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Comprehensive abstract

Introduction

Powdery mildew of barley is one of the most important diseases of barley worldwide that occur
also in most of the barley cultivation areas in Iran. The use of resistant cultivar is known as the most
effective, the most economic and the most environmentally safe method of disease control. Due to the
high level of genetic diversity, the fungal pathogen have a big capacity for producing new
physiological races and breaking down of effective sources of resistance. This study was carried out to
determine the virulence/avirulence spectrum of the pathogen in major powdery mildew conductive
regions, to monitor their annual changes in recent years and to evaluate the resistance of some Iranian
commercial cultivars irrigated barley to powdery mildew.

Materials and methods

Trap nurseries consisting 77 lines and cultivars including 19 Pallas near-isogenic lines, a
supplementary set including 34 cultivars carrying known or unknown resistance gene (s) along with 24
Iranian commercial barley cultivars were planted under natural disease development conditions at six
powdery mildew hot spot locations in Mashhad, Gorgan, Ghaemshahr, Pars Abad (Moghan), Dezful
and Zarghan during three consecutive cropping seasons (2016-2019). Evaluation of the reaction of
studied barley cultivars and lines to powdery mildew was performed in 00-99 scroing scale based on
the double digit system at the flowering stage. The virulence/avirulence spectrum of the pathogen in
different regions was determined by considering the infection types 1-4 as incompatibile reaction
(resistance) or avirulence and the infection types 5-9 as compatibile reaction (susceptibility) or
virulence.

Research findings
The results of this study showed that there is a significant variation in the virulence spectrum of the
pathogen in different locations of Iran, occurrence of changes in their virulence/avirulence spectrum,
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and appearing new virulence factores for some plants carrying resistance genes. Based on the results,
Mik and MIk(1) resistance genes were ineffective in all locations during all three years, and Mih,
Mila2?2 and Mla23 resistance genes were also ineffective in all three years at least in two locations. The
results also showed that the mlo resistance gene was effective in all locations, and Mla3, Mla6, Mla9,
Mlal3, MI(Ru3), Mlal2 and Mlal4 genes were effective at least in three locations during all three
years. Based on the results, new virulence factors for MILa, Mlg and MICP genes appeared in some
regions. Evaluation of the supplementary set in different regions of Iran showed that all cultivars/lines
carrying one of the alleles of the mlo resistance gene including Viskosa, Wren, Alexis, Brenda and
Chalice were effective in all locations/years. Also, the majority of commercial cultivars showed a
range of reaction from moderately resistant to susceptible in different locations.

Conclusion

Based on the high level of variation in the virulence spectrum of the pathogen in different locations
and appearing new virulence factores for some effective resistance genes, as well as the susceptible or
semi-susceptible reaction of most commercial cultivars, continuous research to monitor the virulence
spectrum of the pathogen population and identify new genetic sources of disease resistance is
necessary. Also, genetic resources with the effective resistance genes including Mla3, Mla6, Mla9,
Mlal3, MI(Ru3), Mlal2 and Mlal4 can be used as resistant parents to develop new resistant cultivars
in breeding programs.
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Table 1. Characteristics of differntial isogenic lines used in this study and their reactions to the powdery mildew disease in different regions of Iran during
three cropping seasons (2016-2019)

Mashhad * Gorgan Ghaemshahr Pars Abad Zarghan Dezful

No. Cultivar  Resistance gene (s) T XL T S 3 ™ S Y T S 3 T XY T YR
1 Pallas  Mia8 0 58 55 74 0 34 74 31 33 57 33 27 83 82 0 71 0 0
2 PO1 Milal, MI(A12) 0 0 58 58 0 32 52 31 53 67 34 36 82 81 0 0 72 71
3 P02 Mla3 0 12 31 32 0 32 31 11 31 67 22 0 72 63 0 0 0 71
4 P03 Mla6, Mial4 0 0 31 57 0 34 31 31 31 56 23 28 52 62 0 0 0 0
5 P04B Mila7, MI(No3) 0 0 0 73 0 31 53 11 31 44 17 36 72 52 0 0 0 51
6 PO8B Mla9 0 12 0 35 0 13 31 11 31 22 25 0 82 82 0 0 71 0
7 P09 Mlal0, MI(Du2) 31 0 0 32 58 13 72 11 51 78 25 13 82 72 0 0 73 71
8 P10 Mlal2, MI(Em2) 0 12 32 0 58 11 72 11 57 56 27 37 92 83 0 0 0 0
9 P11 Milal3, MI(Ru3) 0 0 0 0 0 32 31 31 32 35 35 15 82 61 0 0 0 51
10 P12 Mila22 52 51 52 0 54 34 74 31 53 35 37 0 82 72 0 0 52 0
11 P13 Mla23 51 0 11 55 52 54 71 31 55 26 15 0 83 0 0 0 51 0
12 P16 Mik 58 71 56 76 74 54 76 31 75 15 57 15 87 77 95 71 73 73
13 P17 Mik(1) 56 72 75 75 58 56 76 11 75 17 23 13 87 63 97 72 51 73
14 P19 Mip 51 0 54 77 54 13 74 31 75 16 56 0 76 0 0 52 0 53
15 P20 Mlat 31 0 32 77 58 34 74 31 57 27 22 0 74 0 53 71 71 0
16 P21 Mlg, MI(CP) 32 0 53 55 55 13 53 11 31 16 24 0 73 0 0 0 72 51
17 P22 mloS 0 0 0 0 0 14 12 11 0 15 12 0 0 0 0 12 0 0
18 P23 MiLa 31 0 56 74 54 13 74 31 71 25 0 0 42 0 0 72 0 0
19 P24 Mih 58 32 58 72 0 52 76 11 75 17 23 15 73 0 65 73 71 73
Afzal (Susceptible check) 78 72 91 79 79 56 79 31 77 79 57 78 85 85 99 73 78 72

71,2 and 3 ¥ indicate the results of the first (2016-17), second (2017-18) and third (2018-19) years, respectively.
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Table 2. Reactions of a number of resistance sources to powdery mildew in different regions during three cropping seasons (2016-2019)

Mashhad Gorgan Ghaemshahr Pars Abad Zarghan Dezful

NO. Cultivar RCSiStance gene (S) i lsl 2 nd 3 rd lst 2 nd 3 rd lsl 2 nd 3 rd lst 2 nd 3 rd lst 2 nd 3 rd lsl 2 nd 3 rd
I Digger Mial3, Mi(Ru3) 0 0 12 3 0 3 0 11 11 4 4 1l 4 4 0 0 0 0
2 Puo Mla3, M(Tu2), MI(Im9), o o 55 o 3 o 11 11 3 0 11 73 6 8 0 0 0

Mi(Hud)
3 Hennie Mia7, U o 0o 0o 32 0 56 0 3 3 25 26 3 8 73 0 0 0 0
4 Goldie Mial2,MiLa, U o 0o o 3» 0o %» 0 11 11 12 3 1 72 0 0 0 0 0
5 Tofta Mial3,Mi(Im9) o 0 11 11 0 54 0 3 11 25 24 11 72 4 0 0 o0 7
6 Meltan Mial3MI(ImO)M(Hed) O O 75 110 3 0 11 75 15 16 75 42 33 0 0 0 71
7 Jarek MiLa, MI(Kr) o 0o 15 0 0 3 0 3 11 3 14 11 42 0 0 0 0 0
8 Steffi MI(St]), MI(St2) o 0 0 0 33 35 3 3 11 12 5 11 8 52 0 0 0 72
9  Optima Ul O 0 0 54 0 3 0 1 1 11 17 11 8 8 0 0 0 0
10 Scarlett U2 O 0 0 54 0 32 0 3 1 15 17 11 8 72 0 0 0 0
1 194 mio 11 o 0 0o 0 o0 13 11 12 1 15 1 1 12 0 0 1 11 0
12 Vada MiLa 31 51 0 55 0 13 74 11 11 0 o0 11 72 72 0 71 73 51
13 Alexis mio9 2 o o o o0 13 1 - 11 12 0 11 12 0 0 1 0 0
14 Adele Mig o 0 11 58 0 3 3 3 72 11 0 72 714 6 8 71 0 0
15 Escort Mig, Mia7, MlkMiLa 0 0 0 55 0 3 3 11 11 0 13 11 72 6 0 0 0 0
16 Ariel Mial2 o 0 3 58 0 3 75 11 72 0 34 72 73 64 0 73 0 0
17 Bond 9 o 0 0 5 0 54 3 3 11 2 0 11 74 53 0 7 0 0
18 Brenda mlon M o o 11 0 12 1 1 1 12 0o 11 0 0 0 1 0 0
19 Canut » o 0 11 52 0 3 3 11 11 25 0 11 6 6 0 7 0 0
20 Chalice mion; o 3 o0 0 o0 14 11 11 11 0 0 0 0 0 0 12 0 0
21 Dialog 9 58 31 0 58 54 56 31 11 52 12 2 0 73 6 0 71 71 5l
22 Fusion 9 o o o 0o 0 3» 0 11 11 12 0 0 7 6 0 7 0 0
23 Princess 9 0 51 11 0 0 3 0 3 3 12 23 4 74 52 0 0 0 5l
24 Prisma ? o 0 0 0 0 3 3 11 11 0 24 0 73 5 0 0 0 0
25 Viskosa mlos o 11 o o o0 12 1 3 11 0 0 0 0 0 0 12 0 0
26 Wren mios o 11 11 o o 15 11 3 11 0 0 0 0 0 0 11 12 0
27 Ty Mial, MI(AL2) 32 0 0 58 0 32 3 33 3 0 32 0 88 6 0 71 0 0
28 Simon Mia9, Mik 0 18 35 58 0 3 31 33 55 37 27 2 53 52 0 71 75 73
29 Midas Mia6, Mial4 0 3% 55 54 55 54 31 33 31 35 26 0 4 32 0 71 7 55
30 Hassan Mial2, Mi(Em2) 0O 0 32 77 54 34 52 31 52 0 17 0 72 52 0 71 71 7
31 Hordeum 1063 Mik 0 31 31 75 58 56 53 11 55 3 26 24 72 71 53 71 71 51
32 Lofa Abed MiLa 3033 0 74 52 3 52 3 11 0 14 0 6 6 0 717 72 0
33 Varunda MiLa 31 32 31 55 0 3 3 3 52 0 0 0 8 8 0 7 71 0
34 Zephyr Mig, MI(CP) 0 0 33 35 5 3 - 31 11 23 14 0 8 63 5 7 71 0

9 Unknown resistance gene (S)
#1%, 2 and 3 " indicate the results of the first (2016-17), second (2017-18) and third (2018-19) years, respectively.
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Table 3. Reactions of a number of barley cultivars to powdery mildew in different regions during three cropping seasons (2016-2019)

Mashhad * Gorgan Ghaemshahr Pars Abad Zarghan Dezful
No. Cultivar ™ 2 3 I 2 3 ™ 2m 3™ ™ 2 3 I 2 3 I 2m 3
1 Makouee 59 71 72 58 52 35 73 31 73 0 16 0 64 52 44 72 77 52
2 Bahman 58 58 75 97 77 32 75 31 77 0 33 0 84 74 88 75 78 73
3 Yousouf 35 35 52 74 56 79 54 31 51 13 25 0 83 0 0 72 78 0
4 Nosrart 32 31 71 95 58 54 72 11 71 37 25 23 83 0 0 75 73 52
5 Nik 0 31 58 95 54 34 54 31 72 77 0 14 72 61 56 75 51 73
6 Behrokh 35 53 71 74 55 56 74 11 73 24 16 21 85 0 84 71 71 55
7 Fajre-30 35 71 75 71 54 36 73 33 73 23 24 12 83 0 75 77 72 55
8 Rihan 55 55 58 74 54 34 72 31 52 12 23 0 62 53 75 73 75 0
9 Nimrouz 0 51 73 73 58 33 74 11 11 37 35 53 73 52 0 75 73 52
10 Sahra 31 52 75 58 55 11 54 31 53 0 13 0 62 73 96 73 71 0
11 Jonoub 31 33 75 71 54 11 72 31 75 25 37 28 85 74 86 72 72 75
12 Zahak 0 0 31 0 0 32 31 31 31 15 0 21 84 74 0 72 0 73
13 Walfajre 35 31 52 52 58 57 53 11 53 55 16 0 72 72 0 73 71 71
14 Kavir 31 31 72 78 58 76 72 31 77 37 0 0 62 63 57 71 72 0
15 Zarjow 51 52 73 71 74 34 72 33 77 27 26 22 62 76 67 75 77 71
16 Aras 0 31 0 74 0 56 31 31 11 15 0 0 72 64 0 71 71 0
17 Loot 31 53 71 76 58 79 74 33 57 45 0 35 73 52 56 73 71 52
18 Rihan-03 31 51 58 76 75 34 73 31 77 47 23 35 83 73 55 75 71 71
19 Karoon 55 0 35 75 76 33 52 53 53 0 23 0 83 71 0 71 75 0
20 Dasht 0 55 58 58 0 54 74 11 75 33 0 38 84 71 55 72 0 71
21 Torkman 55 52 55 76 56 54 73 33 75 22 25 0 84 72 53 72 72 71
22 Torsh 52 52 72 77 56 56 74 33 57 78 33 0 63 63 66 73 71 53
23 Jolge 38 0 0 58 58 33 72 31 31 33 24 0 82 71 0 71 73 0
24 Goharan 58 71 55 75 76 76 74 71 55 76 26 37 82 54 85 73 73 73

f1s, 2 and 3 " indicate the results of the first (2016-17), second (2017-18) and third (2018-19) years, respectively.
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Table 4. Effective powdery mildew resistance genes in different regions of Iran based on the reaction of barley
differential isogenic lines

Location Growing season All three growing
2016-17 2017-18 2018-19 seasons

Mashhad Mila8, Mlal, MI(A12), Milal, MI(A12), Mla3, Mla6, Mla3, Mla6, Mlal4, Mla7, Mla3, Mla6, Mlal4,
Mla3, Mla6, Mlal4, Mla7, Mlal4, Mla7, MI(No3), MI(No3), Mla9, Mlal0, Mila7, MI(No3), Mla9,
MI(No3), Mla9, MlalO0, Mla9, Mlal0, MIl(Du2), MI(Du2), Mlal2, MI(Em2), Mlal0, Ml(Du2),
MI(Du2), Mlal2, Milal2, MI(Em2), Mlal3, Milal3, MI(Ru3), Mla23, Milal2, MI(Em2),
MI(Em2), Mlal3, MI(Ru3), Mla23, Mlp, Mlat, Mlat, mlo5 Milal3, MI(Ru3),
MI(Ru3), Mlat, Mlg, Milg, MI(CP), mlo5, MlLa, Mlat, mlo5
MI(CP), mlo5, MlLa Mih

Gorgan Mla3, Mla9, MlalO0, Mla8,Mlal, MI(A12), Mia8, Mlal, MI(A12), Mla3, Mla3, Mla9, Mlal3,

MI(Du2), Mlal2,
MI(Em2), Mlal3,
MI(Ru3), Mla22, mlo5

Mila3,Mla6, Mlal4,
Mila7, MI(No3), Mla9,
Milal3, MI(Ru3), mlo5, Mlh

Mla6, Mlal4, Mla7,
MI(No3), Mla9, Mlal0,
MI(Du2), Mlal2, MI(Em2),
Milal3, MI(Ru3), Mla22,
Mip, Mlat, Mlg, MI(CP),
MilLa

MI(Ru3), mlo5

Ghaemshahr Mla3, Mla6, Mlail4
Mla9, Mlal3, MI(Ru3),
mlo5

Mila8, Mlal ,MI(Al2),
Mila3,Mla6, Mlal4, Mla7,
MI(No3), Mla9, MlalO0,
MI(Du2), Mlal2, MI(Em2),
Milal3, MI(Ru3), Mla22 ,
Mla23, Mk, Mik(1), Mip
Mlat, Mlg, MI(CP), mlo5,
MILa, Mih

Mla8, Mila3,Mla6, Mlal4,
Mla7, Mi(No3), Mla9,
Mlal3, MI(Ru3), Mlg,
MI(CP), mlo5

Mla3, Mla6, Mlal4,
Mla9, Mlal3,
MI(Ru3), mlo5

Pars Abad  Mla7, MI(No3), Mla9, Mia8, Mlal, MI(A12), Mla3, Mla8, Mlal, MI(A12), Mla3, Mla7, MI(No3),
Milal3, MI(Ru3), Mla22, Mla6, Mlal4, Mla7, Mla6, Mlal4, Mla7, Mla9,Mlal3, MI(Ru3),
Mla23, Mlk, Mlk(1), Mlp, MI(No3), Mla9, MlalO0, MI(No3), Mla9, Mlal0, Mila22, Mla23,
Mlat, Mlg, MI(CP), mlo5, MI(Du2), Mlal2, MI(Em2), MI(Du2), Mlal2, MI(Em2), Mik(1), Mlat, Mg,
MILa, Mlh Milal3, MI(Ru3), Mla22 , Milal3, MI(Ru3), Mla22 , MI(CP), mlo5, MlLa,
Mla23, Mlk(1), Mlat, Mlg,  Mla23, Mk, Mik(1), Mip Mih
MI(CP), mlo5, MILa, Mlh Mlat, Mlg, MI(CP), mlo5,
MILa, Mih
Zarghan mlo5, MILa Mla23, Mip, Mlat, Mlg, Mila8, Mial, MI(A12), Mla3, mlo5, MlLa
MI(CP), mlo5, MlLa, Mlh ~ Mla6, Mlal4, Mla7,
MI(No3), Mla9, Mlal0,
MI(Du2), Mlal2, MI(Em2),
Milal3, MI(Ru3), Mla22 ,
Mla23, Mlp, Mlg, MI(CP),
mlo5, MlLa
Dezful Milal, MI(A12), Mla3, Mla8, Mia3, Mla6, Mlal4, Mla8, Mla6, Mlal4, Mla9, Mla6, Mlal4, Mlal?2,

Mila6, Mlal4, Mla7,
MI(No3), Mla9, MlalO,
MI(Du2), Mlal2,
MI(Em2), Mlal3,
MI(Ru3), Mila22 , Mla23,
Mlg, MI(CP), mlo5

Mla7, MI(No3), Mlal2,
MI(Em2), Mial3, MI(Ru3),
Mip, mlo5, MlLa

Milal2, MI(Em2), Mla22 ,
Mla23, Mlat, mlo5, MILa

MI(Em2), mlo5

97 S Sl lacnY STy (elal 5988 Glide bl 13 ()39 Savhe (S)low 4 Fgo paf Cuoglie lagys -0 Joor
Table 5. Ineffective powdery mildew resistence genes in different regions of Iran based on the reaction of barley
differential isogenic lines

Location Growing season All three growing
2016-17 2017-18 2018-19 seasons
Mashhad Mla22 , Mla23, Mk, Mia8, Mla22, Mk, Mlk(1)  Mla8, Mlal, MI(Al2), Mila22, Mlk,MIk(1)
MIk(1), Mip, Mih Mla22, Mik, Mik(1),Mip,
Mig, MI(CP), MILa, Mih
Gorgan Mla8, Mlal, MI(A12), MilalO, Ml(Du2), Mlal2, Mila23, Mk, Mlh, Mik(1) Mila23, Mk, Mlk(1)

Mila6, Mlal4, Mla7,
MI(No3), Mla23, Mk,
Mik(1), Mip, Mlat, Mlg,
MI(CP), MlLa, Mlh

MI(Em2), Mla22, Mla23,
Mik, Mik(1), Mip, Mlat,
Mlg, MI(CP), MiLa
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Table 5. Continued
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Location

Growing season

2016-17

2017-18

2018-19

All three growing
seasons

Ghaemshahr Mla8, Mlal, MI(A12),

Mia7, MI(No3), Mlal0,
Mi(Du2), Mlal2,

MI(Em2), Mla22, Mla23,

Mik, Mik(1), Mip, Mlat,
Mig, MI(CP), MiLa, Mih

Milal, MI(A12), Mlal0,

Mi(Du2), Mlal2, MI(Em2),

Mia22 , Mia23, Mik,
Mik(1), Mip, Mlat, MiLa,
Mih

Milal, MI(A12),
MilalO, MI(Du2),
Milal2, MI(Em2),
Mila22 , Mla23, Mik,
Mik(1), Mlp, Mlat,
MILa, Mih

Pars Abad  Mla8, Mlal, MI(A12), Mik, Mip -
Mila3, Mla6, Mlal4,
Mlal0, MI(Du2), Mlal2,
MI(Em?2)
Zarghan Mla8, Mlal, MI(A12), Mla8, Mlal, MI(AI2), Mik, Mik(1), Mlat, Mih Mik, Mlk(1)
Mila3, Mla6, Mlal4, Mila3, Mla6, Mlal4,
Mla7, MI(No3), Mla9, Mla7, MI(No3), Mla9,
Mlal0, MI(Du2), Mlal2, MlalO, MI(D u2), Mlal2,
MI(Em2), Mlal3, MI(Em2), Mlal3, MI(Ru3),
MI(Ru3), Mla22 , Mla23, Mla22, Mlk, Mlk(1)
Mlk, Mik(1), Mlp, Mlat,
Mlg, MI(CP), Mlh
Dezful Mla8, Mik, Mlk(1), Mlp, Mlal, MI(A12), Mla9, Mial, MI(A12), Mla3, Mik, Mik(1), Mih

Mlat, MILa, Mih

Mlal0, MI(Du2), Mla22 ,
Mla23, Mk, Mik(1), Mlat,

Mia7, MI(No3), Mlal0,
Mi(Du2), Mial3, MI(Ru3),

Mg, MI(CP), Mih

Mik, Mik(1), Mip, Mlg,
MI(CP), Mih
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