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Abstract

Septoria tritici blotch (STB) disease caused by the fungal pathogen Zymoseptoria tritici, is one of the most devastating wheat
diseases in high rainfall areas. Study on virulence factors and genetic dynamics of the pathogen population in disease hot spots is
assumed as main actions towards effective and durable genetic resistance in breeding programs for STB resistance, which could be
achieved by monitoring virulence on differential wheat genotypes within STB trap nurseries. In order to monitor virulence factors of
the fungal pathogen Z. tritici as well as efficacy of Stb genes to pathogen populations, response of 26 international differential wheat
genotypes was evaluated under natural infection condition of trap nurseries in STB hot spots of Moghan, Dezful and Gorgan during
three consecutive years of 2019-2021 based on 00-99 double digit scale. Furthermore, seedling reaction of differentials to Z. tritici
isolates was investigated under greenhouse condition. The results showed that virulence pattern of pathogen populations was differed
in all three locations as well as the three years of study. Based on the seedling and adult plant results, the highest virulent Z. tritici
population was observed in Moghan and then in Dezful, whereas the pathogen dominated in Gorgan displayed the lowest virulence
among the populations. Results of this research showed that various combinations of Stb resistance genes carried by the differential
genotypes M3 (Stb16q & Sth17), KM 7 (Sth16 (S23)), Cs synthetic (Stb5), Kavkaz-K4500 (Stb6, Stb7, Sth10 & Stb12), Flame (Stb6),
3HD-138 (Sth18 (S25-winter type)), Oasis (Stbl), TE 9111 (Sth6, Stb7 & Stb11), Veranopolis (Sth2 & Sth6), Tadinia (Stb4 & Stbh6)
and KM 41 (Sth17 (S24)) could be used for producing wheat cultivars effectively resistant to Z. tritici populations in studied
locations within breeding programs.

Keywords: Wheat breeding programs, Virulence, Differential genotypes, Resistance genes, Zymoseptoria tritici.
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Table 1. Wheat differential genotypes of Septoria leaf blotch and involved resistance gene/s.

Entry Wheat cultivar/line Carried Stb gene/s

Entry Wheat cultivar/line

Carried Stb gene/s

1 Oasis Stbl

2 Sulivan Stbl

3 Bulgaria 88 Stbl & Stb6

4 Veranopolis Sth2 & Sth6

5 Israel 493 Sth3 & Sth6

6 Tadinia Sth4 & Sth6

7 Cs synthetic Stb5

8 Flame Stb6

9 Shafir Stb6

10  Estanzuela Federal Stb7

11 M6 Synthetic Stb8

12 Courtot Sth9

13 Kavkaz-K4500 Stb6, Sth7, Sth10 & Sth12
14 TEO9111 Stb6, Sth7 & Stb11

15  Obelisk Int’l. susceptible check

16 Taichung 29 Int’l. susceptible check

17 Salamouni Sth13 & Sth14
18 Arina Sth6 & Sth15

19 Riband Stb15 or another
20 M3 Sth16q & Stb17

21 Local susceptible control Susceptible check

22 Balance Stb6 & Stb18

23 Kulm Highly susceptible

24 3HD-126 Sth11l (S22)

25 KM7 Sth16 (S23)

26 KM 41 Sth17 (S24)

27 3HD-138 Stb18 (S25-winter type)
28 Darab-2 Local sus. Check

29 Tajan Local sus. Check
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Table 2. Evaluation of adult plant response of differential wheat cultivars and lines to septoria tritici blotch in disease
hot spots during three years based on Saari & Prescott, 1975 modified by Eyal et al. 1987.

2019 2020 2021
Entry Wheat cultivar/line  Carried Stb gene/s  Gorgan  Dezful Moghan Gorgan Dezful Moghan Gorgan Dezful Moghan
1 Oasis Stbl 54 0 71 54 0 0 11 52 73
2 Sulivan Stbl 55 0 72 52 0 12 33 51 74
3 Bulgaria 88 Stb1 & Sth6 53 53 54 58 0 31 32 55 71
4 Veranopolis Stb2 & Sth6 54 0 74 54 71 31 11 71 74
5 Israel 493 Sth3 & Sth6 56 73 72 54 73 32 0 53 77
6 Tadinia Stb4 & Sth6 33 77 72 56 73 32 11 72 78
7 Cs synthetic Sth5 57 52 71 56 0 0 35 0 77
8 Flame Sthé 33 52 34 55 53 0 32 0 56
9 Shafir Stb6 56 75 73 72 75 71 36 77 76
10 Estanzuela Federal Stb7 78 73 76 74 75 75 0 73 77
11 M6 synth Sth8 55 0 73 75 71 75 0 72 78
12 Courtot Sth9 34 0 54 72 71 75 58 71 75
13 Kavkaz-K4500 oo, ST, SPL0 & 55 2 74 54 0 53 59 0 73
14 TE 9111 Stb6, Stb7 & Stb11 31 0 54 57 0 33 11 71 76
15 Obelisk Int’l. sus. check 71 71 73 56 71 72 72 71 71
16 Taichung 29 Int’l. sus. check 72 73 72 74 73 71 71 72 76
17 Salamouni Stb13 & Sth14 33 0 74 56 0 53 54 55 76
18 Arina Sth6 & Sth15 36 0 34 72 0 53 11 0 73
19 Riband Stb15 or another 54 0 54 58 71 52 34 0 74
20 M3 Sth16 & Sth17 34 0 75 54 0 36 32 0 75
21 Local sus. check Sus. check 75 74 76 76 77 77 76 76 78
22 Balance Sth6 & Sth18 55 52 35 58 51 0 11 53 57
23 Kulm Highly sus. 54 72 75 58 71 52 54 0 73
24 3HD-126 Sth11l 36 0 34 34 0 52 11 52 56
25 KM 7 Sth16 33 0 74 54 0 52 12 0 75
26 KM 41 Stb17 37 74 75 74 0 0 11 71 79
27 3HD-138 Sth18 34 0 35 34 52 0 11 0 53
28 Darab-2 Local sus. check 7 76 76 77 76 77 77 78 75
29 Tajan Local sus. check 76 77 77 76 77 77 78 77 76
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Table 3. Adult plant response of differential wheat cultivars and lines to septoria tritici blotch in disease hot spots

during three years.

2019 2020 2021

Entry \c/m?\?;rlline Carried Stb gene/s Gorgan Dezful Moghan Gorgan Dezful Moghan Gorgan Dezful Moghan
1 Oasis Stbl MS | S MS | | VR MS S

2 Sulivan Stbl MS | S MS | VR R MS S

3 Bulgaria 88 Stbl & Sth6 MS MS MS MS | R R MS S
4 Veranopolis Sth2 & Sth6 MS | S MS S R VR S S

5 Israel 493 Stb3 & Sth6 MS S S MS S R | MS S

6 Tadinia Stb4 & Sthé R S S MS S R VR S S

7 Cs synthetic Sth5 MS MS S MS | | MR | S

8 Flame Sth6 R MS R MS MS | R | MS
9 Shafir Sth6 MS S S S S S MR S S
10 Estanzuela Federal ~ Stb7 S S S S S S | S S
11 M6 synth Sth8 MS | S S S S | S S
12 Courtot Sth9 R | MS S S S MS S S
13 Kavkaz-K4500 SEEE,ZSth Shl0& g s s MS | MS MS | s
14 TE 9111 Sth6, Stb7 & Sth11 R | MS MS | R VR S S
15 Obelisk Int’l. sus. check S S S MS S S S S S
16 Taichung 29 Int’l. sus. check S S S S S S S S S
17 Salamouni Sth13 & Stb14 R | S MS | MS MS MS S
18 Arina Stb6 & Sth15 MR | R S | MS VR | S
19 Riband Stb15 or another MS | MS MS S MS R | S
20 M3 Sth16 & Sth17 R | S MS | MR R | S
21 Local susceptible oo ok s s s s S s S s s

control

22 Balance Sth 6 &18 MS MS MR MS MS | VR MS MS
23 Kulm - MS S S MS S MS MS | S
24 3HD-126 Stb11 MR | R R | MS VR MS MS
25 KM 7 Sth16 R | S MS | MS VR | S
26 KM 41 Sth17 MR S S S | | VR S S
27 3HD-138 Sth18 R | MR R MS | VR | MS
28 Darab-2 Local sus. check S S S S S S S S S
29 Tajan Local sus. check S S S S S S S S S
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Abbreviations: VS (Very Susceptible); S (Susceptible); MS (Moderate Susceptible); MR (Moderate Resistant); R (Resistant); VR (Very Resistant); |

(Immune)
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Table 4. Evaluation of seedling response of differential wheat genotypes to septoria tritici blotch based on percentage

of leaf area coverd by necrosis and pycnida in greenhouse conditions.

Seedling response

Number Name R Gene Gorgan Dezful Moghan
N% P% N¥%» P% N¥% P%

1 Oasis Stb 1 25 20 20 15 25 20
2 Sulivan Stb 1 10 70 75 65 75 65
3 Bulgaria 88 Stb1&6 50 45 80 70 80 70
4 Veranopolis Stb2 &6 30 15 45 40 45 40
5 Israel 493 Stb3 &6 40 15 100 90 100 90
6 Tadinia Stb 4 &6 7 0 45 30 45 30
7 Cs synthetic Stb 5 15 0 35 0 35 0
8 Flame Stb 6 15 10 40 20 40 20
9 Shafir Stb 6 45 25 85 80 85 80
10 Estanzuela Federal Stb 7 45 30 90 80 90 80
11 M6 synth Stb 8 30 25 95 90 95 90
12 Courtot Stb 9 60 20 75 75 75 75
13 Kavkaz-K4500 Stb 6,7,10&12 15 0 20 0 15 0
14 TE 9111 Stb 6,7&11 40 0 20 15 40 15
15 Obelisk Sus. Check 40 25 80 75 80 75
16 Taichung 29 Sus. Check 80 40 80 60 80 60
17 Salamouni Stb 13&14 55 40 70 60 70 60
18 Arina Stb 6 &15 40 25 60 35 60 35
19 Riband Stb 15 or another 40 30 65 45 65 45
20 M3 Stb 16 &17 0 0 0 0 0 0
21 Local susceptible control Sus. Check 75 60 90 80 90 80
22 Balance Stb 6 &18 25 10 35 30 35 30
23 kulm - 20 15 85 90 85 90
24 3HD-126 Stb11 30 10 85 65 85 65
25 KM 7 Stb16 0 0 7 0 7 0
26 KM 41 Stb17 0 0 70 50 70 50
27 3HD-138 Stb18 40 30 50 40 50 40
28 Darab-2 Sus. Check 70 45 90 85 90 85
29 Tajan Sus. Check 60 45 90 95 95 95

% P (Pycnid)
% N (Necrosis)

Sth2 & slay; Jel> Veranopolis Stbl 5 Jel> Sulivan
Jol> Tadinia Sth3 & Sth6 sloy; Jol> Israel 493 Sth6
Jol> Balance Sth9 3 Jel> Courtot Sth4 & Sth6 slay;
(o0l olulis Cuwglin 5 y9a0) kulm Sth6 & Sthl8 slayj
Gale 4 Cans a5 S o5 el 3HD-126 Cuisis s
shls GE 3 dilais 3l oo (5,5laex Z. tritici z )6 Coxex
STy lacass ek o wisg (Jod BB olats Cuglis
Sype Ghalir 4 Cad b5 Colis B Conluzand

Ol oddline o
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Table 5. Seedling response of differential wheat cultivars and lines to Zymoseptoria tritici populations of Gorgan,
Dezful and Moghan in greenhouse conditions.

Seedling stage

Number Name R Gene Gorgan Dezful Moghan
1 Oasis Stb 1 MR MR MR
2 Sulivan Stb 1 R S S

3 Bulgaria 88 Sth1&6 S S S

4 Veranopolis Stb2 &6 MR MSS MSS
5 Israel 493 Sth3 &6 MR VS VS
6 Tadinia Stb 4 &6 | MS MS
7 Cs synthetic Stb 5 | | |

8 Flame Stb 6 R MR MR
9 Shafir Stb 6 MS S S

10 Estanzuela Federal Stb 7 MS S S

11 M6 synth Stb 8 MS S VS
12 Courtot Stb 9 MR S S

13 Kavkaz-K4500 Stb 6,7,10&12 | | |

14 TE 9111 Sth 6,7&11 | MR MR
15 Obelisk Sus. Check MS S S

16 Taichung 29 Sus. Check MSS S S

17 Salamouni Stb 13&14 MSS S S

18 Arina Stb 6 &15 MS MS MS
19 Riband Stb 15 or another MS S S

20 M3 Stb 16 &17 | | |

21 Local susceptible control ~ Sus. Check S S S

22 Balance Stb 6 &18 MR MS MS
23 kulm - MR S VS
24 3HD-126 Stb11 MR S S

25 KM 7 Sth16 | | |

26 KM 41 Stb17 | S S

27 3HD-138 Stb18 MS MSS MSS
28 Darab-2 Sus. Check VS VS VS
29 Tajan Sus. Check VS VS VS

Abbreviations: VS (Very Susceptible); S (Susceptible); MS (Moderate Susceptible); MR (Moderate Resistant); R (Resistant); VR (Very Resistant); |

(Immune)
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Figure 1. Cluster analysis of wheat differential genotypes’ response to Zymoseptoria tritici populations of Gorgan,
Dezful and Moghan in three consecutive years (2019-2021).
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Figure 2. Cluster analysis of seedling response of wheat differential genotypes to Gorgan, Dezful and Moghan

populations of Zymoseptoria tritici.
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Figure 3. Cluster analysis of seedling and adult plant response of wheat differential genotypes to Zymoseptoria tritici.
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