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Stem rust caused by Puccinia graminis f. sp. tritici is an important disease of
wheat in the world. This disease is also common in the Sinop province of
Turkey. The pathogen forms new races and these races may overcome the
resistance present in wheat cultivars. For sustainable wheat production,
identification of the stem races is necessary. During 2016 and 2017, surveys
were conducted in wheat-growing areas of Sinop province and from diseased
plants, 42 single uredospore pustule isolates were obtained. Using North
American differential genotypes stem rust races were identified. The most
common race was TTTTF followed by TTKTF, RTTTF, RTKTF, and TTKTC.

1. Introduction

Wheat (Triticum spp.) is one of the most important
crops in the World. In Turkey, among the cool-season
cereals, wheat is planted in more than 70 percent of the
areas (Gegit 2016). In Sinop province of Turkey wheat
is planted in 181.123 and 190.358 decares of land
during 2016 and 2017 with a production of 37.456 and
41.563 tons of yield, respectively (Anonymous, 2020).

Stem rust caused by the basidiomycetous fungus
Puccinia graminis f. sp. tritici is one of the oldest
known diseases of wheat (Roelfs et al. 1992). The
pathogen forms new races and these races may
overcome the resistance present in wheat cultivars. For
sustainable wheat production, identification of the stem
races is necessary. Race TTKSK caused large
epidemics and variants of this race have been identified
(Singh et al. 2015). In a study conducted in Turkey 21
different stem rust races have been found (Mert et al.
2012). In their study, race TKTTC was the most
common race. Stem rust of wheat caused by P.
graminis f. sp. tritici is common in Turkey (iren 1955;
Mert et al. 2012) and in the Sinop province of Turkey
(Akci and Karakaya 2017). In this study, wheat stem
rust races occurring at the Sinop province of Turkey
were determined. The preliminary abstract related to
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the race TTTTF from the Gerze district of Sinop was
previously published (Akci and Karakaya 2019).

2. Materials and Methods

Surveys were conducted in 2016 and 2017 in the
Sinop province of Turkey (Figure 1). In 2016, 31 wheat
fields in Saraydiizii, Duragan, Boyabat, and Gerze
districts of Sinop province were surveyed. In 2017, 12
wheat fields in the Boyabat district were surveyed. A
systematic sampling method was used in survey studies
(Aktas 2001). From diseased plants, 42 single
uredospore pustules were obtained. Single uredospore
pustules were multiplied on susceptible cv Demir 2000.
Inoculation, incubation, and disease evaluation
procedures were performed as described by Mert et al.
(2012). A 0-4 scale was used for evaluation and race
identification was carried out using 20 North American
differential cultivars (Tables 1 and 2) (Roelfs and
Martens 1988; Jin et al. 2008; Mert et al. 2012)
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Figure 1

Map of Sinop province, Turkey (Anoymous 2021)
Table 1

Stem rust differential genotypes used in this study

Genotypes Resistance
genes

1 ISr5-Ra Cl1 14159 Sr5

2 T. monococcum/8*LMPG-6 DK13 Sr21

3 Vernstein Pl 442914 Sr 9e
Table 2

Puccinia graminis f. sp. tritici (Pgt) code for the 20 Pgt differential hosts for Pgt in ordered subsets of four (adapted

from Roelfs and Martens (1988) and Jin et al (2008))

Subset” and Pgt code

Infection types produced on host lines with Sr resistance genes

1st 4 genotypes Sr5

2nd 4 genotypes Sr11

3rd 4 genotypes Sr36

4th 4 genotypes Sr9a

5th 4 genotypes Sr24

B Resistant

C Resistant
D Resistant

F Resistant
G Resistant

H Resistant

J Resistant
K Resistant

L Susceptible
M Susceptible
N Susceptible
P Susceptible
Q Susceptible
R Susceptible
S Susceptible
T Susceptible

Sr21

Sr6

Srob

Srod

Sr31
Resistant
Resistant
Resistant
Resistant
Susceptible
Susceptible
Susceptible
Susceptible
Resistant
Resistant
Resistant
Resistant
Susceptible
Susceptible
Susceptible
Susceptible

Sr9% Sr7b

Sr8a Sr9g

Sr30 Sr17

Sr10 SrTmp
Sr38 SrMcn
Resistant Resistant
Resistant Susceptible
Susceptible Resistant
Susceptible Susceptible
Resistant Resistant
Resistant Susceptible
Susceptible Resistant
Susceptible Susceptible
Resistant Resistant
Resistant Susceptible
Susceptible Resistant
Susceptible Susceptible
Resistant Resistant
Resistant Susceptible
Susceptible Resistant
Susceptible Susceptible

*Pgt code consists of the designation for subset 1 followed by subset 2, etc. Scale values 0, ; ,1, 2 were considered as
resistant (low) and scale values 3 and 4 were considered as susceptible (high). For example, race TTTTF is virulent on
Sr5, Sr21, Sr9e, Sr7b, Sr11, Sr6, Sr8a, Sr9g, Sr9b, Sr30, Sr17, Sr9a, Srod, Sr10, Sr36, SrTmp, Sr38 and SrMcn resistance
genes and avirulent on Sr24 and Sr31 resistance genes. Low (resistant) and high (susceptible) infection types indicate an
incompatible and a compatible host-pathogen interaction, respectively
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3. Results and Discussion

In 2016, stem rust was found in 25 fields (Akci
and Karakaya 2017). In 2017, stem rust was present
in 7 fields. In 2016 and 2017, 42 single uredospore
pustules were obtained from wheat fields in
Saraydiizii, Duragan, Gerze, and Boyabat districts
of Sinop province and stem rust races were
determined using North American differential
cultivars. The most common race in Sinop province
was TTTTF followed by TTKTF, RTTTF, RTKTF,
and TTKTC. In 2016, from Saraydiizii district stem
rust races TTTTF (3 isolates), TTKTF (2 isolates)
and TTKTC (1 isolate), from Duragan district
RTKTF (2 isolates), TTTTF (1 isolate) and RTTTF
(1 isolate), from Gerze district TTTTF (2 isolates),
from Boyabat district TTTTF (13 isolates), TTKTF
(5 isolates) and RTTTF (3 isolates) were found. In
2017, from Boyabat district race TTTTF (9 isolates)
was determined (Table 3, Figure 2).

S1 24 Sr 31 Sr 21

Figure 2

Table 3
Wheat stem rust races determined in Sinop

province of Turkey during 2016 and 2017

Location Stem rust race 2016 2017
TTTTF 3 isolates
Saraydiizii TTKTF 2 isolates
TTKTC 1 isolate
RTKTF 2 isolates
Duragan TTTTF 1 isolate
RTTTF 1 isolate
Gerze TTTTF 2 isolates
TTTTF 13 isolates | 9 isolates
Boyabat TTKTF 5 isolates
RTTTF 3 isolates

S1 NMicn

Reactions of stem rust differential genotypes possessing Sr24, Sr31, Sr21, Sr9, Sr38, and SrMcn resistance

genestorace TTTTF

The percentage of the race TTTTF was 67. The
percentages of TTKTF, RTTTF, RTKTF, and TTKTC
were 17, 9, 5, and 2, respectively. Differential set
genotypes possessing the resistance genes Sr24 and
Sr31 were resistant to all isolates. Genotypes
possessing the resistance genes Sr9e, Sr38, and Sr36
showed different reactions to isolates. Genotypes
possessing the resistance genes Sr5, Sr6, Sr7b, Sr8a,
Sr9g, Srdb, Sr9a, Sr9d, Sr10, Srll, Srl7, Sr21, Sr30,
SrTmp and SrMcn exhibited susceptible reactions to all
isolates. A total of five stem rust races were determined
in Sinop wheat fields. Race TTTTF was the most
common race followed by races TTKTF, RTTTF,
RTKTF, TTKTC. Akci and Karakaya (2021)
determined the stem rust races originating from
Berberis spp. and wheat plants in the neighboring
province of Kastamonu, Turkey. In their study, from
Berberis spp., stem rust races TTTTF, RTTTF,

RTTTC, TTTTC, and TTKTF were reported. From
wheat plants, stem rust races TTTTF, TTKTF, TTTTC,
TTKTC, RTTTF, and RTTTC were reported. From
both Berberis spp. and wheat plants, the race TTTTF
was the most commonly encountered race. Stem rust
races TTTTF, TTKTF, and RTTTF were also found in
our present study. Mert et al. (2012) determined the
stem rust races occurring in Turkey. A total of 21 stem
rust races were found. Stem rust race TKTTC was
found as the most common race. In their study, race
RTKTF was reported from Kayseri, Yozgat, Sivas, and
Erzincan provinces, and race RTTTF was reported
from Kastamonu province of Turkey. The researchers
identified 6 stem rust races in 2007 and 18 stem rust
races in 2008.

Lemma et al. (2015) and Abera et al. (2018)
reported the race TTTTF from Ethiopia. This race was
also reported from Sicily and mainland Italy (Patpour
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et al. 2018), Iran (Afshari et al. 2015; Roohparvar and
Omrani 2018), and Kenya (Wanyera et al. 2018).

Stem rust races TTTTF, TTKTF, RTTTF, RTKTF,
and TTKTC were found in our current study. Race
TTTTF was the most common race. This race is
virulent on all resistance genes with the exception of
Sr24 and Sr31. Especially this race should be
monitored in the region and wheat cultivars resistant to
race TTTTF should be developed.
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