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Wheat is one of the most important cereal groups, with large cultivation areas in Tiirkiye and
around the world. Stripe rust (Puccinia striiformis f. sp. tritici) is one of the biotic factors
limiting the yield and quality of wheat. It is significant to determine its race/races in a region in
terms of breeding studies and suggestions on varieties of wheat for farmers. This study aims to
detect the stripe rust races in Central Anatolia; Tiirkiye. Wheat leaves with stripe rust were
collected in Ankara, Eskisehir, Kirkkale, Kirsehir, and Yozgat provinces in 2020.
Urediniospores for each isolate were collected from leaves, and a set of differentials containing
different resistance genes was used to determine the virulence of the isolates. Inoculation was
done by spraying 7-days-old seedlings, and reactions were assessed. Results showed that
isolates were effective on Yr2, Yr6, Yr7, Yr8, Yr9, Yr10, Yrl7, Yr24, Yr25, and Yr32 resistance
genes in the entire region. Along with this phenotyping study, further studies on these isolates

will be done genotypically.

1. Introduction

Wheat belongs to the cereal crops with the largest cultivation
area worldwide due to its significance in human nutrition.
Globally, it is predicted that 785.1 million tonnes of wheat will
be produced by the end of 2023 (FAO 2023). The forecast for the
wheat production in 2023 has increased considerably by 6.6
million tonnes, reaching 783.3 million tonnes in the world (FAO
2023). In addition to this, it is estimated that there are 7.2 million
ha of wheat cultivation areas with a projected 19.5 million metric
tonnes of production for 2023/24 in Tirkiye (USDA 2023).
However, there are several factors threatening wheat cultivation
areas in terms of quality and yield, such as biotic and abiotic
stresses. Abiotic stresses result from environmental factors
whereas biotic factors, consist of diseases, pests, weeds, etc.
Among the biotic stresses, stripe rust is a disease caused by
Puccinia striiformis, limiting both the quality and the yield of
wheat. The annual wheat yield loss is estimated at 5.5 million
tonnes worldwide due to stripe rust (Beddow et al. 2015).

There are various approaches to controlling wheat rust
diseases, and one of the most widely recommended is the
cultivation of rust-resistant wheat varieties. To date, several
resistance genes have been identified (Chen and Kang 2017).
Seedling resistance is expressed through a single major gene; on
the other hand, more than one minor gene controls adult plant
resistance. Since seedling resistance is controlled by a single
major gene, resistance can be overcome easier by pathogens
evolving rapidly (Roelfs et al. 1992). Though adult plant
resistance is accepted as more durable, it is more effective in high
temperatures rather than lower temperatures (Chen 2013; Chen
et al. 2021). Due to these disadvantages of seedling resistance
and adult plant resistance, gene pyramiding, which combines

several resistance genes, is the finest option for breeders (Chen
et al. 2021). However, it is crucial to picture pathogen
populations in related regions through annual surveys (Park et al.
2011). Information obtained from these surveys will shed light
on breeding programmes for disease-resistant varieties.

In this study, a survey was conducted in Central Anatolia
(Ankara, Eskisehir, Kirikkale, Kirsehir, Yozgat provinces) in
2020. Stripe rust isolates wereisolated from leaf samples
collected from diverse locations. Hence, this study investigates
phenotypically the isolates via race analysis.

2. Materials and Methods

2.1. Plant materials

The differential sets consisted of the European and World
stripe rust differential sets, Avocet S near-isogenic lines (NILs)
and additional supplementary European wheat varieties with
different stripe rust resistance gene(s) (de Vallavieille-Pope et al.
2012; Johnson 1992; Wellings 2007) (Table 1).

2.2. Stripe rust samples

A survey of stripe rust was conducted during the May 2020
cropping season in five important wheat-producing provinces
(Ankara, Eskisehir, Kirkkale, Kirsehir, and Yozgat) and
surrounding areas of the Central Anatolia Region of Tiirkiye. A
total of 34 durum (Triticum durum) and bread wheat (Triticum
aestivum) fields were randomly selected and assessed in the
Central Anatolia Region of Tiirkiye. Stripe rust disease was
detected in 15 of these fields.

© Akdeniz University Faculty of Agriculture


https://doi.org/10.29136/mediterranean.1338041
http://www.dergipark.org.tr/en/pub/mediterranean
mailto:cercospora79@gmail.com
mailto:m.nur.ertas@gmail.com
mailto:sibel.bulbul.391@gmail.com
https://orcid.org/0000-0003-1150-4901
https://orcid.org/0000-0001-9689-179X
https://orcid.org/0000-0001-5263-461X

144

Tablo 1. Wheat differential lines for the assessment of the virulence

Turgay et al./Mediterr Agric Sci (2023) 36(3): 143-146

phenotype of isolates of Puccinia striiformis f. sp. tritici

Virulence inferred

Differential lines

Resistance genes

S

Morocco

Susceptible check

VAVR Avocet 'R' A

VAVS Avocet 'S’ As

vl Chinese 166 Yrl

v2 Kalyansona Yr 2

v3 Vilmorin 23 Yr3

v4 Hybrid 46 Yr4

v5 Yr5/6* Avocet ‘S’ Yr5, Yrl8, AvS
v6 Yr6/6* Avocet ‘S’ Yr6, AvS

V7 Yr7/6* Avocet ‘S’ Yr7, AvS

v8 Yr8/6* Avocet ‘S’ Yr8

v9 Yr9/6* Avocet ‘S’ Yr9

v10 Moro Yrl0

v15 Yr15/6*Avocet ‘S’ Yrl5, Yrl8, AvS
v17 Yrl7/6*Avocet ‘S’ Yrl7, Avs
v24 Yr24/6*Avocet ‘S’ Yr24, AvS
v25 TP 981 Yr25, +

v27 OPATA 85 Yr27, Yrl8, +
v32 Carstens V Yr32, Yr25, +
vSp YrSP/6* Avocet ‘S’ YrSp, YrAvS
vSu Suwon 92/ Omar YrSu

vND Nord Desprez YrND

vSD Strubes Dickkopf YrSD

vTre Tres/6* Avocet 'S' YrTre

vCham Cham 1 YrChl

2.3. Recovery of the stripe rust urediniospores

Collected leaf samples were washed under tap water and then
placed on a double layer of wet filter paper in a petri dish,
followed by incubation for 2-3 hours at room temperature. After
that, the 10-day seedlings of the susceptible cultivar "Morocco™
were then rub inoculated using those samples (Roelfs et al. 1992).
After 14-15 days, the stripe rust urediniospores that developed in
the susceptible cultivar “Morocco” were collected, and these
isolates were stored at — 80°C until used.

2.4. Race Analysis

Six seeds of each genotypes of the stripe rust differential set
(Tablol) were sown individually into a plastic pot (7X7X9 cm)
containing a ready-to-use sterilised peat moss and were grown

under greenhouse conditions at 18-20°C for 16 hours light and 8
hours of darkness. Stored urediniospores of the stripe rust isolates
were suspended in mineral oil (Soltrol 170®) and then inoculated
into seedling-stage genotypes (Zadoks 11-12). Following the
inoculation process, all testing materials were placed in a dew
chamber at 9+1°C for 24 hours for incubation and then
transferred into a greenhouse with a temperature of 15+2°C.
After 15-17 days of inoculation, seedlings were evaluated using
a 0-9 scale described by McNeal et al. 1971. Genotypes with
infection types (IT) between 0-6 were considered as low infection
types and indicated an absence of virulence, while those with 7-
9 were considered high infection types and indicated the presence
of virulence (McNeal et al. 1971). Symbols designate virulence
and avirulence (-), corresponding to stripe rust resistance genes.

3. Results and Discussion

A total of 34 wheat fields were examined, and 15 samples of
stripe rust were obtained during the survey. Eight out of 15 stripe
rust samples were recovered, and the urediniospores of the
samples were multiplied for race identification. Collected stripe
rust samples from Kirsehir and Kirikkale did not recover and did
not multiply. For this reason, isolates from these provinces were
not obtained. The identified races of eight samples are shown in
Table 2.

The core set of the stripe rust differential set, which consisted
of 25 differential genotypes carrying YrAs, YrA, Yrl, Yr2, Yr3,
Yr4, Yr5, Yr6, Yr7, Yr8, Yr9, Yrl0, Yrl5, Yrl7, Yr24, Yr25, Yr27,
Yr32, YrSP, YrSu, YrND, YrSD, and YrTre were used to
determine the race identification.

Three obtained stripe rust isolates from Yozgat (ID: 1, 3, and
4) were found to be resistant on Yr2, Yr 6, Yr 7, Yr 8, Yr 17, Yr
25, YrSu, and YrND resistance genes. Only one isolate from
Yozgat (ID: 2) was also effective on the Yr24 resistance gene, in
addition to other genes (Table 2). Both races from Eskisehir had
virulence on Yr2, Yr6, Yr7 and Yr8 resistance genes. In addition
to these genes, isolates 5 and 6 were effective on Yr9 and Yrl7,
respectively. Only the isolate from Beylikova had a wider
virulence phenotype profile, with Yr10, Yrl7, Yr24, and Yr32
resistance genes susceptible to this isolate. One isolate was
obtained from Ankara; Haymana had more virulence than all
other isolates, and Yrl, Yr2,Yr3,Yr4,Yr6, Yr7,Yr9, Yr 17,
Yr 25 and Yr 32 resistance genes were found to be susceptible to
this isolate.

Table 2. Virulence phenotypes of stripe rust races identified in Central Anatolia region

Province/district

Virulence phenotype

Yozgat /Sekili
Yozgat/Sekili
Yozgat/Yerkdy
Yozgat/ Yerkoy
Eskisehir/Sivrihisar
Eskisehir/Sivrihisar
Eskisehir/Beylikova
Ankara/Haymana

CD\IOﬁU'l-b(A)I\JHG

AVSA-2,-,-,-,6,7,8,-,-,-,17,-,25,-,-,-,YTSU,YIND,-,-,-

AvS, A-2,-,-,-6,7,8,-,-,-17,24,25,-,-,-, YrSu,YIND,-,-,

AvS, A-2,--,-6,7,8,-,--17,-,25,-,-,-,-, YrSu,YrND,-,-,-

AvS, A-2,-,-,-.6,7,8,-,-,-,17,-,25,-,-,-, YISP,YrSu,YrND,-,-,-

AvS, A-2,--,-6,7,89,-,--,-25,-,-,-YrSu,YrND,-,-,

AvS, A-2,--,-6,7,8,-,--17,-25,-,-,-,YrSu,YrND,-,-,-

AvVS A-2,-,-,-,6,7,8,-,10,-,17,24,-,-,32,-,YISP,YrSu,YrND,YSD,-,-
AvS, A1,2,3,4,-6,7,-9,-,-,17,-,25,-,32, YrSP,YrSu,YrND, YrTre,-
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4, Conclusion

The first record ofstripe rust was made in 1886, afterwards,
some epidemics were recorded in Central Anatolia and West
Anatolia between 1936 and 1963 (Braun and Saari 1992; iren
1964). Especially; the race coming from East Africa to Tirkiye
overcomes the Yr9 resistance gene in the variety called Seri-82,
which was cultivated widely in the Cukurova region of Tiirkiye.
The anticipated expense of the damage caused by the stripe rust
epidemic in Cukurova is $7 million (Braun and Saari 1992;
Mamluk et al. 1997).

In 1998, it was stated that the wheat-growing area in Central
Anatolia, which has a cold and humid environment, incurred
losses ranging from 26.5% to 50% as a result of the yellow rust
epidemic.

The stripe rust study has been conducted for over 20 years.
According to the outcomes of this project between 1995 and
2009, stripe rust has been detected as virulent on Yr2, Yr6, Yr7,
Yr8, Yr9, and Yr25 resistance genes (Cat et al. 2017). In 2010, a
new race acquired virulence to the Yr27 resistance gene
(Hovmeller 2012), and it has been projected that the loss in wheat
production due to stripe rust was 10 million dollars in the same
year (Beddow et al. 2015).A new race known as the Warrior was
identified and was thought to have originated from the northwest
region of the country (virulent on Yrl, Yr2, Yr3, Yr4, Yr6, Yr7,
Yr9, Yrl7, Yr25, Yr32, and YrSp ) (Mert et al. 2016). For the last
four years, PstS11, PstS13, and PstS14 race groups have been
detected (Hovmeller et al. 2020), as well as races such as Yr10
and Yr24 virulent pathogens (Hovmeller et al. 2020).

Tiirkiye has one of the largest wheat cultivation areas in
Central Anatolia. The varieties widely grown in this area have
been found to be mostly susceptible to stripe rust, especially
Warrior race, according to the seedling and adult plant resistance
tests done under artificial inoculations (Mert et al. 2016).
Utilisation of the resistance genes in new wheat varieties
developed by breeding programmes plays a very important role
in decreasing the spread of rusts in wheat-growing areas (Ellis et
al. 2014). Therefore, cultivation of susceptible varieties in the
region might enable the dispersion of rust /races.

In addition to host susceptibility, climatic changes may
promote the emergence of new races of Puccinia striiformis.
Some wheat rusts have genetic mechanisms that adapt to the
changing climate (Ali et al. 2014), and geographic distributions
related to global warming may play a significant role in these
mechanisms. For example, two races of P. striiformis that are
thought to have originated from the Middle East or East Africa
and spread to North America, Europe, and Australia are highly
adapted to temperature variations (Ali et al. 2014). It is projected
that this disease will increase by 5-20% in Southern Spain and
Italy by 2030 (Bregaglio et al. 2013). These adaptations of wheat
pathogens to climate change are related to genetic differentiations
(zZhan and McDonal 2011) rather than phenotypic plasticity
(i.e., the ability of genotypes to produce phenotypes under
various environmental conditions) (Fusco and Minelli 2010).
Climatic changes are favoured by airborne and polycyclic
pathogens such as rust or Septoria (i.e., pathogens that have
multiple infection cycles in a season (West et al. 2012) because
they help them spread and complete their life cycles in a shorter
time, resulting in large populations. Due to these large
populations, the interaction between individuals is likely to
increase, which may enable them to evolve rapidly.
Consequently, new races or race groups will appear (Chakraborty
2013; Fones et al. 2017).

Tiirkiye has one of the largest wheat cultivation areas in
Central Anatolia. It is significant to identify the rust races in that
region since stripe rust is the most common and devastating
disease in the area. It is thought that these outcomes will help to
enlighten the breeding programmes and also provide guidance for
the wheat producers in Central Anatolia.

Acknowledgement

This study was conducted under the

TAGEM/TBAD/20/A12/P01/002.

project

References

Ali S, Gladieux P, Leconte M, Gautier A, Justesen AF, Hovmeller MS,
Enjalbert J, de Vallavieille-Pope C (2014) Origin, Migration Routes
and Worldwide Population Genetic Structure of the Wheat Yellow
Rust Pathogen Puccinia striiformis f.sp. tritici. PLoS Pathogens
10(2).

Beddow JM, Pardey PG, Chai Y, Hurley TM, Kriticos DJ, Braun HJ, Park
RF, Cuddy WS, Yonow T (2015) Research investment implications
of shifts in the global geography of wheat stripe rust. Nature Plants
1(10): 15132.

Braun H, Saari E (1992) An assesment of the potential of Puccinia
striiformis f.sp. tritici to cause yield losses in wheat on the Anatolian
Plateau of Turkey. Vortrage Pflanzenzucht (24): 121-123.

Bregaglio S, Donatelli M, Confalonieri R (2013) Fungal infections of
rice, wheat, and grape in Europe in 2030-2050. Agronomy for
Sustainable Development 33(4): 767-776.

Chakraborty S (2013) Migrate or evolve: options for plant pathogens
under climate change. Global Change Biology 19(7): 1985-2000.

Chen X (2013) Review Article: High-Temperature Adult-Plant
Resistance, Key for Sustainable Control of Stripe Rust. American
Journal of Plant Sciences 04(03): 608-627.

Chen X, Kang Z (2017) History of research, symptoms, taxonomy of the
pathogen, host range, distiribution, and impact of stipe rust. Chen X,
Kang Z (Ed.) Stripe Rust, Dordrecht: Springer Netherlands : Imprint:
Springer. doi: doi.org/10.1007/978-94-024-1111-9 5.

Chen X, Wang M, Wan A, Bai Q, Li M, Lépez PF, Maccaferri M,
Mastrangelo AM, Barnes CW, Cruz DFC, Tenuta AU, Esmail SM,
Abdelrhim AS (2021) Virulence characterization of Puccinia
striiformis f. sp. tritici collections from six countries in 2013 to 2020.
Canadian Journal of Plant Pathology 43(2): 308-322.

Cat A,Tekin M,Catal M,Akan K, Akar T (2017) Bugdayda sar1 pas
hastahgi ve dayamklihk 1slahi  ¢alismalari. Mediterranean
Agricultural Sciences 30(2): 97-105.

de Vallavieille-Pope C, Ali S, Leconte M, Enjalbert J, Delos M, Rouzet
J (12012) Virulence dynamics and regional structuring of Puccinia
striiformis f. sp. tritici in France between 1984 and 2009. Plant
Disease 96(1): 131-140.

Ellis JG, Lagudah ES, Spielmeyer W, Dodds PN (2014) The past, present
and future of breeding rust resistant wheat. Frontiers in Plant Science
5:1-13.

FAO (Food and Agriculture Organization) (2023) Cereal Supply and
Demand Brief |World Food Situation | Food and Agriculture
Organization of the United Nations. [online] Available at:
https://www.fao.org/worldfoodsituation/csdb/en/. Accessed 28 Jul.
2023.

Fones HN, Fisher MC, Gurr SJ (2017) Emerging Fungal Threats to Plants
and Animals Challenge Agriculture and Ecosystem Resilience.
Microbiology Spectrum 5(2): 1-23.

Fusco G, Minelli A (2010) Phenotypic plasticity in development and
evolution: facts and concepts. Philosophical Transactions of the
Royal Society B Biological Sciences 365(1540): 547-556.

© Akdeniz University Faculty of Agriculture


https://akademik.ahievran.edu.tr/personel/cffb52c6-58afae34-0158-b94b7fa9-0000
https://akademik.ahievran.edu.tr/personel/cffb52c6-58afae34-0158-b94b7fa9-0000

146 Turgay et al./Mediterr Agric Sci (2023) 36(3): 143-146

Hovmeller MS (2012) Report on Puccinia striiformis race analyses 2011,
Slagelse, Denmark, Global Rust Reference Center (GRRC), Aarhus
University.

Hovmeller MS, Patpour M, Rodriguez-Algaba J, Thach T, Fejer Justesen
A, Hansen J G (2020) GRRC annual report 2019: Stem- and yellow
rust genotyping and race analyses, GRRC, Aarhus University.

fren S (1964) Tiirkiye’de 1963 yili hububat pas tiirleri ve zarar ve
yayiliglar lizerinde aragtirmalar. Bitki Koruma Biilteni 4: 141-159.

Johnson R (1992) Reflections of a plant pathologist on breeding for
disease resistance, with emphasis on yellow rust and eyespot of
wheat. Plant Pathology 41(3): 239-254.

Mamluk O, Cetin L, Braun H, Bolat N, Bertschinger L, Makkouk K,
Yildirnm A, Saari E, Zencirci, N, Albustan S, Cali S, Beniwal S,
Diisiinceli F (1997) Current status of wheat and barley diseases in the
Central Anatolian Plateau of Turkey. Phytopathology (36): 167-181.

McNeal FH, Konzak CF, Smith EP, Tate WS, Russell TS (1971) A
Uniform System for Recording and Processing Cereal Research
Data. Washington, DC: USDA-ARS Bull. pp. 34121.

Mert Z, Nazari K, Karagoz E, Akan K, Oztiirk I, Tiilek A (2016) First
Incursion of the Warrior Race of Wheat Stripe Rust ( Puccinia
striiformis f. sp. tritici ) to Turkey in 2014. Plant Disease 100(2):
528-528.

Park R, Fetch T, Hodson D, Jin Y, Nazari K, Prashar M, Pretorius Z
(2011) International surveillance of wheat rust pathogens: progress
and challenges. Euphytica 179(1): 109-117.

Roelfs A, Singh R, Saari E (1992) Rust diseases of wheat: concepts and
methods of disease management. Mexico, CIMMYT.

USDA (United States Department of Agriculture) (2023) Turkey Wheat
Area, Yield and Production. [online] Available at:
https://ipad.fas.usda.gov/countrysummary/Default.aspx?id=TU&cr
op=Wheat. Accessed 28 Jul. 2023.

Wellings CR (2007) Puccinia striiformis in Australia: a review of the
incursion, evolution, and adaptation of stripe rust in the period 1979
- 2006. Australian Journal of Agricultural Research 58(6): 567-575.

West JS, Townsend JA, Stevens M, Fitt BDL (2012) Comparative
biology of different plant pathogens to estimate effects of climate
change on crop diseases in Europe. European Journal of Plant
Pathology 133(1): 315-331.

Zhan J, McDonal BA (2011) Thermal adaptation in the fungal pathogen
Mycosphaerella graminicola. Molecular Ecology 20(8): 1689-1701.

© Akdeniz University Faculty of Agriculture



