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ABSTRACT

Genes for resistance to stem rust (Puccinia graminis f. sp. tritici) were postulated in eighteen
Egyptian wheat cultivars. The reactions of the tested cultivars were compared to the reactions of 20
monogenic lines (Sr's) against 25 known pathogenic isolates of the causal organism. Difference and
similarity of the reactions in terms of infection types (I T's) between the monogenic lines and the
tested cultivars was used to postulated gene (s) responsible for seedling resistance. Gene postulation
showed that no stem rust resistance gene (s) could be detected in the two cultivars; Giza 160 and
Sakha 93.while , Misr 1 cv probably has most of the tested genes (18 genes), followed by Gemmeiza
10 and Banisweif 6 (each probably has 16 genes), Sakha 95 (15 genes) and Gemmeiza 7, Gemmeiza
11, Sids 13 and Shandaweal-1 (14 genes probably present in each). Also, eleven and twelve Sr genes
were probably present in Misr-2 and Sakha 94, respectively. The other cultivars under study, probably
have a few numbers of the tested genes. Some of the postulated genes were common in most of the
studied cultivars i.e., Sr30, Sr 17, Sr 9e, Sr 10, Sr 36 and Sr 13, in which other genes were not in
common.The most effective stem rust resistance genes which showed very low virulence frequency
(%) were Sr’s 13, 7a, 9e, 9d and 21. While high occurrence of virulence frequency (%) were found
agains Sr's 8b, 6, 10 ,9a, 9g, 9b, 17, 5, 7, 11 and 8b. So, these Sr genes considered to be the least
effective genes against the tested isolates of the causal pathogen. The prompt detection of genes
conditioning stem rust resistance in wheat cultivars and advanced or promising germplasma
complemented or coupled with multilocational evaluation for adult plant resistance (APR) or field
resistance, will enable wheat breeders to make well founded decision in relation to planning successful
breeding strategy, that aimed to release a new wheat variety with a long- lasting and more durable
resistance against wheat stem rust disease.

Key words: Stem rust, resistance genes, infection types, postulated genes, field resistance, adult plant
resistance.

INTRODUCTION

Stem rust (Puccinia graminis f.sp.tritici) has
been potentially one of the most destructive
diseases on wheat in Egypt, especially in the late
sowing. Consistently, major losses in wheat
production, can be occurred when the
susceptible cultivars have been severely rusted
(Abd El-Hak and Kamel, 1973).

As ecarly as the beginning of 1950's, the first
two resistant wheat cultivars; Giza 135 and Giza
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139, has been released and used in agriculture
under the Egyptian field conditions. Since then,
stem rust has successfully been controlled in
Egypt. After that, many wheat cultivars derived
from these two cultivars possessing the same
stem rust resistance genes were developed.
Most of these derivatives, are characterized by
their high levels of resistance to most of the
common races of stem rust pathogen and served
in agriculture for long period of times (many
years). Nevertheless, the probability of introduction
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and migration of new stem rust races with
virulence to Sr genes newly deployed in the
widely grown wheat cultivars in Egypt, is of
great expectation to occur. Furthermore, in
recent years the appearance and detecting of the
new virulent race; Ug 99 (TTKSk) in Eastern
Africa and Ethiopia, that overcome the genetic
resistance in most wheat germplasm in these
countries. These introductions have complicated
efforts to develop wheat cultivars with durable
stem rust resistance and have the ability to
overcome and breakdown the effectiveness of
most rust resistance genes that are available for
deployment (Pretorius et al., 2000).Therefore,
the new cultivars currently grown in Egypt, have
been subjected or threatened by the attack of this
aggressive race and its new variants. Early
studies have been carried out in Egypt by
Kamel, 1971 to determine the number of stem
rust resistance genes (Sr's), conditioning
resistance in some Egyptian wheat cultivars by
crossing them with the susceptible parents. He
also identified some seedling resistance genes in
very limited local wheat cultivars. Since that
time and before, further studies were carried out
by Abu El-Naga et al. (1990 and 1993), Nazim
et al. (2001), Mousa et al. (2004) and Youssef et
al. (2012) to postulate the probable genes,
responsible for stem rust resistance in the
Egyptian wheat cultivars. All of them used
infection type data, as the visible response of the
gene for gene interaction between the host, the
pathogen and the environment (Flor, 1971).

Successful control of stem rust disease,
requires throughly understanding of the effective
genes conferring resistance to this disease. In
better choice within the selected parents to
provide an acceptable and high Ilevel of
protection against stem rust pathogen.

The main objectives of this study were,
therefore, to postulate stem rust resistance genes
(St's) in 17 currently grown wheat cultivars in
addition to the control cultivar (Giza 160), under
the Egyptian conditions, using 20 monogenic
lines each carrying single known gene for stem
rust resistance (Sr gene). In addition to evaluate
and determine the effectiveness of these genes
against the most common isolates of P. graminis
population, to facilitate an incorporation of
additional effective genes into the national
breeding programme in the country.

MATERIALS AND METHODS

The present study was carried out under
greenhouse conditions in the Wheat Diseases
Research Department. Plant Pathology Research
Institute, ARC, Giza, Egypt. Eighteen Egyptian
wheat cultivars (Triticum aestivum L.), with
unknown stem rust resistance genes and twenty
monogenic lines for resistance to Puccinia
graminis f.sp. tritici (Tables 1 and 2), were used
in this study. The tested cultivars were Giza 160,
Giza 168, Gemmeiza 7, Gemmeiza 9,
Gemmeiza 10, Gemmeiza 11, Sakha 93, Sakha
94, Sakha 95, Sids 1, Sids 12, Sids 13, Misr 1,
Misr 2, Beni Sweif 4, Beni.sweif.5, Beni Sweif
6 and Shandaweal 1. All wheat materials or
entries (both wheat cultivars and monogenic
lines; Sr's), were grown in plastic pots 10 cm in
diameter. Each pot contained four genotypes in
each corner clockwise.The tested cultivars and
20 monogenic lines (Sr's) were inoculated with
25 pure uredinial isolates from the Egyptain
collections of P. graminis f.sp. tritici. Samples,
collected from both Rust Trap Nurseries and
farmer fields, during 2009/2010 growing season.
The collected samples were then placed in
glycine envelops and stored in a desicator in the
refrigerator at 3°C. Rust isolates maintained in
good viability under these conditions for up to 6
monthes. Inoculation and incubation were
performed in moist chambers. Inoculated plants
were held at approximately 100% relative
humidity for 24 hr. Plants were then returned to
the greenhouse bench at 21 + 4°C, for the
duration of the experiments. Rust reaction on the
first leaf was recorded, 12 days after inoculation.
Rust data were recorded as infection types on
each cultivar and monogenic line (Sr), according
to the method of Stakman et al. (1962). The
infection type, expressed on each cultivar and
near isogenic line, was classified on a scale. The
infection type, 3, 4, was considered as high
infection type (HIT) or susceptible reaction. A
method similar to that of Loegering (1972),
Browder and Eversmeyer (1977), Statler
(1984), was used to determine the probable stem
rust resistance genes (Sr's) of the Eighteen
cultivars, under study.The infection types for
each of the 25 isolates, expressed on the tested
wheat cultivars with unknown resistance genes,
were compared to the infection types of the same
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Table 1. List of 18 Egyptian wheat cultivars and their pedigree which were evaluated

throughout the present study

No. Wheat cultivar

Pedigree

Giza-160
Giza-168
Gemmeiza-7
Gemmeiza-9
Gemmeiza-10
Gemmeiza-11
Sakha-93
Sakha-94
Sakha-95
Sids-1

Sids-12

O 0 1NN AW -

pd
—

12 Sids-13
13 Misr-1
14 Misr-2
15 Beni.sweif-4

16 Beni.sweif-5
17 Beni.sweif-6
18 Shandaweal-1

MIL/BUC//SeriCM93046-8M-0Y-OM-2Y-OB
CMH74A.630/5X//Seri82/3 AgentCGM.4611-2GM.-3GM.-1GM.-0CM.
Ald"s"/Huac "s"//CMH74A.630/5Xcgm4583-5GM-IGM-OGM
CMH74A.630/5X/Seri82/3 AgentCGM.4611-2GM-3GM-IGM-0CM.

BOW"S"/KVZ"S"//7C/SER182/3/GIZA168/SKHAG61.

Sakha92/TR810328 S8871-1S-25-0OS
Opea/Rayon/Kaz/ CMBW9043180-O10M-010M-010Y-10M-015-0Y.

HD2172/Pavon"s"//1158.57/Maya74"s"SD46-4sd-2SD-ISD-OSD
BUC/7C/ALD/5/MAYA74/0ON/1160147/3/BB/GLL/4CHAT"S"/6
/MAYA/VUL/CMH74A.630//4*SX.
AMAZ19=KAUZ"S".
OASIS/SKAUZ//4*BCN1312*PASTOR
SKAUZ/BAV92

AUSL/5/CANDO/4/BY*2/TAC//1127655/3/TME//ZB/W*2.1CD88-1120-
ABL-0TR-IBR-6AP-0AP-OSD.

DIPPERZ/BUSHEN3.CDSS92B128-IM-0Y-3B-0Y-0SD.
BOOMER-21/BUSCA-3.CDSS95Y01185-8Y-OM-0Y-0B-1Y-0BOSD
SITE/ MO/4/NAC//3*PVN/3/MiRLO

Table 2. Wheat stem rust resistance genes (Sr's), source, genome location and their tester lines
(Roelfs et al., 1992)

No. Sr.Gene Genome location Original source Tester

1 Sr5 6 DS Reliance Isr 5—Ra

2 Sr 6 2 DS Red Egyptian Isr 6 —Ra

3 Sr 7a 4 BL Kenya 117A Line G Sel

4 Sr 7b 4 BL Marquis Isr7b —Ra

5 Sr 8a 6 AS Red Egyptian Isr 8 —Ra

6 Sr 8b 6 AS Barleta Benvenuto Barleta Banvento

7 Sr 9a 2 BL Red Egyptain Isrga-Ra

8 Sr 9b 2BL Kenya 117 A W2691 Sr gb

9 Sr 9d 2 BL Triticum.turgidum (yaroslav emmer) Isr 9d-Ra
10 Sr 9e 2 BL T. turgidum (vernal emmer) Vernstein
11 Sr 9¢g 2 BL Lee Cnssr 9g
12 Sr 10 2BL Egyptian NA 95 W2691 Sr 10
13 Sr 11 6 BL Lee Isr11-Ra
14 Sr 13 6 BL T. turgidum (kaphli emmer) W2691-sr13
15 Sr 15 7AL Norka W2691-sr15
16 Sr 17 7 BL T. turgidum (yaroslav emner) CS (Hope 7B)
17 Sr 21 2 AL T. monococcum Einkorn
18 Sr 30 5DL Webster Btsr 30 wst
19 Sr 36 2 BS T. timopheevi W2691sr Tt-1
20  SrTmp 4.B Triumph 64 Triumph 64
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isolates on the twenty monogenic lines, each
carrying a single known gene for resistance to
stem rust .These comparisons were used to
determine whether the tested cultivar was
identified as characterized to possess a particular
gene or no. The effectiveness of the stem rust
resistance genes (Sr genes), was determinded
according to their virulence frequency against
41 P. graminis f. sp. tritici isolates, using the
following equation :

Number of avirulent isolates
Gene efficacy (%)= x 100
Total number of the tested isolates

RESULTS

To postulate genes conditioning resistance to
stem rust Puccinia graminis f. sp. tritici in 18
Egyptian wheat cultivars, seedling reactions of
these cultivars were compared with the reaction
of 20 monogenic lines, each possessing
designated single stem rust resistance gene (Sr),
against 25 pure isolates of the causal pathogen
with a wide array of avirulence/virulence
combinations. Differences and similarities of the
reactions in terms of infection types (IT's)
between the monogenic lines (Str's) and the
tested cultivar (Tables 3 and 4) were used to
postulate gene (s) for resistance. No or little
numbers of avirulent isolates that could not
attack the two cultivars; Giza 160 and Sakha 93
,were detected in the present study .So,it could
not accurately hypothesized or postulated any
stem rust resistance gene(s) in these cultivars,
but they be have gene (s), that were not
encountered in the tested Sr lin set.

Meanwhile, some avirulent and virulent
isolates were available to the other cultivars
understudy (Table 3). Based on these data genes
for stem rust resistance in these cultivars could
be postulated (Table 4). Comparative analyses
between the tested Sr genes and the local wheat
cultivars revealed the probability of the presence
of different numbers of genes for stem rust
resistance in these cultivars. However, some of
these genes are common in the majority of the
tested cultivars, in which others are not
common. The postulated genes conditioning
stem rust resistance could be detected in the
tested cultivars were sumarized and illustrated in
Table 5. Data revealed the following results:

Giza Cultivars

They including Giza 160 and Giza 168. The
obtained data relevant to Giza 160 showed that,
no avirulent isolates of P. graminis f. sp. tritici
were detected against it, as it was attacked by all
the tested isolates, exhibiting high infection type
(H) against all of them. This, therefore, means
that Giza 160 can not postulated any resistance
genes, using the Sr set and pathogens cultures of
this study. Whereas, the other cultivar, Giza 168
was more resistant to the pathogen isolates than
Giza 160. As, it showed low infection type (L)
to most of the tested isolates (19 from 25). Thus
this cultivar probably carries 6 Sr genes i.e., 6,
9g, 30, 17, 9d and 8b and may be some
additional genes for stem rust resistance.

Gemmeiza Cultivars

Gemmeiza cultivars ie, Gemmeiza 7,
Gemmeiza 9; Gemmeiza 10 and Gemmeiza 11,
probably have four common stem rust resitance
genes i.e., Sr's 9e, 10, 30 and 36, in addition to
other genes that also probably detected in these
cultivars (Table 5).

Gemmeiza 7

It probably carries Sr's; 5, 7a, 7b, 8b, 9b, 9d,
9e, 10, 11, 17, 21, 30, 36 and Tmp. This cultivar
was resistant to most of the tested isolates as it
showed low infection type (L) to 24 cultures
from a total of 25 ones, in which these genes
were avirulent (Table 4).

Gemmeiza 9

This cultivar probably has 7 Sr genes i.e., 7b,
8a, 9¢, 10, 17, 30 and 36.

Gemmeiza 10

This cultivar probably carries most genes
under study (16 genes), out of the tested genes
(20 genes). Stem rust resistance genes that
probably found in this cultivar are; St's, 5,6,7a,
8a, 8b, 9a, 9b, 9d, 9e, 9¢g, 10,11,21,30,36 and
Tmp.

Gemmeiza 11

It probably has most genes found in
Gemmeiza 9 as it carries 14 stem rust resistance

genes, i.e., Sr's 6, 7b, 8a, 8b, 9a, 9b, 9d, 9e, 9g,
10, 17,21, 30 and 36.
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graminis f.sp.tritici, under greenhouse conditions

Sr gene

Table 3. Stem rust reaction of 20 wheat monogenic lines (Sr's), against 25 isolates of Puccinia

No.
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The relatively high similarity in genes for
stem rust resistance which probably found in
Gemmeiza cultivars, was in general, attributed
to the very close relation in the pedigree of
these cultivates.

Sakha Cultivars

They were Saka 93, Sakha 94 and Sakha 95.
The obtained data showed that only one isolate
of the causal organism (P. graminis f.sp.tritic)i
was avirulent to cultivar Sakha 93. Thus it could
not accurately postulated any stem rust
resistance genes in this cultivar, using the Sr line
set and the causal pathogen cultures that were
used in this study (Table 5). Meanwhile, the
other two varieties; Sakha 94 and Sakha 95
showed,in general different reactions against the
tested isolates, where a wide array of avirulence
/ virulence combinations was available.
Therefore, genes for stem rust resistance in these
cultivars could be postulated and /or detected.

Sakha 94

This cultivar exhibited a resistant reaction
(low infection type; L) to 23 isolates of
P.graminis f.sp.tritici. Therefore, it probably
carries 12 stem rust resistance genes; Sr's 6, 7b,
8a, 8b, 9a, 9d, 9e, 9g, 17, 21, 30 and 36.Also, it
may be assumed that this cultivar probably
carries additional genes for stem rust resistance,
that could not encountered in the tested Sr line
set of the current study.

Sakha 95

This new released cultivar showed in general
higher level of resistance against the tested
isolates of the causal pathogen, more than all
Sakha cultivars under study (Table, 4). It
showed low infection type against the majority
of the tested isolates. (24 isolates from a total of
25 ones), 22 of them are similar to those
avirulent against Sakha 94. Thus, this cultivar
probably has 15 stem rust resistance genes
(Sr's). These genes are, Sr's 5, 6, 7a, 7b, 8a,8b,
9a, 9e, 10,11,15, 17,21, 30 and 36.

Sids cultivars
Sids-1

It probably carries only 6 genes for resistance
to stem rust resistance i.e., Sr's 7b, 8a, 9¢, 19, 30
and 36.

Sids-12

This cultivar postulated to carry also 6 genes,
five of these genes probably found in Sids-1 cv.
Only Sr 17 which was found in this cultivar not
detected in sids -1. Also, Sr 7b which found in
sids-1, not detected in this cultivar (Table 5).

Sides 13

It displayed high level of resistant reaction to
most of the tested isolates of P. graminis f. sp.
tritici, than all Sids cultivars under study. Since,
it showed low infection type (L) to 24 from 25
of the tested isolates. Therefore, it has all Sr
genes that are found in the afore mentioned two
Sids cultivars, and probably has some genes not
found in these cultivars. However, this cultivar
probably carries 14 genes for stem rust
resistance i.e., Sr's 6, 7b, 8a, 8b, 9a, 9b, 9d, 9e,
9g, 10, 17, 21, 30 and 36.

Misr Cultivars

They are two new released wheat cultivars
i.e.,, Misr land Misr 2.

They have been developed as field resistance
cultivars to stem rust, especially after the
emergency of race TTKSK (Ug 99) and it's new
variants in Africa.

Misr 1

This cultivar showed low infection type
(resistant reaction) to the majority of the tested
isolates, as 24 out of a total 25 isolates were
avirulent and could not attack this cultivar. Only
one isolate has the ability to severely infect this
cultivar, as it showed high (H) infection type or
virulent reaction. Therefore, this cultivar
probably carries most of the tested genes (18
Sr's). i.e., Sr's 5, 6,7a, 8a, 8b, 9a, 9b, 9d, 9g,
10,11,13,15,17,12, 30, 36 and Tmp. Only the
two genes; 7b and 9¢ have not postulated or
could not detected in this cultivar, based upon
the comparison with it's reaction and Sr gene
reactions against the causal pathogen cultures
used in this study.

Misr 2

It was lesser level against resistant to the
tested isolates of P. graminis f.sp. tritic, than
that of. Misr 1. Thus, it seemed that this cultivar
postulated to have a relatively lower numbers of
Sr genes than those found in Misr 1.it probably
carries Sr's; 6, 8b, 9a, 9b, 9e, 9¢g, 10, 17, 21, 30
and 36 (Table 5).
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No. Wheat cultivar  Probable Sr gene (s)

1 Giza-160 Non*

2 Giza — 168 Sr's 6.92.30.17.9d.8b.

3 Gemm-7 Sr's 5.21,9e,7b,11,36,9b,30,17,9d,10 Tmp,7a,8b

4 Gemm-9 Sr's 9e,7b,8a,36,30,17,10.

5 Gemm-10 Sr's 5,21,9¢,11,6,8a,92,36,9b,30,92,9d,10,TMP,7a,8b.
6 Gemm-11 Sr' 21.9¢.7b,6,829d,10,8b,36,9b,30,179g — 9a,.

7 Sakha-93 Non

8 Sakha-94 Sr's 21.9¢,7b,6,8a,9g,36,30,17,92,9d,8b.

9 Sakha-95 Sr's 5.21,9¢,7b,11,6,8a,36,30,17,9a,10,7a,8b,15.

10  Sids -1 Sr's 9e,7b,8a,36,30,10.

11 Sids - 12 Sr's 9¢,8a,36,30,17,10.

12 Sids-13 Sr's 21,9e,7b,6,8a,9g,36,9b,30,17,9a,9d,10,8b.

13 Misr-1 Sr's 5,21,11,6,8a,9g2.36,9b,30,17,9a,9d,10,Tmp,7a,8b,13,15.
14  Misr-2 Sr's 21,9¢,6,92,36,9b,30,17,9a,10,8D.

15 Beni-Sw-4 Sr's 9¢,8a,36,30,17,10.

16 Beni-Sw-5 Sr's 6,9g,36,9b,30,17,10,8D.

17 Beni-Sw-6 Sr's 5,21,9¢,7b,11,36,9b,17,9a,9d,10,Tmp,7a,8b,13,15.

18 Shandaweal.1

Sr's 5,21,9e,7b,6,36,9b,30,17,9d,10,Tmp,7a,8b.

* Non: Mean that it could not postulate any Sr genes in the concerned variety, using the tested Sr line sets and

isolates of the study.
Bani- Sweif Cultivars

This group of cultivars includes three wheat
cultivars i.e., Bani- Sweif 4, Bani-Sweif 5 and
Bani- Sweif 6. These cultivars probably have
four common stem rust resistance genes, i.e.,
Sr's 9¢, 10,17 and 36, in addition to other genes
which postulated to be only found in Bani-Sweif
6. Bani- Sweif 6 showed high level of resistance
to the majority of the tested isolates than the
other two Bani- Sweif cultivars under study.
Since, over all the tested isolates, only one
isolate proved to be virulent and could attack
this cultivar, showing high infection type (H) or
susceptible reaction on this cultivar. It is
probably carries high numbers of resistance
genes to stem rust (16 Sr's),compared with other
Bani- Sweif cultivars, Bani- Sweif 4 (only 6
genes) and Bani-Sweif 5 (only 8 genes), in
respect cultivars (Table 5).

Shandaweal 1

From the comparison between the reactions
infection types (ITs) of cultivar Shandaweal 1
(Tabel 4) against the tested isolates of
P.graminis f. sp. tritici and Sr genes reactions
(Table 3), it could be possible to postulate 14
genes for stem rust resistance in this cultivar
(Table 5). As indicated in this table, it could be
assumed that this cultivar probably carries Sr's,
5,6, 7a, 7b, 8b, 9b, 9d, 9e, 10, 17, 21, 30, 36 and
Tmp.

Regarding the situation of the eighteen wheat
cultivars relative to the identified or postulated
genes for stem rust resistance (Sr's), the obtained
data in Table 6, reveal the presence of 18 out of
20 resistant genes for stem rust in the newly
released wheat cultivar, Misr-1, followed by the
two cvs, Gemmeiza-10 and Bani-Sweif 6, each
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Table 6. Number of postulated genes for stem rust resistance (Sr's) and frequency of
distribution (%) in 18 Egyptian wheat cultivars

No. Wheat cultivare No. of Sr gene * Frequency (%)**
1 Giza-160 0 -
2 Giza-168 6 30
3  Gemmeiza-7 14 70
4 Gemmeiza-9 7 35
5 Gemmeiza-10 16 80
6 Gemmeiza-11 14 70
7  Sakha-93 0 -
8 Sakha-94 12 60
9 Sakha-95 15 75
10 Sids-1 30
11  Sids-12 30
12 Sids-13 14 70
13 Misr-1 18 90
14 Misr-2 11 55
15 Beni-Sweif-4 30
16 Beni-Sweif-5 40
17 Beni-Sweif-6 16 80
18 Shandaweal-1 14 70

Total No. of genes 20 -

* : Number of stem rust resistance genes (Sr's) ,postulated in a corresponding cultivar.

No. of Sr genes presence in the cultivar

** Frequency (%)=

Total No of the tested genes (20)

posses 16 Sr genes, (with frequency of 80%).
Data in the same Table, also referred to the
probability of the presence of 15 Sr genes (75%
frequency) in cultivar Sakha 95, and 14 genes in
each of the two cultivars Gemmeiza 7,
Gemmeiza 11, Side 13 and Shandweal 1.
Whereas, no stem rust resistance genes (Sr's)
could be postulated or detected in the two wheat
cultivars; Giza 160 and Sakha 93, using the Sr
line set and the pathogen isolates tested in the
current study. Moreover, the other wheat
cultivars under study carries low to moderate
number of Sr genes (ranged from 6 to 12 genes),
with frequency did not exceeded more than 60%
(Table 6).

The effectiveness of stem rust resistance
genes (Sr's) at seedling stage was estimated as

x 100

the number of avirulent isolates to the total
number of isolates for each monogenic line (Sr),
under study (Table 7). The obtained data in this
Table indicate that, out of the twenty stem rust
monogenic lines tested, five only proved to have
the highest degree of efficacy (up to 68%)
against the tested isolates. These effective stem
rust resistance genes (Sr's) were: Sr 13 (82.93%
efficacy), Sr7a (78.10% efficacy), Sr 21 (70.73
efficacy), Sr's9a, and 9d (68.29% efficacy for
each).

Meanwhile, a relatively moderate to high
frequency of virulence in terms of high infection
types (IT's) to the other tested Sr genes was
obtained (Table 7). The highest occurrence of
virulence frequency (%), was found against Sr's
8b (92.68%), 6 (87.80%), 10 (85.36%), 9¢ and 9g
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Table 7. Virulence frequency (%) of Puccinia graminis f.sp. tritici isolates,against 20 stem rust
resistance genes (Sr's) and gene efficacy (%) at seedling stage under greenhouse
conditions, during 2012/2013 growing season

No. Monogenic No. of isolates Virulence Gene efficacy (%)
Line (Sr's) Virulent Avirulent frequency (%)
1 Sr5 30 11 73.17 26.82
2 6 36 5 87.80 12.19
3 Ta 9 32 21.95 78.10
4 7b 29 12 70.73 29.26
5 8a 25 16 60.97 39.10
6 8b 38 3 92.68 7.31
7 9a 13 28 31.70 68.29
8 9b 31 10 75.60 24.39
9 9d 13 28 31.70 68.29
10 9e 34 7 82.93 17.07
11 9¢g 34 7 82.93 17.07
12 10 35 6 85.36 14.63
13 11 27 14 65.85 34.14
14 13 7 34 17.07 82.93
15 15 18 23 43.90 56.10
16 17 31 10 75.60 24.39
17 21 12 29 29.26 70.73
18 30 14 27 34.15 65.85
19 36 19 22 46.34 53.66
20 Tmp 20 21 48.78 51.21

Total No. of the tested stem rust isolates = 41 isolates

(each 82.93%), 9b and 17 (each 75.60%), 5
(73.17%), 7b (70.73%), 11 (65.85%) and 8a
(60.97%), respectively (Table 7). So, these stem
rust resistance, genes have been classified as the
highly susceptible monogenic lines. Since, they
showed virulent or high susceptible reaction to
most of the tested isolates of the causal
pathogen, in terms of high infection type (H). In
turn, they displayed (%) low levels of gene
efficacy (less than 30%). An intermediate levels
of gene efficacy (ranged from 51.12% to
65.85%) were displayed by the other stem rust
resistance genes under study. ie., Sr Tmp
(51.12%), Sr 36 (53.66%), Sr 15 (56.10%) and
Sr 30 (65.85%), respectively (Table 7).

Data in Table 8 also reveal that Sr's 30 and
17 found to be the most common genes (with

high frequency of 83-33% for each), as they
were detected in 15 out of 18 wheat cultivars
under study. Likewise, the three Sr's 9¢, 10 and
36 proved to be of a relatively high frequencies
also (more the 72%). Since they were identified
in 14 and 13 wheat cultivars, respectively. These
Sr genes were represented by the frequency of
77.78% (for each of Sr's 9e and 10) 72.22% (for
Sr 36). Meanwhile, the lowest frequent genes
that were identified in a little or few numbers of
the tested cultivars (less than 40% frequency),
were Sr's 5 (38.88%), Sr 7a and Tmp (each with
only 33.33%), Sr 15 (16.67%) and Sr 13
(11.11%). The other postulated genes were
present in moderately frequency rates; ranged
from 50% to 66.67% of the tested cultivars
(Table 8).
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Table 8. Number and frequency (%) of 20 stem rust resistance genes (Sr genes), within 18

Egyptian wheat cultivars

No. Monogenic lines (Sr's)

No. of cultivars possessing. Sr.gene

* Gene frequency (%)

1 SrS
2 Sr 6
3 Sr 7a
4 Sr 7b
5 Sr 8a
6 Sr 8b
7 Sr 9a
8 Sr 9b
9 Sr 9d
10 Sr 9e
11 Sr 9¢g
12 Sr 10
13 Sr 11
14 Sr 13
15 Sr 15
16 Sr 17
17 Sr 21
18 Sr 30
19 Sr 36
20 Sr Tmp
*Total No. of the tested
cultivars

7 38.88
10 55.56
6 33.33
11 61.11
11 61.11
12 66.67
9 50.00
10 55.56
10 55.56
14 77.78
9 50.00
14 77.78
7 38.39
2 11.11
3 16.67
15 83.33
10 55.56
15 83.33
13 72.22
6 33.33
18 -

No . of cultivars possessing Sr gene

*Gene frequency (%) =

x 100

Total No. of the tested cultivars (18)

DISCUSSION

Host-genetic resistance or deployment of
effective resistance genes in wheat cultivars is,
still, the best method of controlling stem rust
disease, both from economical and ecological
perspectives (Ghazvini et al., 2012). However
this too host resistance has been successfully
applied for over 50 years to control stem rust in
Egypt and worldwide (Nazim et al, 2001 ;
Singh et al., 2008). As early as 1950's, the two
stem rust resistance cultivars, Giza 135 and Giza

139 were firstly released in Egypt. Thereafter,
many wheat cultivars were developed as the
derivatives from these two cultivars, possessing
the same adult plant resistance (APR) to stem
rust, under field conditions. Many of them
served in agriculture for a long period of time
(many years) showing high levels of field
resistance to stem rust without breaking down or
even impairing disease resistance. But, evolving
or creating of an aggressive race TTKSK (Ug99)
in Uganada during 1999, and it's new more
aggressive variants in Kenya in 2006 and 2007.
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Also due to the widespread of this race to other
east African countries then to Middle east and
west Asia (Park et al., 2011; Rouse ef al., 2012),
there has been renewed interest in breeding for
stem rust resistance by using different
undeployed sources of resistance. A stack of the
effective stem rust resistance genes needs to be
incorporated into recommended wheat cultivars
to produce long-term resistance or durable
resistance against the exotic races such as
TTKSK and it's variants. It should be noted that
TTKSK is virulent on most Sr genes. Since, the
majority of stem rust resistance genes previously
deployed in wheat varieties have succumbed to
the Ug 99 race (Nzuve et al., 2013). Among 56
designated and a few undesignated stem rust
resistance genes in wheat, only eight designated
genes i.e., Sr 13, Sr 14, Sr 22, Sr 28, Sr 33, Sr
35, Sr 42 and Sr 45, confer resistance to this
aggressive race (Pretorius et al., 2000 ; Hiebert
etal., 2011).

Successful control of wheat stem rust
requires a thoroughly understanding of genetic
make up of the materials (genotpes) used in a
future breeding program. Also, if the effective
genes for stem rust resistance could be identified
in the currently grown wheat cultivars, it would
be of primary importance to make a better
choice of the parental genotypes involved in a
breeding program for resistance. In addition, it
facilitate the incorporation and deployment of
some of these desirable genes into modern or
new wheat cultivars, in the hope to produce
durable resistance against stem rust.

The exact number and type of genes that will
produce durable resistance is a subject of much
debate by many investigators. As, many
previous authors in the literature reported that if
any wheat cultivar depend upon only one single
gene for stem rust resistance, even though with
major and stable effect, it is not likely to lead to
durable resistance. Because of the rapidly
evolution of a new race (s) within pathogen
population that may defeat and overcome this
gene, soon after it's incorporation into the
concerned cultivar. Due to these limitations of
race specific gene (s), the identification and
combination of several effective stem rust
resistance genes within the same cultivar (gene
pyramiding), each conferring resistance against
common race spectrum, also to diversify stem

rust resistance, is undoubtedly leads to the long-
lasting or more durable resistance (Liu and
Kolmer , 1997; Sawhney, 1998; Nazim et al.,
2001 ; Boulot, 2007).In addition, a combination
of major and minor resistance genes is likely to
offer resistance that would be difficult for
pathogen to overcome (Ghazvini et al., 2012).
Since with durable resistance, a pathogenic race
which overcomes an allele of minor effect does
not have a selective advantage, as the host has
more resistance alleles. Despite of many
documented cases of breakdown of monogenic
(race- specific) resistance to wheat rust diseases,
especially stem rust, there are some documented
cases of long-term effectiveness of specific gene
for rust resistance in certain situations. For
example, wheat stem rust has been controlled
successfully by monogenic resistance in spring
wheat cultivars in the Northern plains of the
United States for nearly 50 years (McVey et al.,
2004). Likewise, Luig in 1983 reported that,
although a combinatins of resistance genes may
remain effective for a long period, of time one
possible exception is the gene Sr 26 for stem
rust resistance. Since in world wide survey of
virulence genes, it was found that wheat
cultivars carrying Sr 26 were resistant to all
cultures of stem rust. Nevertheless, the release
of wheat cultivars with diverse genotypes for
rust resistance, has, undoubtedly, helped in the
successful control of stem rust in Australia for a
long period of time; several years (Luig, 1983).

Gene postulation as a relatively quick (can be
done in short period of time; few days), easy,
fairly accurate, but not fool proof method of
determining the genetic constitution of the tested
germplasma, was used in this study to elucidate
the existence of stem rust resistance genes in 18
commercially and widely growing wheat
cultivars under the Egyptian conditions. To
postulate gene (s) conditioning resistance to
stem rust in these cultivars, the seedling
reactions in terms of infection types (IT's) of the
tested cultivars versus 25 isolates of P. graminis.
f. sp. tritici were compared to the reactions of 20
monogenic lines (Sr's) against the same
pathogen isolates. However, none of the isolates
used was avirulent or could not attack the wheat
cultivar; Giza 160. So, this cultivar probably has
gene(s) not represented in the tested Sr line set.
Also, only one isolate was avirulent (L:
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infection type) on Sakha 93, thus it could not
accurately hypothesized all genes in this
cultivar. Meanwhile, comparisons between the
reactions of different Sr monogenic lines used
the other cultivars under study showed that a
wide array of isolates with virulent and avirulent
reaction to these genotypes were detected or
available. Thus, genes for stem rust resistance
(St's) in these cultivars could be postulated.
However, some of these genes were common in
most cultivars studied, whereas other genes were
not common. Gene postulation at seedling stage
lead to the probability of the presence of 18 Sr
genes in wheat cv, Misr-1, 16 genes for
resistance in each of the two cvs.; Gemmeiza-10
and Bani- Sweif-6, 15 Sr genes and Sakha 95
cvs.; Gemmeiza-7 , Gemmeiza-11 and
Shandaweal-1, each postulated to possess 14 Sr
genes out of the tested genes in this study.
Meanwhile, the rest of the tested wheat cultivars
have moderately numbers of stem rust resistance
genes (ranged from 6 to 11 genes). Wheat
genotypes in this investigation were selected and
developed through the national breeding
program after the 1950 season and till now on
the basis of field resistance in Egypt (Abd El-
Hak and Kamel, 1973). The majority of the
tested cultivars herein (15 out of 18) mainly,
contain the two Sr genes; 17 and 30. Since these
two genes were widely present in a 83.33% of
the tested cultivars, so that they proved to be the
most common or the highly frequent genes in
the Egyptian wheat cultivars. Also, the two Sr
genes, 9¢ and 10 were postulated to be present
in 14 cultivars, as repeated by 77.78% frequency
with each, followed by Sr 36 (72.22%
frequency) , Sr 8b (66.67% frequency) and Sr's
7 and 8a (each with 61-11% frequency).
Meanwhile the rest of the postulated genes were
present in lower rates or little frequencies. The
previous gene postulation studies in Egypt are
still a subject of controversy by many
investigators in relation to some reasons.
Possibly due to the masking of some genes for
resistance by the effect of another gene(s) that
conditioned the same or lower infection type,
which led to the inability of detecting or
postulating those genes. On the other hand, a
gene could be postulated as present, although it
was not, because an unknown gene was present
in the host to which the pathogen isolate was

avirulent and the infection type was the same or
lower (McVey, 1992).

In addition, Statler (1984) pointed out that a
specific gene cannot be identified or postulated
in the tested cultivar, if it is either all virulent or
all a virulent on it. Therefore, a wide range of
virulence combinations is needed. The previous
studies in the elapsed seasons in Egypt
suggested that some of stem rust resistance
genes were common in the majority of the
commercial wheat cultivars and the drop in
others (not common). However an early attempt
was carried out by Kamel (1971) to identify
genes conditioning stem rust resistance (sr's) in
some Egyptian wheat cultivars by crossing them
with the susceptible parents. Also, the identified
some seedling resistance genes in very limited
local wheat cultivars. After that more
information's and numerious reports were
available about genes conditioning stem rust
resistance in the Egyptian wheat cultivars (Abd
El-Hak et al., 1982; Abu El-Naga et al., 1990;
Imbaby et al., 1997; Nazim et al., 2001; Mousa
et al., 2004; Youssef et al., 2012; Hermas et al.,
2013; Mousa et al., 2013).

This work was also included greenhouse
studies to evaluate the effectiveness of a set of
20 Sr genes to serve the national breeding
programs for stem rust resistance. From the
obtained results in this concern, a considerable
low occurrence of virulence frequencies for Sr
13, Sr 7a, Sr 9¢ and Sr 9d was noticed against
the tested isolates of P. graminis f.sp. tricity.
These monogenic lines should be in turn
considered to be most effective Sr genes out of
the tested genes, as they showed the highest
efficacy (ranged from 68.29% to 82.93%)
against most of the tested isolates of the causal
organism. Mean- while, high occurrence of
virulence frequency (ranged from 60.97% to
92.68%) was found against Sr's 8b, 6, 10, 9a, 9g,
9b, 17, 5, 7b, 11 and 8a. So these stem rust
resistance genes (Sr's) characterized as the
highly susceptible monogenic lines, and they, in
the same time, proved to be the least effective
genes against the tested isolates. Also, an
intermediate levels of gene efficacy (from 51-
12% to 65.85%) was in general, conferred by
the other Sr genes under study.
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The previous reports in Egypt in relation to
the efficacy of stem rust resistance genes (Sr's)
have been the subject of much debate and
speculation by many investigators, due to the
reasons behind the activation or the highest
efficacy or the inhibition (Lowest efficacy) of
certain genes in one year than in the other. As
early as 1950's growing seasons, Sr 6 was the
most effective stem rust resistance gene during
this period. Whereas, during the 1960's years, Sr
1l proved to be the most effective gene for stem
rust resistance isolates. But during 1970's years,
the Sr's 9e, 22, 24, 26 and 27 were displayed
the highest efficacy against urediospores
populations (Abd El- Hak et al., 1982).

Moreover, Abu EL-Naga and his coworkers,
in 1990, confirmed that Sr's 9e, 26 were still the
main genes conferring high resistance in the
seedling stage in both years of the study
(1987/88 and 1988/89). They added that sr's 22,
24, 30, Tt-1, Gt+ and 8, showed variable
response being higher effective in one year than
the other one.

The same author and others in 1993 indicated
that Sr 14, Sr9, Sr 26 , Sr13, Sr9d and Sr 12
proved to be the most effective genes against the
tested isolates of the causal organism during
1990/91 growing season.

Also, El-Sherif et al. (1996), gave an
evidence to the distinction of St's ie., 9¢, 8a and
26 as the effective genes against stem rust
physiologic races prevalent during this growing
season.

Recently, the study of Imbaby (2007)
demonstrated that four Sr genes proved to have
the highest efficacy (more than 80%) i.e., Sr 26,
Sr 29, Sr 11 and Sr 34, also 31, Sr 35, Sr9¢e and
Sr 22 have a relatively high efficacy i.e., more
than 70% against the tested isolates in the first
season of the study (2004/05). Whereas, in the
second season of the study; 2005/06, only Sr 24
has efficacy more than 80% and Sr 26 has
efficacy more than 70%.

The pounced change in the effectiveness of
stem rust resistance genes from one year to
another may be attributed to the virulence
dynamics and the changes in the genetic
structure of stem rust population as well as the
change in wheat cultivars in Egypt.

Information about the genetic constitution of
the commercial wheat varieties and the
effectiveness of stem rust resistance genes
coupled with the regular race/ virulence analysis
of the pathogen population and multi locational
field tests of adult plant resistance will be of
great importance to both the breeders and the
pathologists which enables them to make a good
and well- founded decisions regarding a future
breeding program for rust resistance and a
successful strategy for disease control or
management.

Final proof of the presence of postulated
genes may be required additional evidence to
corroborate the hypothesis developed by the
method of Browder and Eversmeyer (1977),
such as genetic analysis and using of molecular
marker techniques (Madawi ef al., 1985).
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