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Abstract
Background and Objectives
Brown rust, or leaf rust, of wheat, caused by Puccinia triticina Eriks., is one of the most damaging
diseases affecting wheat worldwide, including in Iran. Under epidemic conditions, brown rust can
reduce wheat yields by 20 to 50%. This disease's impact is exacerbated by the fungus's sexual
cycle and the resulting new genetic recombinations, which occur in regions where intermediate
hosts are present. Additionally, the fungus's asexual cycle thrives under favorable weather
conditions. The high genetic diversity and flexibility of Puccinia triticina, driven by mutation,
migration, and selection pressure from host resistance genes, enable the production of new
physiological races that can overcome existing genetic resistance. These new races can rapidly
spread between regions via wind, increasing racial diversity in other areas' disease populations.
The most reliable and fundamental method for controlling and managing brown rust is through
genetic resistance. Accurate knowledge of the pathogenic population's genetic structure in each
region is essential for developing effective and stable genetic resistance in wheat. This can be
achieved by monitoring harmful pathogenic factors using differential genotypes of brown rust in
trap nurseries.
Materials and Methods
The effectiveness of resistance genes in international differential cultivars of brown rust was
investigated in the Moghan region of Ardabil Province, a major wheat production area in Iran,
over two consecutive crop years (2022-2023). To identify resistance sources against the local races
of brown rust, the responses of 40 commercial wheat varieties and 40 promising wheat lines were
evaluated. Resistance was assessed at the full plant stage under natural infection conditions.
Parameters measured included the coefficient of infection (Cl), final disease severity (FDS), and
the relative value of the area under the disease progress curve (rAUDPC). These evaluations were
conducted at the research station of the Research and Training Center for Agriculture and Natural
Resources of Ardabil Province (Moghan).



Results

The populations of brown rust races in the Moghan region varied between the two years studied.
The results indicated that the pathogenic fungus population in both years was resistant to
differential cultivars carrying the resistance genes Lr18, Lr19, Lr20, Lr22a, and Lr29. Thus, these
genes were effective in providing resistance against brown rust pathogenic races in the Moghan
region. Additionally, differential cultivars with resistance genes Lr2a, Lr2b, Lr9, Lr17, Lr21, Lr23,
Lr10/Lr27/Lr31, Lr33, and Lr34 demonstrated relatively acceptable resistance to the brown rust
pathogenic strains in the Ardabil region. The resistance reactions of these genotypes were race-
specific, showing resistance in one year and semi-resistant to semi-sensitive reactions with 5-20%
infection intensity in another year. Commercial cultivars and promising wheat lines that exhibited
effective resistance and the lowest values for the measured traits were identified as sources of
effective genetic resistance to the brown rust pathogenic population in the Moghan region and
similar hot and humid climates in the country. These include the cultivars Sahar, Rakhshan, Shush,
Farin, Sirvan, Araz, Meraj, Danesh, Talai, Sana, Aran, Tirgan, Taban, Hana, Mehrgan, Avan,
Arman, Fallah, and Tektaz, as well as the lines N-95-6, N-98-8, S-95-3, S-96-15, S-96-16, S-97-
10, S-98-11, S-98-22, M-97-12, M-97-18, M-98-18, CD-91-12, C-97-4, CD-97-19, C-98-7, C-98-
8, CD-98-17, MS-92-5, MS-94-5, D-97-15, and D-97-16.

Discussion

Correct and conscious use of the effective resistance genes identified in this research can foster
more stable resistance to brown rust. The resistance genes present in the identified resistant
genotypes can be utilized in multi-breeding programs to pyramid resistance genes in desirable
wheat genotypes. This approach aims to combine agricultural traits, yield, and other physiological
characteristics to produce cultivars with stable resistance, which would be better equipped to
combat brown rust.
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Table 1 - The List of differential cultivars of leaf rust, commercial cultivars and elite wheat lines under study

No. Name/Pedigree Lr genels No. Cultivars No. Elite Lines
1 Thatcher Lr22b 1 Taktaz 1 N-95-6

2 TC*6/CENTENARIO (RL6003) Lrl 2 Araz 2 N-97-20
3 TC*6/WEBSTER (RL6016) Lr2a 3 Arman 3 N-98-8

4 TC*6/CARINA(RL6019) Lr2b 4 Meraj 4 N-98-16
5 TC*6/LOROS(RL6047) Lr2c 5 Kalateh 5 N-98-20
6 TC*6/DEMOCRAT(RL6002) Lr3 6 Tirgan 6 S-95-3

7 TC*6/ANIVERSARIO(RL6007) Lr3ka 7 Ehsan 7 S-96-15

8 BAGE/8*TC(RL6042) Lr3bg 8 Gonbad 8 S-96-16

9 TRANSFER/6*TC(RL6010) Lr9 9 Fallah 9 S-97-6

10 TC*6/EXCHANGE(RL6004) Lr10 10 Sahar 10 S-97-10
11  HUSSAR(W976) Lril 11  Setareh 11 S-98-7

12 EXCHANGE/6*TC(RL6011) Lrl2 12 Sarang 12 S-98-11
13  MANITUOU Lrl3 13 Khalil 13 S-98-22
14  SELKIRK/6*TC(RL6013) Lrlda 14  Barat 14  M-97-12
15 TC*6/MARIA ESCOBAR(RL6006) Lrl4b 15 Shoush 15 M-97-18
16 TC*6/KENYA1483(RL6052) Lr15 16  Mehregan 16 M-98-18
17  TC*6/EXCHANGE(RL6005) Lrl6 17  Shavour 17 CD-91-12
18 KLEIN LUCERO/6*TC(RL6008) Lrl7 18 Chamran 2 18 C-96-8
19 TC*7/AFRICA43(RL6009) Lrl8 19  Ayneh 19 CD-96-10
20 TC*7/TR(RL6040) Lr19 20  Danesh 20 C-974
21  THEW(W203) Lr20 21 Amin 21  C-97-16
22 TC*6/RL5406(RL6043) Lr21 22 Farin 22 CD-97-19
23 TC*6/RL5404(RL6044) Lr22a 23 Torabi 23 C-98-5
24 LEE310/6*TC(RL6012) Lr23 24 Talaei 24 C-98-7
25 TC*6/AGENT(RL6064) Lr24 25  Rakhshan 25 C-98-8
26  TC*?TRANSEC Lr25 26  Baharan 26 C-98-11
27  TC*6/ST-1-25(RL6078) Lr26 27  Sirvan 27  C-98-12
28 GATCHER(W3201) Lr10/Lr27 +/Lr31 28  Simin 28 CD-98-9
29 CS2D-2M Lr28 29  Heyran 29 CD-98-17
30 TC*6/CS7TAG#11(RL6080) Lr29 30  Zarrineh 30 MS-92-5
31 TC*6/TERENZ10(RL6049) Lr30 31  Heydari 31  MS-94-5
32 TCLR32(RL5497) Lr32 32 Barzgar 32 MS-94-14
33  TC*6/P158548(RL6057) Lr33 33 Narin 33  MS-95-4
34  TC*6/P158548(RL6058) Lr34 34 Ofogh 34 MS-95-9
35 RL5711 Lr35 35 Avan 35 MS-96-4
36 E84018(NEP/AE.SPELTOIDES.2-9-w... Lr36 36 Taban 36 MS-97-4
37 TC*6/VPM(RL6081) Lr37 37 Sana 37  MS-98-3
38 TC*6//CARINA(RL6051) Lrb 38 Aran 38 MS-98-8
39 WL711 Lr13 39 Hana 39 D-97-15
40  Bolani (Suceptible check) 40 Shabrang 40 D-97-16
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Table 2 - Effectiveness of resistance genes of differential cultivars to leaf rust based on disease severity, infection
type and coefficient of infection in two consecutive years (2022-2023) in Moghan region

Year Final reaction in two years
2022 2023 Coefficient of Relative area under

Code Gene Reaction infection disease progress curve
1 Lr22b Ineffective  Ineffective 90 100
2 Lrl Ineffective  Ineffective 70 77
3 Lr2a Effective Effective 6 6
4 Lr2b Effective  Effective 12 13
5 Lr2c Ineffective = Ineffective 90 100
6 Lr3 Ineffective  Ineffective 60 66
7 Lr3ka Ineffective = Ineffective 50 55
8 Lr3bg Ineffective  Ineffective 70 77
9 Lr9 Ineffective  Effective 32 35
10 Lr10 Ineffective  Ineffective 90 100
11 Lr1l Ineffective = Ineffective 80 88
12 Lr12 Ineffective = Ineffective 80 88
13 Lr13 Ineffective  Ineffective 60 66
14 Lrlda Ineffective  Ineffective 60 66
15 Lr14b Ineffective  Ineffective 60 66
16 Lrl5 Ineffective  Ineffective 70 77
17 Lrl6 Ineffective  Ineffective 24 26
18 Lrl7 Effective Effective 12 13
19 Lr18 Effective Effective 8 8
20 Lr19 Effective Effective 2 2
21 Lr20 Effective  Effective 8 8
22 Lr21 Effective Effective 16 17
23 Lr22a Effective Effective 18 20
24 Lr23 Effective Ineffective 24 26
25 Lr24 Ineffective  Ineffective 32 35
26 Lr25 Ineffective = Ineffective 50 55
27 Lr26 Ineffective = Ineffective 50 55
28 Lr10/Lr27 +/Lr31  Effective Effective 12 13
29 Lr28 Ineffective Ineffective 40 44
30 Lr29 Effective Effective 8 8
31 Lr30 Ineffective  Ineffective 40 44
32 Lr32 Ineffective  Ineffective 40 44
33 Lr33 Ineffective  Effective 40 44
34 Lr34 Ineffective Effective 18 20
35 Lr35 Ineffective  Ineffective 32 35
36 Lr36 Ineffective = Ineffective 50 55
37 Lr37 Ineffective = Ineffective 60 66
38 Lrb Ineffective  Ineffective 50 55
39 Lr13 Ineffective  Ineffective 50 55
40 Bolani Ineffective = Ineffective 90 100

Fhopd cwglio SO/ F30 cawglis o3 = Ineffective genes / Effective genes
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Figure 1 - Cluster analysis of differential cultivars to leaf rust based on disease severity, infection type and
coefficient of infection in two consecutive years (2022-2023) in Moghan region
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Table 3 - Reaction of resistance of commercial cultivars to leaf rust based on disease severity, infection type
and coefficient of infection in two consecutive years (2022-2023) in Moghan region

Year Final reaction in two years
2022 2023 Final disease Coefficient Relative area under
severity of infection  disease progress curve

Code  Gene Reaction and infection type
1 Taktaz Resistance  Resistance 5MR 2 2
2 Araz Resistance  Resistance 10MS 8 8
3 Arman Resistance  Resistance 5MR 2 2
4 Meraj Resistance  Resistance 20MR 8 8
5 Kalateh Resistance  Susceptible 30MS 24 26
6 Tirgan Resistance  Resistance 0 0 0
7 Ehsan Resistance  Susceptible 90S 90 100
8 Gonbad Susceptible = Susceptible 70S 70 77
9 Fallah Resistance  Resistance 5MR 2 2
10 Sahar Resistance  Resistance 30MR 12 13
11 Setareh Resistance  Susceptible 40MS 32 35
12 Sarang Resistance  Susceptible 30MS 24 26
13 Khalil Resistance  Susceptible 30MS 24 26
14 Barat Resistance  Susceptible 30MS 24 26
15 Shoush Resistance  Resistance 40MR 16 17
16 Mehregan Resistance  Resistance 10MR 4 4
17 Shavour Resistance  Susceptible 40MS 32 35
18 Chamran 2 Resistance  Susceptible 50MSS 45 50
19 Ayneh Susceptible = Susceptible 40MSS 36 40
20 Danesh Resistance  Resistance 20MR 8 8
21 Amin Resistance  Susceptible 50MS 40 44
22 Farin Resistance  Resistance 20MR 8 8
23 Torabi Resistance  Susceptible 80S 80 88
24 Talaei Resistance  Resistance 15MR 6 6
25 Rakhshan Resistance  Resistance 30MR 12 13
26 Baharan Resistance  Susceptible 40MS 32 35
27 Sirvan Resistance  Resistance 20MR 8 8
28 Simin Susceptible = Susceptible 60S 60 66
29 Heyran Susceptible = Susceptible 70S 70 77
30 Zarrineh Susceptible = Susceptible 50MSS 45 50
31 Heydari Susceptible = Susceptible 50S 50 55
32 Barzgar Susceptible = Susceptible 60MSS 54 60
33 Narin Susceptible = Susceptible 70S 70 77
34 Ofogh Susceptible = Susceptible 60MSS 54 60
35 Avan Resistance  Resistance 5MR 2 2
36 Taban Resistance  Resistance 10MR 4 4
37 Sana Resistance  Resistance 0 0 0
38 Aran Resistance  Resistance 0 0 0
39 Hana Resistance  Resistance 10MR 4 4
40 Shabrang Susceptible = Resistance 80MSS 72 80

Bolani Susceptible  Susceptible 90S 90 100

cwglie /| cuwlus = Resistance / Susceptible
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Figure 2 - Cluster analysis of commercial cultivars to leaf rust based on disease severity, infection type and
coefficient of infection in two consecutive years (2022-2023) in Moghan region
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Table 4 - Reaction of resistance of elite wheat lines to leaf rust based on disease severity, infection type and
coefficient of infection in two consecutive years (2022-2023) in Moghan region

Year Final reaction in two years
2022 2023 Final disease Coefficient of Relative area under
severity infection disease progress
Code Gene Reaction and infection type curve

1 N-95-6 Resistance  Resistance 15MS 12 13
2 N-97-20 Susceptible  Resistance 30MS 24 26
3 N-98-8 Resistance  Resistance 5MS 4 4
4 N-98-16 Susceptible = Susceptible 30MSS 27 30
5 N-98-20 Susceptible  Susceptible 30MS 24 26
6 S-95-3 Resistance  Resistance 5MS 4 4
7 S-96-15 Resistance  Resistance 10MS 8 8
8 S-96-16 Resistance  Resistance 20MS 16 17
9 S-97-6 Resistance  Susceptible 30MS 24 26
10 S-97-10 Resistance  Resistance 5MR 2 2
11 S-98-7 Susceptible  Susceptible 30MS 24 26
12 S-98-11 Resistance  Resistance 5MR 2 2
13 S-98-22 Resistance  Resistance 10MR 4 4
14 M-97-12 Resistance  Resistance 0 0 0
15 M-97-18 Resistance  Resistance 5MR 2 2
16 M-98-18 Resistance  Resistance 15MR 6 6
17 CD-91-12 Resistance  Resistance 20MS 16 17
18 C-96-8 Susceptible  Susceptible 70S 70 77
19 CD-96-10  Susceptible  Susceptible 70S 70 77
20 C-97-4 Resistance  Susceptible 20MS 16 17
21 C-97-16 Resistance  Susceptible 30S 30 33
22 CD-97-19 Resistance  Resistance 40MR 16 17
23 C-98-5 Susceptible = Susceptible 50MSS 45 50
24 C-98-7 Resistance  Resistance 30MR 12 13
25 C-98-8 Susceptible = Resistance 5MS 4 4
26 C-98-11 Susceptible =~ Susceptible 30MS 24 26
27 C-98-12 Susceptible  Susceptible 40S 40 44
28 CD-98-9 Susceptible = Susceptible 40MS 32 35
29 CD-98-17  Susceptible = Resistance 5MS 4 4
30 MS-92-5 Susceptible = Resistance 20MS 16 17
31 MS-94-5 Susceptible = Resistance 20MS 16 17
32 MS-94-14  Susceptible = Susceptible 50MS 40 44
33 MS-95-4 Susceptible = Susceptible 70S 70 77
34 MS-95-9 Susceptible = Susceptible 50S 50 55
35 MS-96-4 Susceptible = Susceptible 70S 70 77
36 MS-97-4 Susceptible = Susceptible 70S 70 77
37 MS-98-3 Susceptible = Susceptible 80S 80 88
38 MS-98-8 Resistance ~ Susceptible 30MS 24 26
39 D-97-15 Resistance ~ Resistance 5MR 2 2
40 D-97-16 Resistance ~ Resistance 20MR 8 8

Bolani Susceptible  Susceptible 90S 90 100

cwglie /| cuwlus = Resistance / Susceptible
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Figure 3 - Cluster analysis of elite wheat lines to leaf rust based on disease severity, infection type and coefficient of infection in two
consecutive years (2022-2023) in Moghan region
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