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Abstract
Background and Objectives
Septoria leaf blotch (STB), caused by Zymoseptoria tritici, is one of the most significant
constraints to wheat production, particularly in humid and temperate regions, where
temperatures between 22-25°C and relative humidity exceeding 85% favor disease
development. The disease leads to substantial reductions in grain yield and quality. The high
genetic variability of Z. tritici populations and their rapid evolution of novel virulence factors
indicate the need to identify virulence determinants and discover sources of durable resistance.
The virulence of Z. tritici isolates against wheat STB resistance genes (Stb1 to Stb18) could
critically guide the breeding programs to develop resistant cultivars. Pyramiding multiple
effective Stb resistance genes into elite wheat lines offers a sustainable strategy to reduce
reliance on fungicides and develop climate-resilient STB-resistant cultivars.
Materials and Methods
To evaluate STB resistance in 113 Iranian elite wheat lines (designated ERWYT-N98,
ERWYT-N99, ERWYT-S98, and ERWYT-S99, including 20, 23, 30, and 40 lines,
respectively), field experiments were conducted in adult plant stage over two consecutive
growing seasons of 2019-2021 under artificial inoculation conditions in a randomized complete
block design with three replications at two agricultural research stations of Golestan (Gorgan)
and Safiabad (Dezful). Wheat lines were inoculated with virulent local isolates of Z. tritici,
followed by resistance evaluation based on two key parameters: relative vertical disease
progress and percentage of disease severity on infected leaves. Host response to STB was
scored using the 00-99 double-digit scale.
Results and Discussion
Zymoseptoria tritici isolates from Gorgan and Dezful showed different virulence patterns, both
geographically and temporally, while Gorgan isolates displayed higher virulence on known Stb
resistance genes than Dezful isolates in both years of the study. No virulence was identified
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among the resistance genes Stbl, Stb5, Stb10, Stb12, Stb13, Stb14, Stb15, Stb16, and Stb18 at
either location or year of study, indicating their effectiveness against prevalent pathogen
populations. In contrast, Stb7, Stb8, and Stb9, as well as Stb11l and Stb17, were ineffective
against all or some of the tested isolates, suggesting their unsuitability for current breeding
programs. Polymorphism regarding significant virulence variation was observed against Sth2,
Stb3, Stb4, and Stb6, suggesting their possible contribution to durable resistance, especially in
combination with other effective resistance genes, particularly in north agro-climatic zone.
Phenotypic evaluation of elite wheat lines revealed variable levels of resistance across the four
germplasm sets. Among ERWYT-NO98 lines, 24%, 43% and 33% displayed moderately
resistance (including lines ER-N98-14, 18, 19 and the cultivars Tirgan and Kalateh),
susceptibility and high susceptibility responses, while in ERWYT-N99 set, 29%, 29% and 42%
of lines were moderately resistant (ER-N99-6, 14, 16, 18, 21, 22, 23), susceptible and highly
susceptible, respectively. Regarding the south agro-climatic zone lines of ERWYT-S98, 39%
demonstrated moderately resistance (ER-S98-7, 10, 11, 14, 15, 16, 17, 23, 28, 29, and cultivars
Chamran2 and Mehregan), while 29% and 32% were susceptible and highly susceptible,
respectively. In ERWYT-S99 set, 24%, 22%, 30% and 24% of lines displayed moderately
resistance (ER-S99-3, 18, 19, 22, 25, 28, 30, 31, 36, and Chamran2), moderately susceptibility
(ER-S99-4, 7, 8, 10, 24, 32, 34, 35, and Mehregan), susceptibility and high susceptibility,
respectively.

Conclusion

Utilization of genetic resistance is considered the most effective, economical, and
environmentally sustainable strategy for managing septoria leaf blotch in wheat breeding
programs. Host resistance could significantly reduce yield loss when integrated with other
disease management methods, such as cultural practices and chemical control. Results of this
study indicate that the resistance genes Stbl, Stb5, Stb10, Stb12, Stb13, Stb14, Stb15, Stb16,
and Stb18 are effective against current Z. tritici populations in both Iranian north and south
agro-climatic zones, and their incorporation (preferably as pyramiding) into high-yielding
genetic backgrounds is strongly recommended. Additionally, identification of moderately
resistant and resistant wheat lines in this study highlights their potential as sources of resistance
and valuable breeding parents. Utilizing these lines could help reduce reliance on chemical
control, minimize disease impact, and enhance wheat productivity, particularly in disease
hotspots.
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Table 1. A set of differential wheat genotypes carrying resistance genes to septoria tritici blotch disease to determine

the virulence pattern of pathogen isolates

No. Line Resistance gene No. Line Resistance gene
1 Oasis Sth 1 15 Obelisk Susceptible check
2 Sulivan Sth 1 16 Taichung 29 Susceptible check
3 Bulgaria 88 Stb 1 & Stb 6 17 Salamouni Sth 13&14
4 Veranopolis Stb2 & Stb 6 18 Arina Stb 6 &15
5 Israel 493 Stb3 & Sth 6 19 Riband Stb 15 or another
6 Tadinia Stb 4 & Sth 6 20 M3 Sth 16 &17
7 Cs synthetic Stb 5 21 Balance Stb 6 &18
8 Flame Sth 6 22 Kulm -

9 Shafir Sth 6 23 3HD-126 Stbil
10  Estanzuela Federal Sth 7 24 KM7 Sth16
11 M6 Synthetic Sth 8 25 KM 41 Stb17
12 Courtot Stb 9 26 3HD-138 Stb18
13 Kavkaz-K4500 Stb 6,7,10&12 27 Darab-2 Local check
14 TE 9111 Stb 6,7&11 28 Tajan Local check
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2 Potato Dextrose Agar: PDA
3 Yeast extract Glucose Medium: YGM
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Table 2. Pedigree of elite wheat lines used
Entry  No. Line Pedigree Entry  No. Line Pedigree
1 1 N-98-1 Tirgan 21 1 N-99-1 Tirgan
2 2 N-98-2 Kalate 22 2 N-99-2 Kalate
3 3 N-98-3 N-86- 23 3 N-99-3 Morvarid/Yang//VOROBEY
12/4/BABAX/LR42/[BABAX*2.
4 4 N-98-4 KUTZ 24 4 N-99-4  KACHU//WBLL1*2/BRAMBLING/3
IKACHU/KIRITATI
5 5 N-98-5 MUCUY 25 5 N-99-5  KACHU//WBLL1*2/BRAMBLING*2
/3/IKACHU/KIRITATI
6 6 N-98-6 KACHU/SAUAL/3/TACUPETO 26 6 N-99-6 KACHU//WBLL1*2/BRAMBLING*2
F2001. /3/IKACHU/KIRITATI
7 7 N-98-7 KAUZ//ALTAR 27 7 N-99-7 KACHU//WBLL1*2/BRAMBLING*2
84/A0S/3/MILAN/KAUZ/4. /3/IKACHU/KIRITATI
8 8 N-98-8 KACHU/SAUAL*2/3/[TACUPET 28 8 N-99-8 ONIX/KBIRD*2//KFA/2*KACHU
O F2001.
9 9 N-98-9 KACHU/SAUAL/AIVARIS/MISR 29 9 N-99-9 KACHU/SAUAL*2/3/KINGBIRD
2/3/FRET2. #1L/IINQALAB 91*2/TUKURU
10 10 N-98-10 KACHU/SAUAL/3/TACUPETO 30 10 N-99-10 KACHU/SAUAL*2/3/KINGBIRD
F2001. #1L/IINQALAB 91*2/TUKURU
11 11 N-98-11 KACHU/SAUALI/3ITRCH/SRTU// 31 11 N-99-11  UP2338*2/SHAMA/3/MILAN/KAUZ
KACHU /ICHIL/CHUM18/4/UP2338*2/SHAM
A*2
12 12 N-98-12 PBW343*2/KUKUNA//PBW343* 32 12 N-99-12 MUTUS*2/TECUE #1/3/KINGBIRD
2/KUKUNA. #1L/IINQALAB 91*2/TUKURU
13 13 N-98-13 ROLFO07/SAUAL/3/TRCH/SRTU// 33 13 N-99-13  MUCUY/3/PBW343*2/KUKUNA*2//
KACHU/4. FRTL/PIFED
14 14 N-98-14 KACHU/SAUAL*2/3/[TACUPET 34 14 N-99-14  KFA/2*KACHU/3/PBW343*2/KUKU
O F2001. NA*2//FRTL/PIFED/4/KFA
15 15 N-98-15 KACHU/SAUAL*2/5/SERI.1B/IK 35 15 N-99-15 NELOKI//SOKOLL/EXCALIBUR
AUZ/HEVO.
16 16 N-98-16 KACHU/SAUAL/AIVARIS/MISR 36 16 N-99-16 MUCUY
2,EGY/3/FRET2
17 17 N-98-17 BCN/RIALTO//2*MUNAL #1 37 17 N-99-17 NELOKI//SOKOLL/EXCALIBUR
18 18 N-98-18 BAJ #1/ALTIGO 38 18 N-99-18 BAJ #1*2/PREMIO
19 19 N-98-19 VARIS/MISR2,EGY/3/FRET2/KU 39 19 N-99-19 KACHU#1/3/C80.1/3*BATAVIA/[2*
KUNA//FRET2. WBLL1/4/KACHU/8/TACUPETO
F2001
20 20 N-98-20 SOKOLL/3/PASTOR//HXL7573/2 40 20 N-99-20 SAUAL/MUTUS/4/KACHU#1//WBL
*BAU*2. L1*2/KUKUNA/3/BRBT1*2/KIRITA
TI
41 21 N-99-21  BABAX/LR42//BABAX/3/ER2000/7/
CNO79//PF70354/MUS/3/PASTOR
42 22 N-99-22 BAJ #1*2/PREMIO
43 23 N-99-23 BAVIS #1*2/PREMIO

! Mist irrigation
2 No symptom
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Entry  No. Line Pedigree Entry  No. Line Pedigree
44 1 S-98-1 Chamran 2 65 22 S-98- CROC_1/AE.SQUARROSA
22 (224)//OPAT A/3/PASTOR/4/2*SOKO
LL/3/PASTOR//HXL7573/2*BAU
45 2 S-98-2 Niknejad//Attila*2/PBW65 66 23 S-98- BECARD #1/BAVIS #1
23
46 3 S-98-3 PBW343//CAR422/ANA/3/Niknejad 67 24 S-98- Mehregan
24
47 4 S-98-4 Cham//PTZ Niska/VT 1556-170 68 25 S-98- FRET2*2/4/SNI/TRAP#1/3/[KAUZ*2/
WRB856/3/Yaco/2*Parus/4/C-84-8 25 TRAP//KAUZ*2/5/KIRITATI
48 5 S-98-5 Niknejad/1-66-22 69 26 S-98- FRNCLN/QUAIU//FRANCOLIN #1
26
49 6 S-98-6 DEEK-2//Star */Lotus- 70 27 S-98- TACUPETO
5/3/ATTILAS0Y//ATTILA/BCN 27 F2001/6/CNDO/R143//[ENTE/MEXI_2
/3/AEGILOPS SQUARROSA
(TAUS)/4/WEAVER/5/PASTOR/7/RO
LFO7*2/8/SAUAL/Y ANAC//SAUAL
50 7 S-98-7 PASTOR/3/KAUZ*2/OPATA/IKAUZ/4 71 28 S-98- SHORTENED SR26
/FISCAL 28 TRANSLOCATION/4/ATTILA/3*BC
N//BAV92/3/PASTOR/5/MUNAL/6/M
UTUS*2/TECUE #1
51 8 S-98-8 PASTOR/3/KAUZ*2/OPATA/IKAUZ/4 72 29 S-98- WHEAR/KUKUNA/3/C80.1/3*BATA
/FISCAL 29 VIA//2*WBLL1/4/T.DICOCCON
P194625/AE.SQUARROSA
(372)//3*PASTOR/S/WHEAR/KUKU
NA/3/C80.1/3*BATAVIA//2*WBLL1/
6/QUAIU #1/SOLALA//QUAIU #2
52 9 S-98-9 BAJ#1/5/ATTILA/3*BCN//BAVI2/3/TI 73 30 S-98- Sarang
LHI/4/SHAT7/VEE#5//ARIVI92/6/WBLL 30
1/KUKUNA//TACUPETO F2001/3/BAJ
#1
53 10 S-98- WBLL1*2/4/Y ACO/PBW65/3/KAUZ*2 74 1 S-99-1  Chamran 2
10 ITRAP//KAUZ/5/KACHU
#1/6/MARCHOUCH*4/SAADA/3/2*FR
ET2/KUKUNA//FRET2/7/WBLL1*2/4/
YACO/PBW65/3/KAUZ*2/TRAP//KA
UZ/5/KACHU #1
54 11 S-98- BAVIS 75 2 S-99-2  Gascogne/3/Nai60/Hn7//Sy/4/WS-85-
11 #1/5/W15.92/4/PASTOR//HXL7573/2* 10
BAU/3/WBLL1
55 12 S-98- JNRB.5/PIFED/5/BJY/COC//PRL/BOW 76 3 S-99-3  Gascogne/3/Nai60/Hn7//Sy/4/WS-85-
12 13/ISARA/THB//VEE/4/PIFED 10
56 13 S-98- SOKOLL/WESTONIA 77 4 S-99-4  CMHB80-279/Pastor//Sivand/3/WS-85-
13 10
57 14 S-98- BABAX/LR42//BABAX/3/ER2000/5/W 78 5 S-99-5  Darab#2/FISCAL/4/Alvd//Aldan/las/3/
14 15.92/4/PASTOR//HXL7573/2*BAU/3/ Flt
WBLL1
58 15 S-98- SOKOLL/WBLL1/6/0ASIS/5*BORL95 79 6 S-99-6  Falat/3/Pastor/Tabasi//Cham/4/Debira
15 /5/CNDO/R143//ENTE/MEXI75/3/AE.S
Q/4/2*0Cl
59 16 S-98- KAUZ/IALTAR 80 7 S-99-7  ATTILAS0Y//ATTILA/BCN/3/KAPS
16 84/A0S/3/IMILAN/KAUZ/4/SAUAL/S/ W/SHUHA-17/4/ITNMU/MILAN
SERI.1B//KAUZ/HEVO/3/AMAD*2/4/
KIRITATI/6/KACHU/SAUAL
60 17 S-98- KACHU/SAUAL*2/3/TACUPETO 81 8 S-99-8  DEBEIRA/MILAN/PASTOR/4/URES
17 F2001/BRAMBLING//KIRITATI /BOW/IOPAT A/3/HD2206/HORK'S'
61 18 S-98- SAUAL/MUTUS*2/3/TRCH/SRTU//K 82 9 S-99-9  NELOKI//SOKOLL/EXCALIBUR
18 ACHU
62 19 S-98- WAXWING/KIRITATI//FISCAL/3/HU 83 10 S-99- NELOKI//SOKOLL/EXCALIBUR
19 W234+LR34/PRINIA//UP2338*2/VIVI 10
TSI/4/HUW234+LR34/PRINIA*2//Y AN
AC
63 20 S-98- ATTILA/3*BCN//BAV92/3/TILHI/5/B 84 11 S-99- BECARD/AKURI*2/3/KINGBIRD#1//
20 AV92/3/PRL/SARA//TSI/VEE#5/4/CR 11 INQALAB 91*2/TUKURU
OC_1/AE.SQUARROSA (224)
1[2*OPAT A*2/6/HUW234+LR34/PRINI
AJIUP2338*2/VIVITSI
64 21 S-98- 85 12 S-99- TACUPETOF2001/6/CNDO/R143//[EN
21 FRET2*2/4/SNI/TRAP#1/3/[KAUZ*2/T 12 TE/MEXI_2/3/AEGILOPS

RAP//KAUZ/5/PARUS/6/FRET2*2/
KUKUNA*2/7/TRCH/SRTU//KACHU

SQUARROSA(TAUS)/4/
WEAVER/5/PASTOR/7/ROLF07*2/8/
SAUAL/YANAC//SAUAL
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Entry  No. Line Pedigree Entry No. Line Pedigree
86 13 S-99-13  SUP152/6/0ASIS/5*BORL95/5/C 100 27 S-99-27  Pishtaz//Falat/Barakat/4/OASIS/SKA
NDO/R143//[ENTE/MEXI75/3/AE UZ/I4*BCN/3/2*PASTOR
.SQ/4/2*OClI
87 14 S-99-14  SUP152/6/0ASIS/5*BORLI5/5/C 101 28 S-99-28  PFAU/MILAN/5/CHEN/AEGILOPS
NDO/R143//[ENTE/MEXI75/3/AE SQUARROSA(TAUS)//BCN/3/VEE#
.SQ/4/2*OClI 7/BOW/4/PASTOR/6/Baaz
88 15 S-99-15 CETA/AE.SQUARROSA 102 29 S-99-29  PFAU/MILAN/5/CHEN/AEGILOPS
(435)//2*BECARD SQUARROSA(TAUS)//BCN/3/VEE#
7/BOW/4/PASTOR/6/Baaz
89 16 S-99-16 AMUR/3/KINGBIRD 103 30 S-99-30  PFAU/MILAN/5/CHEN/AEGILOPS
#1//INQALAB91*2/ SQUARROSA(TAUS)//BCN/3/VEE#
TUKURU/4/AMUR 7/BOW/4/PASTOR/6/Baaz
90 17 S-99-17 BABAX/LR42//BABAX*2/3/KU 104 31 $-99-31  PFAU/MILAN/5/CHEN/AEGILOPS
KUNA/4/CROSBILL SQUARROSA(TAUS)//BCN/3/VEE#
#1/5/BECARD/6/KFA/2*KACH 7/BOW/4/PASTOR/6/Baaz
U
91 18 S-99-18 BABAX/LR42//BABAX*2/3/SH 105 32 $-99-32  PFAU/MILAN/5/CHEN/AEGILOPS
AMA/4/KINGBIRD SQUARROSA(TAUS)//BCN/3/VEE#
#1/5/QUAIU/6/2*COPIO 7/BOW/4/PASTOR/6/Baaz
92 19 S-99-19  SITE/MO//PASTOR/3/TILHI/4/ 106 33 S-99-33  Mehregan
WAXWING/KIRITATI/5/KACH
U #1/KIRITATI/KACHU
93 20 S-99-20 TACUPETO 107 34 S-99-34  WBLL4//0OAX93.24.35/WBLL1/5/C
F2001/SAUAL//BLOUK ROC_1/AE.SQUARROSA(205)//BO
#1/3/SAUAL/Y ANAC//SAUAL/4 RL95/3/PRL/SARA//TSI/VEE#5/4/F
ITACUPETO RET2
F2001/SAUAL//BLOUK #1
94 21 S-99-21 108 35 S-99-35 REH/HARE//2*BCN/3/CROC_1/AE.
FRET2/KUKUNA//FRET2/3/YA SQUARROSA
NAC/4/FRET2/KIRITATI/5/MU (213)//PGO/4/HUITES/5/T.SPELTA
U P1348599/6/REH/HARE//2*BCN/3/C
#1//PBW343*2/KUKUNA/3/MU ROC_1/AE.SQUARROSA(213)//PG
U/6/BORL14 O/4/HUITES/7/QUAIU/8/2*QUAIU
#1/SOLALA/IQUAIU #2
95 22 S-99-22  Pishtaz//Falat/Barakat/3/IRENA/B 109 36 S-99-36  WBLL1//PUB94.15.1.12/WBLL1/3/
ABAXI/IPASTOR MUCUY
96 23 S-99-23 110 37 S-99-37  C80.1/3*BATAVIA/2*WBLL1/3/AT
Pishtaz//Falat/Barakat/3/IRENA/B TILA/3*BCN*2//BAV92/4/WBLL1*
ABAXI/IPASTOR 2/KURUKU/5/IWA8600211//2*PBW
343*2/KUKUNA/6/MUCUY
97 24 S-99-24  Pishtaz//Falat/Barakat/4/OASIS/S 111 38 S-99-38  SHAKTI/5/WHEAR/KIRITATI/3/C8
KAUZ//4*BCN/3/2*PASTOR 0.1/3*BATAVIA/[2*WBLL1*2/4/KI
RITATI/2*TRCH/6/BECARD//KIRI
TATI/2*TRCH/3/BECARD
98 25 S-99-25  Pishtaz//Falat/Barakat/4/OASIS/S 112 39 S-99-39  QUAIU #1/3/T.DICOCCON
KAUZ//4*BCN/3/2*PASTOR P194625/AE.SQUARROSA
(372)//3*PASTOR/4/QUAIU
#2*2/5/SUP152/BECARD
99 26 S-99-26  Pishtaz//Falat/Barakat/4/OASIS/S 113 40 S-99-40 Sarang
KAUZ//4*BCN/3/2*PASTOR
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Table 3. Avirulence/Virulence pattern of Zymoseptoria tritici isolates on resistance genes present in differential wheat
cultivars

Isolate Year Region Avirulence/Virulence pattern

1 2019-2020  Gorgan Stb1,2,3,4,5,6,10,11,12,13,14,15,16,18 / Stb 7,8,9,17
2 2020-2021  Gorgan Stb1,2,3,4,5,6,7,8,10,11,12,13,14,15,16,17,18 / Stb9
1 2019-2020  Dezful Stb1,5,10,11,12,13,14,15,16,17,18 / Sth2, 3,4,6,7,8,9,
2 2020-2021  Dezful Stb1,5,10,12,13,14,15,16,18 / Stb2,3,4,6,7,8,9,11, 17

ol olS™ dl> w0 50 Zymiosepitoria tritici g )6 Sba1us 4 s pAS sSuou! S pY STl wil 5lg 4 35 ¢ | Jeu>
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Table 4. Analysis of variance (ANOVA) for the response of elite wheat lines to isolates of Zymoseptoria
tritici at the adult plant stage across two locations (Gorgan and Dezful) during two growing seasons (2019—

2021).
Df Df Df Adult plant reaction
Line Bloc Treat Er Gorgan Dezful
kK ment ror 2019-2020 20202021 2019-2020 20202021
M
Mo mst Mse | MS mst wmse | M MsT  MseE | MsB wmsT s
B B B >
N- 27 1032 12 4997 19 342 231 1258 2
2 20 40 2 : 233 | 1 : 187 | 9 : 141 | 2 : '
98 8ns *x *x i ns i 02
ns ns
N- 14 1256 19 4378 25 5m 169 1048 2
2 23 46 T : 273 | 3 : 199 | 3 : 232 | b : '
99 7ns *x *x i ns i 98
ns ns
25 1436 18 511 23 o1 271 1466 1
s98 2 30 60 2 : 215 | 8 : 221 | 1 : 178 | 2 : '
ns ns
18 1175 16 4700 21 a7 200 1198 1
S99 2 0 80 L : 191 | 9 : 147 | 4 : 191 | % : '
ns ns
‘)/{’/C 108 135 126 112

*, **and ns: indicate significant at 5% and 1% levels, and non-significant, respectively

9O F 50 ol ols” > w0 yo Zymosepitoria tritici g8 S4los 4 Cud pAS pSuow! S pY is19 -0 Joo
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Table 5. Adult plant reaction of wheat elite lines to Zymoseptoria tritici isolates based on 00-99 double digit

scale of Eyal (1999) in Gorgan and Dezful during two cropping years of 2019-2021. Left and right digits
show relative height of disease progress on plant, and disease severity in 0-9, respectively.

Adult plant reaction

Gorgan Dezful
Entry No. Line 2019-2020 2020-2021 2019-2020 2020-2021

| 1 11 | 1 11 | 1] 11 | 1] 11
1 1 N-98-1 57 36 54 34 11 12 75 75 75 71 73 71
2 2 N-98-2 55 34 56 12 12 32 72 72 71 72 72 72
3 3 N-98-3 57 34 56 32 0* 0 75 73 75 72 71 71
4 4 N-98-4 58 56 55 32 0 0 75 75 73 73 73 73
5 5 N-98-5 58 34 56 11 0 0 77 75 75 73 73 72
6 6 N-98-6 56 34 56 36 54 12 77 75 75 73 73 73
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Continuation of Table 5. 0 Jous dlaf
Adult plant reaction

Gorgan Dezful
Entry No. Line 2019-2020 2020-2021 2019-2020 2020-2021

| 1 111 | 11 111 | 11 111 | 11 11
7 7 N-98-7 74 35 55 31 54 11 75 75 77 73 75 72
8 8 N-98-8 57 36 58 11 0 12 75 75 75 73 75 72
9 9 N-98-9 56 55 58 11 0 32 75 75 75 75 75 73
10 10 N-98-10 55 56 56 0 0 11 73 75 75 73 75 71
11 11 N-98-11 75 73 57 32 34 31 75 73 75 75 75 73
12 12 N-98-12 58 57 58 35 0 56 72 73 73 71 73 71
13 13 N-98-13 56 52 56 32 0 31 75 75 75 75 75 75
14 14 N-98-14 55 52 74 12 36 12 75 75 75 75 75 75
15 15 N-98-15 58 54 58 12 54 12 75 75 75 75 7 75
16 16 N-98-16 56 54 56 11 12 12 75 75 75 73 75 75
17 17 N-98-17 54 55 75 12 12 0 73 72 75 75 73 75
18 18 N-98-18 54 54 56 12 12 35 73 71 71 71 71 71
19 19 N-98-19 57 54 56 0 33 32 75 75 75 7 75 75
20 20 N-98-20 56 56 55 0 11 11 71 71 72 71 71 71

susceptible
- - control 78 79 7 73 72 73 78 78 78 7 73 7
21 1 N-99-1 54 0 0 55 34 32 71 71 71 71 71 53
22 2 N-99-2 36 0 34 74 31 52 71 73 73 52 72 75
23 3 N-99-3 33 35 34 77 31 54 73 73 75 0 0 52
24 4 N-99-4 36 0 32 75 54 56 52 71 71 75 75 75
25 5 N-99-5 52 0 36 75 31 11 73 73 75 73 75 75
26 6 N-99-6 31 0 36 56 72 11 71 72 75 75 75 7
27 7 N-99-7 54 32 0 75 72 56 73 73 73 73 72 73
28 8 N-99-8 54 36 32 74 51 58 71 71 71 53 71 55
29 9 N-99-9 53 0 0 72 54 55 73 75 73 72 72 72
30 10 N-99-10 0 52 0 7 52 54 73 75 75 73 72 72
31 11 N-99-11 0 54 55 55 54 56 71 71 73 72 72 72
32 12 N-99-12 34 0 58 53 34 34 71 73 71 71 72 73
33 13 N-99-13 0 0 31 73 52 54 73 73 7 71 71 71
34 14 N-99-14 0 0 11 55 52 52 73 73 75 73 72 75
35 15 N-99-15 36 0 0 78 74 74 75 75 75 75 75 75
36 16 N-99-16 36 36 32 52 34 54 75 73 75 72 71 73
37 17 N-99-17 0 0 31 7 57 56 75 72 75 75 75 7
38 18 N-99-18 0 0 0 54 55 34 51 53 52 0 52 53
39 19 N-99-19 35 32 11 73 52 55 72 72 73 71 53 71
40 20 N-99-20 0 12 54 54 52 32 75 75 73 71 71 71
41 21 N-99-21 35 11 12 52 54 34 73 73 73 71 71 72
42 22 N-99-22 0 32 12 52 51 55 73 73 73 71 55 71
43 23 N-99-23 0 31 31 11 52 32 71 71 75 0 55 71
- - susceptible 75 71 T2 718 74 78 75 75 A e R A 7
control

44 1 S-98-1 35 55 54 12 11 12 75 73 73 72 71 71
45 2 S-98-2 74 74 74 12 55 74 75 73 75 75 73 72
46 3 S-98-3 35 54 55 55 52 32 73 73 73 75 75 72
47 4 S-98-4 54 55 55 12 54 0 75 75 75 73 72 73
48 5 S-98-5 55 55 55 12 52 33 73 75 73 73 73 71
49 6 S-98-6 74 74 75 11 56 33 7 7 7 73 71 72
50 7 S-98-7 75 74 74 12 32 32 75 75 75 72 72 71
51 8 S-98-8 55 74 58 12 56 54 75 73 75 75 71 73
52 9 S-98-9 57 76 73 13 58 0 75 75 7 75 73 72
53 10 S-98-10 57 75 74 35 32 36 75 75 75 75 73 75
54 11 S-98-11 54 58 73 0 32 1 75 75 7 73 71 71
55 12 S-98-12 74 75 74 56 58 54 75 75 73 75 73 75
56 13 S-98-13 73 56 72 54 56 32 75 73 75 73 73 71
57 14 S-98-14 57 55 54 54 32 31 75 75 75 73 71 71
58 15 S-98-15 58 57 56 12 31 32 75 75 75 73 71 73
59 16 S-98-16 75 57 57 12 34 33 75 75 75 75 73 75
60 17 S-98-17 74 57 56 34 0 31 75 75 75 75 73 72
61 18 S-98-18 56 56 55 54 58 31 75 73 73 75 73 72
62 19 S-98-19 74 57 56 12 56 53 7 75 7 75 73 73
63 20 S-98-20 57 57 74 12 56 53 75 73 75 75 75 75
64 21 S-98-21 74 57 74 58 54 34 7 75 75 75 75 73
65 22 S-98-22 56 55 55 56 54 0 75 75 75 73 72 73
66 23 S-98-23 55 56 56 12 32 34 7 75 72 75 73 75
67 24 S-98-24 57 56 56 34 35 11 75 75 73 72 73 73
68 25 S-98-25 76 74 73 58 0 12 72 72 73 72 72 71

69 26 S-98-26 36 55 54 12 0 55 75 72 73 73 73 73




> = .
Voo el E 55 o) s (§ e (e 4 p S tduital sla Y sl o551 0LISes 5 550 5
Continuation of Table 5. 0 Jgua dofdl
Adult plant reaction
Gorgan Dezful
Entry  No. Line 2019-2020 2020-2021 2019-2020 2020-2021

| T 1T | T 0T [ I 0T [ T i

70 27 59827 74 56 74 36 54 11 75 75 75 75 75 73
71 28 S-98-28 54 54 55 33 12 12 73 75 75 75 75 73
72 29 5-98-29 54 57 74 0 12 35 75 77 77 77 7575
73 30 $-08-30 55 56 58 35 56 59 73 73 72 77 770N
- - susceptible 78 79 77 73 715 74 78 78 78 75 775

control
74 1 $-99-1 31 0 0 32 2 32 75 75 75 72 75 73
76 3 5-99-3 34 0 52 55 58 32 77 75 73 71 72 75
77 4 S-99-4 0 0 0 74 52 11 77 75 77 74 7773
78 5 $-99-5 58 54 11 77 74 74 77 75 77 75 177
79 6 S-99-6 56 31 11 75 58 32 77 75 75 73 73 75
80 7 $-99-7 12 0 12 75 54 55 73 75 73 71 72 73
81 8 5-99-8 12 56 0 58 51 31 75 75 75 72 7575
82 9 $-99-9 0 31 0 78 52 74 75 77 77 73 72 75
83 10 $-99-10 0 0 0 79 57 52 75 75 77 75 7375
84 11 $-99-11 32 3 54 79 77 31 77 75 77 75 2 77
85 12 $-99-12 54 12 35 54 54 32 75 75 75 72 7573
86 13 $-99-13 54 12 31 56 72 1 72 73 75 71 52 71
87 14 S-99-14 54 0 56 77 74 56 73 73 77 71 2 72
88 15 $-99-15 56 0 54 74 75 51 72 72 75 51 53 71
89 16 S$-99-16 58 77 54 55 51 31 73 75 75 53 51 73
90 17 $-99-17 34 32 0 73 54 11 75 77 77 72 73 75
91 18 S-99-18 0 36 0 54 2 1n 73 77 75 53 71 73
92 19 $-99-19 31 31 0 55 54 11 75 75 77 71 7573
93 20 $-99-20 32 0 0 74 31 34 72 73 73 75 72 N
94 21 $-99-21 56 55 0 56 73 55 73 75 75 73 7B T7
95 22 $-99-22 34 0 0 52 34 34 73 75 75 53 55 71
96 23 $-99-23 0 31 55 74 78 54 75 75 75 53 51 71
97 24 S-99-24 0 0 12 55 53 32 75 75 73 53 72 0
98 25 $-99-25 0 0 13 34 52 11 73 73 73 0 72 71
99 26 $-99-26 36 58 32 54 73 55 73 75 73 0 51 52
100 27 $-99-27 58 31 31 56 54 34 73 75 71 0 0 71
101 28 $-99-28 34 57 0 32 2 12 73 75 75 71 7173
102 29 $-99-29 56 2 35 74 73 56 75 75 73 53 7375
103 30 $-99-30 54 32 33 34 74 52 71 73 73 72 51 72
104 31 $-99-31 32 56 36 55 54 74 71 71 71 0 51 53
105 32 $-99-32 0 32 31 74 74 52 52 72 71 0 0 0
106 33 $-99-33 0 0 3 T2 53 55 72 72 72 0 0 0
107 34 $-99-34 0 0 0 76 32 56 73 75 73 75 17
108 35 $-99-35 0 0 0 52 31 52 72 72 71 0 0 55
109 36 $-99-36 31 36 0 55 2 34 72 75 73 73 72 73
110 37 $-99-37 32 0 3 72 34 53 73 72 73 73 51 71
11 38 $-99-38 53 34 0 55 2 34 75 73 75 72 51 72
112 39 $-99-39 55 11 0 73 73 54 71 72 71 71 0 71
113 40 $-99-40 74 56 56 52 34 36 77 77 77 71 0 73
: susceptible 72 73 71 74 72 78 77 77 77 75 B 77
control

*: The value 0 (no symptom) does not necessarily refer to immunity reaction. No disease symptom could also be observed due to non-immunity
reasons, such as lack of inoculum during artificial inoculation, or unfavorable microclimate for infection around the genotype, etc.
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Figure 1. Cluster analysis of the responses of elite wheat lines (ERWY T-N98) to Zymoseptoria tritici isolates
in adult plant stage
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Figure 2. Cluster analysis of the responses of elite wheat lines (ERWY T-N99) to Zymoseptoria tritici isolates
in adult plant stage
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Figure 3. Cluster analysis of the responses of promising wheat lines (ERWY T-S98) to Zymoseptoria tritici
isolates at the adult plant stage
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Figure 4. Cluster analysis of the responses of elite wheat lines (ERWYT-S99) to Zymoseptoria tritici isolates

in adult plant stage
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