 3). Moreover, these adult-plant stem rust resistance genes are
conditioning effective field resistance against stem rust disease.

Table (3). Summary of genes expected to be present in the six Egyptian
bread wheat cultivars under study.

. Stem rust gene

Cultivar Srid Sr32 e Sra0
Sakha 93 2 - - NA®
Sids 1 +7 + + +
Gemmeiza 10 + + + +
Gemmeiza 11 - NA NA
Misr 1 - - - -
Misr 2 - - -

a (-) = The gene is absent; b (+) = The gene is expected to be present; c (NA) = the cross
was not available

REFERENCES

Abd El-Hak, T.M.; Stewart, D. M. and Kamel, A. H. (1973). First occurrence
of race 15B of wheat stem rust in Egypt and Pakistan. Pl. Prot. Bull.,
FAO, 21:5-7. :

Abdel-Malik, Nagwa.(2003) Study the effect of environment ai factors on the
viability of rust uridiniospores of wheat rusts. M. Sc. Thesis, Dep. of
Agric. Science, Institute of Environmental Studies and Reseach. Ain
Shams University .

Anderson, M.K.; Williams, N.D and Maan S.S (1971). Monosomic analyses
of genes for resistance derived from Marquis and Reliance wheat. Crop
Science, 11: 556-558.

Diab, Hoda (1994). Epidemiology of wheat leaf in Egypt in relation to
ecological conditions. Ph.D. Theseis, Institute Environmental, Science
Studies and Research. Ain Shams Univ.

1003




Abdalla, M.E et al.

Dyck, P.L. (1992). Transfer of a gene for stem rust resistance from Triticum
araraticum to hexaploid wheat. Genome, 35. 788-792.

El-Daoudi, Y.H.; Mamiluk, O.F.; Abu El-Naga, S.A.; Ahmed, M.S.; Bekele, E.;
Nabila, A. El-Sherif and Khalifa, M.O. (1995). Virulence survey of
Puccinia graminis f.sp. trtici and genes conferring resistance to wheat
stem rust in the Nile Valley countries, Yemen and Syria during 1992/93
and 1993/94. Egypt. J. Appl. Sci., 11 (3): 90-110.

El-Sayed, O.A. (2011) . Studies on stem rust disease of wheat In Egypt.
M.Sc. Thesis, Faculty of Agriculture, Mansoura University.

Hassan, A M. (2008) Performance of the Egyptian wheat varieities to stem
rust and dynamic of virulence of the causal organism. Ph.D. Thesis in
Plant Pathology Faculty 20010of Agriculture, Minufiya University Shebin
Elkom. 167 p.

Jin, Y.; Singh, R.P.; Ward, R.W.; Wanyera, R.; Kinyua, M.; Njau, P. and
Pretorius, Z.A. (2007). Characterization of seedling infection types and
adult plant infection responses of monogenic Sr gene lines to race
TTKS of Puccinia graminis f. sp. tritici. Plant Dis., 91:1096-1099.

Kerber, E.R. and Dyck, P.L. (1979). Resistance to stem rust and leaf rust of
wheat in Aegilops squarrosa and transfer of a gene for stem rust
resistance to hexaploid wheat. /n 'Proceedings of the Fifth International
Wheat Genetics Symposium'. (Ed. S Ramanujam.) pp. 358-364. (indian
Society of Genetics and Plant Breeding: New Delhi, India.).

Leonard, K.J. and Szabo, L.S. (2005). Stem rust of small grains and grasses
caused by Puccinia graminis. Mol. Plant Pathol., 6: 99-111.

Loegering, W.Q. and Sears, E.R.(1966).Relationships among stem-rust genes
on wheat chromosomes 2B, 4B and 6B. Crop Science,6:157-160.
Mcintosh, R.A.; Yamazaki, Y.; Dubcovsky, J.; Rogers, J.; Morris, C. and
Somers, D.J. (2008). Catalogue of Gen Symbols for Wheat. Brisbane,

Australia.

Mcintosh, R.A.; Dyck, P.L. and Green, G.J. (1974). Inheritance of reaction to
stem rust and leaf rust in the wheat cultivar Etoile de Choisy. Canadian
Journal of Genetics and Cytology, 16: 571-577.

Roelfs, A.P.; Singh, R.P. and Saari, E.E. (1992). Rust diseases of wheat:
concepts and methods of disease management. CIMMYT, Mexico,
D.F.

Simons, M.D.; martens, JW. ; McKenzie, R.I.H.; Nishiyama, |.; sadanaga,
K., J. Sebesta and Thomas, H. (1978). Oats: A standardized system
of nomenclature for gerffes and chromosomes and catalogue of genes
governing characters U.S., Dept. Agric., Handbook. 509, 1-40.

Singh, R. P.; Hodson, D.P; Julio Huerta-Espino; Yue Jin; Sridhar Bhavani;
Peter Njau; Sybil Herrera-Foessel, Pawan; K. Singh Sukhwinder Singh,
and Velu Govindan. (2011). The 61 Emergence of Ug99 Races of the
Stem Rust Fungus is a Threat to World Wheat Production. Annu. Rev.
Phytopathol, 49; 465-482

1004




,

J. Plant Prot. and Path., Mansoura Univ., Vol .6 (7), july, 2015

Singh, R.P; Hodson D.P; Jin Y; Huerta-Espino J; Kinyua M.G; Wanyera R;
Njau P. and Ward, R.W. (2006). Current status, likely migration and
strategies to mitigate the threat to wheat production from race Ug99
(TTKS) of stem rust pathogen. CAB Reviews: Perspectives in
Agriculture, Veterinary Science, Nutrition and Natural Resources, 1: 1-
13.

Singh, R.P; Huerta-Espino, J; Roelfs, A.P. (2002). The wheat rusts. In: Curtis
BC, Rajaram S, Gomez Macpherson H (eds) Bread wheat:
improvement and production. Piant Production and Protection Series
no. 30. FAO, Rome, pp 317-330

Stakman, E.C.; Stewart, D.M. and Loegering, W.Q. (1962). identification of
physiologic races of Puccinia graminis var. tritici A.R.S. USDA. Agric.
Res. Serv. Bull. E. 617- 53 pp.

Steel, R.G.D. and Torrie, T.H. (1960). Principles and procedures of statistics.
MC-Grraw Hill, N.Y., USA.

Wanyera, R., Kinyua, M. G,, Jin, Y., and Singh, R. P. 2006. The spread of
stem rust caused by Puccinia graminis f. sp. tritici, with virulence on
Sr31 in wheat in Eastern Africa. Plant Dis, 90: pp 113.

Wanyera, R.; Macharia, I.K.; Kilonro, S.M., and Kamundia, J.W. (2009). Foliar
fungicides to control wheat stem rust, race TTKS (Ug99), in Kenya.
Plant Dis., 93:929-932.

Watson, |.A. and Stewart, D.M. (1956). A comparison of the rust reaction of -
wheat varieties Gabo, Timstein, and Lee. Agronomy Journal, 48: 514-
516.

Youssef, LA.M.; Gamalat, A. Hermas; Doaa R. El-Naggar and Nabila, A. EI-
Sherif (2012) Virulance of Puccina graminis f. sp. tritici and postulated.~
resistance genes for stem rust in thiteen wheat varieties during
2008/2009 growing seasons in Egypt . Egypt. J. of Appl. Sci., 27(11):
326-344,

Zadoks, J.C. (1971). Systems analysis and the dynamics of epidemics.
Phytopathology, 61: 600-610.

1005




Abdalla, M.E et al.

:g}anj,\i@'éd&aiiﬁuué‘juﬂwyl#\Q@\LJLLH\JJ

S aad Lade dw Asea ¢ Froupad Sl e Jile ¢ 3 e Bl Laaa
k) agaad) e dalud

Bgaiall daala — 4o 3l IS — bl Ll yal and®

Bl - sl 3l Gigagdl S pe — Lplhal) Justaall Gigag dgae — gualll Sigay andt*
Baadl - Ao )3l Gigadl 38 pa — Ll Gl jal Eigan g — grall) (al pal i gay anidv*

O Dl Gl 8 Gledifacal AL it 2 i Clise sl Al jall 038 Cy yal
oY paay ) a5 V) Bimeny Ve Binen 5 ) e 5 T B D padll il 24
sl o W el Y Sy ol LYY O gl 03 YoV Y/Y Y eyl salt
clEY Sr 40 5 Sr 33 581 32 5 Sr 11 (8543 5 ) geay Glalllaal Lo il il
daadl Gsn 2LV JoW il s ae )5 M o) )50 a gl (B oY) Dl g
o Aaliadl S dall s g die 5 a1 g 55 Yo VE/Y T ol )5l augall iy U
Clia¥) (e daildy g5 aly Ladl Cilasal y utaay Lol Casal) Anad Afal de ) Sall
Lnyall adl ol e dapdiy ol il eliall (o paall <y jal 5 BLadd LGN )
il Couzaity Gladifaal ol Gall 4o il il Jad o) Jissd 235 | Gladifaae @Y
o Jiasy ‘,\.J.:.ﬂ LS c_ll_'u]\ by sls e LA aladduly Al giall il Cluad 308540
SVl 5 Ve By ) g udiall O Gy et A Gagd) maan (A e AlE da py 00 5m
adaall Ldall o waen o Baa gl Cum A2 585 gy Fladlfaal e gliall cilipad ALall g y¥
6yl peaill Cra Cpiiaall NS 5K o ads @y Glallacal daglia LU Jual cilital
(Sr40 5Sr33 5Sr 32 5 Sr11) tajlaal &5 3 ;¥ Sliall (Dlesy

5 4F L) AW Lag )W Ay peaall GilialY) Led S it 3l (pagl duaslly Ll
Gladlaal o it ciliad Adadl a )W) YN (o S pn (¥ erag ) jeda 5 VY B an
il s (4 Ll AL 5 Za il (3 W) Jail 0 g2 g S b (B Jan ) 238 20 35 ) gocy
Gyl L}a.al\lu‘)\]\gi&m\]hﬂ.\iu_iu@\ob J_,;‘,d\.ua\?.\cu.\admbuu.xu\
Cxs u.;e.l\ t ad A.JLLd\ u-‘° B2t il Ll laa U"J‘] u‘,l.u!\ o JV N G
dL..._l\\u«_,.,uA\ lal LLdall ¥ ¥l e JS5 1Y 533eay 4T L Guiial)
s by Laiy S BZM&LﬂlUMb Y L Caliall O el lae 403 )i 5 g
&V OVl (IS5 ¥ peaay ) eas Gpiball (g Oael gues B @l uSe I
Glult laia (o el A LGN CilS Sya 04k 5 g dl.u]\‘.ha] Ao gliadl el aldalt
Y. n‘).\.aa_,\ WM\M‘&L&\JQ“A&@@JML«S u.a_)‘nuaa_,m“,.\aaml.u
@‘)ﬂ\éah}uﬂtq.uum\ﬂus.uu_,tuuhaau.\oqu“,hyc.aﬂ\uﬂdu\‘dmu‘,hauﬂ
M)..a.aﬂg_n")lnnu_\a.nu‘,hauhmicl.u\]

1006



