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ABSTRACT

Stripe rust, caused by Puccinia striiformis (Pst), is an important disease of wheat in Egypt. A total
of nine and ten races were designated during two seasons. The most common race were 64E0, 66E0
and70E20 (23.07%, 26.92% and 23.07) during 2017/18. While, race 450E254, 206E174, 192E192,136E54
and 70E182 were the most common during 2018/19 at it was occurred at high frequency (22.50%,17.5, 15.0,
10.0 and 10.0% frequencies, respectively). The three races; 64EO, 66E0 and 70E22 were the widely
geographical distributed, as each was detected in all governorates during the first season, While,the 136E54,
192E192 and 206E174 during sacond season. No virulences were occurred to wheat stripe rust monogenic
lines with Yr1, Yr5, Yr10 and Yrl5, during the two years of the study. Different frequencies of virulence of
Pst isolates were obtained against wheat cultivars used. Cultivars; Misr3, Gizal71, Sakha94, Sakha95, and
Gemmeizal2 showed the highest level of resistance against the tested Pst isolates. High similarity was found
between stripe rust populations in the six locations. The phenotypic diversity within different populations
was characterized using the three main indexes; Shannon, Gleason and Simpson. Shannon index proved to
be more suitable to accurately measure the phenotypic diversity between the tested populations, as it was
sensitive to sample size, number of isolates, number of races and standard deviation of race frequency than
the others. Monitoring the dynamics and variation of virulence in stripe rust populations, that provides the

basic information needed for an anticipatory breeding program for disease resistance in Egypt.
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INTRODUCTION

Wheat stripe rust caused by Puccinia striiformis f.
sp. tritici is the most destructive rust disease, causing a
serious economic loss in grain yield of the susceptible
wheat cultivars in Egypt, and worldwide (El-Daoudi et al.,
1996, Morgounov et al., 2014 and Ashmawy and Rageb
2016). Since 2010, It has been considered to be a
macrocyclic rust, after the identification of Berberis spp.
as an alternative host and elucidation of the complete life
history of this rust pathogen for the first time by Jin et al.,
(2010).

Stripe rust was a dominant disease in Central Asian
Countries in the late 1990,s and early 2000's, accounting
for yield losses of 20 and 40% in 1999 and 2000 in these
countries (Morgounov et al., 2014).

Historically, wheat stripe rust was considered a
sporadic disease in Egypt, wheren during the last five
decades, several stripe rust epidemics have been occurred
at different intensities in 1967, 1983, 1986, 1995 and 1997,
and more recentely in 2018/19. These epidemics severely
attacked the widely grown and high vyielding wheat
cultivars; Giza-144, Giza-150, Gemmeiza-1, Giza-163,
Sakha-69, the long spikes; Sids cultivars and Sakha 93.
Also, these severe epidemics were the main cause for
eliminating and discarding the above wheat cultivars from
agriculture and commercial production in Egypt (Abd El-
Hak et al., 1972, El-Daoudi et al., 1996 and Abu El-Naga
etal.,2001).
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Host-genetic resistance or growing wheat cultivars
having a sustainable stripe rust resistance is still, the most
effective, economically and environmentally safe control
method, not only to minimize the annual crop loss, but also
to avoid the sudden occurrence of severe epidemics in the
future (Singh et al., 2004). However, the amount of loss in
grain yield depends,to a large extend,on the aggressiveness
of the prevailing pathogen race(s), as well as the suitable
environmental conditions favorable to rust incidence and
development (Park et al., 1988 and Hong and Singh
1996).

Successful control of stripe rust disease requires a
full and thoroughly understanding of the pathogen races
present in the local pathogen populations and the impact of
the use of resistant cultivars on the frequencies of such
races in its populations, and genetic structure of these
populations allover the country. Thus, it is of majore
importance to conduct the annual survey of pathogen races
throughout different wheat growing areas and during the
successive growing seasons of wheat crop in Egypt. It is
also, considered a very important step, required for
evaluation and testing the genetic materials in the national
breeding program for stripe rust resistance. Furthermore,
analyzing virulence of stripe rust collections from different
wheat growing areas in Egypt, and comparing diversity of
races within these locations, represents an important
prerequisites for understanding the genetic structure of
these population in the country. Also, these infromations
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permit the descision markers to predict and aviod the
sudden occurrence of the future disease epidemics and
minimeized and reduced the annual yield losses (Chen et
al., 2009).

Therefore, the main objectives of this study were:
1) determine and identify frequency P. striiformis races in
Egypt during 2017/18 and 2018/19 growing seasons; 2)
study the geographical distribution of the identified Pst
races in six Egyptian governorates; 3) estimate and
measure the diversity and virulence dynamics between
wheat stripe rust pathogen populations in different
locations in Egypt.

MATERIALS AND METHODS

Field survey and sample's collection:

Wheat leaves naturally infected with stripe rust
urediniospores were collected during the annual survey, in
2017/2018 and 2018/2019 growing seasons.These diseased
samples were collected from both commercial fields and
Egyptian wheat rust trap nurseries (EWRTN) grown in six
governorates, i.e Kafrelsheikh, Beheira, Damietta,
Dakahlia, Shargia and Gharbia. Samples were air-dried by
keeping each of them at room temperature (12 to 15°C)
overnight in order to remove it’s moisture content.
Samples were kept in paper pages (8 x 15 cm), and kept in
the refrigerator at 2 to 5°C, until using in the isolation
process.

Isolation, purification
urediniospores:

A susceptible wheat cultivar; Morocco was planted,
as ten seeds per 10 cm diameter plastic pots in the
greenhouse of Wheat Diseases Research Department, Plant
Pathology Research Institute, ARC, Egypt. When the first
leaf fully expanded in seven days old seedlings, leaves
were rubbed gently between moist fingers with tap water.
Then, infected samples were scraped using sterile spatula
and sprayed gently again with water in order to form a film
of free water, which is essential to initiate spore
germination and establishment of infection. The inoculated
seedlings were incubated in moist chambers for 24 h at 9 to
12°C and 100% RH. Then moved to greenhouse benches
and kept for 14 days at approximately 12 + 2°C. After
pustule’s rupture, three single pustules were isolated
separately from each specimen for multiplication of spores
on the highly susceptible variety; Morocco to, obtain
enough urediniospores or generate sufficient inoculua
(spores), for race identification and nomenclature, as
described by Johnson et al. (1972).

Race designation and nomenclature:

Seventeen differential wheat genotypes; both world
and European set of differentials, were used to identify and
disgnate stripe rust races (Table, 1), following the method
of Stakman et al. (1962).

The differental sets consisted of nine world
differentials and eight European differential set of wheat
lines possessing 17 stripe rust resistance genes, as
presented in Table (1), and described by Johnson et al.,
(1972). Uridionospores obtained from each pure isolate
were used to inoculate the set of differentials, following the
methode of Stakman et al., (1962)

After seven-days, seedlings were inoculated by
shaking and brushing rust spores with the previously

and multiplicationof

isolated single pustule isolates of P. striiformis. The
inoculated seedlings were incubated in the humid chamber
overnight (100% RH), as described above. The inoculated
seedlings were transferred, onto the greenhouse benches.
After 10-12 days, infection types (IT's) were recorded for
all differential lines, using standard disease scoring scale of
0- 9 grades ( Mc Neal, 1971) Entries which showed low
infection types (L), i.e. scores = 0, 0; , 1,2,3,4 and 5were
considered host resistant and avirulent isolates. While those
showed high infection types (H), i.e. scores = 6,7,8 and 9,
were recorded as the susceptible lines and virulent isolates.

Table 1.*Differential genotypes used to identify races of
wheat stripe rust, incited by Puccinia
striiformis f. sp. tritici in Egypt.

Differential Decanery Resistance

genotypes Abbreviation value o) Type
Gl. World differential set:

Chinese 166 Ch %=1 Yrl  winter
Lee Lee @h=2 Yr7  spring
Heines Kolben HK (29=4  Yr2Yr6 spring
Vilmorin 23 V23 (2%=8  Yr3  winter
Moro Mo (2%=16  Yri0  winter
Strubes Dickkopf Std (2%=32 SD  winter
Suwon 92 x Omar Su (%=64 SU  winter
Clement Cl (2Y=128 Yr2Yr9 winter
Tirticum spelta Aloum Sp (=256 Yr5 spring
GII. European Differential set:

Hybrid 46 H46 (%=1 Yr4  winter
Reichersberg 42 R42 HY=2  Yr(7) winter
Heines Peko Pe (29 =4 Yr2Yr(6) spring
Nord Desprez No.D (2% =8 Yr(3)  winter
Compair Com (2%=16  Yr8  spring
Carstens V cv (2%=32 YrCV  winter
Spaldings Prolific Spa (=64 YrSP  winter
Heines VII HVII (2)=128 Yr2  winter

* Johnson et al., (1972).

Virulence frequency (%)

Frequency of virulence was estimated for each Pst
race identified in the current study, as a percentage of
virulent isolates to the total number of the tested isolates,
according to the following equation:

No. gf virulent isoldtes
x 100

Virulence frequency(%) =
Total number of isolates

Measurements of race diversity:

The number and frequency of races within
populations of P. Striiformis f. Sp. tritici obtained from six
governorates in Egypt, during 2017/18 and 2018/19
growing seasons,were used to measure the diversity of
races in each population of the different regions, under
study. To assess and measure diversity of P. striiformis
races within each population (region), three widely used
indexes, i.e. Shannon index (Hsy), Gleason index (Hg) and
Simpson index (Hs). These three popular diversity
indexes were calculated from dita on races of P. striiformis
f. Sp. tritici from different regions (locations) and years
under study. To assess diversity of races within each
population (region), three indexes, i.e. Shannon index
(HSH), Gleason index (HG) and Simpson index (HS)
(Groth and Roelfs, 1987) were estimated as follows.
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1- Shannon index(Hsy): This index was used to determine
the similarities of the frequencies of the different
pathotypes in a set of isolates, by the following
formula:

Hspy=—X (P;iIn P))

Where: P; is the frequency of the i th pathotype in the set of isolates.

2- Gleason index(Hg): Gleason index was used to detect
the number of distinct pathotypes present, indicating
the richness aspect of diversity, and calculated by the
following formula:

Hg = (n-1)/In(N)
Where: n is the number of pathotypes, identified in the sample and
N is the total number of isolates in the sample.

3- Simpson index(Hs): Simpson index was another
popular diversity index for plant pathogens to
determine the number of pathotypes and evenness of
their distribution. It was calculated using the following
formula:

Hs =1- X [n;(n; - 1)/N(N-1)]

Where: n;is the number of isolates of the ; th pathotype, while N is

the sample size.

Statistical analysis

Correlation and regression coefficient “SPSS
Regression Modeling” was used to determine the
relationship between each of the four components of
diversity, i.e. sample size collected from each
governorate(region), number of the obtained isolates,
number of the identifed Pst races, and standard deviation
of race frequency, and each of the three diversity indexes,
i.e. Shannon, Gleason and Simpson, over the two growing
seasons of the study.

RESULTS AND DISCUSSION

Results

During the annual survey of wheat stripe rust in the
two growing seasons 2017/18 and 2018/19, a total of 250
samples were collected from the six Egyptian governorates
under study Kafrelsheikh, Gharbia, Dakahlia, Damietta,
Behera and Shargia. These samples produced 330 single
isolates of the causal pathogen (Table 2).

In 2017/18 growing season, 100 samples were
collected from the different locations, under study. These
samples produced 130 single isolates. The highest number
of the collected samples was obtained from Kafrelsheikh
(27 samples), while the lowest number of these samples
were obtained from Dakahlia (only 8 samples). The highest
number of stripe rust isolates was obtained from the
samples collected from Kafrelsheikh (41 Pst isolates),
followed by Gharbia and Behera, which produced 26 and

24 pure isolates, respectively. While, the lowest number of
these isolates was obtained from Dakahlia, Shargia and
Damietta, which produced 11, 13 and 15 Pst isolates,
respectively (Table 2).

A totla of 200 pure isolates of the causal pathogen
were obtained from 150 samples, collected from the six
Egyptian governorates in 2018/19 growing season, (Table
2). As it was found in the first season, the highest
numbers of the collected samples were obtained from
Kafrelsheikh, Beheira and Gharbia, i.e. 59, 32 and 22
samples, respectively, while the lowest numbers of these
samples were obtained from Damietta, Dakahlia and
Shargia i.e. 11, 13, 13 samples,respectively. Moreover,
Race occurrence and their frequencies (%0) in pathogen
populations:

Based on infection type (IT ) on the series of 17
differantail lines of Pst, both worled and European ones
(Table 2), 9 and 10 Pst races were idenitfied during
2017/18 and 2018/19 growing seasons, respectively (Tabl
3). The nine virulent races of Puccinia striiformis that
identified and designated from a total of 130 pure isolates
in Egypt during 2017/18 growing season, were OEQ, OE16,
4E130, 64E0, 66E0, 70E27, 70E32, 70E182 and 70E214.
As indicated in Table 3, race 64EOQ is the most common
race, where, it showed the highest frequency (26.92%),
followed by the four races; 66EO, (23.07%), 70E26
(15.38%), 70E182  (11.53%),and  4E130(7.69%),
respectivly. While, the other stripe rust races under study,
i.e. OEO, OE16, 70E32 and 70E214, were rare as they
showed relatively low frequencies, each represnted by only
4 isolates in pathogen population with 3.84 % frequency
for each (Table 3).

In the second growing season i.e. 2018/19, ten P.
striiformis races were designated from a total of 200 pure
isolates. Races; 450E254 occurred at a consistently high
frequency in it’s population during this season; where, it
was found at 22.5 % frequency, followed by the two races
i.e. 206E174 and 192E192 as they showed 17.5% and
15.0% frequencies. Seven of the identified Pst races
found at the relatively low frequencies in the pathogen
population (ranged from 2.5% to 10.0% frequency) (Table
3).

Four Pst races, i.e. OEQ, OE16, 4E130 and 70E182
were common and have been detected and found in all
collections during the two growing seasons of the study, in
all Pst collections but with different frequencies in these
seasons. Meanwhile, some of stripe rust races were found
in only one season, but they did not found in the other
season. For example, the five races; 64EQ, 66EQ, 70E26,
70E32 and 70E214.
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Table 2. Number of stripe rust samples and isolates obtained from different wheat growing areas in Egypt during

2017/18 and 2018/19 growing seasons.

Gerowing season / Number of samples and isolates

No. Locations 2017/2018 2018/2019 Total No. of
No. Of samples No. Of isolates No. Of samples No. Of isolates samples Isolates
Kaferelsheikh
Biala 10 18 19 23 29 41
1- Qualin 5 8 3 4 8 12
Sidi Salem 4 5 19 23 23 28
Motobe 4 5 14 18 18 23
Baltiam 4 5 4 6 8 11
Total 27 41 59 74 86 115
Gharbia
Qutour 3 4 3 5 6 9
2. Bassion 2 3 4 5 6 8
El-Mahalla 5 6 4 6 9 12
Zefta 6 7 4 6 10 13
Tanta 5 6 7 9 12 15
Total 21 26 22 31 43 57
Damietta
3. El- Zarqua 2 4 2 4 4 8
Kafr- Saad 3 5 4 7 7 12
Faraskor 5 6 5 8 10 14
Total 10 15 11 19 21 34
Dakahlia
4- Mansoura 3 4 5 6 8 10
Belgas 2 3 4 5 6 8
Talkha 3 4 4 5 7 9
Total 8 11 13 16 21 27
Beheira
Damnhor 6 7 6 8 12 15
5. Etay- elbarod 3 3 6 8 9 11
El-Mahmodiya 4 4 7 9 11 13
Hosh Esa 5 5 8 10 13 15
Kafer el-Douar 5 5 5 8 10 13
Total 23 24 32 43 55 67
Shargia
Abo-Kber 6 7 6 8 13 15
6- Kafer-El hamam 5 6 7 9 11 15
Total 11 13 13 17 24 30
Total 100 130 150 200 250 330

samples collected from Kafrelsheikh and Beheira produced the highest number of single isolates, i.e. 74 and 43, respectively (Table 2).

Table 3. Puccinia striiformis race, number of isolates
and their frequency (%) withn it's populations
in Egypt during 2017/18 and 2018/19 growing

seasons.
2017/2018 2018/2019

NO. Pstraces No.of Frequency* No.of Frequency

isolates ?%) isolates (%)
1 O0EO 5 3.84 5 25
2 OE16 5 3.84 15 75
3 4E130 10 7.69 5 2.5
4 46E24 - - 10 5.00
5 64E0 35 26.92 - -
6 64E8 - - 15 75
7 66E0 30 23.07 - -
8 70E20 20 15.38 - -
9 70E32 5 3.84 - -
10 70E182 15 11.53 20 10.00
11  70E214 5 3.84 - -
12 136E54 - - 20 10.00
13 192E192 - - 30 15.00
14 206E174 - - 35 175
15 450E254 - - 45 22.5
Total 130 - 200 -
e Frequency (%) : means frequency of each Pst race within its

population.

were detected in only the first growing season, and not in the second
season. while, the four Pst races i.e. 13E54, 192E192, 206E174 and
450E254, have been appeared and detected for the first time in the
second growing season (Table 3).

Geographical distribution of stripe rust races:

All Pst races detecetd in the two growing seasons
under study, were also identified and found in
Kaferelsheikh population.Thus, it considered to be the
largest population size, compated to the other pathogen
populations in the tested governorates. As, it contains all
the nine races of the casual pathogen identified in
2017/2018, i.e. OEO, OE16, 4E130, 64EQ, 66EQ, 70E26,
70E32, 70E182 and 70E214, (Table, 4 and Fig. 1). Also,
the ten races; OEO, OE16, 4E130,64E24, 64ES,
70E182,136E54, 192E192, 206E174 and 450E254, which
identified in Pst collections during 2018/2019, were also
found among the collections  from Kaferelsheikh,
governorates (Table, 4 and Fig. 1).The obtained results
during the first season revealed, on the other hand, that Pst
race; 64E0 was the most frequent in this population (with
21.95% frequencise) followed by the three Pst races; 66EO,
70E26 and 70E182, as they showed 19.51%, 17.07% and
12.19% frequencies in this season, respectively. While, in
the second season the two races; 206E174 and 450E254
showed the relatively high frequency (18.91% for each),
followed by 192E192 (12.16% frequency). The other Pst
races were low in their frequencies (not exceeded up
9.45% ) within pathogen populations in Kaferelsheikh
governorate, during the two growing seasons of the study
(Table, 4 and Fig. 1).

658



J. of Plant Prot. and Path., Mansoura Univ., Vol. 10 (12), December,2019

Table 4. Frequency(%) of Puccinia striiformis (Pst) races, collectd from wheat growing areas of the six
governerates in Egypt, during 2017/2018 and 2018/2019 growing seasons.

Frequency (%0)of races collected from indicated area

Pst races Kaferelsheikh Gharbia Damietta Dakahlia Beheira Shargia
2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19
O0EO 243 4.05 7.69 - 13.33 - 6.25 - 232 - -
OE16 4.87 9.45 3.84 12.90 - 5.26 - - 8.33 4.65 - 5.88
4E130 9.75 4.05 7.69 - - - 18.18 6.25 - - 15.38 -
46E24 - 6.75 - - - 5.63 - 6.25 - 6.97 - -
64E0 21.95 - 30.76 - 26.66 - 18.18 - 375 - 23.07 -
64E8 - 9.45 - 9.96 - - - - 6.97 - 11.76
66E0 19.51 - 23.07 - 13.33 27.27 - 29.16 - 30.76 -
70E20 17.07 - 11.53 - 6.66 18.18 - 16.66 - 23.07 -
70E32 7.31 - - 26.66 9.09 - 4.16 - - -
70E182 12.19 9.45 11.53 12.90 6.66 21.05 9.09 - - 11.63 7.67 -
70E214 4.87 - 7.69 - 6.66 - - 4.16 - - -
136E54 - 6.75 - 16.12 - 15.78 - 18.75 - 9.30 - -
192E192 - 12.16 - 9.67 - 21.05 - 12.50 - 16.27 - 2941
206E174 - 18.91 - 12.90 - 15.78 - 25.00 - 13.95 - 23.52
450E254 - 18.91 - 25.80 - 15.78 - 25.00 - 25.58 - 29.41
Total * 9 10 8 7 7 6 7 6 9 5 5
*Total number of identified races in each governorates., during the two growing seasons.
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Fig. 1. Temporal and spatial variations in Puccinia striiformis races and geographical distribution within six local
populations in Egypt during 2017/18 and 2018/19 grwing seasons.

The obtained data in Table 4 and Fig. 1, showed, in
contrast, that Shargia Pst populations were the smallest
population sizes, as they contains only 5 races in each
season, under study. However, Pst race, 66E0 was the most
frequent (with 30.76% frequency), followed by the two
races; 64E0 and 70E26 (each with 23.07% frequency)
during the first season. While, in the second season the

two, races; 192E192 and 450E254 showed the highest
frequency (each with 29.41% frequency), followed by
206E174 , as it was found by 23.52% frequency (Table,
4and Fig. 1). In contrast, the other two races identifed in
Shargia population were rare, as they showed onely 5.88%
and 11.76% frequency in this population, respectivaly.
Out of the tested pathogen populations, Pst populations of
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the four governorates; Gharbia, Damietta, Dakahlia and  for stripe rust resistance from the total of the tested genes.
Beheira showed in general moderate sizes of Pst However, race 206E174 found to be virulent to Yr's;
populations, while they contained only 8, 7, 6 and 6 races  7,6,3,SU,9,(7),(6),(3),CV, and 2. Also, race 450E254
in the first season, and 7, 7, 7 and 9 in the second season,  proved to be virulent to Yr's; 7,SU,9,5,(7),(6),(3),8,CV,SP,

respectively (Table 4 and Fig. 1). and 2. In contrast, race OEO didn't showed any virulence
Virulence formula and Virulence frequency (%) of the  reaction against all of the tested yellow rust resistance
tested races: genes (Yr's). On the other hand, the rest of the identified
a. Virulence formula: Pst races showed moderalte to low virulence frequencies

Data presented in Table, (5) revealed that the most  (ranging from 5.88% to 47.08%) reaction against different
aggressive Pst races under study were the two races  Yr genes under study, as they have the ability to be virulent
450E254 and 206E174, as each was virulent to 11 genes  against at least 1, 2, 5, 6 and 8 Yr genes (Table 5).

Table 5. Virulence formula, and virulence frequency (%) of Puccinia striiformis races (Pst) identified in Egypt
during 2017/18 and 2018/19 growing seasons.
Growing season / Virulence formula &*Virulence frequency (%) of races

. . . 2017/2018 2018/2019
No. Race Virulence formula (ineffective No. of ineffective Virulence No. of ineffective Virulence
genes)
genes frequency (%) genes frequency (%)
1 0EO - 0 0.0 0 0.0
2 OE16 8 2 11.76 2 11.76
3 4E130 6,(7),2 2 11.76 5 11.76
4 46E24 7,6,3,SD,(3),8 - - 6 35.29
5 64E0 Su 1 5.88 - -
6 64E8 SU, (3) - - 2 11.76
7 66E0 7,Su 2 11.76 - -
8 70E20 6,7,Su,(7),(3),8 6 35.29 - -
9 70E32 6,7,Su,Cv 4 2353 - -
10 70E182 6,7,SU,(7),(6),8,CV,2 8 47.08 8 47.08
11 70E214 6,7,SU,(7),(6),8,SP,2 8 47.08 - -
12 136E54 7,6,9,(3),8,CV - - 6 35.29
13 192E192 SU,9,(7),(6), (3),8,CV,2 - - 8 47.08
14 206E174 7,6,3,5U,9,(7),(6),(3), CV,2 - - 11 64.70
15 450E254 7,5U,9,5,(7),(6),(3),8,CV,SP,2 - - 11 64.70

Virulence frequency (%) calculated by divided the number of ineffective genes for each race to the total number of resistance genes used (17
Yr's) X 100.

b- Virulence frequency (%6): the tested stripe rust resistance lines (Yr's). No virulences

Frequency of virulence for each race was detected (0.0 % VF) of the Pst isolates were found against Yr1, Yr5,
against the seventeen differential hosts for stripe rust  Yr10, Yrl5, Yrd7, Yr27, Yr32 and YrSp, as were highly
resistance (17 Yr's) in the two years under study. effectived and were completely resistance against all
Occurrence of virulence frequency for each race was jsolates under study (100.0% efficacy). On the other hand,
estimated as the percentage of the number of ineffective  the highest occurrence of for the Pst isolates virulence was
genes to the total number of resistance genes used (Table  found against Yr2, Yr3, Yr4, Yr6, Yr7, Yr8, Yr9, Yr18, YrA,
5). Different virulence frequencies (%) of the tested races  yyND, YrSD and YrSU, ranging from 53.84 to 100%.
were occured ranged from 0% for OEO palloty t0 64.70%  \yhereqs; the rest lines (Yr's) under study showed moderate
for each of the two Pst, 450E254 and 206E174 had the \oqnonses during this season. In the seacend season, the
widest _wrulence specturm, thL.’S they were the_ MOSt  htained results also revealed that the four yellow rust
agoressive (Pst) races, wnere it proved to be virulent resistance genes Yr's; Yrl, Yr5, Yrl0 and Yrl5 exhibited

against with virulence the most differential lines a : - .
genotypes, In the same time, they showed the highest complete resistance against all the tested isolates, as they
‘ ’ showed the lowest frequencies of virulence being was

virulence frequencies (each with 64.70%), followed by the : .
three races qi.e. 70E(182 70E214 a% 192E192 ythat 0.0% all. In the same time, these Yr's considered to be the

possessing a rebtisely high virulence frequency reached to ~ Nghly effective (resistant) genes against all the prevalent

47.08%. In contrast, race OEO displayedavirulent reaction ~ PSt isolates in the collections of this season. On the other

or did not have the potentiality to be virulent against all the ~ hand, according to the virulence frequency of Yr's; Yrl7,
tested Yr's, and it, therefore, showed 0.00% virulence Y27, Yr32,YrSp, Yr3, Yr4, Yr6, Yr7, Yr8, Yr9, Yrl8, YrA,

frequency (Table 5). YrND, YrSD and YrSU which ranged from 15.0% to

Occurrence of virulence was also estimated as the ~ 95.00%, these resistance genes (Yr's) considered to be
percentage of virulent isolates to the total number of ineffective during 2018/19 growing season (Table 6)
isolates for each wheat genotype under study, both yellow  b- Virulence to the local wheat varieties:

rust resistance genes (34 Yr's) and 18 local wheat varieties Data the presented in Table (7), revealed, in
(Tables 6 and 7). general, the 18 wheat varteties different levels of varietal
Virulence of Pst isolates against different wheat resistance against the tested stripe rust isolates, obtained
genotypes: from the collections during the two growing seasons
a- Virulence of the tested isolates to yellow rust 2017/18 and 2018/19. The highest levels of varietal

resistance genes (Yr's) resistance to the tested Pst isolates was displayed in wheat

Results obtained in the first season that presented in Table ~ cultivars ie. Sakha94, Sakhads, Gemmeizal2, Misr2,
(6), showed ingenral, different frequencies of virulence to ~ Shandaweel 1, Gizal71 and Misr3 (ranging from 92.40 to
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96.16%) in an as order. On the other hand, the lowest
levels of varietal resistance to the tested pathogen isolates
were found in wheat cultivars; Sidsl2, Sakha69,
Gemmeizall,Sakha93 and Sids13 (ranging from 23.07%
to 39.47%) in ascending order. Whereas, the rest of wheat
varieties under study showed the relatively moderate
responses of varietal resistance to the tested Pst isolates
during 2017/2018 growing season (Table 7). In the second

season; 2018/19, the highest levels of varietal resistance
were found in cvs; Sakha94, Sakha95, Gemmeizal2,
Gizal71, Sids13 and Misr3 (ranging from 80.00 to
85.00%). In contrast the lowest values were found in cvs;
Sids12, Sakha69, Sakha6l, Sakha93, Gemmeiza9,
Gemmeizal0 Gemmeizall, Misrl and Misr2 didn't
exceeded up to 40% (Table 7).

Table 6. Virulence frequency (%) of Puccinia striiformis tritici (Pst) isolates corresponding to 34 stripe rust
resistance genes (Yrs) in collections during 2017/18 and 2018/19 in Egypt.

Frequency of virulence (%) of isolates virulent to the indicated Yr gene and gene

efficacy(%0)

No. Genotypes Yrgene 2017/2018 2018/2019

No.of virulent  Virulence Gene No.of virulent  Virulence Gene

isolates  frequency(%) efficacy(%o) isolates  frequency(%o) efficacy(%o)
1 Avocet 'R’ YrA 90 69.23 30.67 180 90.00 10.0
2 Yrl/6*Avocet S Yrl 0 0.00 100.0 0 0.0 100.0
3 Yr5/6*Avocet S Yr5 0 0.00 100.0 0 0.0 100.0
4 Yr6/6*Avocet S Yr6 100 76.93 23.07 190 95.0 5.00
5 Yr7/6*Avocet S Yr7 100 76.93 23.07 190 95.0 5.00
6 Yr8/6*Avocet S Yr8 80 61.53 38.47 160 80.0 20.0
7 Yr9/6*Avocet S Yr9 75 57.69 42.31 150 75.0 25.0
8 Yr10/6*Avocet S Yr10 0 0.00 100.0 0 0.00 100.0
9 Yrl5/6*Avocet S Yr15 0 0.00 100.0 0 0.00 100.0
10 Yrl7/6*Avocet S Yrl7 0 0.00 100.0 50 25.00 75.0
11 Yrl8/6*Avocet S Yri8 70 53.84 46.16 105 52.5 575
12 Yr27/6*Avocet S Yr27 0 0.00 100.0 70 355 64.5
13 Yr32/6*Avocet S Yr32 0 0.00 100.0 60 30.0 70.0
14 YrSP/6*Avocet S YrSP 0 0.00 100.0 40 20.0 80.0
15 Chinese 166 Yrl 0 0.00 100.0 0 0.00 100.0
16 Lee Yr7 100 76.93 23.07 190 95.00 5.00
17 Heine's Kolben Yr6+1 70 53.84 46..16 140 70.0 30.0
18 Vilmorin 23 Yr3a, 4a 60 46.15 53.85 120 60.0 40.0
19 Moro Yr10 0 0.00 100.0 0 0.00 100.0
20 StrubesDickopf YrSD 60 46.15 61.54 110 55.0 45.0
21 Suwon 92/0Omar YrsuU 40 30.76 53.85 120 60.0 40.0
22 Clement Yr9, Yr2 45 34.6 69.24 80 40.0 60.0
23 Hybrid 46 Yr4 45 34.61 65.39 90 45.0 55.0
24 Reichersberg 42 Yr7+? 100 76.93 23.07 190 95.00 5.0
25 Heine's Peko Yr6+? 100 76.93 23.07 190 95.0 5.00
26 Nord Desprez YrND 40 30.08 69.24 70 35.0 65.0
27 Compare Yr8 40 30.08 69.24 70 35.0 65.0
28 Carstens V Yr32 0 0.00 100.0 30 15.0 85.0
29 Spalding Prolific YrSP 0 0.00 100.0 30 15.0 85.0
30 Heines VII Yr2+? 30 23.07 66.93 60 30.0 70.0
31  Federation4/Kavkaz Yr9 70 53.84 46.16 140 70.0 30.0
32 Anza YrA, Yrl8 60 46.15 53.85 120 60.0 40.0
33 Kalyansona Yr2 35 26.92 74.08 80 40.0 60.0
34 Triticum spelta album Yr5 0 0.00 100 0 0.00 100.0
Total 130 200

Table 7. Seedling resistance of 18 local wheat varieties against Puccinia striiformis tritici isolates collected from
different wheat growing areas in Egypt, during 2017/18 and 2018/19 growing seasons.

Frequency of virulence (%) of Pst isolates virulent to the indicated wheat varieties

No. Wheat varieties 2017/2018 2018/2019

No. of virulent isolates  Varietal resistance(%) No. of virulent isolates  Varietal resistance(%b)
1 Sakha61 60 53.85 120 40.0
2 Sakha69 90 30.77 180 10.0
3 Sakha93 80 38.47 160 20.0
4 Sakha94 10 92.39 30 85.00
5 Sakha95 10 92.39 30 85.00
6 Gemmeiza 9 50 61.54 120 40.0
7 GemmeizalO 55 56.70 130 35.0
8 Gemmeiza 11 80 38.47 180 10.0
9 Gemmeiza 12 10 92.39 30 85.0
10 Giza 168 30 76.93 50 75.0
11 Giza 171 5 96.16 30 85.0
12 Sids 12 100 23.07 190 5.0
13 Sids 13 80 39.47 40 80.0
14 Sids 14 40 69.24 80 60.0
15 Misr 1 20 74.62 100 50.0
16 Misr 2 10 92.4 130 35.00
17 Misr 3 5 96.16 30 85.0
18 Shandaweel 1 10 924 80 60.0
Total No. of isolates 130 200

Total of the obtaned Pst isolates during each growing season of the study.
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Diversity of pathogen populations under study:

Three popular indexes of diversity, i.e. Shannon
(Hsn), Gleason (Hg) and Simpson (Hs), were mainly used
to measure the phenotypic variation and the diversity of Pst
races within populations and between different Pst
populations, in the tested governerotes (populations —
regions ) under study. These indexes were calculated for
each of governerotes the six i.e. Kafersheikh, Gharbia,
Damietta, Dakahlia, Beheira and Shargia populations,
during the two growing seasons, i.e. 2017/18 and 2018/19
(Table 8 and Fig. 2).

The obtained values of the relative Shannon index
as ranged from 0.474 for Shargia population to 0.554 for
Kafersheikh population in the first season, but it was
ranged from only 0.392 for Shargia population to 0.507 for
each of Kafersheikh population and Beheira population in
the second season. While, Gleason index esitmates found
to be relatively, wherein it was low less than 0.480 as it
was varied between 0.190 and 0.428, in the first season.
Also, the estimated valuo of this index were very small
compared with the other two diversity indexes used the
smallest of Gleason index between 0.129 and 0.437 in the
second season. Moreover, Simpson index values for
diversity of races were found in all the tested populations,
during the two years of the greatest rather than the other
two indices values of the study. Whereas, varied between
0.501 and 0.853 in 2017/18. Also, between 0.528 and
0.820 in 2018/19 (Table, 8).

Comparisons of the different values three indexes
of diversity used in this study,for the tested Pst populations
in various governorats (regions) and during the two years,
reflects both variation and/or differences of Pst populations
in the country. The highest of esitmates of Shannon index
were observed in Kaferelsheikh population, followed by
Gharbia, Beheira, Damietta, Dakahliaand Shargia
populations. Where, these phenotypic diversity esitmutes
were 0.554, 0.524, 0.509, 0.531, 0.500 and 0.474, in the
first season, for the above governoates respectively. Also,
Pst populations for the previous governorates showed great
values of this popular Shannon idnex where , they were;
0.507, 0.474, 0.474, 0.434, 0.507 and 0.372 in the second
season, respectively (Table 8 and Fig. 2).

The Gleason index values of Damietta and
Dakahlia populations were relatively low, in comparison
with the other populations under study, as it was 0.328 and
0.348 in the first season, but it was 0.333 and 0.337 in the
second season for these two populations, respectively.
While, the other four pathogen populations of the study
i.e. Kaferelsheikh, Gharbia, Beheira and Sharqgia
governorates, showed the lowest values of Gleason index,
i.e. 0.190, 0.280, 0.217 and 0.230 in 2017/18, while they
showed 0.129, 0.171, 0.219 and 0.250 in 2018/9,
respectively (Table 8 and Fig. 2).

The highest values of the third popular index of
diversity used Simpson index showed, in gerenal the
highest values were recorded in the tested Pst populations
of the six Egyptian governorates; more than 0.500 in both
seasons of the study.

Table 8. Phenotypic diversity of wheat stripe rust races in collections from six Egyptian governorates, during

2017/18 and 2018/19 growing seasons.

Growing season / Diversity index values

Governorate 201772018 2018/2019
Shannon Gleason Simpson Shannon Gleason Simpson

Kafrelsheikh 0.554 0.190 0.651 0.507 0.129 0.627
Gharbia 0.524 0.280 0.687 0.474 0.171 0.810
Damietta 0.531 0.328 0.853 0.474 0.333 0.663
Dakahlia 0.5005 0.341 0.821 0.434 0.337 0.716
Beheira 0.509 0.217 0.828 0.507 0.219 0,820
Shargia 0.474 0.230 0.501 0.392 0.250 0.528

In the first season (2017/18), the three Pst
populstions; Damiatta, Beheira and Dakahlia showed the
highest Simpson index values (up to 0.800); they
were0.853, 0.828 and 0.821, for the previous Pst
population, respectively. While, the other Pst populations
under study, Gharbia, Kafrelsheikh and Shargia showed
also the relatively high values of this index i.e. 0.687, 0.651
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and 0.501, respectively. Meanwhile in the second season
2018/19, Simpson index values also, varied between 0.528
in Shargia population and 0.820 in Bahyria population.
However, the other from populations under study
i.e. Kafrelsheikh, Damietta, Dahkalia and Sharqgia revealed
in between values ofthis index i.e. 0.627, 00.663, 0.716 and
0.528,respectively(Table 8 and Fig. 2).
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Fig.2. The Shannon, Gleason and Simpson indexes of phenotypic diversity for 6 populations of Puccinia striiformis
in Egypt during 2016/17 and 2017/18 growing seasons.

Relationshipe between the four components of
diversity ie. size of sample collected from each
governorate, number of isolates gained or obtained from

these samples, number of the identified races and standard
deviation of race frequency, and each of the three diversity
indexes were carried out over the two growing seasons of
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the study, and the obtained data presented in Table (9).
Significant correlation cefficent were obtained volues
between each of Shannon and Gleason indexes and the
sample size collected from each governorate, the obtained
number of isolates, number of the identified Pst races and
standard deviation of race frequency (Table 9). These
results indicated that each of these two popular indexes
was sensitive to a correponding sample size (r = 0.540 &
0.676 ), number of isolates (r = 0.594 & 0.525), number of
races (r = 0.777 & 0.449), and standard deviation of race

frequency (r = 0.673 & 0.609), respectively. While, very
low non correlation cofficient values were present
between the above mentioned four components of diversity
and the other diversity index under study, i.e. Simpson
indexes. So, It can be concluded that the Shannon and
Gleason indexes of diversity were the most important
indexes to accurately measure the phenotypic diversity of
Puccinia striiformis vaces within its populations under
Egyptian conditions.

Table 9. Correlation between independent components of diversity and three diversity indexes of six populations
of Puccinia striiformis in Egypt, during 2017/18 and 2018/19 growing seasons.

Components of diversity

Diversity indexes

Sample size No. of isolates Race number Standard deviation of race frequency
Shannon (Hyy) 0.540%* 0.504** 0.777** 0.673**
Gleason (Hg) 0.676** 0.525** 0.449** 0.609**
Simpson (Hs) 0.001" 0.001™ 0.061%° 0.053"°
DISCUSSION growing in Kafrelsheikh  governorate. Also, the

Stripe rust of wheat (Triticum aestivumL.), caused
by Puccinia striiformis f. Sp tritici is an economically
important disease of wheat in Egypt, as well as many
wheat growing areas, worldwide. As, it has been
considered the most destructive foliar diseas in the country.
The disease could be severely attacked most of the
currently used wheat varieties, and caused considerable
losses in grain yield, due to their susceptibility to such
disease, especially in years when the environmental
conditions were favourable for rust incidence and
development (Mundt et al., 1995 & Ashamawy and Regab
2016). The observed loss may be reached to approximately
37 % in grain yield of the highly susceptible wheat
cultivars in Egypt (Ashmawy and Rageb, 2016). The
amount of this loss depends, to a large extend, on the level
or degree of aggressiveness of the causal pathogen races,
and environmental conditions favorable for disease
incidence and deveolpment. In this case, the loss in grain
yield may reach it's maximium and higher levels, specially
when the target wheat plants were highly susceptible (Park
et al., 1988 and Hong and Singh 1996).

Several yellow rust epidemics have been recorded
under Egyptian conditions since 1967. In this season,
severe yellow rust infection was occurred on leaves and
heads of wheat plants, and destroyed a very large area
growing with cultivar; Giza 144, in El-Manzalla district,
that located in North Delta of Egypt (Abd el Hak et al.,
1972). Also, four epidemics have been reported during the
last five decades, i.e. 1983, 1986, 1995 and 1997, and more
recently in 2018/19 growing season. However, these
epidemics were, in fact the main cause for eliminating and
discarding the widely grown and high yielding wheat
cultivars from the commercial productions in the field such
as; Gemmeiza 1-3 and 5, Gizal63, Sakha69, long spikes;
Sids cultivars and recently Sakha 93. (Abu El-Naga et al.,
1999 and Ashmawy et al.,2012)

Field observations during the annual survey of
wheat rusts in Egypt, during the two years of the study,
revealed, in general, that little or few stripe rust infection
was observed in the first growing season; 2017/18,
compared to that occurred in the second season; 2018/19.
However, relatively late stripe rust infection was recorded
in this season of the study, as the diseas appeared late in
March, 2018 on the plants of bread wheat cv. Sidsl12,

evironmental conditions were found to be unfavourable for
the disease development and increase during this season.
Which, in turn, delayed and slow down the rate of disease,
increase thus reduced the amount of the disease, and
minimized it's severity (%) in host plants of the most wheat
growing cultivars allover the country. In contrast, severe
stripe rust epidemic have been early recorded in the second
season; 2018/19. Due to the early appearnce of stripe rust
infection in this season, as it was firstly dtected in 30
January on the plants of the two wheat cultivars; Sids 12
and Gemmeizall, that widely grown in the Northern
governorates, including Kafrelsheikh. Beside to the early
detection of both initial infection and time of outbreak, the
high amount of rainfull, combined with the lower degrees
of average minimum and maximum temperatures,
recorded during this season, all of these reasons
significantly contributed to the establishment, spread, and
subsequent epidemic outbreak of stripe rust.

During this season, it was also noticed that almost
all wheat cultivars widely grown in the country were
susceptible to the sudden emergency and of the new and
more aggressive Pst pathotypes that was initially identified
and firstely appeared in pathogen population, that
contributed to the occurrence of this epidemic. Stripe rust
inoculum had been rapidly disseminated and widely
distrbuted to the other parts of wheat gowing areas of the
country, nationwide.

Although, the dynamic nature of wheat rust
pathogens, host-genetic resistance or growing resistant
cultivars, is still the most effective method to control stripe
rust of wheat.The failure of genetic resistance in some
wheat cultivars after it’s new release and wide cultivation
in the commercial fields was mainly due to the high
evolutionary potential of stripe rust populations (McVey et
al., 2004).

However, the dynamic nature of such pathogen led
to continuous producing and sudden emergency of new
virulent and more aggressive races, that can rapidly
increase in their frequency and capable to overcome or
breakdown resistance genes newly deployed in the
recommended wheat cultivars. Therefore, genetic
resistance of these newly released wheat cultivars
subjected to a rapid loss in it's efficacy, and these cultivars
become susceptible in a short period of time (few years ) or
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short duration. Therefore, it is essential to an early
detection of the first existence of new races in it's pathogen
population, before it becomes more prevalence, more
frequency and able to cause a significant loss. As, it was
reported in the previous studies that there is a relatively
long period of time (about 3 to 5 years) from the first
detection of a new race in it's population to cause a
significant crop loss (Chen et al., 2009).

Successful breeding program for rust resistance,
especially wheat stripe rust, requires a full understanding of
the genetic structure of the causal pathogen populations,
and the probable changes occurring in these populations,
i.e. new races present, their frequencies of virulence and
their occurrence and diversity within different geographical
areas in the country .

In the course of this study, virulence survey was
carried out by coollectting stripe rust samples from
different locations of the country i.e. Kaferelsheikh,
Gharbia, Damietta, Dakahlia, Beheria and Shargia. The
results obtained were estabilished on the comparisons of
both visual symptoms as infection types (IT's) of the
uredial stage of the casual pathogen with those reported by
Wiese (1977) and Agrios (1979). Isolation and
identification of the prevailing races of the disease are an
essential step to satisfy this work (Chen et al., 2002)

In the present study, stripe rust (Pst) race; 64EQ
was the most common with consistently high frequency of
26.92%, in it’s population, during 2017/18 growing
season. Meanwhile, race 450E254 was the most dominant
Pst race, as it represented by 22.5% frequency in 2018/19
growing season. Similar results were previously obtained
by Nazim et al., (2010), as they previously reported that
the two stripe rust races; OEO and 102E22, were the most
frequent in Egypt during the two growing seasons of their
study; 2005/06 and 2006/07. Also, Shahin et al., (2015)
found, under the Egyptian conditons that stripe rust races;
OEO and 6E16 were the most frequent (each with 12.54%
frequency) during 2013/14. While, the three races; OEOQ,
4E8 and 198E154 were the most common races (with
12.16, 9.15 and 8.45% frequencies, respectively) during
2014/15 growing season

Results obtained in the current study, confirmed by
the previous studies of Nazim et al., (2010), and Shahin et
al., (2015), suported the conclusion that wheat stripe rust
population in Egypt, has been dominated by a few
pathogen races (only one or two races), each year during
their studies. Also, these common races did not reappear
year after year in pathogen population, under the Egyptain
conditions.

Dominance by a few races may be expected in
pathogen populations, those maintain the relatively small
population sizes, and are not subject to loss of some races
in episodes of population crashes (genotype drift), between
the successive growing seasons of the host crop. If the
common Pst races could not occurre in its pathogen
populations each year, it is likely to suggest that those races
did not survive the summer in Egypt and the source of
airborne urediniospores (primary inoculum )is consistent
from year to year in an external source and/or an adjacent
country that provides a rich diversity of races each year
Kolmer et al.,(2005)

If Pst fungal pathogen propagules not oversummers
in Egypt, it could be possible to maintain long term and
sustainable effectiveness of race — specific resistance in the
Egyption wheat cvs; but care is taken to avoid use of the
same resistance genes, that are widely used in the source
region of the primary inoculum. (Abdel-Hak et al., 1974,
Nazim et al., 1976; McVey et al., 2004 and Negm et al.,
2013).

The obtained data in the current study showed, on
the other hand, that Pst populations of Kaferelsheika
governorate were the largest population sizes, as they have
the highest number of the identified stripe rust races.
Wherein, they represented 21.53% and 20.5% frequencies
of the total races in the annual Egyptian populations
during, 2017/18 and 2018/19 growing seasons, Followed
by Gharbia and Shargia populations, where they also
showed the relatively high frequencies of the total races in
population. While, the three governorates; Dakahlia,
Beheira and Damietta showed the lowest number of the
identified Pst races in their pathogen population.

On the other hand, the three Pst races i.e. 64EOQ,
66E0 and 70E26 are the most widespread races in all
locations, nationwide, as each was found in six
governorates in 2017/18. While, the other three Pst races;
192E192, 206E254 and 450E254 are the most
geographically distributed races, which was recorded in six
governorates under study. Similar results were previously
obtained by Shahin et al., (2015),Nazim et al., (2010),
Ashmawy (2010) and Sajid et al., (2014).

The obvious Shifts or changes in race structure of
Pst annual populations in Egypt, could be confirmed by the
relationship between them and alterations in virulence
frequencies against number of Yrs genes. Analyzing and
testing virulence of Pst isolates to stripe rust resistance
genes (Yrs), combined with the genetic structure of Pst
populations, have provrided valuable data and/or an
important information for wheat breeding program. In this
study, no virulences were occurred corresponding to the
four Yr's; Yrl, Yr5, Yrl0 and Yrl5 against the tested
isolates. These Yr's considered to be of highly effective
(completely resistant) against all the obtained Pst isolates,
during the two years of the study. According to the highest
virulence frequencies, to Yr's; Yrl7, Yr27, Yr3, Yr6, and
Yr7, (more than 80%), these stripe rust resistance genes
considered to be ineffective genes under Egyptian
conditions during the two years of the study. The previous
study of Shahin (2017), evaluated 47 differential sets of
monogenic lines with known yellow rust resistance genes
under Egyptian field conditions. This study indicated that,
out of the tested genes only 10 Yr genes were resistant to
stripe rust pathogen at adult plant stage, as they showed
rust response ranged from 0 — 5MR. Another study of
Chen et al., (2009) reported that the yellow rust reistance
genes; Yr5, Yrl0, Yrl5 and Yr24/26 confer resistance to Pst
race; CYR32 under Chinese conditions.

In the current study, different disease response to the
collected stripe rust isolates were observed on the tested
wheat culativars, suggested that these wheat genotypes had
diverse genetic backgrounds and having various YT resistance
genes. The highest levels of varietal resistance to the tested
Pst isolates were displayed by the wheat cultivars i.e. Sakha
94, Sakha 95, Gemmeizal2, Misr2, Shandaweel 1, Giza 171
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and Misr 3, in 2017/2018 grwing season. While,out of the
previous cultivars, only three cvs., Sakha 95, Gemmeiza 12,
and Misr 3, showed the highest levels of varietal resistance in
the second season; 2018/19, On the other hand, virulence to
wheat cvs., Sids 12, Sakha 69,Gemmeiza 9, Gemmeiza 10
Gemmeiza 11,Sakha 93 Misr 1 and Misr2, the lowe was
found to be occurred at greater than 90% frequency in the two
years under study. Similar results were previously reported by
the findings of Shahin et. al., (2018).

Diversity indexes are the main quantitative
measurements that accurately reflects how many different
types (such plant pathogen races) found in a community or in
ets population, and simultaneously takes into account how
these races are distributed among those types (Andrivon and
de Vallavieille-Pope, 1995). The measurement of diversity
between and/or within any pathogen population is one of it’s
important characteristics. As previously reported by Groth
and Roelfs (1987) an optimal diversity index should satisfy
several conditions;. A) pathogen population is more diverse
(showed higher index values), if it consists of a larger number
of races, also, when it is characterized by an even distribution
of races. In contrast, the low diversity alternative being the
case where a small or a few number of races were dominate in
the population, and all other races being rare, with low
frequencies in their populations.

In this part of the study, three popular and widely used
diversity indexes, i.e. Shannon, Simpson and Gleason were
mainly used to accurately estimate and measure phenotypic
diversity of Puccinia striiformis populations in six different
locations in Egypt. The relative Shannon index showed low
values that differed from the other two indexes, i.e. Simpson
and Gleason. This mainly due to the lowest number of isolates
in most populations and low values of frequency (%) of most
races in their populations. While, both Gleason and Simpson
indexes showed, in general, high values, compared with the
other diversity indexes under study. This means that high
diversity was found for the studied populations in most of the
tested locations, during the two growing seasons. The high
diversity in different stripe rust populations under study, could
be explained by the wide cultivation of the commercial
Egyptian wheat cultivars for long period of time (many years),
having high levels of stripe rust resistance. This make high
selection pressure on Pst races, imposed by the major Yr
resistance gene (s), newly deployed in the Egyptain wheat
cultivars. This issue was previously supported by the findings
of Singh et al., (2004). Similar results were previously
obtained by Hovmoller et al., (2011), Bux et el., (2012),Sajid
etal. (2014) and Prashar et al., (2015).

Further studies are required or needed in the future for
surveying and monitoring the dynamics and virulence
diversity of stripe rust races in its populations between in years
and wheat growing areas in different governorates in Egypt,
using monogenic lines for stripe rust resistance genes (Yr's), as
differentials, in combination with molecular =~ marker
characterization of Pst races, to provide an essential basis that
are very needed or of great importance for an anticipatory
breeding program aimed to produce new wheat cultivars.with
a sustainable resistance to stripe rust.
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