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Study on the variability for virulence in Blumeria graminis f. sp. tritici

cause of wheat powdery mildew using trap nursery in Iran
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Abstract

Wheat powdery mildew caused by Blumeria graminis f.sp. tritici is one of the most
common diseases in cool and humid regions. Awareness of fungal variability is necessary to
manage disease specially due to using new lines and cultivars. This study was conducted to
detect virulence factors of Blumeria graminis f.sp. tritici using trap nurseries in natural
conditions in Gorgan, Mazandaran, Moghan and Varamin regions during 2005-2007. The
experiments were carried out using 17 near isogenic lines/cultivars carrying Pm resistance
genes received from Germany. The experiments were based on RCBD with three replications
in each region. The reaction of the cultivars to B. graminis f.sp. tritici were recorded at
booting stage and two weeks later based on scale 0-9. The results of three years study showed
that cultivars MARIS HUNTSMAN (Pm2+6), APOLLO (Pm2+4b+8) and RALLE (Pm3d)
were highly resistant in all regions and cultivars RONSO(Pm4b), REKTOR(PmS5) and NK-
747 (Pm6) were relatively resistant. These cultivars have potential to be incorporated into
high yielding commercial wheat cultivars in Iran.

Key words: Virulence factors, Powdery mildew, wheat, trap nursery.

aA



WAL 5,68 ) oyled VA Wi 1 alS slagslew 5 BT

dedle

5 Lo 35 32 Blumeria graminis f.sp. tritici g )5 L 55 pAS plans Sdidon (5 ko
Aoys ) B0 s Ciliin slay 538 53 (Sobens ol bt Oljs 3l il L2
WWEY Jlo s lal Ol ) s r.);f e Sdio (Vechet, 2006) das o (2alS | J suame
e slasslen 5l SOl 3 olew opl (Behdad, 1980) L3 S 5018 (g e s Ja s
35 s 1B ol (e okl o35 4 528 Ghle 5l dn 53 5 035 pdS
[ PHEEH PUNE S OF 3l Jol ol e 3433 55b 0 s 55l o0
O35 s3latl b oman 5 0T (2508 5 o3 Jamen p shladl I s 4 obars
SLaiss 5o o=l 5l s st 4o B (Sos,2 2050 03 s a s el 2 ol 5,8
ot Lol 3l e OF (sl lis 0 3S0Lr pslie pB) S5l ool o s K03 nlin
203 Jle L i oben lay sl &8s colid b Tl el (B G
polie SLa0j adlis o 55 52 se Sislen SO 4 a5 b e 5 2500 Jol adlais
W35 IS e kS Mol slaaal 53 1 adlate OF b oslize Sids 4

bl o3 C.J;f ke Sade glacases s aallles L Svec and Miklovicova (1998)
Aodes b al3soben 5 5 250 cpl slacamas Cilises Gblu s 48 disls 0L (555
Ol iy 53 OF (e a8 5 2 ) 53 Pmdb 05 S5 alioben Olpe a3k 5 )l 63
Lol o3 ol Jls s S W0 5l oS 5 L 05 48 dsls LS waman WOT .5 S odalis
53 il o Pm2+MId, PmI+2+9, Pm3 Jald e J 55 1) Sddon s sl il 55 o
33 CJ‘_K bk Shin pliobes e, 5SB w5 L Leath and Murphy (1985) el
S =i sl sS b 7508l ez a8 00 0L Jled gl )8 bl
5 Pml Pm2 Pm(2+) P3a P3b P3c Pmd Pm6 Pm7 a5 [tlesl 5,50 Conglin a0
g 7aS L Pml 5 P3b Pmd Pm7 Pm8 e slie 05 S5, 213 bes Lol 35 P8
e YL Pm8 s Pm7 sLal3 S5 p 3 el 3 0l plowil Gla ) 2
Olje (2 2eS Pm3c+Pm5 5 Pm2+Pm6 5 oS 5 s, 545 Jb= 55 s S edaline

4S 5505 il 38 Costamilan J—=J . 3 (Persaud and Lipps, 1995) J—% s s> 2155,k

a4



... Blumeria graminis . sp. tritici GJ\S 5 ehslen L, sSU ) 10,80 5 592,

3l 3525 0550 ol 53 Pmda 5 Pm8 Lald So5  (—30bn (e
33 Pm2+6 Caglis slad sl rLB)\ « > Vechet Slislesl s (Costamilan, 2005)
ol 4 Aas e OLES ol 5 sl OLES s Caaslie 355 31 S slew Jole ol5solen ol
3l 5 S ol 5 Silen glacmer e 53 s LS S (S5 oSS
oLz Parks er al. (2008) 55 LSS el 3 4 S &) oo Sl oy 51 5 .(Vechet, 2006)
Lo, 80 5l NG Ol & Pm7 5 PmSa Pm3c Pm3a s\ads Sy » sl36sle 45 Ll
o3 Vo ) 2aS Pm25 5 PmI7 Pmi6 Pmla sWO5 S5y a5 = 55 s S edalie
Lol 6o =1 =lisobes o miey Salari er al. (2003) 35 Ol 53 A5 S edaline
Pm3c sLads s, » Ol 3 Badali (2001) (Ol adleis ;3 Pm8 3 Pm2, Pm5 s slis
S = e 5 0ldke (ke S 3bla s Karimi Jashni ef al. (2006) s PmS 5 Pm4a
L sbloe 3 aS cilyn 018 o clbus 55 ol b .les g0 550158 PmS 5 Pm3 W03
303 5m Dslite (Laslie Lol 51 G 2 S 2lilen Olpee il gla 508
G35 (AT pl by A3l e s Jb U3 bl cnl 51K 58 55 2506 Comer 35 o)l pen
el sl Ol Sl 5 2B Comax 3 alisoben SLA0S 3525 pde b 3z
23 llen Cands oS el o3 5 b e Ade 2Bl 55 e A0S L e 8 05
o3 lalSal; Olym b 3 8 asia 55 0les Jsb s O Sl 5 250 b Comer
Ol Sl i Do ged el g adllae ol 5l s Sls oo 4 Bl ol glaasl o5 1,

el 03 55 e

g3 JE XS
islmpls e LT s 51 8Ly ys p S 3181 05, WV st s ol
Chul/8*CC  (Pm3b) Asosan/8*CC (Pm3a) Galahad (Pm2) Axminster/8*CC (Pml)
Rektor (Pm5) Ronso (Pm4b) Khapli/8*CC (Pm4a) Ralle (Pm3d) Sonora/8*CC (Pm3c)
Maris Huntsman (Amigo (PmlI7) Disponent (PmS8) Transfed (Pm7) NK-747 (Pm6)

s Cerco (wlos) J xS V—;J s Normandi (PmI+2+9) Apollo (Pm2+4b+8) (Pm2+6)



WAL 5,68 ) oyled VA Wi 1 alS slagslew 5 BT

(ol WS S ble 53 anb Lol 8 G VWAD 5 \YWAY OYAY cladle 55 5ol Jead
Lo bl o858 ok e b LSS Ssy o3 o8 5 3 S IS alys 5 Olse
DS 03 5 LS5 a3 o5, e cadlate 55 05 5 L (olen are s 6l e S
A s e Bl T Soes 5l ety dhools s SoiS 2e V/0 ob L anty 3 (655 02
s cls Y ol 0B LS glacs) el s ;;}ijjg,.«;-,\.; as S
o oSS g 3l eslinad L OT 51w atda 53 5 o 55 b 1o 53 53 ps1 Jand S
oS b s L 8 (gols o oilsl Eyal er al. (1987) s Tk Sl 5 ol
Yl aad =7 50 pslhe aas =¥ sl =Y B ((So 05l gsle =0 ) -4 ulda
SLas Sl oS plaze pl3)l aall oo bl (plom =9 5 ol = A

i plabid adlate a3 el Sde & Caslie la05 555 2ligoles

Com g o
5 Saslie 15 Olgie a0 alde 88 5o b (So T gla STy @ s L
o el G 2 B lolen 5 Cond s (ol 2SIy Ole 4 F -4l
El s S bl (Ghle 51 G e s 20 Camexr 5o b al5solen las5SG
MARIS HUNTSMAN (REKTOR(PmS) pL5 | 45 sls 0L \WAY-AY L sloa )
RALLE (Pm3d) s APOLLO (Pm2+4b+8) RONSO(DH)(Pm4b) NK-747(Pm6) (Pm2+6)
A0 b Sl o) 2 gl s s pslie pmslys 5 Olie OB S ) 0 5550 adlaie an a2
APOLLO(Pm2+4b+8) MARIS HUNTSMAN(Pm2+6) rl_"e)\ S sls QLS \YAY
S 5 Koy pslie Olie 5 5ol OB S dilaws 4w a3 NK-747(Pm6) s RALLE(Pm3d)
Ronso(Pm4b) Maris Huntsman(Pm2+6) fk_éj\ oS sl QLA YYAL-YYAZ UL sla ) 2
3,50 aaleis du A )3 RALLE (Pm3d) 3 Apollo (Pm2+4b+8) (Amigo(Pmi7) Rector(Pm35)
48 313 OLE gyt Il o gl S 5k i3 pslie Ol 5 ()l O S ol s
R Bl B (655 s 2 205 sbls 3 B. graminis f. sp. tritici glal oo
eLil (s bl 3l pldSma 53 Ll tils 5 sban Ladl coaglio sLads s

Vo



... Blumeria graminis . sp. tritici GJ\S 5 ehslen L, sSU ) 10,80 5 592,

u—l‘)\.;)L“f. MARIS HUNTSMAN (Pm2+6) s APOLLO (Pm2+4b+8) RALLE (Pm3d)
5INK-747 (Pm6) 5 REKTOR(PmS) RONSO(Pmb) o3| (oo Ay S5 e dali s
b (Fried and Streckeisen, 1987) s sor podizes L350 15,555 5 055 s Coalin
o (o 3t 5> 45 Al OLES VAAOYAAY ladlw b s 555 sla o
[ @kj LS axdls (g xS 2lisoles Pmdb 5 Pm2 a5 (5,5 B. graminis
Sdiw glac ez 53 aadllo L 55 Svec and Miklovicova (1998) 5,05 cislas (g3 54>
2 ol dls 3 4SS 05 5l S 5 L 0 45 disls 0L (658 50 slisol 5o S b
Pmi+2+9 5 Pm3 Pm2+Mld  Jols 0ol J xS 1) Sddw o 5 sday 5165 e L)
313 G s ol 3 Jeol sl L gl ol it o
Pm2+6 lad5 5 Pm2+4b+8 s3I S 5 sy 2lioben (p S Goios ol s
@l_:.? L o3> L5 aS us S edali s PmS 5 Pm6 Pmdb p—omon 5 Pm3d Pm8
=oben gla,sSB ) s UL el 5l cilas lﬁi/J > Leath and Murphy (1985)
Ll 2o ol e S sl Ol Jled Ll )8 Ll s puiS s Siie
P3c Pmd Pm6 Pm7 Pm8 Lo ialesl 3550 Cunslio G0 G5, 2lislan o, sSB
Pm8 « Pml aglia a5 S35 ml3Sslon bl 035 Pml 5 Pm2 Pm(2+) P3a P3b
Ll s 5450 Slallles s 50 Halina and Krzysztof (2005) .5 4 xS ;LL..,..; P3b s Pm4b Pm7
L 4 sls 0L G slin 355 51 Pm3ddb 55 oS 5 5 PmS 5 Pmdb Pm3d s\a0)} <
Slaimar Lls QLS a8 (655 16 sLssl > Svec and Miklovicova (1998) (sl oo @Lﬁ
e oAV 5 20 G0 Seen L il Gblis 3 lissben 55 51 26 o
Ol s S sdalis Ol by 53 O (28 5 i 51 3 Pmdb 05 55 al3ssbe
SV sb estiad LI0G Ylast Ul s Pmdb 05 s alissbom 0350 YU 3,106 Cdllas
05 ol Caslie S slan sl jLis LW oS sl Pmdb s slis 05 (55l Plsl 5l e
B. graminis 136 e o, 556w, L Imani e al. (2002) .ol ol a3 Lyl s
Pmda Pm5 Pm7 w05 S35 olisslen ol 3 aS s sad (1S [iS1 e afsp. tritici

Slals oy 5 mwsio PmI7 5 Pm2 la 05 (S5 5 035 G jiis Pml 5 Pm3c Pm3f

VoY



WAL 5,68 ) oyled VA Wi 1 alS slagslew 5 BT

Sy i lan Sl b 5 sl oy 3 54 j5eS Pm3a s Pm3b Pm3d Pmdb
Sl s O Ll B b e sk 45 55 S Pmdb 5 Pm3d Slal)
s oo s o3 3L Olbae 53 2B al3oben 45 das o0 DL o) 5l
sdoas Ol Wl e oS iy sy ilie Gladd Ll 5 e 2 3550 a0
35 edpad Sl g b e il o I3 Dllee 5 A3l 5 olen Jale 206 53 ¢ 55
5 Solagt anyi dolecs Jail 5 03 el 3 bl Yz o (Karimi Jashni et al., 2006)
OlalS Gblie 34 § s A3 Oladllas 53 A3b o eslinul 5 40 rLE)\ ERCOV
Badali, 2001; ) VYAY JL. L \YVA sladla b s lal 5o by 5 Jusol colhaisle
Karimi Jashni et al., 2005; Karimi Jashni et al., 2006; Razavi et al., 2005; Razavi et al., 2006;
5 PmS Pm3d Pm3b Cuns\ie S0} S35, 4S Cuwsl 0dos S 2zl (Monazah et al., 2008
Pl a5 2liolen oS 58 s B b 315 Sl axdls 355 (93L5 23l PO
adlee 53wy cpl 53 .ol 03 g Pm244+8 5 Pmdb Pmi+2+9 Cuslio slads g5l
03 3 Pmda s Pm7 Pm8 Pml Pm2 Pm3c Cwslis ol s, 215l i Olas
Pm2 Pm7 SLal5 S35 Olydsle 53 s Pm7 5 Pm3c Pm3b Pml Sals Ssy iyl
Pm2 Pml Pm8 Pm5 Pmda Pm3c sudj <) Qlfjf ailw 35 9 Pml7 5 Pm3c Pm3a
Oyl 55 G odd S5 Olalllas 4 gazes L anlllas ] W awle b sy Pm3b 5 Pm3a
Jelse S5l St i I 55 o)l gen g be el G)B slaalds oS s S r)l:u
(o S15 ol pLl DS bl 53 il po ealinad 3550 ool SNl 5o S5
53 0be 5 BT s Bl 5 ol gladla 3 5 BB 5 (539 Cudida Se sl
Pm8 O3 g\ 555 0 md 53 syl 5 o S15 pB 1l 15 ealinad 5550 mey pelas
Pm8 Pmi16 Pml7 Pmi8 Pmi19 Pm2l Pm24 Pm23 Pm22 gladi slyls Lo (._5) K}
Shls LaSls Ll S 55 0LuS ke s Ll o Pml 5 Pm2 Pm3 Pmd PmS Pm6
.J.}.\J,fda &S Pml s Pm2 Pm3a Pm3b Pm3c Pm3d Pmda Pm4b Pm5 Pmb6 sl
b U ol 51l e ol ol & Conlie 0 55 8 Wb 54 0t s Olie o5,
=il @laosSU gl 25 Glaglin 528 oS du oo ki oG pl o 2t



... Blumeria graminis . sp. tritici GJ\S 3 2lissben oy sSU w0 K6 5 500,

ISa o LiS mhan U LU 3 5 038l ST Ol 55,0 a5 5 Cunslie 05 L Lo e
S50 3 Ceslie gladss s ple L oagmg 390 5 Ol Lei Coulon gy rljjl o
cadlaie 3> S 5 Sl St o LT 63 pd (Sdda S wile SIS 3550 0
bl 53 B8 ol pB)) Clom b Caglie S 5l G3s il 5y oo e
Pm24 Jsle Ll s sl 313l PUl (6 0358 SL 3 iz 5 2S5 0
Ssden |y o gt 53 i Eomy OSGl PmI6 5 PmI8 Pml9 Pm21 Pm22 Pm23
Wi e a5 e e B 0K Sl gl s asllas l s 4 a5 b sl e
L Ll 33,8 0 OUT 53 (6 28 (oMb 5 plss omgo Bl L3 (55 slacaS 5 5l eslizu
Pmi+2+9 55 oS 5 (S5l Normandi 35§35 » oo 23Sl QA5 sdalin & x5
=5 sl 5 sl eslizad U 53 8 e slgnin 550l 515500 eslized Lol 51 bla>l b AL
3 o Smaslie (g1l rl_i)l L BN s Pmdb O yoomen 5 Pm2+6 5 Pm2+4b+8 5 4o
e pslie a5 il adls Vb Jgame A 55 ol o8 45 3500 W5 SUS1 e e
o Seaslie hls pBl Sl 4 d el 25V e 5 LSl s Sids (55les
Sl ge A0y e sla B9, sl ol e 4 (non race specific resistance) 515 4y 4l

.*J)}T V.A‘JJ b LAQY rl}.}

c\.’.a
BADALI K. H. 2001. Physiologic races and virulence factors of wheat powdery mildew in
northwestern provinces of Iran . MSc. Thesis. Islamic Azad University, Science and
Research Branch. 110pp.
BEHDAD, A. 1980. Field crop disease of Iran. Esfahan, Neshat. 424pp.
COSTAMILAN, L. M. 2005. Variability of the wheat powdery mildew pathogen Blumeria

(ALS Glagbon Slidd i (o o S pain pelige 5 S deme S5 0B, Sl ¥
55 e c0lins Aedame odige 01l VATA0 01 AXOF iy (s 5528 S 5alS Sl av o
SsliS Sliadss 35 e (s stn o jio edigs (0l ‘Qwoblﬂkdu)djuwo@@

Ol D3 Ol b sl 5 (655558 Sligiod 35 0 06l e orbigs (0] ((Ol) L) Ol

Yol



WAL 5,68 ) oyled VA Wi 1 alS slagslew 5 BT

graminis f.sp. tritici in the 2003 crop season. Fitopatologia Brasileira 30:420-422.

FRIED, P. M. and P. STRECKEISEN, 1987. Virulence analysis of powdery mildew of wheat
collected from different cultivars in Switzerland, 1980-1985. In: Integrated control of
mildews monitoring the pathogen, eds., Wolfe, M.S., Limpert, E. Martinus, Nijhof
Publisher, Dordvecht, the Netherlands.

HALINA, W. and K. KRZYSZTOF, 2005. Resistance of cultivars and breeding lines of
spring wheat to Fusarium culmorum and powdery mildew. J. Appl. Genet 46: 35-40.

IMANIL Y., A. OSUASSOU and C. A. GRIFFY, 2002. Virulence of Blumeria graminis f. sp.
tritici population in Morocco. Plant Dis. 86: 383-388.

KARIMI JASHNI, M., M. TORABI, A. RUSTAEE, H. R. ETEBARIAN, M. OKHOVAT,
M. RAZAVI and F. YAZDANPANAH, 2005. Evaluation of resistance of some wheat
commercial cultivars and advanced lines to pathotypes of Blumeria graminis (Dc. Ex
Mert) Speer f.sp. tritici, in greenhouse. Seed and Plant 21: 411- 423.

KARIMI JASHNI, M., M. TORABI, A. RUSTAEE, H. R. ETEBARIAN, M. OKHOVAT,
and F. YAZDANPANAH, 2006. Pathotypes of Blumeria graminis f.sp. tritici, the
causal agent of powdery mildew from some regions of Iran. Seed and Plant 22: 257-
271.

LEATH, S. and J. P. MURPHY, 1985. Virulence genes of the wheat powdery mildew fungus
Erysiphe graminis f. sp. tritici, in North Carolina. Plant Dis. 69: 905.

MONAZAH, M., M. TORABI, S. REZAEI and M. RAZAVI, 2008. Pathotypes of Blumeria
graminis f.sp. tritici, the causal agent of wheat powdery mildew from some regions of
Iran. Seed and plant 24: 161-176.

PARKS, R., I. CARBONE and J. P. MURPHY, 2008. Virulence structure of the eastern U.S.
wheat powdery mildew population. Plant dis. 92:1074-1082.

PERSAUD, R. R. and P. E. LIPPS, 1995. Virulence genes and avirulence gene frequencies of
Blumeria graminis f. sp. tritici in Ohio. Plant Dis. 79:494-499.

RAZAVI, M., M. TORABI, M. KARIMI JASHNI and H. KAZEMI, 2005. Pathogenic
diversity among isolates of Blumeria graminis f. sp. tritici from wheat in Iran.
Phytopathology 95:S87 (abstract).

RAZAVI, M., M. TORABI, M. KARIMI JASHNI and H. KAZEMI, 2006. Virulence
variability among isolates of Blumeria graminis f. sp. tritici from wheat in Iran.

Phytopathology 96:S96 (abstract).



... Blumeria graminis . sp. tritici GJ\S 3 2lissben oy sSU w0 K6 5 500,

SALARI, M., M. OKHOVAT, A. SHARIFI TEHRANI, GH. HEJAROUD, L. ZAD and M.
MOHAMADI, 2003. Physiological race identification of Blumeria graminis f.sp. tritici
in Sistan and an investigation on resistance of some wheat cultivars to powdery mildew
pathogen. Iranian Journal of Agricultural Sciences 34: 353-366.

SVEC, M. and M. MIKLOVICOVA, 1998. Structure of populations of wheat powdery
mildew (Erysiphe graminis f. sp. tritici Marchal) in central Europe in 1993-1996: I.
Dynamics of virulence. Eur. J. Plant Pathol. 104: 537-544.

VECHET, L. 2006. Reaction of winter wheat cultivars and breeding lines to Blumeria

graminis f.sp. tritici. Plant Protect. Sci., 42: 15-20.

Address of the authors: Dr. M. RAZAVI and Eng. M. KARIMI JASHNI, Department
of Plant Pathology, Iranian Research Institute of Plant Protection, P. O. Box 1454, Tehran
19395, Iran; Eng. M. A. DEHGAN, Agricultural and Natural Resources Research Center of
Golestan, Iran; Eng.S. A. SAFAVI, Agricultural and Natural Resources Research Center of
Ardabil (Mogan), Iran; Eng. H. BARARI, Agricultural and Natural Resources Research

Center of Mazandaran, Iran.

AEN



