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Comprehensive abstract 

Introduction 
Stripe rust (Puccinia striiformis f. sp. tritici) and leaf rust (Puccinia triticina Eriks) are among the 

prevalent and devastating fungal diseases of wheat worldwide. The use of genetic resistance is the 

most effective, sustainable, and economical strategy for controlling rusts. The first step in wheat 

breeding programs to create the effective genetic resistances (resistant varieties) to rust disease is to 

know the characteristics of rust isolates in different regions, and in the next step, is to identify 

resistance sources to produce resistant varieties. The objectives of this study were to determine the 

virulence factors of rust pathogens to resistance genes in international standard and differential 

cultivars and lines associated with each rust and to evaluate the response of promising wheat lines to 

stripe and leaf rust races to identify resistance sources. 

Materials and methods 

Five stripe rust isolates collected from the regions of Karaj, Sari, Zarqan, Moghan, and Mashhad, 

and three leaf rust isolates collected from the regions of Gorgan, Moghan, and Ahvaz were identified. 

To identify the sources of resistance to the studied stripe and leaf rust races, the reaction of 23 

promising wheat lines (ERWYT-N99) was evaluated at seedling stage (rusts greenhouses of Seed and 

Plant Improvement Institute, Karaj, Iran) and adult plant stage (research station of the Ardabil 

Agricultural and Natural Resources Research and Education Center, Moghan, Iran). The resistance 

reaction of wheat lines to five stripe rust isolates and three leaf rust isolates at the seedling stage was 

evaluated in separate experiments based on randomized complete block design with three replications. 

The resistance reaction of wheat lines at the adult plant stage was also investigated under field 

conditions and natural contamination of stripe and leaf rusts using disease progression parameters on 

the plant and disease severity percentage appeared on leaves.  

Research findings 
The results of determining the race of the isolates showed that the stripe rust isolates collected from 

Karaj, Sari, Zarqan, Moghan, and Mashhad regions included the races of 14E158A+, Yr27; 

142E158A+, Yr27; 6E134A+, Yr27;, 166E62A+, Yr27; and 6E142A+, Yr27; respectively, and the 

leaf rust isolates collected from Gorgan, Moghan, and Ahvaz included FDTTS,  FKTTS, and FJTTS, 

respectively. The resistance genes Yr1, Yr4, Yr5, Yr10, Yr15, Yr24, YrSU, YrSP, and YrCV were 

identified as the effective resistance genes against stripe rust races, and the resistance genes Lr1, Lr2a, 

Lr9, Lr19, and Lr28 were identified as the effective resistance genes against leaf rust races. The results 

showed that there was a significant genetic difference between the reaction of promising wheat lines to 
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stripe and leaf rust races. Based on the results of the reaction of wheat lines to stripe rust races in both 

seedling and adult plant stages, wheat lines were divided into two main groups (resistant and semi-

resistant to semi-susceptible), so that except for lines number 21 and 22 (with semi-resistant to semi-

susceptible reaction), other wheat lines showed acceptable resistance to stripe rust races. Based on the 

reaction of promising wheat lines to leaf rust races in both seedling and adult plant stages, the lines 

were also classified into three main groups (resistant, semi-resistant to semi-susceptible, and 

susceptible), and lines number 1, 3, 11, 14, 21, and 22 showed acceptable resistance to leaf rust races. 

Coclusion 
Developing durable and effective resistance is one of the crucial strategy for mitigating the 

detrimental effects of wheat diseases and reducing the excessive reliance of chemical fungicides. In 

addition to exhibiting high yield potential and desirable agronomic traits, newly developed wheat lines 

must harbor an acceptable level of resistance to the most prevalent wheat diseases, particularly rusts, 

to qualify for commercialization. The presence of rust pathogens poses a significant threat during the 

growing season. If environmental conditions favor their pathogenicity, the damage inflicted can be 

substantial, warranting the development of robust resistant varieties. The resistant lines identified in 

this study can be used as sources of resistance in breeding programs to develop wheat varieties 

resistant to stripe and leaf rust diseases. 
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Table 1. Lr and Yr genes and differential lines used to determine pathotypes and physiologic races of wheat 

stripe and leaf rust 

No. Name/Pedigree Lr or Yr genes No. Name/Pedigree Lr or Yr genes 

1 Thatcher Lr22b 9 Triticum spelta var. album Yr5 

2 TC*6/CENTENARIO (RL6003) Lr1 10 Hybrid 46 Yr4 

3 TC*6/WEBSTER (RL6016) Lr2a 11 Reichersberg 42 Yr7+ 

4 TC*6/CARINA(RL6019) Lr2b 12 Heines Peko Yr2,Yr6, + 

5 TC*6/LOROS(RL6047) Lr2c 13 Nord Desprez YrND 

6 TC*6/DEMOCRAT(RL6002) Lr3 14 Compair . Yr8 

7 TC*6/ANIVERSARIO(RL6007) Lr3ka 15 Carstens V YrCV 

8 BAGE/8*TC(RL6042) Lr3bg 16 Spalding Prolific YrSP 

9 TRANSFER/6*TC(RL6010) Lr9 17 Heines VII Yr2+ 

10 TC*6/EXCHANGE(RL6004) Lr10 18 Avocet ‘R’ YrA 

11 HUSSAR(W976) Lr11 19 Kalyansona Yr2 

12 EXCHANGE/6*TC(RL6011) Lr12 20 Trident Yr17+Sr38 

13 MANITUOU Lr13 21 Yr15/6* Avocet S Yr15 

14 SELKIRK/6*TC(RL6013) Lr14a 22 Hugenoot Yr25 

15 TC*6/MARIA ESCOBAR(RL6006) Lr14b 23 Selkirk Yr27 

16 TC*6/KENYA1483(RL6052) Lr15 24 Federation *4/Kavkaz Yr9 

17 TC*6/EXCHANGE(RL6005) Lr16 25 Federation  

18 KLEIN LUCERO/6*TC(RL6008) Lr17 26 Yr1/6*Avocet ‘S’ Yr1 

19 TC*7/AFRICA43(RL6009) Lr18 27 Yr5/6*Avocet ‘S’ Yr5 

20 TC*7/TR(RL6040) Lr19 28 Yr6/6*Avocet ‘S’ Yr6 

21 THEW(W203) Lr20 29 Yr7/6*Avocet ‘S’ Yr7 

22 TC*6/RL5406(RL6043) Lr21 30 Yr8/6*Avocet ‘S’ Yr8 

23 TC*6/RL5404(RL6044) Lr22a 31 Yr9/6*Avocet ‘S’ Yr9 

24 LEE310/6*TC(RL6012) Lr23 32 Yr10/6*Avocet ‘S’ Yr10 

25 TC*6/AGENT(RL6064) Lr24 33 Yr15/6* Avocet ‘S’ Yr15 

26 TC*?/TRANSEC Lr25 34 Yr17/6* Avocet ‘S’ Yr17 

27 TC*6/ST-1-25(RL6078) Lr26 35 Yr18/6* Avocet ‘S’ Yr18 

28 GATCHER(W3201) Lr10 / Lr27 + / Lr31 36 Yr24/6* Avocet ‘S’ Yr24 

29 CS2D-2M Lr28 37 Yr26/6* Avocet ‘S’ Yr26 

30 TC*6/CS7AG#11(RL6080) Lr29 38 Yr27/6* Avocet ‘S’ Yr27 

31 TC*6/TERENZ10(RL6049) Lr30 39 Yr32/6* Avocet ‘S’ Yr32 

32 TCLR32(RL5497) Lr32 40 YrSP/6* Avocet ‘S’ YrSP 

33 TC*6/PI58548(RL6057) Lr33 41 Jupateco73R  

34 TC*6/PI58548(RL6058) Lr34 42 Jupateco73S  

35 RL5711 Lr35 43 Avocet ‘R” YrA 

36 E84018(NEP/AE.SPELTOIDES.2-9-w… Lr36 44 Avocet ‘S”  

37 TC*6/VPM(RL6081) Lr37 45 Bolani (Suceptible check)  

38 TC*6//CARINA(RL6051) Lrb 46 Fielder Yr6, Yr20 

39 WL711 Lr13 47 Thatcher Yr7 

40 Bolani (Suceptible check) - 48 Lemhi Yr21 

1 Chinese 166 Yr1 49 TP1295 Yr25 

2 Lee Yr7 50 Yr27/6*Av.S Yr27 

3 Heines Kolben Yr2 51 Ciano79 Yr27 

4 Vilmorin 23 Yr3 52 Opata85 Yr27+Yr18 

5 Moro Yr10 53 Avocet Yr28 Yr28 

6 Strubs Dikkopf YrSD 54 Lalbahador/Pavon Yr29 

7 Suwon 92/Omar YrSU 55 Avocet-YrA*3/Pastor Yr31 

8 Clement Yr2, Yr9, + 56 Pastor Yr31+APR 
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Table 2. Pedigree of studied promising wheat lines 

Pedigree ER-N-99 

No. 
Pedigree ER-N-99 

No. 
MUCUY/3/PBW343*2/KUKUNA*2//FRTL/PIFED 13 Tirgan 1 

KFA/2*KACHU/3/PBW343*2/KUKUNA*2//FRTL/

PIFED/4/KFA 
14 Kalate 2 

NELOKI//SOKOLL/EXCALIBUR 15 Morvarid/Yang//VOROBEY 3 

MUCUY 16 KACHU//WBLL1*2/BRAMBLING/3/K

ACHU/KIRITATI 
4 

NELOKI//SOKOLL/EXCALIBUR 17 KACHU//WBLL1*2/BRAMBLING*2/3/

KACHU/KIRITATI 
5 

BAJ #1*2/PREMIO 18 KACHU//WBLL1*2/BRAMBLING*2/3/

KACHU/KIRITATI 
6 

KACHU#1/3/C80.1/3*BATAVIA//2*WBLL1/4/KA

CHU/8/TACUPE 
19 KACHU//WBLL1*2/BRAMBLING*2/3/

KACHU/KIRITATI 
7 

SAUAL/MUTUS/4/KACHU 

#1//WBLL1*2/KUKUNA/3/BRBT1*2/K 
20 ONIX/KBIRD*2//KFA/2*KACHU 8 

BABAX/LR42//BABAX/3/ER2000/7/CNO79//PF70

354/MUS/3/PAS 
21 KACHU/SAUAL*2/3/KINGBIRD 

#1//INQALAB 91*2/TUKURU 
9 

BAJ #1*2/PREMIO 22 KACHU/SAUAL*2/3/KINGBIRD 

#1//INQALAB 91*2/TUKURU 
10 

BAVIS #1*2/PREMIO 23 UP2338*2/SHAMA/3/MILAN/KAUZ//C

HIL/CHUM18/4/UP2338*2 
11 

Bolani (Suceptible check) 24 MUTUS*2/TECUE #1/3/KINGBIRD 

#1//INQALAB 91*2/TUKURU 
12 
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Table 3. Avirulence/virulence formula of stripe rust races 

No. Location Race Virulence genes Avirulence genes 

1 Karaj 14E158A+, 

Yr27 
Yr2, Yr3, Yr6, Yr7, Yr8, Yr9; Yr17, 

Yr25, Yr26, Yr27; Yr32, YrA, YrND 
Yr1, Yr4, Yr5, Yr10; Yr15, Yr24, YrSU, 

YrSP, YrCV, YrSD 

2 Sari 142E158A+, 

Yr27 
Yr2, Yr3, Yr6, Yr7, Yr8, Yr9; Yr17, 

Yr25, Yr26, Yr27; Yr32, YrA, YrND 
Yr1, Yr4, Yr5, Yr10; Yr15, Yr24, YrSU, 

YrSP, YrCV, YrSD 

3 Zarghan 6E134A+, 

Yr27 
Yr2, Yr3, Yr6, Yr7, Yr8, Yr9; Yr17, 

Yr25, Yr26, Yr27; Yr32, YrA, YrND 
Yr1, Yr4, Yr5, Yr10; Yr15, Yr24, YrSU, 

YrSP, YrCV, YrSD 

4 Moghan 166E62A+, 

Yr27 
Yr2, Yr6, Yr7, Yr8, Yr9; Yr17, Yr25, 

Yr26, Yr27; Yr32, YrA, YrSD, YrND 
Yr1, Yr3, Yr4, Yr5, Yr10; Yr15, Yr24, 

YrSU, YrSP, YrCV 

5 Mashhad 6E142A+, 

Yr27 
Yr2, Yr6, Yr7, Yr8, Yr9; Yr17, Yr25, 

Yr27; Yr32, YrA, YrND 
Yr1, Yr3, Yr4, Yr5, Yr10; Yr15, Yr24, 

Yr26; YrSU, YrSP, YrCV, YrSD 
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Table 4. Avirulence/virulence formula of leaf rust races 

No. Location Race Virulence genes Avirulence genes 

1 Moghan FKTTS Lr22b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr11, Lr12, 

Lr13, Lr14a, Lr14b, Lr15, Lr16, Lr17, Lr18, Lr20, 

Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10 / Lr27 

+ / Lr31, Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, 

Lr36, Lr37, Lrb, Lr13 

Lr1, Lr2a, Lr2b,  Lr9, Lr19, 
Lr28 

2 Ahvaz FJTTS Lr22b, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr11, 

Lr12, Lr13, Lr14a, Lr14b, Lr15, Lr16, Lr17, Lr18, 

Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr29, 

Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, 

Lr13 

Lr1, Lr2a, Lr9, 
Lr19,  Lr10 / Lr27 + / Lr31, 

Lr28 

3 Gorgan FDTTS Lr22b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr11, Lr12, 

Lr13, Lr14a, Lr14b, Lr15, Lr17, Lr18, Lr20, Lr21, 

Lr22a, Lr23, Lr24, Lr25, Lr26, Lr29, Lr30, Lr32, 

Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13 

Lr1, Lr2a, Lr2b, Lr9, Lr16, 

Lr19, Lr10 / Lr27 + / Lr31, 

Lr28 
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Table 5. Combined analysis of variance for infection type of wheat lines to strip and leaf rusts at seedling stage 

Mean square  df 
Source of variation 

Leaf rust Stripe rust  Leaf rust Stripe rust 

21.69** 15.93**  2 4 Race 

1.94 1.37  6 10 Error (1)   

37.41** 29.78**  23 23 Line   

42.58** 32.8**  46 92 Line × Race 

4.71 3.86  138 230 Error (2)   

11.14 9.74  - - CV (%) 
ns , * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 6. Resistance response of wheat lines to strip rust at seedling and adult plant stages 

Response of wheat lines to stripe rust races at seedling stage 

Wheat line No. Adult plant 

stage † 

Moghan Mashhad Zarghan Sari Karaj 

166E62A+, 

YR27 

6E142A+, 

YR27 

6E134A+, 

YR27 

142E158A+, 

YR27 

14E158A+, 

YR27 

10MR 0; ;1CN 2CN ;1CN 2C ERWYT-N99-1 1 

15MR ;1CN 2CN ;1CN 0; 2C ERWYT-N99-2 2 

20MR ;1CN ;1CN 2CN 0; 3 ERWYT-N99-3 3 

10MR 2CN 0; 3 2CN 2C ERWYT-N99-4 4 

20MR 3 0; 2CN ;1CN ;1CN ERWYT-N99-5 5 

15MR 2CN ;1CN 2CN 0; 2CN ERWYT-N99-6 6 

10MR 3 0 3 0; 3 ERWYT-N99-7 7 

10MR 3 2C 2CN ;1CN 3 ERWYT-N99-8 8 

10MR 2CN 3 3 2CN 2CN ERWYT-N99-9 9 

15MR 0; ;1CN 2C ;1CN ;1CN ERWYT-N99-10 10 

10MR 2CN 0; 0; 0; ;1CN ERWYT-N99-11 11 

20MR 3 3 2CN 0; 7 ERWYT-N99-12 12 

20MR 3 2CN 3 2CN 0 ERWYT-N99-13 13 

15MR 3 ;1CN ;1CN ;1CN 0; ERWYT-N99-14 14 

20MR 3 ;1CN 2CN 0; 2CN ERWYT-N99-15 15 

10MR 2CN 3 2C 0; 8 ERWYT-N99-16 16 

15MR ;1CN 0; 2CN 0; 2C ERWYT-N99-17 17 

10MR 2CN 0; ;1CN 2CN ;1CN ERWYT-N99-18 18 

15MR ;1CN 0; 3 2CN 2CN ERWYT-N99-19 19 

20MR ;1CN 2CN 3 2CN 2CN ERWYT-N99-20 20 

20MS 8 3 2CN 2CN 7 ERWYT-N99-21 21 

30MS 3 2CN 4 ;1CN 6 ERWYT-N99-22 22 

20MR 2CN ;1CN 0; ;1CN 2CN ERWYT-N99-23 23 

100S 8 8 8 8 8 Bolani 24 
† S, susceptible; MS, moderate susceptible; MR, moderate resistant; R, resistant. 
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Table 7. Resistance response of wheat lines to leaf rust at seedling and adult plant stages 

Response of wheat lines to leaf rust races at seedling stage 

Wheat line No. 
Adult plant stage † 

Moghan Ahvaz Gorgan 

FJTTS FKTTS FDTTS 

10MS 3 0 ;1 ERWYT-N99-1 1 

30MS 3 2+ 3 ERWYT-N99-2 2 

20MS 3 ;1 ;1 ERWYT-N99-3 3 

15MS 3 ; 3 ERWYT-N99-4 4 

20S 3 3 3 ERWYT-N99-5 5 

30MS 3 3 3 ERWYT-N99-6 6 

20MS 3 3 3 ERWYT-N99-7 7 

20M 3 1 3 ERWYT-N99-8 8 

20S 3 3 3 ERWYT-N99-9 9 

20MS 3 3 3 ERWYT-N99-10 10 

30M 3 0 ;1 ERWYT-N99-11 11 

30MS 3 1 ;1 ERWYT-N99-12 12 

20MSS 3 3 ;1 ERWYT-N99-13 13 

10MS 3 0 ;1 ERWYT-N99-14 14 

20S 3 3 3 ERWYT-N99-15 15 

20MSS 3 2 3 ERWYT-N99-16 16 

15S 3 3 3 ERWYT-N99-17 17 

10MS 3 1 3 ERWYT-N99-18 18 

30S 3 3 3 ERWYT-N99-19 19 

20MS 3 3 2+ ERWYT-N99-20 20 

10MR ;1 ;1 ;1 ERWYT-N99-21 21 

30MS 3 ;1 ;1 ERWYT-N99-22 22 

40MSS 3 2 3 ERWYT-N99-23 23 

100S 4 4 4 Bolani (Suceptible check) 24 
† S, susceptible; MS, moderate susceptible; MR, moderate resistant; R, resistant. 
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Figure 1. Grouping wheat lines based on response to rust races at seedling and adult plant stages using cluster 

analysis, A) Strip rust, B) leaf rust. 
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