[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

et el e
\foe bL"«.vJ.U Y GJLQ.M:" N 09
b= ISSN 2717-0632 (55 2SIV ISSN 2716-9804

L;':Ji"u 6\#:,;.&‘)‘3 L;j\g.:) cuu;SG)léqujLE.o

@20,1001.1.27170632,1400.14.2.5.4

Y oo #\ . I .

ual:-rL.A ) sl.;d.d:- AT
Qnﬁu@s‘émusd;}fu@);@u@gu;ukﬁﬁggu&;w,‘-w

R ‘C;‘w”u;s\,:;g}@};@u:z,; Olosle Jlg 5 50 a8 5 Cd Sl as ga =Y

khelghati50@gmail.com
VY a0/ u:vﬁ.l.g @)U AAK '/'Y/'f ICJL&)J @)U

YO-F+ amiv

ol

- k4

A5 ALS 5 S e 51y (63oslES SV pame w0 3b ol WU (0 a5 2B slagles

5 0Le3 3l 428 o I 0Ll L iS5l eslil 05y ey o shae 55 J guamms LalLlS 5 sl
o e st Seaslie Sy ke S e Do il (SEIB S S re 5 5 gl &S ol ol b e
s s L 2858wy sl 5 o o350l S o g ) OLS 5 ol oD Sats la 2576
LS e fas o1l b la iS50 51 ools e OLadl bl 5 oo 5 sla 1SS Jse 0T 51 ege
Sl O 5 Gl gLy il 3 gdme ey Sslite Jas 05 L (IS 26 slaes S ol 5 s xS
L;LAGJG Slatamer 53 Coglio 4 e d g “l,\» ol woslite fes ¢5 L @L"J:SGJG 4 o
o eslis 53 5l S sl g s s slas paly (SIS 5 Cslie i Gla sl cx b S ley

el e 513 53 Lag sl pl g3kl 5 L Cu pde I Sl Ay LAU:SGJG

'LJ’.:‘SGJG J.«.:« alfil:- ‘U’.”“SGJB 4 Caeglie ()18 v.:al.gf Lgl.ajf)l.“ﬁ :6lS glasily

fo


http://dorl.net/dor/20.1001.1.27170632.1400.14.2.5.4
https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"\\‘~~ bb,w,:u A aJw NY [PEL) ‘;;:'w-,’,). d‘“‘.’.‘ d’.u"

St 5 TS e (g 5eS plael Dl
33 =l gladla s a0l ad g 5 azsls oLl
et SLS 5]y ol s el
P RV P RNUPL ARG e SOt BTSSR N1
ol oz i SO s ASEB S
L R B
S e Sun bpss anes G ASE6 5,5 5o
L s sl ST Jl= R ey S
S e 4 Jol e gl AS 6
el 5L s oL i s Slejen b
Sl Mo Lag B S caddk
LSSty 5 Ol el a5 ol S s 6y
Bl s iS5 g s Jlasl bliaas
b A e s 5 Sl G
Sl aaslis 55,0 5 Soben » S0
JLSs 4 .(Brent and Hollomon, 2007) das e
Soan S Loyl Sl o 0 o5l
IS L s gbalir s s 5o IS 2,0
Sl eslis gbaaglizr Lal a5l dlan
S LSS 5l ol bl L il s
3 pslle Comar axn g 5 LSS 4 Ol Jsb o
Ao Ceeslae dalndl o as )50 55 Cwslas S5
S Sl Ol o s ot s AS LS

\d4

Ao

Rl oL e s 0 el
Laol L esoloe a8 den aLS slas by
Soles gouslas slasl 4 Ys b sde UL
HL T Jle 5 L 5 ¢l 355l 30
Lo ASzuB 2 sl DY 5,0k VY/FY
51 (Garside. 2019) c—wl o5 a_5a
o Pl S W, s L b S
SN L gl a5 oS5 3 IS
sy Oluled 58 (3T b 55 5,503

.(Thind. 2012)
J—lse e SLa 2S5 B a cnylin
S o IS 35 s Laof =8 Sl
3ol s Laolen J 8 5 o e o
A e 252 B Lanl (5,5liS OV pan
Gl aws 33 53 pladsm 3l S-S
S STl L 2S el p S td LS
Y Sy P O - W PP
L Lad;:s@u o .(multiple sites) . ,1s
S pSdes 5 il 250 s olerdpe s
Sl pss ais a0 A s e yas
Cdl 5 Jee sl O 5 @slEl L
e Szl 5l s ol Lz (one site action)

cHL,a_I}‘ 9 4—’L<:’ Bda ol_<.:L>- L).Ll:b JJJ‘L:


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"J‘.'.j'.'."\"’ 6“:1?%‘) 3 d\ib) ‘LAJSEJ\S 4{ Cﬂd‘gud A‘éu'rl‘wﬂ 3 f-b{&ﬁu"

Aol ety SSEB G w caslie G0 50
Gisi et al. 2000; Gullino et al. 2000; Fluit et )
43 L_ar_w.ql_{a ol .(al. 2001; MgGrath, 2001
(V i 5d e et Lol LIS 5 LS55l opdin
il el (Y Sz 8 3Ll s
A5 SRl sl i BT sl Sl
=20 (F gl o iS00 G ool b J s 5
(active efflux) J b 51 Jad |SK5 4 oSS
A 5 e e (0SS 7B Dl el L
.(Ma and Michailides, 2005) uiSGJLE
Sl 53 Cmaslin JsSse bl 4 aslsl
s G_i‘) 3 — ‘_g\_AJiSGJB slaws

J}AZ-L;«

Ja3lowes 3 Sl s 7 58
3ol o Lad s 5 4 o ylin
St s sl eds Slels 256 glaa S
05 o3 lakt gl g 4t 53 Cwlie 5l g
O1 asets 4 Coul 6sls & (8-tubulin) _J s sl
Jos oLl s aal ol I 5 s
OLE Sl Sl ol ol Js3lens 5
NAA APV O 8 glalsaS s i 45 das
23 sl G Jshes e silo 05 53 Y00

a5 55 S ke LSLAG)LB 3l calises glaaslas

v

Beckerman.) .S o io 55 1, u:“SGJB Bt
.(2013
So L S ola S5m0 4 cwslis 55 0
T s el s ol il s LS
s obmd 4 Jgeme lodsdy sl Sl
shyls &8 @L‘*&SQB O Sl Caoglin 39,0 Lol
e o Sl e s S
53U led s S e o 02 S by
S5 5S1 6585l Ol (Thind. 2012) o
ol Gl e kS ns S Z0B s psles slaalir
5 LS 5 ol sl LS 1 ey e 555
sloasliz 35l 1ol 53 ol 25250
o Cad $AeS 5L 5l A5 00w sl
03 A 53 Al el Glaaslus
S 5l ol sl L Gl & s
o=l S o Sl s edi S5l o
o Sy g)l—s pd—ar Ceslis s el

L (benzimidazoles) | ad g5l s o

Koenraadt et ) 555 o odalice Loy 5ho s 2l

.(al. 1992; Baraldi et al. 2003

Caglin (S puuilo
5 el Oglate uu:SG)B O o slie Vmglsa

P LN Olejpn ssba (,......_,l_i.a RURCESNLY


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"\\‘~~ bb,w,:u A aJw NY [PEL) ‘;;:'w-,’,). d‘“‘.’.‘ d’.u"

gledody p—o=en .(Yan and Dickman, 1996)
o S &S M. fructicola slaali= s 4lis
OLE 1 cnslis 51 oS Sl cdsldees 3o
SIS e 2 s e edalis i s
b Pl L als gl BlS e (S 5k
slislul Cuslin S| agal gl 05s a3 S 418
a3l YL gles oy B glalas
R S g S JZSC)\_e a bes ol s G)LE
Gl YL slabes ilan sl 0l o e

.(Ma et al. 2005)

Qol sy _ps5z 6
quinone  outside ) Qol L;uu:s@u
R PL ] &S o3 axws (inhibitors
5 RbobS s s AT s DBl sl b
L ol Sl 208 o 551 55
w25 SIaS s S 6 ) S e S
Qo oL L 5 (complexIID) o5 S 2w 55 bel
hegame 53 05, JLEST ) 5 el Jate
LS o 6 S sl ATP LS55 s bel oy Sy

.(Bartlett et al. 2002)
o 2o fege 5 (S Sl Ok
Sla i zo eslils s gl sausd 28

fA

SeaS L cnlan 550 55 0 opl s o
el o AU il s glabais o5 ier
23 ol 05 51 il GasdS s g
s Monilinia  fructicola S, sz b
Ceaglie 51 alises C}]ﬂ.w JVenturia inaequalis
A28 e ol 5L B ke gme 511 s slees 2 4
.(Ma et al. 2003; Koenraadt et al. 1992)
53 cidee glaaslinl 03l pl 20555l
e 03 KIS e 5 el 05 ) DaS S
Al e SIS0 4 el sbl sl CEM
Cl)J «S Tapesia yallundae G)B Q@Lw@}
ol el 35 53 VAN 05S 5 o S0 il
Ao S IGSUS 0 W % S S W L
EC50 70+)

(effective concentration,

YO L3 +/0 3l |, (carbendazim) oS
Albertini et al. ) was a0 2 Lo s va,u
(1999
Sy S L el 05 s e
g s A, S ,ls 5L (pleiotropic)
Sl sl ol en ol 5 YU slales s Sl
o o2 (benomyl) |we 5o 4 S slie £ gos
03 g 42D > &S Fusarium moniliforme
L s o 5 ondaslo 05 5100 05ds

Sl ol pen ol (les o JSGJLB L Cowla


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"J‘.'.j'.'."\"’ 6“:1?%‘) 3 d\ib) ‘LAJSEJ\S 4{ Cﬂd‘gud A‘éu'rl‘wﬂ 3 f-b{&ﬁu"

A ;o dl g e Qol 6L_AU:S€)L5
Ao pln o pslie Solen 256 Comex 5
S Ceslin g 5l iaslie ol oy
s 3 —=e 4 5 (qualitative resistance)
Sheslenal by ol (2S5 L1 Jels o,
=B s o s L VG s kale

(Vincelli. 2002) cs oL 5L

(demetilation inhibitors) DMI sl o5 & )
sla Sz, So s sl La ~S 2ot o)
3 (BSI: Class 1) J ol o s odls 50
03 ol Wl S s e g slalis
31 DMI LSL‘“J‘SC)D Ay o Il 4l

45 o a & -

e 3350 sl B S 20
RV O P CT Y I KV N Y P
45 ool Cl4-demethylase o 531 L S 7 56 ol
s st s 53 3 0 AS CYPST 05 Jaw s
3 e Oy 5 1ST sl (Jg S
i LSl 1 el J 5 S50 53 Cl4 o, S
Odilr 5l Bl S8 Jlasl sl e
Js i S 51 5l aamt 55 5 0l e Ol
03,5 s LIS Gl AS e S5
53 Ol 4 Cajlin 5 sd e Gluazes plard

edal i ;)Lo..:_: 6[_AG)G )‘ ‘-5.9‘5,.:‘.» LSLQG\_:)g

¥4

NER W PR Ol W EPVPL S [P WO TGN
5 Ol Cdlw gl 6 xaS R (o3l 4]
e o5 A bl 4 Ul eyl
3P les S s gazme QoI sLs 25z L3
S =l glagsbn dax 51 6 Glagles
S S m S (£ sl
3ogee (Shewsy Juls sz )b 5 ool Ll
croshers el 1A e J S 1 Lal&ss
5PN geams 31 (glos xS awls s (strobilorin)
o gme QL5 (ol OV pams (OO adas
5 e OLalS (Ol e Glaazaa 5 Slaals
G ygd sl ;o 58 e ealinal 2 OLLS
sl il 53 Sl S Jan 5 el L]
Shx (FRAC. 2020) Y+Y+ Jle s bs iS5
Yo a0 Lgl_aauiSG)LE o Cwglie sl
K_AJ:SGJLB o=l 4 Cwslie 5 ol (high risk)
sdalin Silen bag b 5l o sme sbbi S o
03 e S0 4t s Cwlie cpl il ol
Foavt b O x2S 206l G o -
L oeVT o sl asad gl s e
sl L (FI29L) VY4 (5lS 55 o)
51 (GL43A) V¥Y 050 S s e NT L o IS
A Conglin s el datl i gla Vg alos

)‘ )J—iﬂ ool ! Lol QOI LSLAJSG)L;


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"\\‘~~ bb,w,:u A aJw NY [PEL) ‘;;:'w-,’,). d‘“‘.’.‘ d’.u"

Botrytis s Mycospharella  graminicola
.(Hayashi et al. 2002) . caallins cinerea
(53 o 5 o bt il ) 2
sbe i LT 4 caslie 5 s o 287,
.(Nakaune et al. 2002)
Coaslin 4 e o g S 5l ol S
L il mshan 555 (OBl gla el
ol lael u_,daLA.; Coglas Oluas
5 e Ll s Yozl DMI s S 2,6
Was by 5 S 250l Caaglie dan g
Coslie S5k s @ Ll o 354> U
el A Al LA L S B oyl ey
S5 Sl sl 3k amis sl S5
sl Bl ol Sl eade 5 gla iSe 6
Sl il (S an 15 DMI gla (257 51
23,5 L AlS sbagslen d a8 gbaawsl
S by sdd Sl b Gl o]
JLu s LAUiSG)LE o Conglie ol {xl.,\_él
ol e a5 DM sLa iS55 oYY
(medium risk) lawsie Sy 05,5 53 oo slin
So s Cmeslie S5m0 Sppe 53 LS e Ll S
Ols5 oo DMI gls 25750 @ crnd (2,5 4658
bl ceslie a0 S 0T s S el s

ol bl 55 DMI sla Sz )G JET PG

o Conslae ¢l o v_WJLi» TS Iy -
S5l Aske oS 48 lelis DMI sla S 2,6
O odiS 5, b s JJLQ:;'-\ duu';@_? (V)
S Sk g > 14a-demethylase (CYPSI)
o 05 2l B d e 53 s bl L
55 oo O gmedies slaolijlasl a4 Cwslas 55
.(Pereira et al. 2017)

L VT o el il (5800 a6
(YI36F) \¥F 0505 55 i Jdsas s,
05l 5 S B a4 oYL Caslie sl s
S35 Shiw Jole Sl 55 (triadimefon)
Erickson and ) ({Uncinula nectator ;4 5
SLzob s caslie 55 55 5 (Wilcox, 1997
s Blumeria graminis f.sp, tritici S, oy
O 9403l 5 4 Blumeria raminis f.sp. hordei
.(Tucker et al. 2020) Sy g

gl Gl CYPST O i 53 g (V)
Sl o8 53 CYPST 05 Ol il
o=l e 03 e & Jds4 V. inaequalis
53 DML sba (25251 4y Coslie 550 o O
Shanabel and Jonson, ) L3 S L.y zob o

.(2001
a3 > DMI uiSGJLS Jled 8: |53 (YY)

J§)LM LSLQG-')L; BE ABC aJ_«.ihbJu.b‘ &L.:.SL«.‘?


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"J‘.'.j'.'."\"’ 6“:1?%‘) 3 d\ib) ‘LAJSEJ\S 4{ Cﬂd‘gud A‘éu'rl‘wﬂ 3 f-b{&ﬁu"

B. cinerea Il La S jles cpl 55 Cawslis )
9 Didymella brioniae Alternaria alternata
53 Sl edi i\ S Podosphaera xanthii
Jsiwe sdh Lal) 55 g 35150 ) ann
el el S lan s Coaglin i gd
s 0lslp Qp s 55 s, b pdes
S5 Sl G Ll ol Cwglie ol 5y g
Sierotzki and ) A_a> & sdh o5 55
.(Scalliet, 2013
A5l SDHI (sls 257 6 51 5 2 4 Cunslis
(carboxin) .S 5 S 5 (flutolanil) J.JY)_:}L%
3 53 e Jdoas LOT e 51 e S
goLS C—mex 53 SDH Sl slad =155
(Ito et al. 2004) sls =, B. cinerea Soles
Sla Szl cond abli e slie (5,
LKL g ) ol .ol sy SDHI
polie La 576 ol e G JolS 55k e
5 Sl S Ks e s ST Il s
Conb o STculons Slobs csslin
Al i sla Sl Comex 5 e g
AL s plesd S5 5 Sl 458
bl Caglis g 535 Ll el Dslite aies oy
e b s 53 S oles Comex 53 L)

|3

o)

BSI gla szl s gla S o oo

.(FRAC. 2020) el o sdaliv

succinate-dehydrogenase ) SDHI sl g5 6
(inhibitors

SLa S o3 aws 5l La S el
bt 03 S VY 3 oS dites i oS it
G5 s L iS50 ) sl e gueih
o olwSew WJus s TCA s > sl
S o (58 s LS e i 1 Ol b
5 omis ol Le 25,6 sl s FRAC A0S
3,8 o, Shes o5 53 Sl ! Jdsa
Cuoslin 50 et Sl 5l iS5 63 S
LS e gl Yo U e Sy 055 0
.(FRAC. 2020)

OS5 el 5 La iS5l 4 Sl
Sledal covs 4 gbacmasr Ols 55 5 3G
sdd i8S aall slaasl g 5 as 5
SLa0) 53 fugr S A e Ol ol o
59 Jole (sdh genes) U355, 00 DlnS 5o
ol s 4 cila (S 26 ) 4 sl
L ojob—e ;3 SDHI la jS7,5 5 5,LS

Sl 35050 ol sdle 53 (S sl sles


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"\\‘~~ bb,w,:t{ A aJw NY [PEL) ‘;;:'w-,’,). g;.‘“‘:‘ d’.u"

(MAP kinase cascades) ;LS slaslisl
Alternaria spp. 3 B. cinerea Cwylis 34, 53
(Yamaguchi and Fujimura, 2005) ,l> i &
« Ustilago maydis slaa)ix> 51 & 5 Cwglie
S o3 S Jsa (vinclozolin o 55 5180
05 0L & e 85 tn e SIS (S5 05 )
Ma and Michailides, ) A_as . & adr-1
s Calie V_M....:Liﬂ e G (2005
slaaslas 51 = 5 s (iprodione) O3 )l
S Jele A. alternate 5 A. arborescens
et 3 dslden] JI5 48 5l OLES ateg
MK;«SMJJ‘: Olid 5 conl s O HLS
oL LS et 05 55 e o 500
Ma and ) a3l cweslin ol 55,0 cde
Slidss § s col_u .(Michailides, 2003
DCF sla fszol 4 Coslin oS das o 0L
Sl N5 sl s, 5 eslinal 5005 ol
Ma ) sl Jlaces ohls cwslie opl obs,

.(and Michailides, 2005

Cro )0 w5 FS 4 Cwglio (2b3y 9 b
5 olw 78
o ceeglie lm Sl 200 Comexr AL

db_ﬂuéubﬁﬁl) 65)54{%&56)\5

oy

(carboxylic acid amides) CAA sl o5 &z )6
A S Aol as S A 206
S oS i a s
FRAC 45 15 .4 pb e shnich olacs
o Do Sl Gy el 51 Fe ol
LS o sbr (low risk) jlst oS arws 3 Wof
53 La iS5 nl & canslis (FRAC. 2020)
ol olulis Plasmopara viticola S ;s

(Gisi et al. 2007) <!
dicarboximide ) dwou—us g9 5 (80 S S5 5B
(fungicides, DCFs

S sl SLS 5 e 152506 S anes
slazsB 5ol sbad 1l 5 s ks

B. cinerea ol .l Y J_f)l o

osla_wl Sclerotinia  spp. s Alternaria spp.
ol e S seb Sl ladle s kgl
) Lauj.sg)lj > =S B. cinerea NU“ sl
Coslosls Jals wud o g lay ol J x5 55
.(Leroux et al. 2002)
ssbas LAU;SGJLE o=l e slin V‘“‘“"L{‘
L;l_ar_w.g\i.» SIS VRGO IPR WA R U LR VLY
Lo 285m0 ) e Ceslin gl sddalis
Sy Gl el ply JLas! e 55 IO

(histidine kinase) ;LS -pdiees 05 55 g


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"J‘.'.j'.'."\"’ 6“:1?%‘) 3 d\ib) ‘LAJSEJ\S 4{ Cﬂd‘gud A‘éu'rl‘wﬂ 3 f-b{&ﬁu"

Shao et al. ) s S eslaal Caliss s szl
(2021

53 RFLP IS s 0o o5 Sl aaslis (Y
Sl e s, 0155 L PCR-RFLPY soams
sla s, )l )—<-i> PR Jo 03 lakis
oo o=l ol IS 250 4y Ceslie s
ol Lo 05 s sl s g oL, ¢l e
50 L e Sl 08 pslis glawlax o
sdd exlar ol Jy3ldas 3o 4 (Monilinia laxa)
Caslin 2bsy Sl Gha crl Sl rames ool
5,55 3 (azoxystrobin) oy xwl S5l 4
o Cwylin 50 g Alternaria spp. ilise gla
Slew sbog b 5o (strobilurin) o 5k s 2ol
B. graminis f.sp. s B. graminis f.sp. tritici
Ma and Michailide, ) ¢l ol oalicul hordei
.(2005
ol axfllae 85190

o552l sl L dydx SDHI 2S5 56w
s (pyraziflumid) 4. k4, 51 o (isopyrazam)
Sl— YV J s (isofetamid) Ll 5!
Lol sl o=l ooslis 5o 5L )
b, S ol eslinal ape Sl o0 S
53 5L e SDHI sla [ 76w s lie

6)5‘5__; 6.)\.:4_.,4 G)u DL YeoA Jt_w DL U—l\j

oy

OsSU L ol D155 5 ol Coeal 51 il
sl sl pslae gaglisr olas) Gl —
Laol 51 o a 48 conl ol oslizal ilzses
S éuuzw RGN dﬁLu s Ll lls
Sladad 0555kl o 5 (B slaglir
Ly g Ll 5 o b i, 51 S
Slr s o8 cl S0 4 pslie Glaoner
53 LS CiS 1B Sy slag s
slasa v b ol glaca 3L 5,58
G el 6 el 5 (S5 o0
.(Ishii. 2002)
o Zeslie obos Gl S Sss ke
il ol B oma g ol 033 amu S LAUJZSG)G
51 eslial Uy PCR G Sl el (6 e ST ()
&l CYPS] Gua 0 ol gla ST
2o s DMI sl 5S 6 o conslin s,
L S Jyams aslin 5 P digitatum S 5les

A b gglé" ul < N:’é)ﬁ l_> r"i}j g_,\_:J g)j

.(Hammomato et al. 2001)
SS rl; L PCR 3l Lgﬁ; Cf. LYYy Jle
loop-mediated ) aal> 4, J_,a.w Jo S5l
b3, sl - (isothermal amplification, LAMP

s Co—ws B, cinerea aJ_..jrc_}L}.A claa o>


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"\\‘~~ bb,w,:u A aJw NY [PEL) ‘;;:'w-,’,). d‘“‘.’.‘ d’.u"

PxD-H137R 5 PxC-G172D (24 isolates)
.(Miyamoto et al. 2020) s & (28 isolates)
Al Y Cowles ) 0 i
e el sls 5k 6l_ad':5€)l.3 « A. alternata
4 3 Qol ;! (pyraclostrobin) v s i slS| o
¢l 8 (boscalid) LISy Sz L3
3| (isopyrazam) <=ljlj_ﬁjﬁl o (fluopyram)
iy e s S 5l eslazsl L SDHI o5 S
13 Ol i gladnd 0550kl o 53 o glies
dad 4 Cod braslus TAS o Son g oS
23 Les g b 0sa3l 3550 sla 2S5 0
ol SO s WLy b i a
Aol 9 s S G e ST 4 Conles
polie SOl an a4 S 4y Olojen 50
el (Seen UT S8 s
5 s lS bW S slis (S0
A Ll DMI sla (5S35 sl S s
LaSHDI 5 LaQol (s bl Coaslin o
5 Qol Glaal slaos Iy ees i gLl
aen 4 S sl ol (ULL’ sbalis> ;5 SDHI
O LI e S sl slaglos
53 eSSl da b oy Sz 55 G143A
Sh05 aw 5105 50 WIS s w4 pslis glawlr

Db U5k SlunS su ol gty 25

o¥

ool (boscalid) WIS 55 4 Cood P xanthii
S YeVe 3015l e S
o s bome o1y )10 4 (penthiopyrad)
4 Cos Pooxanthii glaalis Conlis o)y
Caslin 55 oend 5 SDHI (sl 2S£,
coml ) Sl 53 LSS 56 ol 4 oAbl
5T SdhD 5 SdhC SdhB 55 sls jier gl
Y4 aS sl LS v wian Qyﬂ C’L" A
Sl A5zl plsl @ Cond 4l VY 51wl
e o e e e 0L s ylie SDHI
Sla Szl G Lol (s Zalin
RIT 5 RT glacs g 5 5 Osline ccilises
Slmsty e i oS e o el
U by Conslie A sbissl,n s o132
Al g 5l as Cand Lol asls LS YU Sl
Coslia Lgs RIT (o5 3 . dls g el
A edalie byl e s YU Sl
J..Scjl_e A iy s Ll pl &S J s
sdhi o3 5361 . Xsls olas cpwlu> SDHI s
RIT 5 RI glac 554 S sls oL
PxD-S121P sla s 23l shyls s 5 s
Lowa PxC-A86V (2 isolates) s (54 isolates)
i gyl RIT (g3 5l anlis 08 a5 b

PxC-GI51R (4 isolates) i lie o35l


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"J‘.'.j'.'."\"’ 6“:1?%‘) 3 d\ib) ‘LAJSEJ\S 4{ Cﬂd‘gud A‘éu'rl‘wﬂ 3 f-b{&ﬁu"

RGOS S [ B U P Jur 1 L) Lguu:SGJLS
3ok 53 a8 5l QLS G ol s
S 4 S Seslie U S0 ssl Ll S
I 53 g3l Jae ol Klr s slasslssh
o S Caglie ol (65 5 S S
53 (PAs) 31, L \/.Ql.j I3l gla S 2,
A s Caslie pl ol sdalie LW S i
o3ls & RNApoll o5 J sams 55 YI82F g
SPQol sla S =)l an pslin sladylir ol
5 5 4 Pythium spp. 5 P. viticola s S
ol oa cyth O ;3 F129L 5 G143A sla fg U
[ Y S T A | P R W S—
Pseudoperonospora cubensis s P. viticola
Ho e eIk Sla S 250 4 s
3 ol ,an CesA3 05 ;5 Jjigr L (CAAS)
Phytophthora — slsa_la> ;5 a5 Jb>
o Cend e slin = P. capsici s infestans
Gisi and ) is samlie CAA 6K_AJ':5€)L§

.(Sierotzki, 2015

S R T N Y SIS SNt S BRI I

ALS lassben 2ln s il O pans

0d

bols La g ol dledd glahis [igr
ssdhB slad__ 15,5 ;5 HI33Q 5 H277Y
S slaglas W I e WSLaS 31 sdhD
e e hyls cdnals | H27TY i
Ay 5 (GI3A) b 5 8 e 05 53 sl
o blE Caslie lols glaas i
ol 5 —esben e glaas i
Lol o o sdems iy Lol nls OLES 1 (g nies
.(Malandrakis et al. 2018) 34 xS

el Gl s i s aslllae o
Soles o5 Comax L3 SDHI slbs iS55
L{ifﬂ S s @lj-,« 3 Alternaria solani
o UL uiSG)LE Al s Cwslae sls LS
5 el Ui S s s Al solani gsas )i
sl oLl glaslis S 5HTAY o S5
BERR L uioSG)L; 4 Cwslie I S ys lls
SSol ol pslie Glaglir T84 & oy
At glelid by Syt 05 53 FI2OL igr
L 4. solani 3| Cmamr S das o 0L oS
Cmerr (>l ol 5o JSGJLE s Cuglas
Gudmestad et al. ) da> . J,..{_.M L Je
.(2013

Gttt 5o S Conslin 5,505 Ras 5

4 Cuws (0omycota) LS 555l sla S 5l


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"\\‘~~ bb,w,:u A aJw NY [PEL) ‘;;:'w-,’,). d‘“‘.’.‘ d’.u"

Corerr o oLl VL LGS sl Gl L)
Odal 3L ol 03 S aal b Sl sz,
Lla iz s s o Sl lag b
Bl s e ledady (s oL i
Sheslinl Cowal (555,00 O15,5LES (Gl s
S PRI IV N TP FE
J=S Gl o3 per ol Ll ol S5 LG
o op 523U 5 e ST (5l S ey
s S 5l slos S Ll iy i
ol Dslize Jas o gm b Cilzse
oo b 03 ol Cudsdees ol J- s

S50 o Golbm gl il 5 ails 5 g

5 IS Sl $5siS e 3 ml o
3hssls Sl dnder e iS50 (le s
OAmS (gl 5 Olpuslas s
s Laaal oo s e iS50 selogds
Jeoms Oy ALS slag sl J S slas pal
4= ol la s b J s JalS
03 ails slas sl 5 L s 516 S

slais sl eslial LS glaglen J28
e LS 5 ol oLl ciS 5 el
Sl Gl Jrals oy s iE e IS 26

Sz 5 0 jes Jsb sileangr 5 2S00

of

aB by 5 Al L;LAU:SGJLE Aleds fus
Al s Ly s xeS G gl
A1 S s Gl S e olans
S Ol o 5 L5 el a5 L
ol Sl g 58 5 S35 O Ll S 250
S5s3G5k S 5 s DLl ]
ol el 10T xSl 26 4 e sl
Ao axr g Loessan sl cpl ol
L el S0l 4 o ies 55 LA S g
I e R N L i
23 Le ALKL ST gl iS5 2 L0 4w slis
el Sl s (Jle we Jsb
53 S e S el S5, 5LES s
(o glie Il 2l W oS s LS sl
=3 A sl S o ) b s Sl eslinal
Jeos oLl L s S 5 lite oslicd
olis eslinel slr & S Juad b 55 o slins
Szl 2 Gal a3l ) 28 2,0 S5 5l
ASEoB oS Cslis plsl s 5l oS S
sl ol O me Ol e 335 Culey cas 50 s
Jos oLl L ol 2S00 Sl eslinad 5 A5
Feb s &S ol slaans s polal 5 ool 4
o e 03 5 SuslES e sl

An ) Sl 0 rt;u‘ ‘-;Ia.:buag;.m_:) LSL&LS"‘Ji"


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"d.‘lfl"\"’ 6\/&:}?&) 3 dlﬁb) ‘Lﬁdise)u 4{ Cﬂd}ud A‘-éu'rl‘—«i 3 f-b{&ﬁu"

r&h)}j}jj)_a G).‘)L.vﬁ JLQ&‘ WMJ& .J‘)‘: ey 2 CA_A)UU Clj&:)))jj_;)‘
3 ot Ol Solow (pland S pde 4l s 23 s 5 GBLas gla (2S5 sasbeS
References &Uo S 48

Albertini C, Gredt M, Leroux, P. 1999. Mutations of the b-tubulin gene associated with different
phenotypes of benzimidazole resistance in the cereal eyespot fungi Tapesia yallundae and Tapesia
acutormis. Pesticide Biochemistry and Physiology. 64: 17-23.

Baraldi E, Mari, M, Chierici E, Pondrelli M, Bertolini P, Pratella GC. 2003. Studies on thiabendazole
resistance of Penicillium expansum of pears: pathogenic fitness and genetic characterization. Plant
Pathology. 52(3): 362-370.

Bartlett DW, Clough JM, Godwin JR, Hall AA, Hamer M, Parr-Dobrzanski B. 2002. The strobilurin
fungicides. Pest Management Science: formerly Pesticide Science. 58(7): 649-662.

Beckerman JL. 2013. Detection of fungicide resistance. Fungicides—showcases of integrated plant
disease management from around the world. Intech. 281-310.

Brent KJ, Hollomon DW. 2007. Fungicide resistance: the assessment of risk. Fungicide Resistance
Action Committee. FRAC Mono graph No.2 second, (revised) edit. 1-28.

Deising HB, Reimann S, Pascholati SF. 2008. Mechanisms and significance of fungicide resistance.
Brazilian Journal of Microbiology. 39(2): 286-295.

Erickson EO, Wilcox WF. 1997. Distributions of sensitivities to three sterol demethylation inhibitor
fungicides among populations of Uncinula necator sensitive and resistant to triadimefon. Phytopathology.
87(8): 784-791.

FRAC. 2019. Pathogen list code. Fungal Resistance Action Committee.

FRAC. 2020. FRAC Code List. Fungal control agents sorted by cross resistance pattern and mode of
action (including FRAC Code numbering). Fungal Resistance Action Committee.

Gisi U, Chin KM, Knapova G, Firber RK, Mohr U, Parisi S, Steinfeld U. 2000. Recent developments
in elucidating modes of resistance to phenylamide, DMI and strobilurin fungicides. Crop Protection.
19(8-10): 863-872.

ov


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"\\‘~~ bb,w,:t{ A aJw NY [PEL) ‘;;:'w-,’,). g;.‘“‘:‘ d’.u"

Gisi U, Waldner M, Kraus N, Dubuis PH, Sierotzki H. 2007. Inheritance of resistance to carboxylic
acid amide (CAA) fungicides in Plasmopara viticola. Plant Pathology. 56(2): 199-208.

Garside. 2019. Global fungicide market revenue 2016-2024. Statista (Online).

Gudmestad NC, Arabiat S, Miller JS, Pasche JS. 2013. Prevalence and impact of SDHI fungicide
resistance in Alternaria solani. Plant Disease. 97(7). 952-960.

Gullino ML, Leroux P, Smith CM. 2000. Uses and challenges of novel compounds for plant disease
control. Crop Protection. 19(1). 1-11.

Fluit AC, Visser MR, Schmitz FJ. 2001. Molecular detection of antimicrobial resistance. Clinical
Microbiology Reviews. 14(4). 836-871.

Hayashi K, Schoonbeek HJ, De Waard MA. 2002. Expression of the ABC transporter BcatrD from
Botrytis cinerea reduces sensitivity to sterol demethylation inhibitor fungicides. Pesticide Biochemistry
and Physiology. 73(2). 110-121.

Hermann D, Stenzel K. (2019). FRAC mode-of-action classification and resistance risk of fungicides.
Modern Crop Protection Compounds. 2: 589-608.

Hollomon DW. 2015. Fungicide resistance: facing the challenge-a review. Plant Protection Science.
51(4): 170-176.

Ishii H, Zhen F, Hu M, Li X, Schnabel G. 2016. Efficacy of SDHI fungicides, including
benzovindiflupyr, against Colletotrichum species. Pest Management Science. 72(10): 1844-1853.

Ito Y, Muraguchi H, Seshime Y, Oita S, Yanagi SO. 2004. Flutolanil and carboxin resistance in
Coprinus cinereus conferred by a mutation in the cytochrome b 560 subunit of succinate dehydrogenase
complex (Complex II). Molecular Genetics and Genomics. 272(3): 328-335.

Koenraadt H, Somerville SC, Jones AL. 1992. Characterization of mutations in the beta-tubulin gene of
benomyl-resistant field strains of Venturia inaequalis and other plant pathogenic fungi. Phytopathology.
82(11): 1348-1354.

Ma Z, Michailides TJ. 2005. Advances in understanding molecular mechanisms of fungicide resistance
and molecular detection of resistant genotypes in phytopathogenic fungi. Crop Protection. 24(10): 853-
863.

Ma, Z, Yoshimura M, Michailides TJ. 2003. Identification and characterization of benzimidazole
resistance in Monilinia fructicola from stone fruit orchards in California. Applied and Environmental
Microbiology. 69(12): 7145-7152.

Malandrakis AA, Apostolidou ZA, Louka D, Markoglou A, Flouri F. 2018. Biological and molecular
characterization of field isolates of Alternaria alternata with single or double resistance to respiratory
complex II and III inhibitors. European Journal of Plant Pathology. 152(1): 199-211.

McGrath MT. 2001. Fungicide resistance in cucurbit powdery mildew: experiences and challenges.
Plant Disease. 85(3): 236-245.

Miyamoto T, Hayashi K, Okada R, Wari D, Ogawara T. 2020. Resistance to succinate dehydrogenase
inhibitors in field isolates of Podosphaera xanthii on cucumber: Monitoring, cross-resistance patterns and
molecular characterization. Pesticide Biochemistry and Physiology. 169: 104646.

Nakaune R, Hamamoto H, Imada J, Akutsu K, Hibi T. 2002. A novel ABC transporter gene, PMRS,
is involved in multidrug resistance in the phytopathogenic fungus Penicillium digitatum. Molecular
Genetics and Genomics. 267(2): 179-185.

Pereira DA, McDonald BA, Brunner PC. 2017. Mutations in the CYP51 gene reduce DMI sensitivity
in Parastagonospora nodorum populations in Europe and China. Pest Management Science. 73(7): 1503-
1510.

oA


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"d.‘lfl"\"’ 6\/&:}?&) 3 dlﬁb) ‘Lﬁdise)u 4{ Cﬂd}ud A‘-éu'rl‘—«i 3 f-b{&ﬁu"

Schnabel G, Jones AL. 2001. The 14a-demethylasse (CYP51A1) gene is overexpressed in Venturia
inaequalis strains resistant to myclobutanil. Phytopathology. 91(1): 102-110.

Shao W, Zhao Y, Ma Z 2021. Advances in understanding fungicide resistance in Botrytis cinerea in
China. Phytopathology. 111(3): 455-463.

Sierotzki H, Scalliet G. 2013. A review of current knowledge of resistance aspects for the next-
generation succinate dehydrogenase inhibitor fungicides. Phytopathology. 103(9): 880-887.

Thind TS. (Ed.). 2012. Fungicide resistance in crop protection: risk and management. CABI. Available
at: https://www.cabi.org/bookshop/book/9781845939052/.

Tucker MA, Lopez-Ruiz F, Cools HJ, Mullins JG, Jayasena, K, Oliver, RP. 2020. Analysis of
mutations in West Australian populations of Blumeria graminis f. sp. hordei CYP51 conferring resistance
to DMI fungicides. Pest Management Science. 76(4): 1265-1272.

Vincelli P. 2002. Qol (strobilurin) fungicides: benefits and risks. The Plant Health Instructor. 63-65.

Wei LL, Chen WC, Zhao WC, Wang J, Wang BR, Li FJ, Wang K. 2020. Mutations and
Overexpression of CYP51 Associated with DMI-Resistance in Colletotrichum gloeosporioides from
Chili. Plant Disease. 104(3): 668-676.

Yan K, Dickman MB. 1996. Isolation of a b-tubulin gene from Fusarium moniliforme that confers cold-
sensitive benomyl resistance. Appl. Environ. Microbiol. 62: 3053-3056.

R


https://dor.isc.ac/dor/20.1001.1.27170632.1400.14.2.5.4
http://journalofbiosafety.ir/article-1-413-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-12 ]

[ DOR: 20.1001.1.27170632.1400.14.2.5.4 ]

"\\‘~~ bb,w,:t{ A aJw NY [PEL) ‘;;:'w-,’,). g;.‘“‘:‘ d’.u"

Fungicides Resistance, Detection and Management Strategy

Fatemeh Khelghatibana!”, Kobra Moslemkhani?

1- PhD in Plant Pathology, Iranian Research Institute of Plant Protection, Plant Protection Lab,
Agricultural Research Education and Extension Organization (AREEO), Karaj, Iran.
2- Associate Professor of Plant Pathology, Seed and Plant Registration and Certification Institute
(SPCRI), Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran.

khelghati50@gmail.com
Abstract

Fungal and fungal-like diseases impose a great impact on crops annually, and fungicide-based plant
protection is sometimes inevitable for efficient, economic and large-scale crop production. Regardless the
long time and huge money investments to develop a new fungicide, the risk of resistance, especially to
systemic fungicides, threatens the effectiency of these compounds. Today, due to the excludings of
fungicides, not only from resistance, but increasingly from environmental and health concerns, the
number of fungicides with different modes of action has become very restricted. Therefore, research and
efforts to access fungicides with different modes of action, continuous population monitoring for
fungicide resistance, finding the new resistance mechanisms and getting preventing strategies are of the
most important parts for sustainable and economic fungal disease management.

Keywords: Phytopathogenic Fungi, Fungicide Resistance, Fungicide Mode of Action.
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