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Abstract

Fungal species Fusarium pseudograminearum, F. culmorum and Bipolaris sorokiniana are the most economically important pathogens
causing crown and root rot of cereals. The use of resistant cultivars can be the most efficient measure to reduce the effect of this disease. As an
alternative strategy, screening of resistant wheat genotypes has been emphasized in the recent studies. This research was conducted to evaluate level
of resistance of 66 genotypes of bread wheat and durum wheat to B. sorokiniana, F. pseudograminearum and F. culmorum isolates in greenhouse
condition. These experiments were conducted based on completely randomized design with seven replications in greenhouse condition. The results
showed that, 11 genotypes including C-87-11, C-87-18, BACANORA /3/MASON/JGR//PECOS, 05899G01-2, F06580G2-1, F06659G6-1,
McCormick/Trego, VA01W-205/TX99D4628, GA951079-3-5/Neuse, Owl,85224*-3H-*0-HOH/7/T.SPH/2*H567.71//4/CMH79.959/6/Gaspard
and AWD99*5725/FL9547 were moderately resistant to diseases caused by B. sorokiniana isolates and its combination with F. pseudograminearum
and F. culmorum. Among these genotypes, three genotypes C-87-11, GA951079-3-5 / Neuse and 05899G01-2 were resistant to the combination of
all diseases caused by these three fungal species. These genotypes have potential to be incorporated into wheat breeding programs. Cluster analysis of
reaction of wheat genotypes to all diseases caused by these three fungal species, as well as to different combination of them were able to separate
susceptibe and relatively resistant genotypes from each other. In both dendrograms, genotypes that were relatively resistant to disease caused byB.
sorokiniana and its combination with other diseases caused by fungal species were grouped into cluster 3.
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Table 1. Characteristics of Bipolaris sorokiniana, Fusarium culmorum and Fusarium pseudograminearum isolates.

B. sorokiniana F. culmorum F. pseudograminearum
Province/Region Number of Province/Region Number of Province/Region Number of
isolates isolates isolates
Isfahan 40 Isfahan S18 Tehran/Varamin V5
Isfahan 41 Gorgan 14 Tehran/Varamin V7
Isfahan/Khansar 43 Arak/Azarash Al Golestan/Bandar Gaz G63
Khorasan Razavi/Jovein 50 Qazvin 14 Lorestan/Boroojerd L5
Khorasan Razavi/Jovein 51 Tehran/Varamin V9 Azarbaijan Sharghi/Marand A5
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Table 2. Characteristics of wheat lines/cultivars evaluated for resistance to Bipolaris sorokiniana, Fusarium culmorum and Fusarium pseudograminearum.

Treatment no. Cultivar/Pedigree Source of cultivar
B1 Mehrgan CIMMYT
B2 ROLFO7*2/PAURAQ CIMMYT
B3 CHIBA//PRLII/CM65531/3/MISR2*2/4/HUW234+LR34/PRINIA/PBW343*2/KUKUNA/3/ROLFO7 CIMMYT
B4 BABAX/LR42//BABAX/3/ER2000/5/ATTILA/A/IWEAVER/TSC//WEAVER/6/KA/NAC//ITRCH CIMMYT
B5 SOKOLL/WBLL1/4/D67.2/PARANA 66.270//AE.SQUARROSA (320)/3/CUNNINGHAM CIMMYT
B6 KACHU/SAUAL/4/ATTILA*2/PBW65//PIHA/3/ATTILA/2*PASTOR CIMMYT
B7 ACHU/SAUAL/3/TRCH/SRTU//KACHU CIMMYT
B8 BAJ#1/KISKADEE#1 CIMMYT
B9 MUTUS*2/CHONTE CIMMYT

B10 Baj#l CIMMYT
B11 FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ*2/5/KIRITATI CIMMYT
B12 WHEAR/VIVITSI//WHEAR/3/BECARD CIMMYT
B13 SUP152/FRNCLN CIMMYT
B14 ND643/2*WBLL1//VILLA JUAREZ F2009 CIMMYT
B15 QUAIU#1/BECARD CIMMYT
B16 KACHU//KIRITATI/2*TRCH CIMMYT
B17 FRNCLN/QUAIU//FRANCOLIN#1 CIMMYT
B18 FRANCOLIN#1*2/PRL CIMMYT
B19 WBLL4//OAX93.24.35/WBLL1/5/CROC_1/AE.SQUARROSA (205)//BORL95/3/PRL/SARA//TSI/VEE#5/4/FRET2 CIMMYT
B20 BAJ#1/8/NG8201/KAUZ/4/SHAT//PRL/VEE#6/3/FASAN/5/MILAN/KAUZ/6/ACHYUTA/7/PBW343*2/KUKUNA CIMMYT
B21 PRL/2*PASTOR//WHEAR/SOKOLL CIMMYT
B22 KIRRITATI//2*PRL/2*PASTOR/3/CHONTE/5/PRL/2*PASTOR CIMMYT

/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI
B23 BAVIS/3/ATTILA/BAV92//PASTOR/5/CROC_1/AE.SQUARROSA(205)//BORL95/3/PRL/SARA/TSI/VEE#5/4/FRET2  CIMMYT
B24 PBW65/2*PASTOR CIMMYT
B25 Sirvan CIMMYT
B26 BABAX/LR42//BABAX/3/BABAX/LR42//BABAX/4/T.DICOCCON PI194625/AE.SQUARROSA CIMMYT
(372)//3*PASTOR/5/T.DICOCCON P194625/AE.SQUARROSA (372)//3*PASTOR
B27 SOKOLL*2/ROLF07 CIMMYT
B28 SOKOLL/ROLF07 CIMMYT
B29 CUNNINGHAM/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ CIMMYT
B30 FDC36//ATTILA*2/PBW65 CIMMYT
B31 CNO79//PF70354/MUS/3/PASTOR/4/BAV92/5/FRET2/KUKUNA//FRET2/6/MILAN/KAUZ//PRINIA/3/BAV92 CIMMYT
B32 SW89-5124*2/FASAN/3/ALTAR 84/AE.SQ//2*OPATA/4/ARREHANE CIMMYT
B33 GOUBARA-1/2*SOKOLL CIMMYT
B34 Gelibolu CIMMYT
B35 Prostor CIMMYT
B36 Yakar CIMMYT
B37 F06580G2-1 CIMMYT
B38 F06659G6-1 CIMMYT
B39 OKO08413 CIMMYT
B40 Owl,85224*-3H-*0-HOH/7/T.SPH/2*H567.71//ICMHT77.93/3/2* CMH79.959/5/T.SPH /2*H567.71 CIMMYT
/ICMHT77.931/3/CMH79.959/4/CMH79.959/6/Gaspard

B41 KATE A-1 CIMMYT
B42 ALPU//VP5053 (WA#FM/201/23*2/GS50A) CIMMYT
B43 POLOVCHANKA/PEHLIVAN CIMMYT
B44 PYN/BAU/3/KAUZ/IKAUZ/STAR CIMMYT
B45 BACANORA /3/MASON/JGR//PECOS CIMMYT
B46 KAMBARA1/KALYOZ-17 CIMMYT
B47 05899G01-2 CIMMYT
B48 Zrn/Shiroodi/6/Zrm/5/0mid/4/Bb/Kal//Ald/3/Y50E/Kal*3//Emu"'s" CIMMYT
B49 KS2016/Lakin CIMMYT
B50 GA951079-3-5/Neuse CIMMYT
B51 GA951079-3-5/NC96BGTD3 CIMMYT
B52 McCormick/Trego CIMMYT
B53 AWD99*5725/FL9547 CIMMYT
B54 VA01W-205/TX99D4628 CIMMYT
B55 NE06545 CIMMYT
B56 4WON-IR-257/5/YMH/HYS//HYS/ITUR3055/3/DGA/4/VPM/MOS CIMMYT
B57 Altay CIMMYT
B58 Burbot-6 CIMMYT
B59 2-49 CIMMYT
B60 Sunco CIMMYT
B61 C-87-18 SPII

B62 C-87-11 SPII

B63 WS-85-10 SPII

B64 S-84-14 SPII

B65 Behrang SPII

B66 Dena SPII
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Table 3. Comparison of disease severity index means of different wheat cultivars/lines inoculated with mixture of five
Bipolaris sorokiniana isolates in greenhouse.

Mean of disease

severity index (%) Treatment no.

Treatment no.

severity index (%)

Mean of disease
severity index (%)

Mean of disease Treatment no.

B66 74.28a* B33
B65 67.42ab B16
B4 61.71a-c B22
B5 54.28bc B31
B1 52c-e B12
B36 51.42c-f B9
B3 49.71d-g B26
B14 49.14d-g B28
B28 47.42d-h B19
B25 46.85d-h B49
B23 46.28 d-h B24
B10 46.28 d-h B17
B32 46.28 d-h B60
B67 45.71d-i B8
B6 45.71d-i B30
B20 44.57d-j B27
B15 44d-k B35
B21 44d-k B7
B13 43.42d-k B59
B2 43.42d-k B53
B29 43.42d-k B37
B11 42.85d-1 B55

42.850-1 B63 22.85p-t
42.85d-I B48 22.85p-t
42.28e-m B43 22.85p-t
40.57 e-m B52 22.85p-t
40 e-m B51 21.71g-t
40 e-m B34 21.14r-t
40 e-m B54 21.14st
38.85f-n B50 21.14st
38.85f-n B41 21.14st
37.71g-n B56 21.14st
36.57g-n B47 20.57st
35.42h-n B46 20.57st
34.85i-n B61 20.57st
34.28j-n B54 20.57st
33.14k-p B39 20.57st
32l-q B40 20.57st
321q B44 20st
31.42m-r B57 20st
31.42m-r B42 20st
24.57n-s B38 20st
24n-s B45 20st
23.420-t B62 16.57t

*There is no significant difference between means having the same letters based on LSD test at 5% probability level
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Table 4. Comparison of disease severity index means of different wheat cultivars/lines inoculated with mixture of five Bipolaris sorokiniana

and Fusarium pseudograminearum isolates in greenhouse.

Treatment no Mea_n O.f disease Treatment no Mea_n O.f disease Treatment no Mea_n O.f disease
) severity index (%) ) severity index (%) ) severity index (%)

B65 91.42a* B13 65.71d-i B49 54.85i-0
B66 90.85a B24 65.71d-i B44 53.71j-0
B15 82.28ab B48 65.14d-i B39 53.14k-o0
B25 78.85hc B14 65.14d-i B42 52l-0
Bl 74.85b-d B60 65.14d-i B55 49.14m-p
B7 73.14b-e B11 64.57d-j B34 47.42n-p
B17 73.14b-e B29 64d-k B45 46.850p
B2 72b-e B5 64d-k B46 40pq
B28 71.42b-e B19 63.42e-k B43 39.42pq
B10 71.42b-e B27 63.42e-k B35 35.42q
B16 70.28c-f B4 62.85e-1 B61 35.42q
B18 70.28c-f B20 62.85e-1 B58 33.71q
B6 69.14c-g B33 62.28e-I B38 33.71q
B21 69.14c-g B56 60f-m B57 33.14qr
B9 69.14c-g B30 60f-m B52 33.14qr
B26 68.57c-h B41 59.42f-m B37 33.14qr
B3 68c-h B36 59.42f-m B47 32.57qr
B22 67.42d-h B64 58.85g-m B53 32.57qr
B8 66.28d-h B59 58.28g-n B40 32qr
B31 66.28d-h B63 57.71h-0 B50 29.71qr
B23 65.71d-i B12 57.71h-0 B54 29.71qr
B32 65.71d-i B51 54.85i-0 B62 22.28r

*There is no significant difference between means having the same letters, based on LSD test at 5% probability level
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Table 5. Comparison of disease severity index means of different wheat cultivars/lines inoculated with mixture of five Bipolaris sorokiniana and

Fusarium culmorum isolates in greenhouse.

Mean of disease Mean of disease Mean of disease

Treatment no. severity index (%) Treatment no. severity index (%) Treatment no. severity index (%)

B66 89.14* a B16 65.71d-i B56 46.85n-q
B65 82.28ab B23 65.71d-i B59 46.28n-q
B10 75.42bc B17 65.71d-i B35 46.28n-r
B3 72.57cd B25 65.71d-i B39 44.5M-s
B2 72.57cd B19 65.71d-i B51 43.420-s
B1 72c-e B21 65.14d-i B45 40.57p-t
B7 71.42c-f B20 64.57d-j B44 40.57p-t
B11 70.85¢-g B18 64.57d-j B36 39.42q-u
B6 69.71c-h B33 64.57d-j B58 39.42q-u
B4 69.14c-h B32 63.42e-j B54 37.71r-v
B60 68.57¢c-h B63 62.85f-j B37 37.71r-v
B13 68.57c-h B22 62.280-] B43 36.57s-w
B15 68.57c-h B31 61.71h-k B34 36s-w

B5 68c-h B8 61.14h-k B61 33.71tx
B14 68c-h B48 58.28i-I B50 32.57t-x
B9 68c-h B64 56-m B55 31.42u-x
B27 67.42 c-h B30 53.14k-n B53 30.85u-y
B29 66.85¢-i B46 51.421-0 B52 30.85u-y
B28 66.85¢-i B41 50.85l-0 B38 29.14v-y
B26 66.85¢-i B57 50.281-0 B47 28.57w-y
B12 66.280-i B42 49.711-0 B40 25.14xy
B24 66.28d-i B49 49.14m-p B62 22.28y

*There is no significant difference between means having the same letters, based on LSD test at 5% probability level.
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Table 6. Comparison of disease severity index means of different wheat cultivars/lines inoculated with mixture of five Bipolaris sorokiniana,

Fusarium pseudograminearum and Fusarium culmorum isolates in greenhouse.

Treatment no Mea_n o_f disease Treatment no Mea_n o_f disease Treatment Mea_n o_f disease
) severity index (%) ) severity index (%) no. severity index (%)

B65 91.42* a B33 70.85b-h B36 46.28m-r
B66 89.71a B12 70.28b-i B46 45.14m-r
B20 84ab B4 69.71b-i B34 45.14n-s
B25 84ab B23 68.57c-i B51 440-s
B13 82.85a-c B8 67.42c-j B57 41.71p-t
B21 79.42a-d B27 66.85d-j B55 41.14p-t
B28 79.42a-d B16 66.85d-j B44 41.14p-t
B15 78.85a-e B29 66.28d-j B58 41.14p-t
B17 78.85a-e B60 66.28d-j B41 38.850-u
B7 78.28a-e B32 65.71d-j B56 38.28r-u
B18 78.28a-e B31 64.57e-k B42 38.28r-u
B3 78.28a-e B5 61.71f-1 B37 36.57r-v
B6 78.28a-e B59 58.28g-m B45 33.71s-v
B22 77.14a-e B11 57.71g-n B38 32t-v
B9 76.57a-e B43 57.14h-n B54 31.42t-v
B19 76.57a-e B49 56i-0 B61 30.85u-v
B26 76a-e B64 54.28j-0 B40 30.28u-v
B10 74.85a-e B30 53.14k-p B53 29.14u-v
Bl 73.14b-f B35 50.85k-q B52 27.42v
B24 73.14b-f B48 50.281-q B47 26.85v
B2 71.42b-g B39 50.28I-r B50 26.85v
B14 71.42b-f-g B63 47.421-r B62 26.28v

*There is no significant difference between means having the same letters based on LSD test at 5% probability level
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Fig. 2. Cluster analysis of total disease severity index means of 66 genotypes to three fungal species based on Weighted Pair-Group.
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Fig. 3. Cluster analysis of disease severity index means of different wheat cultivars/lines inoculated with mixture of five Bipolaris sorokiniana,
Fusarium pseudograminearum and Fusarium culmorum isolates based on Weighted Pair-Group. The average vertical line is 1.
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Table 7. Cluster analysis of disease severity index means of different wheat cultivars/lines inoculated with mixture of five Bipolaris sorokiniana,
Fusarium pseudograminearum and Fusarium culmorum isolates based on Weighted Pair-Group.

Treatment no./ mixture of five isolates of 3 different fungi

Clade no. Bipolaris sorokiniana * ] ] o Bipolaris sorokiniana * Bipolaris sorokiniana * Fusarium
; Bipolaris sorokiniana Fusarium pseudograminearum * Fusarium
Fusarium culmorum pseudograminearum culmorum
Calde 1 B36
Calde2 B50-B55 B35-B62-B61 B40-B50
B64-B49-B33-B53-B37-
B34-B63-B51-B55-B48-
B50-B56-B46-B54-B41-
Caldes  menpor B B B B47.-B57-B39-B56-B45- DB o By B36-B56-B54-B53-B52-B47-B62-B38-
B36-B45-B39-B54-B34 B44-B42-B40-B38-B52- B40-B46 B61-B45-B58-B44-B42-B55-B51-B41
B43-B59-B26-B30-B7-B27-
B60-B19-B20-B12-B15-
B32-B11-B10
Calde 4 B39
B31-B28-B23-B25-B22-B1-
Clade 5 B57-B49-B51-B35 B21-B14-B3 B39-B34-B55 B37-B46-B63
Calde 6 B5
B15-B66-B20-B25-B13-B65-B18-B17-
Clade7  B66-B65-B10 D06 D0o-B2SBIT-BIOBT  B3.89-B24-B26-B32-B60-B33-B12-
B19-B6-B2-B28-B22-B21-B7
Calde 8 B45 B31-B59
B58-B56-B42-B64-B59- B16-B24-B17-B8-B18-B9-
Clade 9 B46-B41 B13-B2-B6-B29 B64-B42-B43-B59 B57-B64-B35-B34-B48
Calde 10 B30
B48-B30-B13-B32-B33- B36-B33-B60-B30-B56-B14-
B28-B18-B16-B20-B19-
B29-B17-B9-B31-B22. B44-B49-B51-B12-B63-B11-
Clade 11  B8.B27-B26.B15.B14. B5-B65-B4-B66 B6-B5-B19-B3-B22-B18-B31-  B49-B11-B43-B1-B29-B23-B27-B16-

B7-B60-B6-B5-B24-B12-
B11-B63-B23-B21-B3-
B2-Bl

B20-B8-B13-B29-B21-B41-
B27-B32-B4-B24-B23-B9-
B48-B26-B16-B2

B8-B10-B4
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