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ABSTRACT

Stripe (yellow) rust caused by Puccinia striiformis f. sp. tritici (Pst) is one of
the most important wheat diseases in Egypt and worldwide. Isolates of (Pst) collected
during 2008/2009 and 2009/2010 were identified in 2009/2010 and 2010/2011
growing seasons, respectively. Seven physiological races were identified in the first
season i.e., OEO, 4E0, 16E2, 16E128, 16E130, 60E153 and 60E177; while in the
second season, 13 physiological races were identified i.e., OEQ, 6EO, 2EOQ, 2E16, 4EQ,
4E4, 6E5, 6E20, 18E16, 34E16, 34E20, 38E20 and 70E4. Race OEO was the most
frequent one followed by 4E0 and 6E4. Results obtained showed that Yr1, Yr5, YrSuU,
and YrSP were the most resistant genes against yellow rust in both growing seasons,
while Yr7, Yr6 and Yr6" were the most susceptible genes. These results are
substantially important for wheat breeding programs for disease resistance.
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INTRODUCTION

Wheat (Triticum aestivum L.) stripe rust incited by Puccinia striiformis
f. sp. tritici (Pst) is an important disease worldwide. Low temperature and high
relative humidity are factors suitable to the wide distribution of the disease
(Stubbs, 1988; Johnson, 1988 and Danial, 1994). In Egypt, yellow rust is a
sporadic disease because it appears in same year in Near and Middle East
regions. However, starting from 1990s, it became common due to its
continuous appearance (Abu El-Naga, 2001)

The disease was epidemic on several wheat varieties including Giza
144 (at Manzala district in 1967/68), Sakha 69, Giza 163, Gemmeiza 1 and
most of the commercial varieties especially the long spiked ones at the
Northern governorates in 1995/96 and 1997/98 growing seasons (Abdel-Hak,
et al., 1972; El-Daoudi, et al., 1996 and Abu El-Naga, et al., 1999, 2001).
Currently, more than 30 Yr genes have been identified and characterized
worldwide. In Egypt, studies have shown that Yrl, Yr3, Yr4, Yr5, Yrlo0,
Yrl5 ,YrSP genes are still resistant against yellow rust disease while Yr2,
Yr6, Yr7 and Yr9 genes have lost their efficacy (Shahin et al., 2011). The
objective of this paper was to identify physiological races of Pst and their
virulence on wheat in Egypt during 2009/2010 and 2010/2011 growing
seasons.
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MATERIALS AND METHODS

Field surveys for races of yellow rust pathogen. Regular field surveys
were conducted across wheat growing areas in Northern governorates of
Egypt i.e. Kafr-Elsheikh, Dakahliya and Gharbiya, in addition to the field of
wheat breeding program. Infected wheat leaves were collected from trap
nurseries and the commercial wheat fields. Data of location, cultivar, disease
severity, collector and any other relevant information were recorded for each
sample.

The collected samples were purified using the single pustule
technigue and multiplied on one or two of the following susceptible checks i.e.
Triticum spelta saharensis, Morocco and Giza 160. Seedlings of 10 days old
of the above mentioned entries were atomized with sterile distilled water,
gently rubbed between fingers in the presence of water mixed with few
droplets of an adhesive material such as Tween 20, to remove the waxy layer
on leaf in order to uphold more uredospores on the leaf blade following the
methods adopted by Stubbes (1988) in which uredospores were suspended
in mineral oil or nonphytotoxic paraffinic oil. The spores were multiplied on
susceptible wheat cultivar to produce enough spores. A little piece of the
sample yellow rusted leaf was placed in Petri's plates (10-cm diameter)
containing filter paper moistened with sterile distilled water to induce
sporulation of the pathogen and then the plates were kept in a fridge, at 4°c
until they were inoculated on differential sets.

Inoculated seedlings were kept in a humid chamber for 24-48h in

darkness at 10°C. then, transferred to the permanent cabinets at diurnal light
regime at 15°C, light intensity 7500 lux and at least 95% relative humidity.
The night conditions were 15°C, darkness, and >95% relative humidity. The
day/night rhythm was 8/16h. These schemes were precisely applied as
reported by Stubbs (1988).
Race identification: The differential wheat genotypes listed in Table (1) were
planted in a climate room under the same temperature and light conditions
described above. Infection types (ITs) data of the plant-pathogen interactions
based on the 0 to 9 scale adopted by McNeal et al. (1971) were recorded 15-
20 days after disease symptoms of Pst were developed.

Identification of stripe rust physiologic races was performed using the
world and European group of wheat differential genotypes listed in Table (1),
which were used according to the method of Johnson et al. (1972). A number
of sets of 7-10 day-old seedlings were inoculated, incubated and allowed to
continue their growth until symptoms onset (ca 18-20 days). Disease records
were estimated using the 0 to 9 scale adopted by McNeal et al. (1971) in
which (0-5) are considered resistant responses, while (6-9) are susceptible
responses. Race nomenclature was done based on their virulence according
to the following equation:

Virulence(%)= [ Effective / ineffective host genes ] x100
Such equation was applied according to the method adopted by Green (1965).
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Table (1). Differential wheat genotypes used for the identification of
races of the stripe rust fungus (Puccinia striiformis f. sp.
tritici) in Egypt.

Differential I Decanery Resistance
genotypes Abbreviation value gene Type
World differential set"

Chinese 166 Ch (2% =1 Yrl Winter
Lee Lee 2h=2 Yr7 Spring
Heines Kolben HK (29 =4 Yr2 ,Yr6 Spring
Vilmorin 23 V23 2 =8 Yr3 Winter
Moro Mo (Y =16 Yr10 Winter
Strubes Dickkopf Std (2°) =32 Yr SD Winter
Suwon 92 x Omar  Su (2°) = 64 Yr SU Winter
Clement cl (2) =128 Yr2 ,Yr9* Winter
Tirticum spelta album  Sp (2°%) = 256 Yr5 Spring
European Differential set

Hybrid 46 H46 2% =1 Yr 4 Winter
Reichersberg 42 R42 2h=2 Yr7* Winter
Heines Peko Pe (29 =4 Yr2, Yr6® Spring
Nord Desprez No 2 =8 Yr3® Winter
Compare Com (Y =16 Yr8 Spring
Carstens V cV (2°) =32 Yr23* Winter
Spaldings Prolific Spa (2°) = 64 YrSP Winter
Heines VII HVII (2) =128 Yr2 Winter

*Johnson et al. (1972).

Determination of gene efficacy: To evaluate stripe rust resistant genes,
times of resistant reactions for every monogenic line were recorded as a
percentage of the total number of isolates following Green (1965

Gene efficacy=No. of avirulent isolates/ Total number of isolates x 100
RESULTS

Identification of physiological races:
a. The first season 2009/10:

Data presented in Table (2) revealed the occurrence of seven races of
stripe rust (Pst). These races were OEO, 4EO, 16E2, 16E128, 16E130,
60E153 and 60E177, which were determined based on sum of high infection
types for each of 17 wheat stripe rust monogenic differentials.
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Table (2).Wheat yellow rust pathotype identity, their frequency and
virulence in Egypt during 2009/2010 growing season.

No.| Races pam%t)c/):)es Frecg;sncy Virulence/avirulence*

1 0EO 10 33.33 /1,7,6,3,10,SD,SU,9,5,4,77,6",3",8,CV,SP,2
2 4E0 6 20.00 6/1,7,3,10,SD,SU,9,5,4,77,6",3",8,CV,SP,2
3 16E2 5 16.66 10,7%/1,7,6,3,SD,SU,9,5,4,6",3",8,CV,SP,2
4 |16E128 3 10.00 10,2/1,7,6,3, SD,SU,9,5,4,7°6",3",8,CV,SP
5 |16E130 3 10.00 |10,7%,2/1,7,6,3, SD,SU,9,5,4, 6",3",8,CV,SP
6 |B60E153 2 6.66 6,3,10,SD,4,3%,8,2/1,7,5U,9,5,7",6",CV,SP
7 |60E177 1 3.30 6,3,10,SD,4,8,CV,2/1,7,SU,9,5,77,6",3",SP

*Yellow rust resistance genes on the right side of the slash, and susceptible genes are on
the left sides of the slash.

The survey samples of the 2008/09 were collected from Northern
governorates of Egypt. These data revealed that race OEO was the most
frequent one (33.33%) followed by race 4EO (20.00 %) and 16E2 (16.66%),
while race 16E128 and race 16E130 were frequented at 10%. Races 60E153
and 60E177 were the least frequent ones (6.66 and 3.30%).

b. The second season 2010/11:

Data presented in Table (3) revealed the occurrence of 13 races of
Pst. These races were OEO, 6EO, 2EQ, 2E16, 4EO, 4E4, 6E5, 6E20, 18E16,
34E16, 34E20, 38E20 and 70E4, which were determined based on sum of
high infection types for each of 17 wheat stripe rust monogenic differentials.

Table (3). Wheat yellow rust pathotype identity, their frequency and
virulence in Egypt during 2010/2011 growing season.

No.|Races Pat’\rllcc)J-t;:)es Fre?;gncy Virulence/avirulence*

1 0EO 5 8.33 /1,7,6,3,10,SD,SU,9,5,4,7°,6",3",8,CV,SP,2
2 6E0 3 5.00 7,6/1,3,10,SD,SU,9, 5,4,7",67,3",8,CV,SP,2
3 2EO 3 5.00 7/1, 6,3,10,SD,SU,9,5,4,7",6°,3",8,CV,SP,2
4 | 2E16 4 6.66 7,8/1,6,3,10,SD,SU,9,5,4,7",6°,3",CV,SP,2
5 4E0Q 4 6.66 6/1,7,3,10,SD,SU,9,5,4,7°,6",3",8,CV,SP,2
6 4E4 6 10.00 6,6'/1,7,3,10,SD,SU,9,5,4,7",3",8,CV,SP,2
7 6E4 10 16.66 7,6,6'/1,3,10,SD,SU,9,5,4,7",3",8,CV,SP,2
8 6E5 5 8.33 7,6,4,6'71,3,10,SD,SU,9,5, 7°,3",8,CV,SP,2
9 | 6E20 3 5.00 7,6,6°,8/1,3,10,SD,SU,9,5,4,7+,3+,CV,SP,2
10 |18E16 2 3.33 7,10,8/1,6,3,SD,SU,9,5,4,7°,6",3",CV,SP,2
11 [34E20 1 1.66 7,5U,6%,8/1,6,3,10,SD,9,5,4,7",3",CV,SP,2
12 |38E20 7 11.66 7,6,SD,6",8/1,3,10,SU,9,5,4,7",3",CV,SP,2
13 | 70E4 8 13.33 7,6,SU,4/1,3,10,SD,9,5,4,7°,3",8,CV,SP,2

*Yellow rust resistance genes on the right side of the slash, and susceptible genes are on
the left sides of the slash.

The surveyed samples of the 2010/11 season in Northern
governorates of Egypt are clarified in Table (3). These data revealed that
race 6E4 was the most frequent one (16.66%) followed by race 70E40
(13.33%), race 38E20 (11.66%), race 4E4 (10%), and races OEO and 6E5

512



J. Plant Prot. and Path., Mansoura Univ., Vol.5 (4), April, 2014

(8.33%). The least ones in this regard were races 18E16 (3.33%) and 34E20
(1.66%).

Frequency of virulence: Frequency of virulence of the causal organism Pst
was studied using rust samples collected from North governorate of Egypt
during 2008/2009 and 2009/2010 growing seasons. The obtained samples
were tested in the following season 2009/2010, and 2010/2011. Virulence
was tested against 17 monogenic lines for stripe rust resistance. Frequency
of virulence was estimated as virulent isolates to the total number of isolates
for each wheat genotype.

Frequency of virulence to Yr's genes:

Occurrence of virulence in 2009/10, and 2010/11: The results presented in
Table (4) show varied frequencies of virulence to the tested lines. During
2009/10, the lowest values were recorded against Yrl, Yr7, YrSU, Yr9, Yr5,
Yr 6" and YrSP (0 %). On the other hand, the highest occurrence of virulence
was recorded with Yr10, Yr 7, Yr2, Yr6, Yr3, Yr4 and Yr8 ranging from 46.66
to 10% in a descending order. Whereas, the rest of lines showed moderate
responses as shown in Table (4) during 2009/10.

Table (4). Stripe rust effective genes, times of resistant responses and
efficacy action within physiological races in 2009/10 and
2010/11 growing seasons.

2009/10 growing season 2010/11 growing season
Yrisk No. of | No. of | Virulent Gene No. of No. of Virulent Gene
r's ) ) 8 ) : 8

avirulent|virulent | frequenc | efficacy |avirulent| virulent |[frequency | efficacy

isolates |isolates y % % isolates | isolates % %
1 30 0 0.00 100 60 0 0.00 100.00
7 30 0 0.00 100 17 43 71.66 28.33
6 21 9 30.00 70.00 14 46 76.66 23.33
3 27 3 10.00 90.00 60 0 0.00 100.00
10 16 14 46.66 53.33 58 2 3.33 96.66
SD 27 3 10.00 90.00 53 7 11.66 88.33
SuU 30 0 0.00 100.00 51 9 15.00 85.00
9 30 0 0.00 100.00 60 0 0.00 100.00
5 30 0 0.00 100.00 60 0 0.00 100.00
4 27 3 10.00 90.00 55 5 8.33 91.66
(7) 22 8 26.66 73.33 60 0 0.00 100.00
(6) 30 0 0.00 100.00 20 40 66.66 33.33
(3) 28 2 6.66 93.33 60 0 0.00 100.00
8 27 3 10.00 90.00 43 17 28.33 71.66
CcVv 29 1 3.33 96.66 60 0 0.00 100.00
SP 30 0 0.00 100.00 60 0 0.00 100.00
2 21 9 30.00 70.00 60 0 0.00 100.00

Total isolates 30 (first season), 60 (second season) / *SD = Strubs Dickhof, SU = Suan x
Omar, CV= Carsten V, SP = Splding prolific.

During 2010/11 growing season, the lowest frequencies of virulence
were recorded with Yr'si.e. Yrl, Yr7, YrSu, Yr9, Yr5, Yr 7* and YrSP. On the
other hand, Yr6, Yr7, Yr 6" and Yr8 have yielded virulence frequency of
76.66, 71.66, 66.66 and 28.33 respectively.
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DISCUSSION

Wheat stripe rust was known as a sporadic disease in Egypt during
the elapsed decades. However, with the beginning of the 1990's, its
occurrence seemed to be continuous every year (Abu El-Naga, 2001). The
annual survey of wheat stripe rust conducted throughout two growing
seasons of wheat crop in certain governorates of Egypt gave

The present work gave evidence to the presence of 7 physiological
races of Pst during 2009/10, and 13 ones during 2010/11. Race OEO
exhibited the highest frequency during the first season, while race 6E4
exhibited the highest frequency during the second season. Among all races,
only OEO and 4EO have occurred in both seasons. The rest of races appeared
in either season. Similar results were reported by Abu El-Naga et al. (1999
and 2001), Ashmawy (2005) and Youssef et al. (2003, 2006 and 2007), who
confirmed the predominance of races OEO, 4E0, 2E16 and 70E40 in Egypt.
The race OEO was also reported earlier at Algeria and Morocco during 1990-
1992. This may be attributed to that the genes it attacks are not present in the
differentials set. So, it must be supplemented with a complementary group of
monogenics, preferably a local Egyptian group (Abu El-Naga, 2000; Shahin,
2008; and Shahin and Abu EI-Naga, 2011). Race 2EO0 was recorded at initial
public offering (IPO) during 1980's as a dominant race within the Egyptian
samples in addition to Turkey and Lebanon (Stubbs, 1988). It was virulent to
lee (Yr7). Similar results were reported in some counties other than Egypt
(Yahyaoui et al., 2002; Hakim and Yahyaoui, 2003; Wellings, 2007; and
Ashmawy, 2010).

The obtained results indicated the good performance of Yr's 1, 9, and
5 and SP, since they could not be attacked all over the two seasons (100%
efficacy) by any of the tested races. Likewise, Yr's CV, 3%, 4 and 10 occupied
the second rank i.e. (>90%). Yr's SD, SU, and 8 came in the third rank
(>80%). While, Yr' 6, 7*, and 6" were the least in this regard. These results
were supported by those of Abu El-Naga et al. (1999 and 2001) and Youssef
et al. (2003, 2006 and 2007).

ACKNOWLEDGEMENTS

We wish to thank staff members of Wheat Diseases Research
Department, Plant Pathology Research Institute, Sakha, Egypt, for critical
reading and valuable comments on this manuscript.

REFERENCES

Abd El-Hak, T.M.; D.M. Stewart and A.H. Kamel (1972). The current rust
situation in the Near East countries. Regional Wheat Workshop. Beirut
Lebanon, 1-29, 11-15, 81-90.

Abu-El-Naga, S.A.; M.M. Khalifa; A.A. Bassiouni; W.A. Youssef, T.M.
Sheheb EI-Din; and H.A. Abd-Latif (1999). Revised evaluation for
Egyptian wheat germplasm against physiologic pathotypes of stripe
rust. J. Agric. Sci. Mansoura. Univ., 24 (2), 477 — 488.

514



J. Plant Prot. and Path., Mansoura Univ., Vol.5 (4), April, 2014

Abu El-Naga. S.A.; M.M. Khalifa; S. Sherif; W.A. Youssef; Y.H. El-Daoudi
and I. Shafik (2001). Virulence of wheat stripe rust pathotypes
identified in Egypt during 1999/2000 and sources of resistance. First
Regional Yellow Rust Conference for Central & West Asia and North
Africa. 8-14 May, SPH, Karj, Iran.

Ashmawy, M.A. (2005). Studies on stripe rust of wheat in Egypt. Msc Thesis,
Agricultural Botany Department, Faculty of Agriculture, Minufiya
University, Shebin ELkom, Egypt.

Ashmawy, M.A. (2010). Advanced studies on stripe rust disease of wheat in
Egypt. Ph.D. Thesis, Agricultural Botany Department, Faculty of
Agriculture, Minufiya University, Shebin ELkom, Egypt.

Danial, D. L.; R. W. Stubbs; and J. E. Parleyflit- (1994) Evolution of virulence
patterns in yellow rust races and its implication for breeding for
resistance in wheat in Kenya. Euphytica 80: 3 165 — 170.

El-Daoudi, Y.H.; I. Shafik; S.A. Ghanem; Abu El-Naga; S.O. Sherif, M.M.O.
Khalifa; R.A. Mitkees; and A.A. Bassiouni (1996). Stripe rust
occurrence in Egypt and assessment of grain yield loss in 1995. Proc.
Du Symposium Regional Sur les Maladies des Cereals et des
Legumineuses Alimentaries. 11-14 November 1996, Rabat, Maroc.

Green, G. J. (1965). Stem rust of wheat, barley and rye in Canada in 1964.
Can. Plant Dis. Survey 45: (1) 23-29.

Hakim, M.S. and A. Yahyaoui (2003). The physiological races of wheat
yellow rust (Puccinia striiformis f. sp tritici) Eriks and their virulence's in
Syria and Lebanon. Arab Journal of Plant Protection 21: 12-18.

Hong Ma. and R.P. Singh (1996). Contribution of adult plant resistance gene
Yrl8 in protecting wheat from yellow rust. Plant Disease, 80: 66-69.

Johnson, R. (1982). Developing wheat cultivars with resistance to yellow rust
at the Plant Breeding Institute Cambridge. Garcia. De. Orrta, Estudos.
Agronomicons. 9: 1-2, 29-35.

Johnson R. (1988). Durable resistance to yellow (stripe) rust in wheat and its
implications in plant breeding. In: N.W. Simmonds and S. Rajaram
(eds.), Breeding Strategies for Resistance to the Rust of Wheat, p.63-
75. CIMMYT, Mexico.D.F.

Johnson, R.; R.W. Stubbs; E. Fuch and N.H. Chamberlain (1972).
Nomenclature for physiologic races of P. striifoormis infecting wheat.
Trans. Br. Mycol. Soc. Siol, 58: 475-480.

McNeal, F.H.; C.F. Konzak; E.P. Smith; W.S. Tate and T.S. Russel (1971). A
uniform system for recording and processing cereal research data.
USDA, ARS, PP 34-121.

Peterson, R.F.; A.B Compbell and A.E. Hannah (1948). A diagrammatic
scale for estimating rust intensity on leaves and stems of cereals. Can.
J. Res. 26:496-500.

Shahin, A.A. (2008). Further studies on the Nature of resistance of wheat
yellow rust in Egypt, PhD Thesis, Faculty of Agriculture, Kafr EI-Sheikh
Univ., Kafr EI-Sheikh, Egypt.

Shahin, A.A. and S.A. Abu El-Naga (2011). Physiological race diversity and
virulence of Puccinia striiformis at both seedling and adult plants of
wheat in Egypt. Arab Journal of Plant Protection 29: 90-94.

515



Shabana, Y.M. et al.

Singh R.P. (1992). Genetic association of leaf rust resistance gene Lr34 with
adult plant resistance to stripe rust in bread wheat. Phytopathology 82:
835-838.

Stubbs, R.W. (1988). Pathogenicity analysis of yellow (stripe) rust of wheat
and its significance in a global context breeding strategies for
persistence to the rust of wheat. In Simmond NW, Rajaram S(eds)
CIMMYT ISBN 96-127., Mexico, D.F., Mexico.

Stakman, E.C.; D.M. Stewart and W.Q. Loegering (1962). Identification of
physiologic races of Puccinia graminis tritici. ARS, USDA, Agr. Res.
Serv., Bull. E6/7, 53 pp.

Wellings, C.R. (2007). Puccinia striiformis in Australia: a review of the
incursion, evolution, and adaptation of stripe rust in the period 1979-
2006. Australian Journal of Agricultural Research 58: 567-575.

Yahyaoui, A.H.; M.S. Hakim and N. Rbeiz (2002). Evolution of physiologic
races and virulence of Puccinia striiformis on wheat in Syria and
Lebanon. Plant Disease 86: 499-504.

Youssef, ILA.; A.A.M. Abualy; I.LA. EL-Salamony; and Doaa R. El-Naggar
(2006).Identification of physiologic races of stripe rust and postulation
of resistance genes in certain Egyptian wheat. Egypt. J. Appl. Sci. 21
(10B): 404-418.

Youssef, W.A.; M.A. Nagib; F. Matelda and E.D. Eatmad (2003). Wheat
stripe rust pathotypes, their frequency and virulence formulae in Egypt
during 2000/2001 & 2001/2002. J. Agric. Sci. Mansoura Univ. 28(5):
2489-3477.

Youssef, LLA.; S. Sherif and S.S. Negm (2007). Probable genes for yellow
rust resistance in some Egyptian wheat cultivars. J. Agric. Sci.
Mansoura Univ. 32(7): 5303-5311.

san bl o dal) faal) b Al gac g A ol gredl] Y] iy g
e pllae da g 20ald FUlllae dible ¢ MOld ) g daaa sl
saaa ¢ by gaiall daaly ¢ Aol A8 ¢ bl Gl el ad !
saa ¢ Ao 3l Egadd) 38 e ¢ gl Gl yal and ¢ Ll (al el Egay gaa 2

Al G sine e s same (B malll ol A (ml ) aal e i) laall (a e ey
LY el Ay 55 el o8 Ledlan) Caagy (m seal) Fa sl o8 Adadl) ilipad) ayand ) Al ) Caags
el lal) (a A o g CYSG Ars Gy o a8 A jall o3 8y 2 LY Ale A glie Cilial
0EO, 4E0, o ¥l sda iS5 2010/2009 pusall (2 (a5 (51 i Linas) (i all
U Gy a3 25 2011/2010 amse 4 Wl ¢ 16E2, 16E128, 16E130, 60E153, 60E177.
OEO, 6EO0, 6E4, 2EO0, 2E16, 4E0Q, 4E4, 6E5, 6E20, it il smd ADus yic
BE45 4E0 Dl Lels 151 <5 ,3Y) 4 OEQ 4Bl <l 5 18E16, 34E20, 38E20, 70E4
Lainy ¢ i yal) daglie LB adels JSYI o YP's 1,5,9,SU,SP lial) <€y Auljal) an ge DA
Al Cagplall chat A pall e e IS Agleld JAY) b YF'S 7,6,6+ <luall culs

Gl asa; ald
3 guaial) daala — ds) 3 48 Al e ) dasa /A
dse )3l Eigal) 38 sa G g daal) Lo Ciial g/ 3|

516



