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Abstract: Wheat stem rust caused by Puccinia graminis f.sp tritici is constant biotic constraint of wheat production across
the world. Because of quick alteration of genetic makeup of wheat stem rust pathogen; monitoring shift in virulence within
pathogen is crucial to avoid sudden occurrence of epidemics due race change. This study was to identify physiological races
stem rust pathogen in Ethiopia during 2019 cropping season. Wheat stem rust samples were collected during 2019 main
cropping season from major wheat growing areas of Oromia, Amhara, Tigray and Southern Nations Nationalities and Peoples
regions of Ethiopia. Besides, samples were also collected from Afar region where wheat was grown by irrigation during off
season. The samples where isolated on universally wheat stem rust susceptible line (McNair) for the sake of mono pustule
isolation and multiplication to have sufficient spores. Each isolates where inoculated on twenty standard differential lines and
each line was evaluated after fourteen days to determine the races. Eight stem rust races namely, TKKTF, TKTTF, TTTTF,
TKKTT, TTKTT, TTRTF, TKPTF and TTKTF were identified from samples analyzed, TKKTF was identified from 175
(44.1%) stem rust isolates, while TTTTF was detected from 73 (18.4) samples analyzed. In addition, TKTTF was isolated from
70 (17.8%) samples; however, TTKTF, TTKTT, TTRTF, TKPTF and TKKTT were recorded from 48 (12.1%), 21 (5.3%), 4
(1%), 1 (0.25%) and 1 (0.25%) samples analyzed in the season. TTKTT races have 95% virulence spectra to stem rust
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resistance genes with in differential lines. Resistance genes (Sr24) that is available in most of commercial varieties worldwide
became ineffective with these races. Therefore, breeding program should focus on searching for more sources of resistance to

virulent races of the pathogen.
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1. Introduction

Wheat stem rust disease is cosmopolitan disease which has
adapted to different agro ecologies throughout the world.
This is due to the nature of rust spore (uridiniospores) that
are very tough and adapt to various environmental and have
ability to travel long distance even intercontinental being
carried by air following the wind direction [11]. It is quite
important at low and mid altitudes (< 2400 m). However,
Stem rust could be important at higher altitudes on late sown
and/or late maturing wheat varieties, especially grown on
vertisols [15]. Stem rust caused by Puccinia graminis f.sp.
tritici (Pgt) is one of the major production constraints in most
wheat growing areas Ethiopia, causing yield losses of up to
100% during epidemic years [7]. Wheat stem rust causing
pathogen is constantly changing enemy of wheat production.
The diversity could be created due to mutation and sexual
recombination [8]. Studies showed that races identified in
Ethiopia were virulent on most of the varieties grown in the
country and they are among the most virulent in the world
[1]. For this reason, continuous monitoring is paramount
important to monitor virulence pattern within pathogen
population and prepare ahead to reduce possible damage. To
this end, regular race identification can offer baseline
information about the occurrence and distribution of pre
dominant races as well as the appearance of the new virulent
pathotypes of the disease. Having the knowledge of prevalent
races can assist to develop wheat cultivars with durable stem
rust resistance [1]. Besides, due to rapid changes in stem rust
race patterns, wheat varieties were vulnerable to the disease
shortly after release. Therefore, regular wheat stem rust
physiological races identification is important to detect new
races and to know the frequency of pre dominant races.
Therefore, this study was aimed to identify stem rust races
prevalent in major wheat growing areas in 2019/20 cropping
season.

2. Materials and Methods
2.1. Sample Collection

Wheat stem rust samples were collected at 5-10 km
interval from wheat fields in major wheat growing areas of
Ethiopia. Stem of wheat plants infected with stem rust was
cut into pieces of 5 to 10 cm in length using scissors. Leaf
sheat was removed from the core tissue and placed in paper
bag to dry the sample sooner [14]. The samples collected in
the paper bags were labeled with required information
including crop variety, growth stage and the location from
where the samples were collected.

2.2. Isolation and Multiplication of Single-Pustule Isolates

Five seeds of universally susceptible wheat line (McNair)
were sown in 10 cm diameter pots filled with a mixture of
sterilized soil, sand, and manure with the volume ratio of
2:1:1, respectively. Seedlings were grown in the greenhouse
with a temperature and relative humidity of 18-25°C and 98-
100% relative humidity. Urediniospores from each field was
suspended in lightweight mineral oil, Soltrol 170 (Chevron
Phillips Chemical Company, The woodlands, Texsas, United
States) and sprayed onto 7-day-old seedlings of variety
McNair [11]. Seven days after inoculation, leaves containing
a single fleck that produces a single pustule was selected
from the base of the leaves and the remaining seedlings
within the pots were removed using scissors. Only leaves
containing single pustules from each location were covered
with cellophane bags and tied up at the base with a rubber
band [2]. After two weeks, spores from each pustule was
collected in gelatin capsule and suspension was made by
mixing urediospores with Soltrol 170. Then after, it was
inoculated on seven-day-old seedlings of the susceptible
variety McNair for the sake of multiplication in separate pots.
The seedlings were placed in the dew chamber in the dark
condition at 18-22°C for 18 hours and exposed to light for
four hours and transferred to the greenhouse. Fourteen days
after inoculation, the spores were collected in gelatin capsule
aided with power driven motor pump and inoculated on
differential lines.

2.3. Inoculation of Differential Lines

The seeds of 20 wheat stem rust differential lines and
universally susceptible line (McNair) were sown in 10 cm
diameter pots. Seven days after planting, when the first leaf is
fully expanded and the second leaf emerged, the spores each
isolate was suspended in Soltrol 170 and inoculated on the
seedlings. Inoculated seedlings were put in a dew chamber
for 18 hours at 18-25°C and 98-100% relative humidity.
Then, plants were exposed to fluorescent light for four hours
to facilitate infection and were allowed to dry for about 1-2
hours. Then, inoculated seedlings were transferred to
greenhouse where the temperature and relative humidity is
adjusted at 18 - 25°C and 98-100% [13], respectively.

2.4. Determination of Races

Seedling infection type was evaluated 14 days after
inoculation using a 0 to 4 scale [12]. The IT readings of 3
(medium-size uredia with/without chlorosis) and 4 (large
uredia without chlorosis or necrosis) were regarded as
susceptible. Other readings, i.e. 0 (immune or fleck), 1
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(small uredia with necrosis), and 2 (small to medium uredia
with chlorosis or necrosis) were regarded as low infection
type or resistance reaction. The variations were refined by
modifying characters like -, uredinia slightly smaller than
normal for the infection type; +, uredinia slightly larger

than normal for the infection type [12]. Race designation
was done by grouping the differential lines into five subsets
as indicated in Table 3. Each isolate was assigned using a
five-letter designation based on its reaction on the
differential lines [10, 4].

Table 1. Nomenclature of Puccinia graminis f. sp. tritici based on 20 differential wheat host lines.

Infection types produced on near-isogenic Sr lines

Set 1 5 21 9e 7b
Set 2 11 6 8a 9g
Pgt- code Set 3 36 9b 30 17
Set 4 9a 9d 10 Tmp
Set 5 24 31 38 McN
B Low" Low Low Low
C Low Low Low High®
D Low Low High Low
F Low Low High High
G Low High Low Low
H Low High Low High
J Low High High Low
K Low High High High
L High Low Low Low
M High Low Low High
N High Low High Low
P High Low High High
Q High High Low Low
R High High Low High
S High High High Low
T High High High High

Source: (Roelfs and Martens, 1988); (Jin et al., 2008)
“Low = Infection types 0,;, 1, and 2 and combinations of these values
High = Infection types 3 and 4 and a combination of these values.

3. Results and Discussion

A total of 599 stem rust samples were collected and
received from Oromia, Amhara, SNNP, Beneshangul Gumuz
and Tigray regions during 2019/2020 cropping season. Of
these, 393 samples were analyzed using the International
Nomenclature System of P. graminis f. sp. tritici [10]. Eight
stem rust races namely TKKTF, TKTTF, TTTTF, TKKTT,

TTKTT, TTRTF, TKPTF and TTKTF were identified from
samples analyzed; TKKTF was identified from 175 (44.1%)
stem rust isolates, while TTTTF was detected from 73 (18.4)
samples analyzed. In addition, TKTTF was isolated from 70
(17.8%) samples; however, TTKTF, TTKTT, TTRTE,
TKPTF and TKKTT were recorded from 48 (12.1%), 21
(5.3%), 4 (1%), 1 (0.25%) and 1 (0.25%) samples analyzed
in the season (Table 2).

Table 2. Samples collected and analyzed in 2019/2020 cropping season.

Region Samples collected Samples analyzed Races
. TKKTF (124), TKTTF (48), TTTTF (35), TTKTT (16), TTKTF (26), TTRTF
Oromia 326 253 @)and T(KK%T ) (48) @3 (16) (26)
Ambhara 122 42 TKKTEF (25), TKTTF (6), TTKTT (5), TTTTF (4) and TTKTF (2)
SNNP 29 14 TKTTF (4), TTTTF (7), TKKTF (2) and TTKTF (1)
Beneshangul Gumuz 47 33 TTKTF (13), TKKTF (8), TKTTF (3) and TTTTF (9)
Tigray 22 11 TKKTEF (8), TTKTF (2), and TTTTF (1)
Afar 52 40 TKKTF (8), TTTTF (17), TKTTF (9), TKPTF (1), TTKTF (4) and TTRTF (1)
Total 599 303 TKKTEF (175), TTTTF (73), TKTTF (70), TTKTT (21), TTKTF (48), TTRTF

(4), TKKTT (1) and TKPTEF (1)

The wheat cultivars; Ogolcho, Kubsa, Hidase, Lakech,
Digelu, Denda’a, ETBW 9553, Lemu, Ogolcho, Kingbird,
Hongoltu, Hidase, Wane, Kakaba, and unknown varieties
were infected by one or more of these races. Race TKKTF
was the dominant race and is virulent to all of differential
lines except Srl1, Sr36, Sr24 and Sr31. Race TTTTF was the

second dominant race followed by TKTTF (Digelu race) and
they wide virulence spectrum. TTTTF is virulent to all
resistant genes, except Sr24 and Sr31. Similarly, TKTTF is
virulent to all resistant genes, except Sr11, Sr24 and Sr31. On
the other side, TKKTT and TKPTF were the least dominant
races that were identified from one sample each.
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Table 3. Wheat varieties from which the races were identified.

Race Variety

TKKTF Unknown, Kekeba, Kingbird, Digelu, Denda’a, Hidase and Ogolcho,
TKTTF Unknown, ETBW 9553, Denda’a, Kekeba, Kubsa and Digelu
TTTTF Denda’a, Kekeba, Digelu and Unknown varieties

TTKTT ETBW 9553, Honqoltu, Lakech and Ogolcho

TTKTF Denda’a, Wane and ETBW 9553

TKKTT Lemu

TTRTF Danda’a, Unknown

TKPTF Unknown

TKTTF was first detected in 2012 in Southeastern parts of
Ethiopia and caused wheat stem rust epidemics in 2013/14
cropping season by attacking the popular variety Digelu [7].
TTKTT is virulent on all resistance genes in differential lines
except Sr36 (Table 4). TKKTF was reported in Germany and
was among the races that caused an unusual wheat stem rust
outbreak in 2013/14 cropping season [6]. TTKTT race was
first reported in Ethiopia in 2018 from commercial wheat

cultivars Shorima, Huluka, Ogolcho, Hidase, and Danda’a
[3]. It has the most virulence combination of all Ug99
(TTKSK) race groups. TTTTF race was reported from
samples collected in 2009 from the Eastern Shoa zone of
central Ethiopia [5]. It was also detected in Iran in 2010
(Patpour et al., 2014). Moreover, TTTTF race caused a wheat
stem rust outbreak in Italy hitting several thousands of
hectares of durum wheat [9].

Table 4. Virulence spectrum of the Pgt races identified in Ethiopia in 2019/20 main cropping season.

Races Virulence Avirulence
TTTTF 5,21, 9e, 7b, 11, 6, 8a, 9g, 36, 9b, 30, 17, 9a, 9d, 10, Tmp, 38, McN 24, 31,
TKTTF 5,21, 9e, 7b, 6, 8a, 9g, 36, 9b, 30, 17, 9a, 9d, 10, Tmp, 38, McN 11,24, 31
TKKTF 5,21, 7b, 6, 8a, 9g, 9b, 30, 17, 9a, 9d, 10, Tmp, e, 38, McN 11, 36, 24, 31
TTKTF 5,21, 9e, 7b, 11, 6, 8a, 9g, 9b, 30, 17, 9a, 9d, 10, Tmp, 38, McN 36, 24, 31
TTKTT 5,21, 9e, 7b, 11, 6, 8a, 9g, 9b, 30, 17, 9a, 9d, 10, Tmp, 24, 31, 38, McN 36

TTRTF 5,21, 9e, 7b, 11, 6, 8a, 9g, 36, 9b, 17, 9a, 9d, 10, Tmp, 38, McN 30, 24, 31
TKPTF 5,21, 9e, 7b, 6, 8a, 9g, 36, 30, 17, 9a, 9d, 10, Tmp, 38, McN 11, 9b, 24, 31

4. Conclusion

Wheat stem rust races identified in this study have more
virulence combination than predominant races in Ethiopia.
TTKTT have 95% virulence spectra to stem rust resistance
genes with in differential lines. Resistance genes (Sr24) that
is available in most of commercial varieties worldwide
became ineffective with these races. The rapid evolution of
new races within rust population is bottleneck to rust
management worldwide. Once a new strain of the pathogen
occurred in a particular area; it can spread over the long
distance being aided by air within a short period. Therefore,
breeding program should focus on searching for more
sources of resistance to virulent races of the pathogen.
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