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Barley (Hordeum vulgare L.) is one of the widely cultivated cereals and several
pathogenic factors affect its grain yield quantity and quality. The fungal
pathogen Blumeria graminis f. sp. hordei (Bgh) causes powdery mildew, which
is a common leaf disease, and identifying genotypes resistant to this disease is
one of the goals of breeding programs to combat this disease. The present study
was conducted to investigate the resistance of 104 barley genotypes (including
99 advanced lines of barley along with five control cultivars) to powdery mildew
disease under field (in two planting dates) and greenhouse conditions. The
assessed traits included the severity of the disease, the infection type, and the
area under the disease progression curve (AUDPC). The results of analysis of
variance of the data showed that the effect of genotype on all the evaluated traits
was significant (P<0.01). Considering the evaluation of genotypes under the
field on two planting dates for the severity of the disease, and the results of
cluster analysis of genotypes based on the different traits investigated in the
greenhouse, totally 15 and 19 genotypes were identified as the most resistant
and sensitive genotypes to this disease, respectively. These identified genotypes
can be used for introducing to the disease-prone regions and also exploited in
the formation of breeding populations and as important sources of candidate
resistance genes to this disease.
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27 CBSS07Y01027T-A-OAP-0AP CIRU//BREA/DL70/3/SUMBARDA400
GLORIABAR/COPAL//PM5/BEN/3/SEN/4/PETUNIAL/S/PETUNIA2/PENCO/

28 CBS504B000325-0M-0Y-0M-0Y-1M-0AP CHEVRONBAR/4/PETUNIA2/3/CHAMICO/TOCTE//ICONGONA

P.STO/3/LBIRAN/UNASO//LIGNEEG40/4/BLLU/S/PET

29 UNIA 1 (CBSS97MO00850T-G-2M-1Y-2M-0Y) Check 1 - VMORALES

30 CBSS06Y003135-13Y-1M-05T-05CJ-05T-3CJ-0CH BERMEJO//CAPULITOCTE

31 CBSS03B000165-0M-0Y-0M-0Y-1M-0Y MSEL/LOGAN-BAR

32 CBSS07Y003225-14T-05T-05CJ -05CH-2CJ-0CH CIRU/ZIGZIG

33 H96034009/H93174006-0MR 109049 F3 10/030552

34 H99075001  09/4H0018-OMR $95031002008N/H87010008N

35 CBSS07Y003225-14T-05T-05CJ -05CH-3CJ-0CH CIRU/ZIGZIG

36 CBSS06Y003165-17Y-1M-05T-05CJ-05T-7CJ-0CH JACARANDA//ENCINO/TOCTE

37 CBSS05Y001265-20Y-0M-0Y-0M-2AP BBSC/CONGONA//FRESA

38 CBSS07Y002425-7T-05T-05C] -05CH-3CJ-0CH WABAR2242//LIMON/BICHY 2000

39 ICB09-1494-0AP-0TR-0AP-0TR AJO 61/6/Vmorales

40 CBSS05M001485-2M-0Y-0M-0AP-0TR ALELI/SCARLETT

41 CBSS07Y003825-27T-05T-05CJ -05CH-3CJ-0CH CANELA//LIMON/BICHY2000

42 1CB03-0534-0AP-11AP-0AP Nadawa/Rhn-03/3/Lignee527/Rihane//Arar

G08114/TR06676-0MR

G09111 F3 10/030605
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97
98
99
100
Mahoor
Khorram
Behdan
Fardan
Sahra

CBSS07Y00060S-44T-05CJ-05T-05CJ - 010CH-CH3-
0CH
CBSS05Y00158S-25Y-0M-0Y-0M-4AP

1CB03-0339-9AP-0AP

F10199-0MR

CBSS07Y00375S-43T-05T-05CJ -05CH-1CJ-0CH
CBSS07Y00014S-36T-05CJ-05T-05CJ - 010CH-CH3-
0CH

CBSS07Y00817S-16T-05T-05CJ -05CH-1CJ-0CH
F10191-0MR
CBSS07Y00807S-37T-05T-05CJ -05CH-2CJ-0CH

CBSS04B00030S-17M-0Y-0M-3Y-0M-0AP

CITV10B060S- 0100T-0100CJ-4CH-04CJ-0CH
MO00053001  08/1G0035
F09808 09/D30759-0MR

CITV10B071S-0100T-0100CJ-11CH-04CJ-0CH

CBSS07Y00014S-4T-05CJ-05T-05CJ - 010CH-CH1-
0CH
CBSS07Y00350S-2T-05T-05CJ -05CH-1CJ-0CH

CBSS07Y00382S-9T-05T-05CJ -05CH-2CJ-0CH

MO06445 F6 08/030381-0MR
CBSS05M00363S-3M-0Y-0M-0AP-0TR
CBSS04Y00017S-5Y-2M-0Y-0M-0Y

CBSS04B00030S-17M-0Y-0M-3Y-0M-0AP
CBSS04Y00047S-30Y-3M-0Y-0M-0Y
CBSS04B00042S-0M-0Y-0M-0Y-1M-0AP
F10192-0MR

CITV10B060S- 0100T-0100CJ-5CH-04CJ-0CH
CBSS05M00392S-12M-0Y-0M-05T-05CJ-7T-0CJ
CITV10B095S- 0100T-0100CJ-9CH-04CJ-0CH

CBSS07Y00242S-33T-05T-05CJ -05CH-4CJ-0CH
CBSS04Y00048S-23Y-2M-0Y-0M-0Y-0AP
CBSS07Y00384S-25T-05T-05CJ -05CH-4CJ-0CH

CBSS05M00406S-8M-0Y-0M-05T-05CJ-16T-0CJ

CBSS07Y00052S-31T-05CJ-05T-05CJ - 010CH-CH3-
0CH
1CB04-0160-0AP-6AP-0AP

ICB97-0748-0AP-6AP-20TR-9TR-48AP-0AP

CBSS07Y00242S-21T-05T-05CJ -05CH-4CJ-0CH
H97042002/H97075001-0MR

CBSS07Y00242S-21T-05T-05CJ -05CH-5CJ-0CH

CBSS07Y00382S-47T-05T-05CJ -05CH-3CJ-0CH
1CB03-0302-12AP-0AP

CBSS07Y00382S-13T-05T-05CJ -05CH-1CJ-0CH

1CB09-1435-0AP-0TR-0AP-0TR-0AP-0TR
F09446  09/D30363-0MR

M06021  F6 08/030348-0MR
CBSS05Y00056S-10Y-0M-0Y-0M-3AP
1CB98-1230-22APV-0APV-0APV-1AP-0AP-OMC
CBSS07Y00805S-38T-05T-05CJ -05CH-5CJ-0CH
CITV10B060S- 0100T-0100CJ-11CH-04CJ-0CH

CBSS07Y00821S-27T-05T-05CJ -05CH-2CJ-0CH
CBSS07Y00423S-8T-05T-05CJ -05CH-1CJ-0CH
1CB00-1745-19AP-0AP-1AP-0AP-OMC

1CB05-0364-9AP-0AP-OMC

CITV10B087S- 0100T-0100CJ-2CH-04CJ-0CH
CBSS07Y00326S-24T-05CJ-05T-05CJ - 010CH-CH1-
0CH

1CB97-0837-0AP-6AP-0AP

F09517 09/D30451-0MR
CBSS03B00016S-0M-0Y-0M-0Y-1M-0Y
CBSS07Y00242S-33T-05T-05CJ -05CH-1CJ-0CH

LBIRAN/UNAB8O//LIGNEE640/6/P.STO/3/LBIRAN/UNABSO//LIGNEE640/4/BL
LU/5/PETUNIA 1
LA MOLINA 96/6/VVmorales

BF891M-617/4/Hma-02//11012-2/CM67/3/Arar/5/BlackTaridaN

LA MOLINA 94/FOSTER

CANELA//ATAH92/GOB

GLORIA-
BAR/COPAL/6/P.STO/3/LBIRAN/UNAS8O//LIGNEE640/4/BLLU/5/PETUNIA 1

BISON 218.1/6/P.STO/3/LBIRAN/UNAS8O//LIGNEE640/4/BLLU/5/PETUNIA 1
CLE150/W89.11369//CHERI/3/CANELA
BISON 136/CANELA

CABUYA/MJA//IPETUNIA
1/5/PENCO/CHEVRONBAR/3/ATACO/BERMEJO//HIGO/4/PETUNIA 1

M104/PFC 88210/DONA JOSEFA
CPOLO 9109/PETUNIA 2
DEFRA/E.QUEBRACHO//DEFRA/E.QUEBRACHO/3/LEO-B

E.QUEBRACHO/DEFRA//LIMON/7/6B89.2027/5/ATACO/BERMEJO//HIGO/3
/CLN-B/80.5138//GLORIA-BAR/COPAL/4/CHEVRON-BAR/6/LEGACY
GLORIA-
BAR/COPAL/6/P.STO/3/LBIRAN/UNAB8O//LIGNEE640/4/BLLU/5/PETUNIA 1
BLLU/6/P.STO/3/LBIRAN/UNASO//LIGNEE640/4/BLLU/S/PETUNIA 1
CANELA//LIMON/BICHY2000

BARONESE/5/ESCOBA/3/MOLA/SHYRI//ARUPO*2/JET/4/ALELI/6/MSEL/7/
LIMON/AZAF
PETUNIA 1/RITA PELADA

TRADITION//PENCO/CHEVRON-BAR

CABUYA/MJA//PETUNIA
1/5/PENCO/CHEVRONBAR/3/ATACO/BERMEJO//HIGO/4/PETUNIA 1
PENCO/CHEVRON-BAR/3/LEGACY//PENCO/CHEVRON-BAR

VMorales/6/ZIGZIG/4/EGYPTA/TERAN78//P.STO/3/QUINA

CEV 96060//BUCK M8.88/E.ACACIA/3/CANELA

M104/PFC 88210/DONA JOSEFA
CHAMICO/TOCTE//CONGONA/3/LEGACY//PENCO/CHEVRON-BAR
AZAF/MSEL/4/PFC8562//ATAH92/GOB/3/CANELA

WABAR2242//LIMON/BICHY 2000
PENCO/CHEVRON-BAR/3/LEGACY//PENCO/CHEVRON-BAR
CANELA//E.QUEBRACHO/W9338

PENCO/CHEVRON-BAR//BICHY 2000

LBIRAN/UNAB8O//LIGNEE640/3/PUNGSANCHAPSSALBORI
Ghinneri(smooth_awns)/Osiris
Malouh//Aths/Lignee686

WABAR2242//LIMON/BICHY 2000
J09062 F3 10/030565

WABAR2242//LIMON/BICHY 2000

CANELA//LIMON/BICHY2000
Alanda-0112/Petunial

CANELA//LIMON/BICHY2000

BREA/DL70//3*CABUYA/3/PENCO/CHEVRON-BAR
BR2/MERIT,B//MSEL

BUCK M8.88/E.ACACIA//NE167/CLE176
SVANHALS-BAR/MSEL//AZAF/GOB24DH/3/NE167/CLE176
Alanda//Ssn/Lignee640/3/QB813-2

BISON 128/CANELA

M104/PFC 88210//DONA JOSEFA

BISON 243.4/CANELA

CHAMICO/TOCTE//CONGONA/6/P.STO/3/LBIRAN/UNASO//LIGNEE640/4/B
LLU/5/PETUNIA 1

Sadik-05//Sls/Bda

Soufara-02/3/RM1508/Por//\W12269/4/Hml-
02/ArabiAbiad//ER/Apm/5/((GalleonxRichard)/5)xTilga
MSEL//BUCK M8.88/E.ACACIA/3/MSEL//PERLE/BOWMAN

CIRU/3/LEGACY//PENCO/CHEVRON-BAR

Marar/4/CompCr229//As46/Pro/3/Srs
CONDOR-BAR/3/PATTY.B/RUDA//ALELI/4/ALELI/5/DIAMALT
MSEL/LOGAN-BAR

WABAR2242//LIMON/BICHY 2000
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o Mean Number of Relative . o
Month Rainfall (mm) Absolute Temperature (°C) temperature days below Humidity Evaporation Mean temperature (°C)
Minimum Maximum (°C) 2610 (%) (mm) Minimum Maximum

October 22.9 7.7 36 22.3 - 61 113.2 144 30.3
November 54.6 1.7 30.9 15.1 - 72 48.3 8.6 21.6
December 11.9 -0.5 16.8 11.8 1 74 38 54 18.1
January 16.4 -0.5 28.8 104 1 66 43 3.8 171
February 68.4 -2.1 31.7 9.9 6 64 51.9 28 17
March 65.9 04 26.9 12.4 - 77 46.1 5.8 19
April 93.2 0 30.3 13.7 1 81 51.4 8.2 19.3
May 40.6 8.4 36.1 19.6 0 73 99.5 12.9 26.3
June 24 12.8 46.9 27.6 0 48 2254 18.7 36.4
July 21.7 18.7 44.3 29.4 0 49 249.2 22.2 32.6
Total 398 -2.1 46.9 17.2 9 66.5 966 10.28 237.7
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Mean Square

. Degree of Infection severity in the field Infection severity in the field in
Source of Variation Frgedom in first plant)i/ng date second plar)llting date
Block 3 0.0003™ 0.0003"
Barley genotype 4 0.0120™ 0.0660"
Error 12 0.0002 0.0019
Coefficient of Variation (%) 4.50 12.90
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Mean Square

Disease Disease Disease Disease Disease
o Degree S_everity S_everity ngerity ngerity ngerity Infection Area pnder the
Source of Variation of in the in the in _the in the in the Type Disease
Freedom first second third fourth fifth Progress Curve
sampling  sampling  sampling  sampling  sampling
Block 2 0.175™ 0.029™ 0.023™ 0.001™ 0.013™ 0.475™ 30931.072™
Barley genotype 103 0.030™ 0.026™ 0.027™ 0.030™ 0.037™ 0.401™ 39513.041™
Error 206 0.006 0.002 0.002 0.002 0.002 0.033 1804.614
Coefficient of Variation (%0) 13.14 7.06 5.77 541 6.03 6.81 5.01
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Range(%) Means+ Variance components Coefficient of variation
) standard Phenotypic ~ Genotypic  Heritability
Traits Max Min error Phenotypic Genotypic Environmental  coefficient  coefficient (%)
(%) variance variance variance of of
variation variation
Disease Severity in the
first(%) sampling 7292  30.21 60.2245.74 140.57 77.99 62.57 19.69 14.66 55.48
Disease Severity in the
second sampling(%) 75 34.38 66.33+5.33 99.79 77.84 21.95 15.06 13.30 78.00
Disease Severity in the
third sampling(%) 8281 349 70.79+5.46 100.51 83.82 16.69 14.16 12.93 83.39
Disease Severity in the
fourth sampling(%) 86.46 349 74.98+5.81 112.34 95.91 16.43 14.14 13.06 85.37
Disease Severity in the
fifth sampling(%) 9479  39.58 80.69+6.43 139.90 116.25 23.65 14.66 13.36 83.10
Infection Type 3.0208 1.375 2.65+0.21 0.16 0.13 0.03 14.97 13.33 79.33
Area Under the
Disease Progress
Curve 969.53 417.19 847.49+66.26  14374.09 12569.48 1804.61 14.15 13.23 87.45
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FSI1 FSI2
(%) (%)

FSIL  FSI2
) (%)

FSI1 FSI2

Genotype  Rank (%) (%)

Genotype  Rank Genotype Rank

1 68.5 58.00 0.00 38 63.5 0.00 0.00 75 63.5 0.00 0.00
2 715 59.00 74.00 39 65.5 54.00 52.00 76 68.0 71.00  73.00
3 72.5 74.00 73.00 40 9.5 0.00 0.00 7 66.5 71.00  71.00
4 65.5 51.00 74.00 41 60.5 0.00 0.00 78 14.0 54.00  71.00
5 56.0 0.00 0.00 42 135 0.00 0.00 79 39.5 0.00 0.00
6 66.0 0.00 71.00 43 56.0 0.00  53.00 80 61.5 0.00 73.00
7 72.0 51.00 0.00 44 73.5 54.00 71.00 81 455 0.00 0.00
8 55.5 0.00 0.00 45 64.0 54.00 0.00 82 225 0.00 0.00
9 68.5 54.00 52.00 46 7.0 0.00 0.00 83 67.5 51.00  72.00
10 60.5 0.00 0.00 47 63.5 0.00  72.00 84 64.0 53.00 0.00
11 12.0 0.00 0.00 48 65.0 72.00 0.00 86 62.0 0.00 71.00
12 69.0 54.00 74.00 49 68.0 74.00 71.00 87 67.0 58.00 0.00
13 65.0 0.00 0.00 50 61.5 54.00 74.00 88 23.0 0.00 0.00
14 68.5 0.00 0.00 51 66.0 0.00  72.00 89 58.0 0.00 71.00
15 59.5 51.00 74.00 52 59.5 0.00 0.00 90 67.5 0.00 0.00
16 60.5 0.00  73.00 53 68.0 71.00 0.00 91 67.5 0.00 0.00
17 72.5 53.00 0.00 54 74.5 73.00 73.00 92 56.0 54.00 72.00
18 63.5 73.00 74.00 55 73.0 54.00 72.00 93 48.5 0.00 0.00
19 58.0 0.00 0.00 56 63.5 71.00 0.00 94 55.0 0.00 0.00
20 72.0 0.00 0.00 57 71.5 54.00 72.00 95 64.0 51.00 0.00
21 57.5 52.00 72.00 58 65.5 58.00 74.00 96 64.5 58.00  73.00
22 62.5 0.00  72.00 59 68.0 0.00  73.00 97 32.0 0.00 0.00
23 57.5 51.00 54.00 60 62.5 71.00 71.00 98 59.5 0.00 0.00
24 61.0 54.00 71.00 61 575 52.00 0.00 99 59.0 0.00 0.00
25 475 72.00 71.00 62 73.0 71.00 0.00 100 135 0.00 0.00
26 59.5 0.00  76.00 63 725 0.00 72.00 Mahoor 54.5 0.00 17.75
27 62.0 58.00 76.00 64 63.5 0.00  75.00 Khorram 53.5 7.75 0.00
28 68.0 0.00  58.00 65 74.5 52.00 73.00 Behdan 40 0.00 0.00
29 68.0 54.00 72.00 66 76.5 71.00 73.00 Fardan 65.5 67.00 17.75
30 67.0 71.00 73.00 67 58.0 0.00 0.00 Sahra 57.0 0.00 53.75
31 60.5 0.00  73.00 68 61.0 51.00 72.00

32 61.0 51.00 71.00 69 72.0 72.00 73.00

33 37.5 0.00 0.00 70 71.5 58.00 73.00

34 10.5 0.00 0.00 71 52.5 0.00 0.00

35 67.0 71.00 74.00 72 72.0 58.00 74.00

36 63.5 71.00 72.00 73 59.5 71.00 0.00

37 63.5 51.00 71.00 74 62.5 59.00 76.00
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Cluster Members of the cluster Traits Mean Z-score
severity of the disease of the first sampling 67.521 0.734

severity of the disease of the second sampling 72.240 0.640

1,2,3,6,7,9,12,13,14,17,20,28,29,30,  severity of the third sampling disease 76.894 0.646

Susceptible 35,44,49,53,54,55,57,58,59,62,63,6  severity of the disease of the fourth sampling 82.084 0.706
5,66,69,70,72,76,87,90,91 severity of the fifth sampling disease 88.592 0.710

Infection Type 2.888 0.635

Area Under the Disease Progress Curve 92.833 0.700

severity of the disease of the first sampling 61.233 0.102

4,5,8,10,15,16,18,19,21,22,23,24,26  severity of the disease of the second sampling 67.980 0.179

Semi ,27,31,32,36,37,38,39,41,43,45,47,4 sever!ty of the third sampling disease _ 72.546 0.186
susceptible 8,50,51,52,56,60,61,64,6,68,73,74,7 severity of the d_lsease of t_he fo_urth sampling 76.420 0.143
5,77,80,83,84,86,89,92,94,95,96,98,  severity of the fifth sampling disease 82.344 0.149
99,Fardan,Khoram,Mahoor,Sahra Infection Type 2.271 0.182

Area Under the Disease Progress Curve 865.874 0.160

severity of the disease of the first sampling 34.524 -2.585

severity of the disease of the second sampling 38.616 -3.003

severity of the third sampling disease 41.369 -3.112

Resistant 11,34,40,42,46,78,100 severity of the disease of the fourth sampling 43.229 -3.153
severity of the fifth sampling disease 46.949 -3.028

Infection Type 1.545 -3.007

Area Under the Disease Progress Curve 491.853 -3.099

severity of the disease of the first sampling 48.021 -1.227

severity of the disease of the second sampling 56.914 -1.021

severity of the third sampling disease 61.315 -1.002

Semi resistant  25,33,71,79,81,82,88,93,97,Behdan  severity of the disease of the fourth sampling 65.404 -0.951
severity of the fifth sampling disease 68.620 -1.083

Infection Type 2.277 -1.022

Area Under the Disease Progress Curve 725.859 -1.060
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