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Abstract:

Stem rust caused by Puccinia graminis f. sp. tritici (Pgt), has been considered the most common rust dis-
ease of wheat. Twenty Egyptian wheat varieties were screened for resistance to stem rust infection at both seed-
ling and adult stages. At the seedling stage, only Misr-3, Misr-4, Gemmeiza-12, and Giza-171 out of twenty
wheat varieties had the highest efficacy against the TTTTF and TKTTC races of P. graminis f. sp. tritici. In
contrast, Gemmeiza-9, Gemmeiza-11, Sakha-95, Shandweel-1, Shandweel-2, and Nubaria-2 had the highest
efficacy against the second race (TKTTC). Moreover, the Sakha-95 variety was moderately resistant to the
TTTTF race, while Gemmeiza-10, Sakha-93, Sakha-94, Giza-168, Sids-13, and Sids-14 were moderately re-
sistant to the TKTTC race. Contrary, Misr-1, Misr-2, Gemmeiza-9, Gemmeiza-10, Gemmeiza-11, Sakha-93,
Sakha-94, Giza-168, Sids-12, Sids-13, Sids-14, Shandweel-1, Shandweel-2, Nubaria-2, and Morocco had the
lowest efficacy against TTTTF race; while, Misr-1, Misr-2, Sids-12, and Morocco had the lowest efficacy against
the TKTTC race. At the adult stage, field reaction of stem rust on twenty wheat varieties was recorded as disease
severity (%), and the area under the disease progress curve (AUDPC) during three growing seasons (2020-2022).
Based on the correlation analysis, the significance of the chosen disease parameters, particularly final rust sever-
ity (FRS%) was validated. FRS% is considered the more suitable indication, rather than the AUDPC for evaluat-
ing wheat varieties against stem rust disease.

1. Introduction

Wheat (Triticum aestivum L.) is one of the most
important grain crops worldwide as a food for humans
and animals (Alnusairi et al., 2021; Khedr et al., 2023).
Even though Egypt produces about 9.7 million tonnes
(6x107 ardeb) (0.9 x10° Kg) from 3,320,477 fed
(1,394,588 he), the country is facing an increasing
wheat gap (FAOSTAT, 2023). Egypt produces a lot of
bread and imports more wheat than any other nation in
the world. More efforts are required by wheat research-
ers to reduce the growing gap between production and
consumption (Abdelmageed et al., 2018). However,
researchers face numerous obstacles in their efforts to
boost crop productivity in a variety of environmental
settings, such as a lack of water (Gui et al., 2024; Li et
al., 2024), salinity (Zhang et al., 2024), and rust diseas-
es (Abdelaal et al., 2018; Shahin et al., 2021; Khan et
al., 2024; Nazarov et al., 2024).

Stem rust caused by P. graminis f. sp. tritici, is one
of the most dangerous diseases on wheat (Omara et al.,
2017; Abdelaal et al., 2018). Rust fungal infections are
one of the main stresses that cause a significant loss in
wheat production (Belayneh and Emebet, 2005). Dis-
ease symptoms resulting from P. graminis f. sp. tritici
mostly appear on stems and leaf sheaths, but they addi-
tionally may occasionally be detected on leaf blades and
glumes (Leonard and Szabo, 2005). Five different types
of spores are involved in the intricate (macrocyclic) life
cycles of these plant pathogens: pycniospores, aecio-
spores, urediniospores, teliospores, and basidiospores
requiring alternative hosts to complete their life cycles
because they are heteroecious (Martinez-Moreno and

Solis 2019). Mahonia spp. and various barberry species
serve as alternate hosts for the stem rust (Leonard and
Szabo, 2005). Under ideal environmental conditions,
the fungus can produce new physiological races that
attack resistant varieties and spread epidemically, caus-
ing yield losses in epidemic years of up to 100% over
large areas.

The identification and development of resistant va-
rieties are the most effective, economical, and environ-
mentally benign ways to manage this disease (Singh et
al., 2011; Admassu et al., 2012; Regasa et al., 2019).
Since resistant host plants are the most effective way to
prevent rust disease, planting resistant varieties is ad-
vised. The resurgence of a highly pathogenic race,
commonly referred to as Ug99 and termed TTKSK ac-
cording to North American nomenclature, poses a threat
to wheat production for both small and large-scale
farmers (Jin et al., 2008; Chen et al., 2009; Njau et al.,
2010). Sr genes are present in stem rust-resistant varie-
ties, and at least 60 Sr genes are known to exist (Chen
et al., 2018). Furthermore, the 1998 discovery of the
incredibly virulent race Ug 99 in Uganda cast doubt on
stem rust's status as a disease that has been defeated
(Singh et al., 2008). Since then, it has been seen in var-
ious locations such as Kenya, Ethiopia, Eritrea, Yemen,
Iran, Tanzania, South Africa, Sudan, Zimbabwe,
Mozambique, and Egypt (Nazari et al., 2009).

The wheat stem rust pathogen, P. graminis f. sp.
tritici, seriously reduces yields on varieties that are
susceptible in Egypt, particularly in late sowing dates
(Ashmmawy et al., 2013; Abdelaal et al., 2018).
Host-genetic resistance is thought to be the most envi-
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ronmentally safe and effective way to stop rust disease
because it reduces yield losses from the infection and
thus prevents severe epidemics (Singh et al., 2011;
Abou-Zeid et al., 2018; Karelov et al., 2022). As a re-
sult, some genotypes were previously evaluated in var-
ious nations to determine how they responded to the
wheat stem rust disease, under field conditions
(Kokhmetova et al., 2011; Abdelaal et al., 2018). The
primary sources of resistance to the Egyptian breeding
programs are the wheat genotypes derived from CIM-
MYT and ICARDA, in addition to the existing resistant
varieties. In various parts of Egypt, commercial wheat
varieties have recently demonstrated varying degrees of
susceptibility to stem rust infection (Abdelaal et al.,
2018).

The objective of this study was to evaluate twenty
Egyptian wheat varieties for stem rust resistance by
assessing two stem rust resistance parameters; FRS (%)
and AUDPC usually used as the criteria for evaluating
resistance of slow rusting resistance at seedling and
adult stages.

2. Materials and Methods

2.1. Pathological studies

The experiments were conducted using twenty
wheat varieties (Table 1) at the sowing date on Decem-
ber 15" during the growing seasons from 2020 to 2022.

For the seedling stage, investigations were con-
ducted in the stem rust greenhouse, Wheat Disease Re-
search Department, Plant Pathology Research Institute
(PPRI), Agricultural Research Center (ARC), Giza,
Egypt. Additionally at the adult stage, experiments were
carried out under field conditions at Itay El-Baroud
Agricultural Research Station, Agricultural Research
Center (ARC), El-Beheira Governorate (EIEU: 71ft, N:
30%892796° and E:30%30.639638°), during (2020-2022)
growing seasons.

2.1.1. Seedling stage

The twenty wheat commercial varieties were eval-
uated at the seedling stage under greenhouse conditions
during the 2020 growing season. The disease was as-
sessed according to the scale adopted by Stakman et al.
(1962) as shown in Table (2).

2.1.2. Adult stage

2.1.2.1. Disease assessment

These varieties were sown in a complete random-
ized block design with 3 replicates. The experimental
unit consisted of 3 rows (3 m long and 30 cm apart and
59 seed rate for each row). The sowing date was on the
fifteenth of December during the 2020-2022 growing
seasons.

The experiment was surrounded by a 1 m allay and
1.5 m belt, which served as a spreader of stem rust sus-
ceptible entries, i.e. “Morocco”. The spreader was arti-
ficially inoculated using a mixture of physiological rac-
es in addition to the natural infection during late tiller-
ing and late elongation stages.

Disease severity (DS) was recorded four times, one
every 10 days interval, during the three successive sea-

sons expressed as percentage coverage of stems with
rust pustules following the method adopted by Peterson
et al. (1948). Rust reaction was expressed in five types
(Stakman et al., 1962), i.e. highly resistant = (0), re-
sistant = (R), moderately resistant = (MR), moderately
susceptible = (MS), and susceptible = (S). The obtained
data served in determining final rust severity (FRS) and
the area under the disease progress curve (AUDPC).
The observation of the response of stem rust was car-
ried out according to Saari and Wilcoxson (1974) and
Afzal et al. (2009) as shown in Table 3.

2.1.2.2. Final rust severity (FRS)

Final rust severity (FRS) was recorded as outlined
by Das et al. (1993) as disease severity (%) when the
highly susceptible check variety was severely rusted,
and the disease rate reached the highest and final level
of stem rust severity.

2.1.2.3. Area under disease progress curve (AUDPC)

The area under the disease progress curve (AUDPC)
was estimated to compare different responses of the
tested varieties according to Pandey et al. (1989) using
the following equation:

AUDPC =D [1/2 (Y1 +YK) +Y2 + Y3 +....Y (K-1)]
Where
D = days between readings
Y1 = first disease record
Yk = last disease record

2.2. Statistical analysis

WASP software was used to conduct an analysis
of variance (ANOVA) on the data. To compare treat-
ment means, the least significant difference (L.S.D) at a
5% level of significance was employed.

3. Results

3.1. Pathological studies

The response of twenty wheat varieties against
stem rust was studied at the seedling stage in the green-
house and the adult stage in the field to build up data on
the regional performance and disease effects due to
stem rust at Itay El-Baroud Agricultural Research Sta-
tion, Agricultural Research Center (ARC), El-Beheira
Governorate, during the 2020-2022 growing seasons.

3.1.1. At the seedling stage

Data presented in Table (4) revealed that the wheat
varieties Misr-3, Misr-4, Gemmeiza-12, and Giza-171
had the highest efficacy against the TTTTF race of P.
graminis f. sp. tritici, as the infection type of each vari-
ety was zero. Additionally, the wheat variety Sakha-95
was moderately resistant to TTTTF race with infection
type 2 (Table 4). On the other hand, the wheat varieties
Misr-1, Misr-2,  Gemmeiza-9, Gemmeiza-10,
Gemmeiza-11, Sakha-93, Sakha-94, Giza-168, Sids-12,
Sids-13, Sids-14, Shandweel-1, Shandweel-2, Nubar-
ia-2, and Morocco had the lowest efficacy and highest
virulence frequencies against TTTTF race. The infec-
tion types were 3 for the ten varieties and 4 for the Mo-
rocco variety (Table 4).
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Table (1): Pedigree and year of release of the wheat varieties under study

No.  Variety Pedigree vear of
release
1 Misr-1 OA- 2011
SIS/ISKAUZ//4*BCN1312*PASTOR.CMSSOOY01881T-050M-030Y-030M-030WGY-3
3M-0Y-0S.
2 Misr-2 SKAUZ/BAV92. CMSS96M03611S-1M-010SY-010M-010SY-8M-0Y-0S. 2011
3 Misr-3 ATTILA*2/ABW65*2/KACHU CMSS06Y00258 2019
2T-099TOPM-099Y-099ZTM-099Y-099M-10WGY-0B-0EGY
4 Misr-4 NS-732/HER/3/PRL/SARA//TSI/VEE#5/FRET2/5/WHEAR/ SOKOLL. -
Gemmeiza-9 ALD"S"/HUAS//CMH74A.630/SX.GCM4583-5GM-1GM-0GM. 1999
Gemmeiza-1 MAYA74"S"/ON / 1160- 147 /3/ BB/ G11/4/ CHAT "S"/5/ CROW "S"GCM 5820- 3GM- 1GM- 2004
0 2GM- 0GM.
7 Gemmeiza-1 BOW'S"/KVZ'S"/| 7C/SERI82/3/GIZA168 /SKHAGL. GM7892-2GM-1GM-2GM-1GM-0GM. 2011
1
8 Gemmeiza-1 OTUS/3/SARA/THB//VEECMSS97Y00227S-5Y-010M-010Y-010M-2Y-1M-0Y-0GM 2011
2
9 Sakha-93  SAKHA92/TR810328 S.8871-1S-2S-1S-0S 1999
10  Sakha-94 OPATA/RAYON//KAUZ. 2004
CMBW090Y3180-OTOPM-3Y-010M-010M-010Y-10M-015Y-0Y-0AP-0S.
11  Sakha-95 POSTOR//SITE/MO/3/CHEN/AEGILOPS/SQUARROSA(TAUS) 2018
12 Giza-168 MRL/BUC//SERI.CM93046-8M-0Y-0M-2Y-0B-0GZ. 1999
13 Giza-171  SAKHA 93/ GEMMEIZA 9S.6-1GZ-4GZ-1GZ-2GZ-0S 2013
14 Sids-12 BUC//7C/ALD/IS/MAY A74/ON//1160147/3/BB/GLL/4/CHAT"S"/6/MAYA/VVUL//ICMH7 2007
4A.630//4*SX. SD7096-4SD-1SD-1SD-0SD.
15 Sids-13 AMAZ19=KAUZ"S"/[TSI/SNB"S". 2010
ICW94-0375-4AP-2AP-030AP-0APS-3AP-0APS-050AP-0AP-0SD.
16 Sids-14 KAUZ”S”//TSI/SNB”S”. ICW94-0375-4AP-2AP-030AP-0APS-3AP. 2014
17 Shandweel-1 SITE/MO/4NAC/TH.AC//3*PVN/3/MIRLO/BUC/CMSS93B00567S-72Y-010Y-010M-3 2011
Y-OM-OHTY-0SH
18 Shandweel-2 - -
19  Nubaria-2  FRET2%2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ+2/5/BOW/URES/2*WEAVER/3/C -
ROC_1/ AESQUARROSA (213)//POG.
20  Morocco  Highly susceptible check variety. -
(check)
Table (2): Disease assessment of wheat stem rust at the seedling stage
Host response Infection Disease symptoms
type
Immune 0 No uredia or other macroscopic signs of infection.
Nearly immune 0 No, uredia but hypersensitive necrotic or chlorotic flecks are present.
Very resistant 1 Small uredia surrounded by necrosis.
Moderately resistant 2 Small to medium uredia surrounded by chlorosis or necrosis.
Moderately susceptible 3 Medium-sized uredia that may be associated with chlorosis.
Very susceptible 4 Large uredia without chlorosis or necrosis or rarely necrosis.
Heterogeneous X Random distribution of different variable-sized uredia on a single leaf.
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Table (3): The observation of the response of stem

rust
Reaction Observation Response
value
No disease 0 0.0
Resistant R 0.2
Resistant-Moderately Resistant R-MR 0.3
Moderately Resistant MR 0.4
Moderately Resistant-Moderately Susceptible MR-MS 0.6
Moderately Susceptible MS 0.8
Moderately Susceptible-Susceptible MS-S 0.9
Susceptible S 1.0

Furthermore, the wheat varieties Misr-3, Misr-4,
Gemmeiza-9, Gemmeiza-11, Gemmeiza-12, Sakha-95,
Giza-171, Shandweel-1, Shandweel-2, and Nubaria-2

had the highest efficacy against the second race TKTTC.

The infection types were 0,0, 1, 0,0, 1, 1, 0, 0, and 0,
respectively (Table 4). Moreover, the wheat varieties
Gemmeiza-10, Sakha-93, Sakha-94, Giza-168, Sids-13,
and Sids-14 were moderately resistant to TKTTC race
with an infection type 2. The wheat varieties Misr-1,
Misr-2, Sids-12, and Morocco had the lowest efficacy
and highest virulence frequencies against the TKTTC
race, as the infection types were 3 for the first three
varieties and 4 for the Morocco variety (Table 4).

It can be also observed from Table 4 that the race
TTTTF was more aggressive than the race TKTTC,
where it was broken resistance to 15 wheat varieties
(Figs. 1 and 2).

Table (4): Infection types of some Egyptian wheat
varieties against stem rust races at seedling
stage

Stem rust races

Wheat variety TTTTF TKTTC

Misr-1

Misr-2

Misr-3

Misr-4
Gemmeiza-9
Gemmeiza-10
Gemmeiza-11
Gemmeiza-12
Sakha-93
Sakha-94
Sakha-95
Giza-168
Giza-171
Sids-12

Sids-13

Sids-14
Shandweel-1
Shandweel-2
Nubaria-2
Morocco (check)
Total susceptible varieties
Total resistant varieties

OEPOOOOWWOWONWWOWWWOO WW
SR PROOONNWRERNRERNNOONRF OO WW

L.S.D g5

Races (R) 0.30
Variety (V) 0.95
RxV 1.34

0,0, 1, 2= resistant; 3, 4= susceptible (Stakman et al., 1962).

3.1.2. At the adult stage

Disease assessment
Rust incidence on twenty wheat varieties was rec-

orded as rust severity (%) starting from appearance until
the dough stage during three seasons (2020-2022). The
final rust severity (FRS), and the area under disease
progress curve (AUDPC) were studied.

Field reaction of stem rust (P. graminis f. sp. tritici
Eriks & Henn.) on twenty wheat varieties was recorded
as disease severity (%), starting from the first rust ap-
pearance in each variety until the dough stage. Two
epidemiological parameters; final rust severity percent-
age (FRS) and area under disease progress curve
(AUDPC) were estimated during the three growing
seasons of the study. In the growing season 2020, the
obtained results showed that wheat varieties: Misr-1,
Misr-2, Gemmeiza-10, Gemmeiza-11, and Sids-12 were
highly susceptible and exhibited high percentages of
FRS (69.50, 62.00, 62.50, 49.00, and 49.00 %) respec-
tively. Moreover, these varieties recorded high values
of AUDPC (2150.00, 1870.00, 1920.00, 1520.00, and
1520.00 respectively. Contrarily, the varieties, Misr-4,
Giza-171, Shandweel-2, and Nubaria-2 showed high
resistance to stem rust as they recorded (6.65, 6.65,
10.65% and 10.65%) and (183.00, 163.00, 263.00, and
303.00) for the FRS and AUDPC respectively. In sea-
sons 2021 and 2022, the results were parallel to those
obtained in the previous season (Table 5 and Figs. 3 and
4).

D——

Varieties

~4=TTTIF ~4=TKTTC

Fig. 1. Infection types of some Egyptian wheat va-
rieties against two stem rust races of P.
graminis f. sp. tritici at the seedling stage to
different races.

O Resistante varieties

m Susceptible varieties

20

18 ‘{
16
14 J

12
10

No. of varieties

——

SR ST NN

TTTTF TKTTC

Races

Fig. 2. Number of resistance and susceptible varie-
ties, to TTTTF and TKTTC races of P.
graminis f. sp. tritici at seedling stage
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Table 5. Final rust severity (%) and AUDPC for twenty Egyptian wheat varieties during 2020-2022 growing seasons

Variety Final stem rust severity (FRS%) Area under disease progress curve (AUDPC)
2020 2021 2022 Mean 2020 2021 2022 Mean

Misr-1 69.50 79.00 67.50 72.00 2150.00 2340.00 2070.00 2186.67
Misr-2 62.00 58.50 69.50 63.33 1870.00 1770.00 2150.00 1930.00
Misr-3 20.00 19.50 29.50 23.00 580.00 570.00 860.00 670.00
Misr-4 6.65 10.65 10.65 9.32 183.00 303.00 303.00 263.00
Gemmeiza-9 40.00 38.00 30.00 36.00 1200.00 1210.00 870.00 1093.33
Gemmeiza-10 62.50 49.00 48.50 53.33 1920.00 1520.00 1550.00 1663.33
Gemmeiza-11 49.00 67.50 69.50 62.00 1520.00 2070.00 2150.00 1913.33
Gemmeiza-12 29.50 49.00 40.00 39.50 860.00 1520.00 1200.00 1193.33
Sakha-93 29.50 20.00 30.00 26.50 860.00 580.00 870.00 770.00
Sakha-94 19.50 30.00 20.00 23.17 570.00 870.00 590.00 676.67
Sakha-95 22.00 19.50 20.00 20.50 620.00 570.00 540.00 576.67
Giza-168 49.00 41.00 40.00 43.33 1520.00 1270.00 1200.00 1330.00
Giza-171 6.65 15.15 10.65 10.82 163.00 463.00 303.00 309.67
Sids-12 49.00 49.00 40.00 46.00 1520.00 1520.00 1200.00 1413.33
Sids-13 40.00 49.00 40.00 43.00 1200.00 1520.00 1200.00 1306.67
Sids-14 31.50 30.00 20.00 27.17 990.00 880.00 540.00 803.33
Shandweel-1 20.00 59.50 40.00 39.83 580.00 1860.00 1200.00 1213.33
Shandweel-2 10.65 10.65 10.65 10.65 263.00 303.00 303.00 289.67
Nubaria-2 10.65 10.65 11.15 10.82 303.00 303.00 323.00 309.67
Morocco (check) 90.50 79.00 79.00 82.83 2760.00 2340.00 2340.00 2480.00
L.S.D oos for:

Variety (V) 1.753 136.601

Year (Y) 0.680 52.903

VxY 3.045 236.607

12

10

No. of varieties
N D OO ©

0 R MR MS S
2020 4 3 7 6
2021 4 3 9 4
22022 4 3 8 5

(AUDPC)

Infection response
Fig. 3. Final rust severity (%) for twenty Egyptian wheat varieties during the 2020-2022 growing seasons

2020 ®2021 2022

Varieties

Fig. 4. Area under disease progress curve (AUDPC) for twenty Egyptian wheat varieties during the 2020-2022

growing seasons

4. Discussion

P. graminis f. sp. tritici Eriks & Henn, the cause of
stem rust, is a devastating wheat disease that affects
wheat both in Egypt and globally (EI-Naggar et al.,

2020). Because of the ideal climate, the stem rust dis-
ease affects susceptible varieties more severely when
they are sown later (Park et al., 2007) causing 100 %
loss, based on the wheat genotype resistance level and
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crop development stage at the time of the first infection.

Although all of the slow rusting resistance varieties
and the highly susceptible ones in the current study
were inoculated with the same P. graminis f. sp. tritici
races in a greenhouse with ideal environmental condi-
tions, a considerable amount of variation was discov-
ered between them.

Among the tested varieties and artificial infection
with the races TTTTF and TKTTC, Misr-3, Misr-4,
Gemmeiza-12, and Giza-171 had the highest efficacy
against the TTTTF race of P. graminis f. sp. tritici. The
wheat varieties Misr-3, Misr-4, Gemmeiza-9,
Gemmeiza-11, Gemmeiza-12, Sakha-95, Giza-171,
Shandweel-1, Shandweel-2, and Nubaria-2 had the
highest efficacy against the second race (TKTTC).
These varieties were immune to wheat stem rust, as
they showed no signs of infection, necrosis, or chlorosis,
and they had no uredia.

While the wheat variety Sakha-95 was moderately
resistant to the TTTTF race, the wheat varieties
Gemmeiza-10, Sakha-93, Sakha-94, Giza-168, Sids-13,
and Sids-14 were moderately resistant to the TKTTC
race. These moderately resistant varieties exhibit a high
degree of slow rusting resistance against stem rust.

On the other hand, the Egyptian wheat varieties,
Misr-1, Misr-2, Gemmeiza-9, Gemmeiza-10,
Gemmeiza-11, Sakha-93, Sakha-94, Giza-168, Sids-12,
Sids-13, Sids-14, Shandweel-1, Shandweel-2, Nubar-
ia-2, and Morocco had the lowest efficacy and highest
virulence frequencies against the TTTTF race. The
wheat varieties Misr-1, Misr-2, Sids-12, and Morocco
had the lowest efficacy and highest virulence frequen-
cies against the TKTTC race. These varieties could be
classified as extremely susceptible or quickly rusting
stem varieties. These results are in agreement with
those reported by Kaur and Bariana (2010); EI-Nagar et
al. (2013) and Mabrouk et al. (2019).

Two groups of slow stem rusting resistance were
formed from the tested wheat varieties based on the
studied parameters (stem rust severity percentage and
infection response). Slow stem rusting resistance and
high and moderate levels of partial resistance ranged
from 1-30 and greater than 30% severity of rust. Re-
sponse of twenty Egyptian wheat varieties i.e. Misr-1,
Misr-2, Misr-3, Misr-4, Gemmeiza-9, Gemmeiza-10,
Gemmeiza-11, Gemmeiza-12, Sakha-93, Sakha-94,
Sakha-95, Giza-168, Giza-171, Sids-12, Sids-13,
Sids-14, Shandweel-1, Shandweel-2, and Nubaria-2 in
addition to entry, Morocco was assessed in the field for
stem rust disease susceptibility in chicks at ltay
El-Baroud Agricultural Research Station, Agricultural
Research Center (ARC), El-Beheira Governorate, for
three successive growing seasons (2020-2022).

It can be concluded that group I: The first group
includes the partial resistant varieties, such as Misr-3,
Misr-4, Sakha-93, Sakha-94, Sakha-95, Giza-171,
Sids-14, Shandweel-2, and Nubaria-2 for three growing
seasons 2020, 2021 and 2022, respectively that were
described as being crucial to successful breeding for
slow stem rust resistance (Nzuve et al., 2012 and Ma-

brouk et al., 2019). On the other hand, group II: The
second group includes the susceptible varieties such as
Misr-1, Misr-2,  Gemmeiza-9, Gemmeiza-10,
Gemmeiza-11, Gemmeiza-12, Giza-168, Sids-12,
Sids-13, Shandweel-1, and Morocco for three growing
seasons 2020, 2021 and 2022, respectively where final
stem rust severity ranged from 60 to 80 % with suscep-
tible (S) responses. To improve the adopted but highly
susceptible wheat varieties, an appropriate breeding
strategy could be used, such as the use of inter-specific
and remote crosses or even the direct transfer of these
resistances through backcrosses (Bartos et al., 2002).

Due to the different response components that
eventually result in the expression of slow rusting, the
wheat varieties may differ in their capacity to delay the
disease's development (Parlevliet and Kuiper 1977).
Furthermore, partial resistance manifested as a suscep-
tible host response but a slower rate of disease devel-
opment, suggesting that it may be more resilient than
hypersensitive resistance (Marais et al. 2003).

The second parameter is the area under disease
progress curve (AUDPC). It was measured during the
three growing seasons under study. The disease param-
eter, AUDPC is an important indicator of disease pro-
gression over the lifespan of the host (Van der Plank
1963). Field observations showed that the evaluation of
stem rust in growing season 2021was higher in severity
than in the 2020 and 2022 growing seasons and Misr-1,
Misr-2, Sids-12 and Sids-13 varieties recorded the
highest values of AUDPC compared to the highly sus-
ceptible check variety, Morocco, followed by
Gemmeiza-9 and Gemmeiza-12 which recorded moder-
ate values of the disease parameter AUDPC and con-
sidered moderately susceptible varieties. On the other
hand, Misr-4, Giza-171, Shandweel-2, and Nubaria-2
recorded the lowest values of AUDPC and had high
levels of resistance in the three growing seasons similar
results were found for rusts of wheat (Ali et al., 2008;
Safavi et al., 2010 and Mabrouk et al., 2019). The dis-
tinction between the type of infection and the disease is
reflected in the variations in the genetic background of
resistance. This is because new virulent races are enter-
ing pathogen populations, which means that over time,
some varieties' infections may change in type (Omara et
al., 2021). For many years some varieties can maintain
resistance but become susceptible after some time
(Al-Maaroof, 1997). Due to the effects of biotic stress
on wheat plants (Triticum aestivum L.), the degree of
rust infection has an inverse relationship with grain
yield. To develop disease control strategies, particularly
through disease-resistant breeding programs, it is nec-
essary to assess the damage caused by disease
(Simmmonds 1988). The ability of any variety to re-
duce grain loss due to infection can be used to charac-
terize its resistance to rust. Therefore, even though the
yield of the protected varieties was higher than that of
the infected ones, it can be said that the fungus utilizes
the nutrients that lead to grain wilting instead of
providing them to the grain, especially in the flag leaves
(Subba Rao et al., 1989).

5. Conclusion
The timing of sowing is crucial for controlling rust
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and increasing wheat grain yield. Based on the present
results, on late sowing date (the fifteenth of December)
Maximum rust severity and area under disease progress
curve (AUDPC) were recorded on sowing date 15-Des
it is concluded that there is no variety belonging to the
group of resistant varieties. In addition to, most of vari-
eties under study belonging to the group of susceptible
varieties for three growing seasons 2020, 2021 and
2022, respectively at adult plant stage.

References

Abdelaal, Kh.A A.; Omara, R.l.; Yaser, H.M.; Esmail,
Samar M. and EL Sabagh, A. (2018). Anatomical, bio-
chemical and physiological changes in some Egyptian
wheat cultivars inoculated with Puccinia graminis f.sp.
tritici, Fresenius Environmental Bulletin,
26(1):296-305.

Abdelmageed, K.; Xu-hong, C.; De-mei, W.; Yan-jie,
W.; Yu-shuang, Y.; Guang-cai, Z. and Zhi-giang, T.
(2018). Evolution of varieties and development of pro-
duction technology in Egypt wheat: A review. J. Inte-
grative Agriculture., 17(0): 60345-7.

Abou-Zeid, M.A.; EI-Orabey, W.M.; Omara, R.l.; Mo-
hamed, A.A. and Ashmawy, M.A. (2018). Genetic sta-
bility of wheat stem rust resistance genes under Egyp-
tian field conditions. Egypt. J. Phytopathol., 46 (1):
215-233.

Admassu, B.; Friedt, W. and Ordon, F. (2012). Stem
rust seedling resistance genes in Ethiopian Wheat culti-
vars and breeding lines. J. African Crop Science., 20
(3):149 - 161.

Afzal, S.N.; Haqua, I.; Ahmadani, M.S.; Munir, M.;
Firdous, S.A.; Rauf, A.; Ahmed, I.; Rattu, A.R.R. and
Fayyaz, M. (2009). Resistance potential of wheat stripe
rust disease under rainfed climate of Pakistan. Pak. J.
Bot., 41(3):1463-1475.

Ali, S.; Shah, SJ.A. and Magbool, K. (2008).
Field-based assessment of partial resistance to yellow
rust in wheat germplasm. J. Agric. Rural Dev. 6:
99-106.

Al-Maaroof, E.M. (1997). The role of variety mixtures
in disease control of wheat rusts caused by Puccinia
recondita and P. striiformis in Iraq. Ph.D. Thesis, Univ.
Agric., Baghdad. 132 Pp.

Alnusairi, G.S.H.; Mazrou, Y.; Qari, S.H.; Elkelish,
AA.;; Soliman, M.H.; Eweis, M.; Abdelaal, K,;
El-Samad, G.A.; lbrahim, M.F.M. and EINahhas, N.
(2021). Exogenous nitric oxide reinforces photosyn-
thetic efficiency, osmolyte, mineral uptake, antioxidant,
expression of stress-responsive genes and ameliorates
the effects of salinity stress in wheat. J. Plants., 10:
1693.

Ashmmawy, M.A.; El-Orabey, W.M.; Nazim, M. and
Shahin, A.A. (2013). Effect of stem rust infection on
grain yield and yield components of some wheat culti-
vars in Egypt. Inter. J. Phytopathol., 2(3):171-178.

Bartos, P.; Sip, V.; Chrpova, J.; Vacke, J.; Stuchlikova,
E.; Blazkova, V.; Sarova, J. and Hanzalova, A. (2002).
Achievements and prospects of wheat breeding for dis-

ease resistance. Czech J. Genet. Plant Breed, 38: 16- 28.

Belayneh, A. and Emebet, F. (2005). Physiological rac-
es and virulence diversity of P. graminis f.sp. tritici on
wheat in Ethiopia. Ethiopian agricultural research or-
ganization plant protection research center, Ambo. J.
Phytopathol Mediterr., 44(3): 313-318.

Chen, W.Q.; Wu, L.R.; Liu, T.G.; Xu, S.C; Jin, S.L.;
Peng, Y.L.; Wang, B.T. (2009). Race dynamics, diver-
sity, and virulence evolution in Puccinia striiformis f.
sp. tritici, the causal agent of wheat stripe rust in China
from 2003 to 2007. J. Plant Dis., 93: 1093-1101.

Chen, S.; Guo, Y.;Briggs, J.; Dubach, F.;Chao, S.
and Dubcovsky, J. (2018). Mapping
and characterization of wheat stem rust resistance genes
SrTm5 and Sr60 from Triticum monococcum. J. Theo-
retical and Applied Genetics., 131: 625-635.

Das, M.K.; Rajaram, S.; Ktonstad, W.K.; Mundt, C.C.
and Singh, R.P. (1993). Association and genetics of
three components of slow rusting in leaf rust of wheat.
Euphytica, 68:99-109.

EL-Naggar, D.A.; Negm, S.S.; Hermas, G.A.; Abd
Elmalek, N.I1. (2013). Components of slow rusting re-
sistance to stem rust in some Egyptian wheat genotypes.
Eg. J. of Appl. Sci., 28 (12B).

El-Naggar, D.R.; EI-Orabey, W.M.; Gad, M.A.; Hermas,
G.A. (2020). Characterization of virulence and diversity
of Puccinia graminis f. sp. tritici on wheat in Egypt. J.
Agron., 42 (1): 19-34.

FAOSTAT (2023). Production crops: Wheat. FAO-
STAT Agricultural production database.
http://faostat.fac.org. Accessed on 1st May 2023.

Gui, Y.W.; Batool, A.; EI-Keblawy, A.; Sheteiwy, M.S.;
Yang, Y.M.; Zhao, L.; Duan, H.X.; Chang, S.J. and
Xiong, Y.C. (2024). Response of source-sink relation-
ship to progressive water deficit in the domestication of
dryland wheat. J. Plant Physiol. Biochem., 1. 207-
108380.

Jin, Y.; Pretorius, Z.A.; Singh, R.P.; Fetch, T. Jr. (2008).
Detection of virulence to resistance gene Sr24 within
race TTKS of Puccinia graminis f. sp. tritici. J. Plant
Dis., 92: 923-926.

Karelov, A.; Kozub, N.; Sozinova, O.; Pirko, Y.; Sozi-
nov, |.; Yemets, A. and Blume, Y. (2022). Wheat genes
associated with different types of resistance against
stem rust (Puccinia graminis Pers.). J. Pathogens.,
11(10): 1157.

Khan, H.; Bhardwaj, S.C.; Gangwar, O.P.; Prasad, P.;
Kumar, S.; Singh, G.P. (2024). Identification of adult
plant rust resistance genes in some pre and post-green
revolution Indian bread-wheat varieties. J. Phytopara-
sitica., 52(2): 32.

Khedr, R.; Aboukhadrah, S.; El-Hag, D.; EImohamady,
E.; Abdelaal, K. (2023). Ameliorative effects of nano
silica and some growth stimulants on water relations,
biochemical and productivity of wheat under saline soil
conditions. J. Fresenius Environ. Bull., 32: 375-384.

Kaur, J. and Bariana, H.S. (2010). Inheritance of adult
plant stripe rust resistance in wheat cultivars Kukri and

Page | 25


https://jsaes.journals.ekb.eg/

JSAES 2023, 3 (4), 19-26.

https://jsaes.journals.ekb.eg/

Sunco. J. Plant Pathol. 92:391-394.

Kokhmetova, A.; Morgounov, A.; Rsaliev, S.; Rsaliev,
A.; Yessenbekova, G. and Typina, L. (2011). Wheat
germplasm screening for stem rust resistance using
conventional and molecular techniques. Czech J. Genet.
Plant Breed., 47:146-154.

Leonard, K.J. and Szabo, L.J. (2005). Stem rust of small
grains and grasses caused by Puccinia graminis. J. Mo-
lecular Plant Pathology., 6(2): 99-111.

Li, J.; Liang, Z.; Li, Y.; Wang, K.; Nangia, V.; Mo, F.
and Liu, Y. (2024). Advantageous spike-to-stem com-
petition for assimilates contributes to the reduction in
grain number loss in wheat spikes under water deficit
stress. J. Agric. Water Manag., 292: 108675.

Mabrouk, O.l.; El-Orabey, W.M. and Esmail, S.M.
(2019). Evaluation of wheat cultivars for slow rusting
resistance to leaf and stem rust diseases in Egypt. J.
Phytopathol., 47(2): 1 — 19.

Marais, G.F.; Pretorius, Z.A.; Marais, A.S. and
Wellings, C.R. (2003). Transfer of rust resistance genes
from Triticum species to common wheat. S. Afr. J.
Plant Soil 20, 193—198.

Martinez-Moreno, F. and Solis, 1. (2019). Wheat rust
evolution in Spain: An historical review. Phytopathol.
Mediterr., 58: 3-16.

Nazari, K.; Mafi, M.; Yahyaoui, A.; Singh, R.P. and
Park, R.F. (2009). Detection of wheat stem rust (Puc-
cinia graminis f. sp. tritici) race TTKSK (Ug99) in Iran.
J. Plant Disease., 93: 317.

Nazarov, T.; Liu, Y.; Chen, X. and See, D.R. (2024).
Molecular mechanisms of the stripe rust Interaction
with resistant and susceptible wheat genotypes. Int. J.
Mol. Sci., 25: 2930.

Njau, P.N.; Jin, Y.; Huerta-Espino, J.; Keller, B.; Singh,
R.P. (2010). Identification and evaluation of sources of
resistance to stem rust race Ug99 in wheat. J. Plant Dis.,
94: 413-419.

Nzuve, F.M.; Bhavani, S.; Tusiime, G.; Njau, P. and
Wanyera, R. (2012). Evaluation of bread wheat for both
seedling and adult plant resistance to stem rust. Afr. J.
Plant Sci., 6: 426-432.

Omara, R.l. and Abdelaal, K. (2017). Molecular and
genetic analysis of leaf rust resistance genes in two new
Egyptian wheat cultivars. Egypt. J. Phytopathol., 45:
33-52.

Omara, R.1.; Nehela, Y.; Mabrouk, O.l. and Elsharkawy,
M.M. (2021). The emergence of new aggressive leaf
rust races with the potential to supplant the resistance of
wheat cultivars. Biology, 10(925): 1-25.

Pandey, H.N.; Menon, T.C.M. and Rao, M.V. (1989). A
simple formula for calculating area under disease pro-
gress curve. Rachis, 8(2):38-39.

Park, R.F.; Bariana, H.S. and Wellings, C.S. (2007).
Preface. Australian Journal of Agricultural Research 58:

4609.

Parlevliet, J.E. and Kuiper, HJ. (1977). Partial re-
sistance of barley to leaf rust Puccinia hordei. IV. Ef-
fect of cultivar and development stage on infection fre-
quency. Euphytica 26, 249-255.

Peterson, R.F.; Compbell, A.B. and Hamah, A.E.
(1948). A diagrammatic scale for estimating rust inten-
sity on leaves and stems of cereal can. J. Res.,
60:496-500.

Regasa, G.H.; Senbeta,G.A. and Hei, N.B. (2019).
Evaluation of Ethiopian bread wheat varieties to domi-
nant stem rust races (Puccinia graminis f.sp. tritici) at
seedling stage under greenhouse condition. J. Inter Agri
Biosci., 8(4): 210-216.

Saari, E.E. and Wilcoxson, R.D. (1974). Plant disease
situation of high yielding durum wheat in Asia and Af-
rica. Annual Review of Phytopathol., 2:49-68.

Safavi, S.A.; Ahari, A.B.; Afshari, F. and Arzanlou, M.
(2010). Slow rusting resistance in 19 promising wheat
lines to yellow rust in Ardabil, Iran. Pak. J. Biol. Sci.,
13: 240-244.

Shahin, A.; Esmaeil, R.A.; Badr, M.; Abdelaal, K A.A;
Hassan, F.A.S. and Hafez, Y.M. (2021). Phenotypic
characterization of race-specific and slow rusting re-
sistance to stem rust disease in promising wheat geno-
types. J. Fresenius Environ. Bull., 30: 6223-6236.

Simmonds, N.W. (1988). Synthesis: The strategy of rust
resistance breeding. In CIMMYT (ed.), Breeding Strat-
egies for Resistance to the Rusts of Wheat (pp.
119-136). Mexico, D.F.: CIMMYT.

Singh, R.P.; Hodson, D.P.; Huerta-Espino, J.; Jin, Y.;
Njau, P.; Wanyera, R.; Herrera-Foessel, S.A. and Ward,
R.W. (2008). Will stem rust destroy the world‘s wheat
crop? Adv. Agron., 98: 271-3009.

Singh, R.P.; Hodson, D.P.; Huerta-Espino, J.; Jin, Y.;
Bhavani, S.; Njau, P.; Herrera-Foessel, S.; Singh, P.K;
Singh, S. and Govindan, V. (2011). The emergence of
Ug99 races of the stem rust fungus is a threat to world
wheat production. Annu Rev. Phytopathol., 49:465-481.

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

Subba-Rao, K.V.; Yang, X.B.; Berggren, G.T. and
Snow, J.P. (1989). A multiple regression model to esti-
mate the contributions of leaves and the effects of leaf
rust on yield of winter wheat. J. Phytopathol., 79(11):
1233-1238.

Van der Plank, T.E. (1963). Plant Diseases: Epidemics
and Control. Academic Press. New York, 349 Pp.

Zhang, Y.; Qiao, D.; Zhang, Z.; Li, Y.; Shi, S. and
Yang, Y. (2024). Calcium signal regulated carbohydrate
metabolism in wheat seedlings under salinity stress. J.
Physiol. Mol. Biol. Plants., 1: 1- 4.

Page | 26


https://jsaes.journals.ekb.eg/

