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Determination of resistance in different wheat genotypes to the crown and root rots caused by
Fusarium culmorum and F. pseudograminearum
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Abstract

Crown and root rot are important diseases of different small-grain cereals, especially wheat and barley which are caused by soil-borne
fungi Fusarium culmorum and F. pseudograminearum. For controlling such diseases, application of fungicides is inadequate, and cause
hazardous effects for environment and living organisms. As an alternative strategy, screening of resistant wheat genotypes has been
emphasised in the recent studies. This research was conducted to evaluate level of resistance of 66 cultivars/advanced lines of bread wheat
and durum wheat to F. culmorum and F. pseudograminearum isolates in greenhouse and field conditions. These experiments were conducted
based on completely randomized design with seven replications in greenhouse and randomized complete block design with 4 replications in
field condition. The results showed that, 12 genotypes including C61 (C-87-18) and C62 (C-87-11), C38 (F06659G6-1), C43
(POLOVCHANKA/PEHLIVAN), C52 (McCormick/Trego), C37 (F06580G2-1), C35 (Prostor), C54 (VA01W-205/TX99D4628), C50
(GA951079-3-5/Neuse), C58 (Burbot-6), C53 (AWD99*5725/FL9547) and C34 (Gelibolu) were moderately resistant to F. culmorum and F.
pseudograminearum isolates. These genotypes have potential to be incorporated into wheat breeding programs.
Keywords: Crown root rot, Fusarium, genotypes, resistance, wheat

™ mrazavi39@yahoo.ca


mailto:mrazavi39@yahoo.ca

SLa S 5l 2 Ay 5 Bsb Gl S gy ol 4 o pE it Gl 55 5 (s3I0 Canglin s 101K 5 (6 el (5000 144

F.culmorum .55 )5 21 o) 5 5> .(Hameed et al., 2012
(Gargouri et al.,, 2003) C—wl 033 (oo Aol Jsle
Solmo e Ol g—wasy Wl il s3adpb Su oy
Burgess et al., 2001, ) cwl ol &3 f,\_'f s lsh
3 i o VL & ylest Ol sae 5 (Chakraborty et al., 2006
o 3500 Yoo A B YAAA ladle s Vs Osde VA
o=t 3l =5 @ ,les (Murray and Brennan 2009) <l
4S5 ;> (Saremi et al., 2007) Lo, £0/0 Ol ol 55 (g lews
N el sz <N s o (Tunali et al., 2008) ks> £Y
sl 5,158 (Paulitz et al., 2002, Smiley et al., 2005) Lo >
Slaosd (amme Ll 3 a0 Sy S5l Olgs o
b 2 Comerr o3l DAl 5 Sl Sy pike
05 0% 54 f.x;_f aisy 5 adsb Susy (Smiley etal., 2005)
SO CiS a3 5 e 5 JLaSis byl o
Cook and Christen 1976, ) =l xL 2 f,\_;§ S s
LB Ol e 5155 0 uja.au Jelse .(Backhouse et al., 2002
w8 56 aeym g3 b (S o Dle 530 3 e S
ok Jame Blite S L5 (55 g sl 4y e
S5 e Jle 51 gl oo s Ly (35 Sl
Ceeslie mewslzel 5 2Ll ol bsssl s e
Ladle pslis glacs 55 5 Sl 203 4250 50 i 55
T 1y 3 U PPN P N W AP P PV W
Wildermuth and ) >, ¢l_>.u'l Sloyss &y gmmas Sy
LaazalS L5, .(McNamaral994, Burgess et al., 2001
Pl adey 5 gk Sy 53 Cuslie 4 s
el s Sk ,8 Lol b il 5 e S s Sl b oS
.(McDonald and Rovira 1983) Lises Cs |y QLL-
Solews S ke Sl oly (5 S50 pslas pU] 51 eslin
o=l Gose e g Solg 55 5 P S adyys b Sinsy
Sla i wf el St bl 5o o5 54 o s
L Ll 51 3 simme slins g 0580 e Sl

J_JJA._: .L.:\j;d_a‘tjw‘ P38 WY Lﬁuuwdﬂj\.&

4adle

ot Rege 3l S Triticum aestivum L. oode o L f,\;f
Wbﬁ; ooty gy a3 01l 53 oS Sl O
B 6.3.'5 CS ck.w VY4014 Jl s 05 S o oS
Y/oNY spa> el oS 5 g S Osike 0/8 1350 Ol
S A5 Ol 5 s S Oeken YV 5 ol S O sike
CiS S OT Ao s VA 88 5 o5 Ogekes VYV S0 )5S
Sy e Jol ous C S Sl a3 YAY 5=
(Anonymous ,2017)

Gtd E 3 e Jelse R s e S A
Jslse Ol 53 358 0 35 2B Ol et
S sl ol o ol S (e S3NS
S ol a5 Ol el 3 LB dipd e 4y 5 5k
Als 3oy il e DMy s ($505LS e
L ol ,—a Fusarium culmorum .(Burgess et al, 2001)
J—slse 1 ~2ege 5l . pseudograminearum s F. graminearum
S s absh Sy 5 aiyy (Shwp oS sl
F. culmorum .(Paulitz et al., 2002; Wang et al., 2006) Lcea
Ol sl s V“Lg la05 5L o tags 31 S (W.G. Smith)
Jsmame cotS bl 55, Shae pals Eelias ol
b edd slonl (S aly; 5 s Sy s s
LLE 5 ol 53 O )55 ol &L F. culmorum
) Sl aag s Sl Gbls 55 050 94 Ol
Backhouse et al., 2004; Chekali et al., 2013; Rossi et al., )

1995; Mergoum et al., 2004; Papendick and Cook, 1974; Van
sF. culmorum oS 55 . a .(Wyk et al, 1987

5 Skes )3 5 JB Eals Eel F. pseudograminearum
Lier o (5oL Ll 5108 95 a opl by o r.x:f
! .(Chakraborty et al., 2010 and Burgess et al., 1975)
L AT Jlo 01l 5 Gls S 9 bl o Sl (sl
5 15018 LG ol simie SNL (ST e 5 o 55 o)

Chakraborty et al., 2010, Burgess ) owl ol 5,158 W 2l
et al., 1975, Tunali et al., 2008, Saremi et al., 2007 and



Yey

Y 555 =, F.oculmorum s F. pseudograminearum
AU S b ome Aid g s e Caglie gl ST, Y
SlacmY (F o Seslin ) a5 2ol e
el T =88 Y 5 sl plawil 2B 53 cpl 4 e s
(R 5,1 Ols=e 4 15 (Sunco) sSSLu 5 (Gluyas) ys 51
oL d(.,._.ﬂl .(Wallwork et al., 2004) x> S ey puﬁ
0ml 3 ool Gl 5 el Jas Olee Kl
5 403 505 il T F. pseudograminearum 4 s | oS
«(Jefferson) & g ya ¥ =84 ol o)l sla Y eBl
Ols—e 4|y (Sunco) sSCLw 5 (Tara) |5 «(Gala) VLS
(Eden) 0! 5 (Otis) u“:*")" (PuSeas) ywew 32 5 (25 Jomeie
Smiley and Yan ) Js sas 55155 o 5 elw Ol e |
S SOl Caslie calises e 45ty o laia; (2009
LS e iy slize Sa N xle ol 51K s ol
Sl Al e o 5 Caaglde cilies sla S5 ol s
sk (Siws Golen 4 pslas pB) 5l alis 6l 5l U 5
o=l SIS A eslial (ool 4 laasl G b Sl aly
)l_::.}\)_sv_lx.évl_éjlﬁc\_?b 3, SNas Jals o b
8L (Gl ol 3 O il Bl 4 ol O35S
F. culmorum | 55 O f.tS S 85 53 Caslie xie

.> s F. pseudograminearum

S5 N D)
Cwdds oS il bl 51 4 F. culmorum ToB ok
Al 0 e 5 L3 ls 1y ool i s ool
B 4 S 53, bylse s F. pseudograminearum G)G
(\ JJJ&-) L ealeal (4._:'\47- Ve Lojw)

u_;\ BE oalail 20 (.\5 LSLQU'.'.Y 9 CL“‘%)‘ c.\f rlS,l
e Sligss 5 S 0) CIMMYT = OV eld G
Burbot-6 CUJ‘ o\M a oS J»._..:bj.z (rd 9 Q)S L;LLA.H

9 C —-AV=-\) 9 C-AV=-\A 6@0__;& 9 Sunco (Y-¢4

VA Widosl (¥ oyl AV o 1 aLE sla s lew 5 ST

O pon gl 48 A3l Cndls 5 (Sskem ol Sy
658 4 Coolantl gy jlats; 5 s Sty Golan &
L_3L e (pathogen species-specific) |35 Ly J—sle
.(Liu and Ogbonnaya 2015)

WW B ATVO sladle b duess 5 ) paie Ol 3
aibie 93 51y f,\_f PR Pe-Vsre AL JER P
slaas S 5 Bipolaris sorokiniana acuwi s Ol
5403 g ) o Slas 50 ol L5 o Fusarium Calise
Iy Joosd cp i Sl e 5 Olpaoy pB)) & s gad 55155
3 Sogaie) K313 0L s a5 bl pla 4
Ol UL 5 (52, ol Gladle 55 (VWAL Ly
S 1 p 333 5 06 p S b iy Y 5 05, Ve Caaslas
<> F. pseudograminearum s F. culmorum glaas ;S 4
oLl S 5 oS adlate 53 53 Gl 5 glasse Ll
b, i oY 5 e 51 BURBOT- 6 Y 5 )
oo s dbg g 5 ool Dl a1 C-87-18
.(Razavi et al., 2017) L5 gl e (}LE.A V_SJ Ol geas

aS 51y QLA QTL (gyls ,mallss 3 ol <=l>.n}\ Sldlae
ain; 5 absh Shws olen il p 55 0L e Cslis
(pathogen  species-specific) 135 las el S 4 olast
Ceslio p g3 8 408 Sl 3 &8 55 0K 5 5,10
e ol SLad S ple 4 and A4S e ol
el sl (Lietal. 2010, Ma et al. 2010) Syd e Cnslie
5 Olen Soadyy s b Sty lew xS
LSS ekl 5Ly Jlan 4 bl s Ll G55 53 g
Ol s OLalS 5 o)l Shisulem Jolse o Olojon
aidie ol 53 La 55 Sen i obsol 5 5,0 s
Cnslie e b (6505 sl 5 8L 4 e Ll e
s 53 Solaa ) Bl S0l Jl s a0l VL
3 OLLSen 5 Sy I (Liu et al. 2012a) 3545 lon
SAKa pl S 5 s Y Ve el Wl

S eibaiyy s adsh Su v olew au ly LS50S



S S 5 U a5 b sl Shm s olen 4 Comd oS il Glac 95 51 (5318 gl i 10 e 5 (g el (594 YSA

ssab ¢ Foculmorum slaaslie ) gl O senilow s b gl
s e 53l 03l OIS alds G e 4 e
a8 Laol Jlol O b Lus esls 13 slo K 5,
ol (5SS GBI (slas 55 55, G 35 e w35
sod ey Sl 3 IS TSl 5 e Lgd SIS L5 b
(Wallwork et al. 2004) L Jime 4 )50 4 CES Sy
(Inoculum) 4 lesl} 4

Lo (55 0l sl STl gy 5l S e
5 oded ciS (PDA) JLST =55 0S5 — s e S
S s b, cellY Ll s 5,V Sde
Y2 5 F.oculmorum (gl w gends 453 YO (slos 5 sl
L esls 1,3 F. pseudograminearum (gl sedos 4 55
b dyb 3 pdS L wlesly Wy shen S As, b
e A s 0T Lol O s 5 0l sl ST s
Slas edd esls I E (Sl glaans 55 (p 500 0) Lok
Glos 53 el YE alols 4 45 0 a5 3 9bens i b WO
O S OIS ol agds Y e 4 (e geedis a2 53 YY)
@j\@ﬁj\dﬂ&b&@@gdm&}j\
F. pseudograminearum «_|i>- = F culmorum a_fa>~
Sl sl (Saadl gbbans 51K a4 Sl b
5230 V) Sdety 5 Ll b glses SlS 5 ot o 05 i
S s by cele VY Ll s s YV 2 ) O C les
soba banS Gy T SIS Sl de B els I3 sl
Lol 5oy oS el 518 B Ll eals OIS &l 5,
s S Ol 0as St 51 0l 055508 b 35
o3litul 5550 ae 30 5 LIS SLilesT 3 5 el Sl
.(Erginbas-Orakci et al., 2016) b S 5l 3

S5 sl sl O gl o s 5 latnay
sdsl Cwsas F.culmorum asle 515 51 gl i Slas 50
Saie OF O a4 5 0l sy B b G 3 B b, ey
Lty O el o A 0303 OIS 155 4 5 8LS 05 e

r):wu@ca‘.))rpd\iyrli\‘ J.«.Lav;)l.;)la.kﬂ

% 3 C)’\_.p‘ QL&.:&A w;,d )\ S—/\i—\i gWS—/\O—\ .
(p3535 p425) Lis 5 S, oLl peiman 5 5 5 I8

k;uw\ cJ..ATY J}J}JJJYJ{";)-\-\

s Fusarium culmorum slaalo- lasein -\ Jgd>

Fusarium pseudograminearum

Table 1. Characteristics of Fusarium culmorum and
Fusarium pseudograminearum isolates.

F. culmorum F. pseudograminearum
Number of Province/Region ~ Number of  Province/Region
isolates isolates
S18 (1) Isfahan V5(1) Tehran/Varamin
14 Gorgan V7(4) Tehran/VVaramin
Al(1) Arak/Azarash G63 Golestan/Bandar Gaz
14(2) Qazvin L5 Lorestan/Boroojerd
VI(4) Tehran/Varamin A5 Azarbaijan Sharghi/
Marand
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Table 2. Characteristics of wheat lines/cultivars evaluated for resistance to Fusarium culmorum and Fusarium pseudograminearum.

Treatment no. Cultivar/Pedigree Sour.ce of
cultivar
C1 Mehrgan CIMMYT
c2 ROLFO7*2/PAURAQ CIMMYT
C3 CHIBA//PRLII/CM65531/3/MISR2*2/4/HUW234+LR34/PRINIA/PBW343*2/KUKUNA/3/ROLFO7 CIMMYT
Cc4 BABAX/LR42//BABAX/3/ER2000/5/ATTILA/4/WEAVER/TSC//WEAVER/6/KA/NAC//TRCH CIMMYT
C5 SOKOLL/WBLL1/4/D67.2/IPARANA 66.270//AE.SQUARROSA (320)/3/CUNNINGHAM CIMMYT
Cé KACHU/SAUAL/4/ATTILA*2/PBW65//PIHA/3/ATTILA/2*PASTOR CIMMYT
c7 ACHU/SAUAL/3/TRCH/SRTU//KACHU CIMMYT
c8 BAJ#1/KISKADEE#1 CIMMYT
C9 MUTUS*2/CHONTE CIMMYT
C10 Baj#1 CIMMYT
C11 FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//IKAUZ*2/5/KIRITATI CIMMYT
C12 WHEAR/VIVITSI//WHEAR/3/BECARD CIMMYT
C13 SUP152/FRNCLN CIMMYT
Cl4 ND643/2*WBLL1//VILLA JUAREZ F2009 CIMMYT
C15 QUAIU#1/BECARD CIMMYT
C16 KACHU//KIRITATI/2*TRCH CIMMYT
C17 FRNCLN/QUAIU//FRANCOLIN#1 CIMMYT
C18 FRANCOLIN#1*2/PRL CIMMYT
C19 WBLL4//0AX93.24.35/WBLL1/5/CROC_1/AE.SQUARROSA (205)//BORL95/3/PRL/ISARA/ITSI/VEE#5/4/FRET2 CIMMYT
C20 BAJ#1/8/NG8201/KAUZ/4/SHAT/IPRL/VEE#6/3/FASAN/S/MILAN/KAUZ/6/ACHYUTA/7/PBW343*2/KUKUNA CIMMYT
c21 PRL/2*PASTOR//WHEAR/SOKOLL CIMMYT
C22 KIRRITATI/2*PRL/2*PASTOR/3/CHONTE/5/PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI CIMMYT
Cc23 BAVIS/3/ATTILA/BAV92//PASTOR/5/CROC_1/AE.SQUARROSA(205)//BORLI5/3/PRL/ISARA/ITSI/VEE#5/4/FRET2 CIMMYT
C24 PBW65/2*PASTOR CIMMYT
C25 Sirvan CIMMYT
C26 BABAX/LR42//BABAX/3/BABAX/LR42//BABAX/4/T.DICOCCON P194625/AE.SQUARROSA CIMMYT
(372)//3*PASTOR/5/T.DICOCCON PI194625/AE.SQUARROSA (372)//3*PASTOR
c27 SOKOLL*2/ROLF07 CIMMYT
Cc28 SOKOLL/ROLF07 CIMMYT
C29 CUNNINGHAM/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ CIMMYT
C30 FDC36//ATTILA*2/PBW65 CIMMYT
Cc31 CNO79//PF70354/MUS/3/PASTOR/4/BAVI2/5/FRET2/KUKUNA//FRET2/6/MILAN/KAUZ//PRINIA/3/BAV9I2 CIMMYT
C32 SW89-5124*2/FASAN/3/ALTAR 84/AE.SQ//2*OPATA/4/ARREHANE CIMMYT
C33 GOUBARA-1/2*SOKOLL CIMMYT
C34 Gelibolu CIMMYT
C35 Prostor CIMMYT
C36 Yakar CIMMYT
C37 F06580G2-1 CIMMYT
C38 F06659G6-1 CIMMYT
C39 0OKO08413 CIMMYT
C40 Owl,85224*-3H-*0-HOH/7/T.SPH/2*H567.71//CMH77.93/3/2* CMH79.959/5/T.SPH /2*H567.71 CIMMYT
/ICMHT77.931/3/CMH79.959/4/CMH79.959/6/Gaspard

Cc41 KATE A-1 CIMMYT
C42 ALPU//VP5053 (WA#FM/201/23*2/GS50A) CIMMYT
C43 POLOVCHANKA/PEHLIVAN CIMMYT
C44 PYN/BAU/3/KAUZ/IKAUZ/STAR CIMMYT
C45 BACANORA /3/MASON/JGR//PECOS CIMMYT
C46 KAMBARA1/KALYOZ-17 CIMMYT
ca7 05899G01-2 CIMMYT
C48 Zrn/Shiroodi/6/Zrn/5/0mid/4/Bb/Kal//Ald/3/Y50E/Kal*3//Emu"s" CIMMYT
C49 KS2016/Lakin CIMMYT
C50 GA951079-3-5/Neuse CIMMYT
C51 GA951079-3-5/NC96BGTD3 CIMMYT
C52 McCormick/Trego CIMMYT
C53 AWD99*5725/FL9547 CIMMYT
C54 VA01W-205/TX99D4628 CIMMYT
C55 NE06545 CIMMYT
C56 4WON-IR-257/5/YMH/HYS//HYS/ITUR3055/3/DGA/4/VPM/MOS CIMMYT
C57 Altay CIMMYT
C58 Burbot-6 CIMMYT
C59 2-49 CIMMYT
C60 Sunco CIMMYT
cé1 C-87-18 SPII
C62 C-87-11 SPII
C63 WS-85-10 SPII
Ccé4 S-84-14 SPII
C65 Behrang SPII
C66 Dena SPII
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Table 3. Comparison of disease severity index means of different wheat cultivars/lines inoculated with mixture of five Fusarium culmorum

isolates based on LSD test at 5% probability level in greenhouse.

Treatment Mean of disease Treatment Mean of disease Treatment Mean of disease
no. severity index (%) no. severity index (%) no. severity index (%)
C66 a* 74.85 C15 d-i 44 C51 n-t 25.71
C65 a73.71 C8 d-i 42.85 C58 n-t 25.14
C20 b 58.28 C12 e-i 42.28 C56 n-t 25.14
Cc7 b 57.14 C1 f-i 42.28 C60 24.57 n-u
ca1 bc 56 C30 g-i 41.14 C44 n-u 24.57
C13 b-d 53.14 Cc2 g-i 41.14 C46 n-u 24
C19 b-e 52.57 C18 g-i 41.14 C55 24 n-u
C10 b-f 52.57 C3 g-i 41.14 C53 24 n-u
Cc6 b-f 50 C23 g-k 40.57 C39 n-u 23.42
C4 b-g 50.28 C16 j-k 39.42 C50 22.85n-u
C33 b-g 50.28 C17 h-137.14 C45 22.85 n-u
Cs51 b-g 49.71 Cl1 i-m 34.85 C54 22.28 0-v
c31 b-g 49.71 C5 i-m 34.28 C35 22.28 0-v
C32 b-g 49.14 C34 j-n 30.85 C38 22.28 0-v
C25 b-g 48.57 C29 k-0 30.28 ca7 21.14qg-v
c27 b-g 48 Ccé4 |-p 30.28 C43 20.57 g-v
Cl4 c-h 46.28 C49 l-q 28.57 C57 20.57 r-v
C24 c-h 45.71 C36 m-r 28 C40 20.57 s-v
Cc28 c-h 45.71 C63 m-s 27.42 C52 20 s-v
c22 c-h 45.14 C52 m-s 26.85 cé61l 19.42 t-v
C26 ch 45.14 C59 m-s 26.85 C62 17.71uVv
C9 d-i 44.57 C41 m-t 26.28 C37 v 16

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

Treatment Mean of disease Treatment Mean of disease Treatment Mean of disease
no. severity index (%) no. severity index (%) no. severity index (%)
C65 74.28a* C20 41.41 d-k Cce63 28 n-u
C66 7257 a Cl4 40.57 d-1 C35 26.28 0-v
C15 54.28 b C29 40.57 d-1 C64 25.71 0-v
c7 53.14 bc C19 40d-m C55 25.14 p-v
C32 50.28 b-d C18 40d-m Cs1 24.57 g-v
C25 49.14 b-e C33 40 d-m Cc41 24,57 r-v
C1 48.57 b-e C31 39.42 e-m C53 23.42 s-v
C3 48.57 b-e C5 39.42 e-m Cc37 23.42 s-v
C28 48 b-e Cl11 38.28 e-m C38 23.42 s-v
Cc8 47.42 b-f c21 36.57 f-n C59 22.85 s-v
C16 47.42 b-f C26 36.57 f-n C47 22.85 s-v
C12 46.85 b-g C57 34.85 h-o C42 22.85 s-v
c17 46.28 b-g C30 34.28 i-p C46 22.85s-v
C22 45.71 b-g Cc23 33.71i-q C43 22.28 t-v
C10 44,57 b-h ca7 33.14j-r C50 22.28t-v
C13 44.57 b-h C48 33.14 j-r C52 22.28 t-v
C60 44 b-i C56 33.14 j-r C40 22.28 t-v
Cc9 43.42 b-i C44 32.57 k-s C54 21.14 u-v
C6 42.85 b-j C49 31.42 It C45 21.14 u-v
c2 41.71 d-k C36 30.85 I-t C58 20.57 u-v
C24 41.14 d-k C34 30.28 m-t Ccé61 18.85 vw
C4 41.14 d-k C39 28.57 n-u C62 13.71w

*There is no significant difference between means having the same letters
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Table 5. Comparison of disease severity index means of different wheat cultivars/lines inoculated with mixed of five
Fusarium pseudograminearum and Fusarium culmorum isolates based on LSD test at 5% probability level in greenhouse.

Treatment Mean of disease Treatment Mean of disease Treatment Mean of disease
no. severity index (%) no. severity index (%) no. severity index (%)
C65 78.28 a* C5 52 f-n C57 42.28 m-u
C66 75.42 ab c27 51.42 f-n C49 42.28 m-u
C7 67.42 bc C12 51.42 f-n C51 41.71 n-v
C15 66.85 bc C2 50.85 f-n C45 40 o-w
C60 65.71 b-d C33 50.85 f-n C47 40 o-w
C10 65.14 b-d c21 50.85 f-n C59 38.28 p-x
c31 64.57 c-e C1l 50.85 f-n C50 38.28 p-x
C16 61.14 c-f Cl4 50.85 f-n C41 38.28 p-x
c24 58.85 c-g C32 49.71 g-o0 C40 36.57 g-x
C18 58.85 c-g C17 49.14 g-o0 C36 36 r-y
C19 58.28 c-h Cc9 49.14 g-o0 Cc61 35.42 s-y
C25 58.28 c-h c23 48.57 g-p Cc37 34.85 s-y
C20 57.71¢c-h C63 48.57 g-p C43 33.71t-z
Cc8 57.14 c-i C44 48.57 g-p C54 33.71t-z
C55 57.14 c-i Cé4 48 h-p C38 32.57 u-z
C4 56 d-j Cl1 46.85i-q C34 3142 v-z
C26 55.42 d-k C51 46.85i-q C35 29.71 w-z
Cc28 55.28 e-l C6 46.28 j-r C53 29.14 x-z
C13 52.57 f-m C56 45.14 k-s C52 29.14 x-z
C29 52.57 f-m C30 45.14 k-s C42 28 x-z
C22 52 f-n C39 44 1t C58 25.71y-z
C3 52 f-n C46 43.42 m-t C62 24z

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

Treatment Mean of disease Treatment Mean of disease Treatment Mean of disease
no. severity index (%) no. severity index (%) no. severity index (%)

C9 62.002 a* C38 53.18 b-n C64 50.04 d-n
C66 61.43 ab C54 53.06 b-n C42 49.70 e-n
C24 60.39 a-c C3 53.01 b-n C58 49.63 e-n
C2 58.14 a-d Cc22 52.87 c-n C48 49.60 e-n
C12 57.73 a-e C17 52.85 c-n C33 49.59 e-n
ca1 57.73 a-e C20 52.83 c-n Cl11 49.09 f-n
Cl4 57.21 a-f C1 52.82 ¢c-n C29 48.97 f-n
C15 56.97 a-g C40 52.58 c-n C31 48.89 f-n
C65 56.44 a-h C30 52.11¢c-n C36 48.85 f-n
Cc23 55.28 a-i C5 51.62 d-n C60 48.62 g-n
C6 55.24 a-i C34 51.54 d-n C28 48.16 h-n
C25 55.06 a-j C53 51.02 d-n C46 47.72 i-n
C63 54.89 a-k C26 50.81 d-n C16 47.67 i-n
C32 54.65 a-| C13 50.67 d-n C35 47.45i-n
C57 54.62 a-| C56 50.66 d-n C44 47.07 j-n
c27 54.40 a-| c7 50.65 d-n C47 46.92 j-n
C18 54.28 a-m C43 50.59 d-n C51 46.62 j-n
C45 54.02 a-m C19 50.58 d-n C52 46.52 k-n
C37 53.89 a-n C39 50.54 d-n C49 46.32 i-n
C55 53.68 a-n C10 50.53 d-n Cc61 45.89 m-0
C8 53.56 b-n Cc4 50.13 d-n C50 45.54 no
C41 53.42 b-n C59 50.08 d-n C62 37.64 0

*There is no significant difference between means having the same letters
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Table 7. Comparison of yield means of different wheat cultivars/lines inoculated with mixture of five Fusarium culmorum isolates based on LSD test
at 5% probability level at Karaj station.

Treatment Mean of Yield Treatment Mean of Yield Treatment Mean of Yield
no. (@ no. (9 no. (@)

C36 686.67a* c27 515.50e-m C52 442.33j-t
C48 671.88ab c21 514.75e-m C30 440.00k-t
C55 661.92a-c C19 511.75e-n C5 439.50k-t
C62 661.81a-c Cc31 505.00f-0 C39 438.75k-t
C32 630.00a-d C53 502.75f-p C20 431.00I-t
C26 596.00b-e Cé4 501.50f-p c22 430.751-t
C58 595.88b-e ce61 500.50f-p C15 425.75m-u
Cs51 588.50b-f C50 499.50f-p c2 423.00n-u
C29 584.50b-g Cc9 498.25g-p C1 420.750-u
C54 578.00c-g C40 486.67h-q C3 419.250-u
C47 572.00c-h C41 476.50i-r C12 417.500-u
C63 568.50d-h C4 467.75i-s C33 416.500-u
C10 536.00e-i C23 466.75i-s C59 415.00p-u
C60 535.33e-i Cc17 465.75i-s C49 413.13p-u
c28 532.13e-j c7 459.75i-s C37 406.679-u
C42 531.67e-j C35 455.67i-s C6 398.250-u
C46 524.50e-k Cl4 455.67i-s C66 395.25r-u
C45 523.44e-k C57 454.50i-s c11 388.25r-u
C38 520.50e-1 C24 449.50i-s C13 384.75s-v
C56 517.63e-I C16 449.13i-s C18 356.63t-v
C34 516.75e-I C43 444.75j-t C44 339.50u-v
C25 515.50e-m C8 443.25j-t C65 295.75v

*There is no significant difference between means having the same letters
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adsb Sihws 4 Coglis L gbe sl sl edly
5 Lnemd 55 5l 3l shtad 5 48 ol ol )
Lol b mls s LI 45,8 e Ul bl
s Jlaxl Jds il Slsas 3 g ge v sla B
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