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] ) Powdery mildew is one of the most important diseases of grapevine in Iran and worldwide,
Chemical control, Erysiphe . . .
necator, Fungicide efficacy, causing substantial crop losses. The most common approach to manage grapevine
Grapevine, Spraying powdery mildew is the use of chemical fungicides. Given the adverse effects associated

with the use of chemical pesticides and the need to reduce their application in the
management of plant diseases, this study was conducted to evaluate the effect of two- and
three-spray treatments and the possibility of reducing the number of applications of
Topas®, Stroby®, and Belkyot® fungicides for managing grapevine powdery mildew in
three provinces including West Azerbaijan, Fars, and Khorasan Razavi. The results
showed application frequency had no significant effect on reducing disease severity and
incidence on leaves and grape clusters in West Azerbaijan and Fars for any of the
Received: 22 September fungicides used. In Khorasan Razavi, except for Topas®, the number of applications did

2025 S . . . . . -
Revised: 15 June 2026 not result in significant differences |r1 _reducmg disease sev_erlty apd incidence or? Ie:flves
Accepted: 22 June 2026 and clusters when the other two fungicides were used. In this province, three applications

of Topas® compared with two applications increased its efficacy in reducing disease
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28’;(; able onfine uw severity by about 18% and 12% on leaves and clusters, respectively. Overall, based on the

results obtained in West Azerbaijan, Fars, and Khorasan Razavi, two applications of
Topas®, Stroby®, and Belkyot® under the experimental conditions provided satisfactory
control of grapevine powdery mildew and can be considered as an approach to reduce
pesticide use; however, to make a definitive recommendation, further experiments in other
regions and years are necessary.

Cite this article:

Safaiefarahani B, Khabbaz Jolfaee H, Hanifeh S, Karimi Shari M, 2026. Comparison of application frequencies of the
fungicides Topas®, Stroby®, and Belkute® in the management of grapevine powdery mildew. Appl Res Plant Prot 15 (2):
137-146.

https://dx.doi.org/10.22034/arpp.2026.69273.1794

® @ Copyright© 2026 University of Tabriz, Published by the University of Tabriz.
This is an open access article under the CC BY NC license (https://creativecommons.org/licenses/by-nc/2.0/)
Applied Research in Plant Protection 15 (2): 137-146, 2026
ISSN: 2383-1855 (print) | ISSN: 2717-3178 (online) | DOI: 10.22034/arpp.2026.69273.1794


https://creativecommons.org/

;ARPP

OF-0) VWY-1E8 (1) 10 (S5 50l8 5o 60,05 (sl ioghs
gy dlie

S (6w Co g 50 PgaSl 9 ® g ywl © wlhgi G fSE B 0 )15 Oladd duws lio
90 G.ada..u

Pt (50255 Lo y0g90m0 T adis Kol T (ol 55 mme HSila15S o lho Ay
Olrl il (55,5188 s 5 Ghigel «linizg lajls )l il (reebs lin § (65,9188 el 5 Dlinkos 35 pe ( SbpalS Slidos ik
SRl RS «83,9L8S g 5 higel «linios lojlu 928 (S3ealS Dliiod Ao (LS Sl jlo Olisios 23 T
gyl o559l gy 9 Ghigel «liiod lojle gyé Glamlyl Gl (xds lie 5 (65,988 Shjgal 5 Dlining S 50 o550 g JSaz Sliios s T
ol
Olnl s «55,9L88 g 5 higel «linizg lojle (592, pluly sl (rds wlie 5 (55,5laS Dlinio 35 s ( SbjalS liios i T

“hanafshesafaie@gmail.com :Jgivws odiows ¢

VE O/ P Ay VE-O/PIYD 15,5554 VECEBIEY sl s

LRV

Supde gy o Fdgene WS oe )l Jeaze cnl 4 (Slylp D)l a5 Sl e g lnl )0 90 lacslew (r e 5l (o (e Sk
9T G 2l &g g oliesd Gl AS ST G s e Sl & g b sl liansd sla iS5 5l oolicisl go _ooxlans Sis
B Sla iS5 5,5 clads ials oISl 5 o2 e o a3 59 1 i) an b gy ol o abS (slags o e
a5 ol s b oyl s plowl g0 yibelS 5 ol el i s )0 o (soxans Siphos e 5 BaSly 5 ® g
obl 5o 6Kl laaiism o Sy )0 (gl £985 5 Dol (ialS jo (gl ce U ead eolatul o 1Sz B 5l oz jo w5 wlads
90 b sl ;0 @ uboi b il Jalore Cogh dus yliwl cpl 40 5,50 aloul ;Koo 157,18 g0 5l oolatwl slfin laalgs 5 5 0 g ke 485
5 LS 50 i & 2o AT 5 TN S50 e & o s (25 50 T (LI Gl crse (25,8 Cal b (55 slre Cugs
Bobsi b 2l slre Cugi 99 (g0 )0kl 5 o)l (e olmlydT pliol a3 Giaghy (ol @l 4 azg b g gezme po 0 laadys
B o - . . ; 1 . ® . .

o B pae onialS 0 Sog, S laieds Wilg o g ol lid ge (xbaw Sadus 5 sl S Giales] sl Ll s 50 Pg Sl 5 @ g yaul

ol (53950 500 Glalo 5 Gblie ;o (LSS slagilesl plosil ¢ gald aogs ail)f (gl g2y (nl b0 518 Lo

Erysiphe necator « sl Jsloe ¢ olaonds 708 o 28,6 1,15 oS 1 guds lods

Sl Coge Wl e e Sosiw Sogll ol doddlo

Gadoury et al. 2012; Wilcox et ) sgi Jsame (g ,l5b
gl sloasls (59) 55 9 J=d Sl sleallsz 50
Gadoury etal. 2012; Wilcox etal. ) &S oo  S1,35 oyl
=5 Solomm Jsle poadics dovasily> oo Jlad £4,0 Ly (2015
50 ilig o1y e slaplasl mlaw g 005 5lel 1) 545 olled
..\.J}w W).a& Sla 6"5‘)5 olass u;o}‘lu....a (_.;‘Lbo.)s.' C_b.w
Eba Sleladl ax 31 el (g len jlail Jole a5 0gd oo
SaS g0 P Soshw 5l b O s als 4 wsgll sla
31 eolaiwl aiajl (g Lo o e 3)lge il jo Ll S o

el e 5 0l o 2 DY pams St 3l (oS )5S

Sl g Rge (hellS Oy 4 (59503l Bran pogdle a5
Dolati-) 5,ls 5,5,l5 55 (6 jmeds mlio ;0 5 00l B rac 0ge
iz sloslew ¢ BT .(Baneh 2016; Rombough 2002
Rl g golatdl &)l 9 p s g0 olS s alos L 308
Erysiphe z,8 ;| iU (6,09 Sautw Xgd Jeaxe ods
5 a5 Sl 9o s s lew (et 5l S NECator Schwein
Gudd Ojled b ae Lyl Gad el 3 )00
b ogdoe Jparme CudsS 5 CaeS (AL s 5 03,5 olox
3 SlaiSimn i gl codS Gl 4 4y

Tobw > )l 5 o3l Bpae lp 56Kl il

Appl Res Plant Prot

$




AR

S () g0 (el S J7US 50 (oBh Jele Cogian
oidgh ol wls .(Bakhtiari & Khabbaz-Jolfage 2014)

P Ol 0ud oy oS B plee o ol ol
OSE)B 5 axils (5ylen Dol 5 gsdy el o 1, ST
8 5 g 4y 50 Ol 5l ey s © gyt
ot Bl ST L (2l Jslome )b dw Culosds (3138
abgr 0,8 lee Guli8l can o daw Saaw Sol els
-z)8 1,15 awslis (Karbalaei Khiavi et al. 2017) o5 oo
el 0,555 IS 5 TAs 0,555 Blulig Oog sl slais
5 Oogsl laiSz B ol las 5 (Shlew Cugi aw o
POt 5o (b Sapies S g g5y el 0 Ol
s Sz, B (Khabbaz Jolfaee et al. 2018) aijls 1, ,.5U
Bolio plo 5 ol ) b 4 @ gs il 5 @ ol Bl
Cordero-) &g, oo ,I5 4 g0 s Saaw O pae o 5o lis

Bueso et al. 2014; Kunova et al. 2021; Peirovi-Minaee et
Cogh dw oS Sbls Les flejle opl 4 axgi b (al. 2025

059)] 3blis ;8 9o oxbaw Sociu Sy pde slp |y L5b e
5 (Asadi & Khabbaz-Jolfai 2021) ¢l 00,5 diogs eSS
Lo g pledl ol ploord poon e ST 4y Sl
Goswami et al. 2018; Bastos et al. 2021; Tsalidis ) cu
St liis L3 sy B b 0l gy (2022
Bl sl iSz,B op,l5 olds slaw mals ol
m bl 9 5o (s Sihs Sy ppe 53 PS5 © gl

s el (g9 )0l 3 5 ) el slo

gy 9 Slgo
oizlejl o

(o)l Gl ) (2 0kml)dl plil aw jo ales]
Ol sed) 92,0kl g (redslaw Gl pged) ()
@il 6Ll (LSt Sy Gl el 5o )0 ab [ (g
g Pbil sk ails o 68, L go (ol Shes 4 (Sl
g b cidn b (Bolas olS slaSoh )b CIB jo ialos]
A plsl 1SS s

alejl slolas

Cog de bl 50 NIVO 5o L Ol Joli e jlas

“Jsloe Cagi g0 Ll 50 </VYD o b ® g o i Jslome
(sl Cugi aw b l5m 50 IV liee 4 @ g il ¢ 2l
(Hdslre Cagi 90 b e p0 /Y Gl 4 ® gl

Ficke etal. 2002; Wicks et al. ) coul oleors slo iS5z )8
o e (2002; Gadoury et al. 2012; Wilcox et al. 2015
b Al e sl 45705 (o0 Bj90 Sloj (5l el
Jole Sla i (355 daalyr o5 plSin b By 59
oo opl 5o 5109t plowl el jlade o eS 50 (5 len
9> @ s lor )8 GiyinS Ysome 3,055 &j90 (ilyoms
lan dilese axlye )lsdo b ) o)l Sy &5 o) o0
S Jolyd o 5500 il e sz il iady) Bl
WiCKS ) ol ous st 008 LS5 al> 1o b glazan oo b
(et al. 2002; Wilcox et al. 2015

S B ok 0 5o e Sasie Cupoe ¢ln
Olee 5l as wlatd, 15 4 Giliee gl sloog S 5l souaie
lJgslouas s «(Sholberg 2004) 5545 4 oy oo oy
Scheinpflug ) b Jg3lowes! do Jg3L ;5 (Ypema et al. 1997)
oy y5kag il ¢ (& Kuck 1987; Halleen & Holz 2001
3,5 o ,Lal (Wong & Wilcox 2002; Reddy et al. 2019)

S iSz,B sl ools las olpl jo eads slol Glalas
ol b JgsbsSsy «(Karbalaei Khiavi et al. 2017) ¢ ,555
Ouroumchi & Callora 2002; Karbalaei ) ® b s,

Khiavi et al. 2017; Khabbaz Jolface et al. 2018;
6,5 pb b e oS 93,5 «(Safaiefarahani et al. 2020a, b

Ouroumchi & Callora 2002; Bakhtiari & ) ® gl
«((Khabbaz-Jolfage 2014, Safaiefarahani et al. 2020a, b
Khabbaz Jolfaee ) ® g SL ()l a6 b (o 502 0lS 9o
pb L Jseu,lss (et al. 2018; Safaiefarahani et al. 2020a, b
Ouroumchi & Callora 2002; Bakhtiari ) ® Jloces 55 (sl
® SIS o)l b L Byeess5 (& Kalhor 2013
&, b b poliS g el ((Ouroumchi & Callora 2002)
L oluS'g mluS'olé 4 (Safaiefarahani et al. 2020b) ® ,. g,
(Safaiefarahani et al. 2020a) ® olS,w s,bw ol
cilizen blis 50 g0 oo s JyuS 50 1) b o it
ilasls jeuns
St Co e (gl oolainl 050 o 1576 L yo
Bl S ASTE B olnl Gilive Gblis 55 g0 b
Cnl 418,55 (5 Coragas 5 OgiSl 5 © gt
Oyl 1als s e 1S, ol Vb 2L 51 (2Ll
a9k 0 Jie Oy 4l g0 (o Saciu 5l AL
Brads & gl Eubig bl 157,68 cae L6
b olel 3,555 IS 5 1A+ 3,555 Bl 5 Prcyggs

Appl Res Plant Prot

$




wglo iS5 60,0, 15 oledos auglio / ) Ko g Jlol 5 lio

PDS=[Z22]x100

Ni cogue g Sy ;0 (5los Suls 2o, PDS alayl, ol o
o by el Vi wlie jasls gl sladises slaws

ol iSlas Vg ool cw) p slodiges IS olaxi N gl
. (Tromp & Marais 1981) <.l

Lo 1 Sleo daglio g il )ly 4 j2ei

laol ooyl aw 5l ol sloosls LS e a3 jslaie 4

anlllas 5,50 Slao gl Giolesl slas slauil g 51550
Gad dwo,d g £985 dwoys slacsls .85 1B g3l 0,40
SAS (v. Lg)LJ A.QLSJ.g )‘ oolaul L La:o}:.a 9 Lmjﬁ 5 ‘_g)Loﬁ.g
OS] ogs o g 4y axgi b al il ly 4320 9.1)
v jo (SShs slassls o551 b b lews nSileo ol jLoss
5 O Sl (omyp lp 285 18 anlio 990 1) Jloio
S po 43320 5l ooliiwl b aools o jles b o] slo S o

8,5 108 o g 4o 0550

Aol d o 'Z‘”)[“:*J“;-M’U" ’.)J:/M)J{H-U«.‘ 2

25 bl 5l oslial b sals a4 Comd ba o 50 51

Ef=100-(=x100)

Sl J&Mft 5)Lo.3..; i ).“ Qoo Ef d.fa.g\) Q.ﬂ I
O dald o ghlew wal Sl XC g Loy (g ke

(Mitani et al. 2003) el oo Joloo

5 ol siolmlyS] Gl 4w sloool She 4

sssobl>
Slao sly Gilejl sllas la il ly G316 (o)
G el pls cwl (Kea Uas gla il ylg ols lis 5,40
ol ly 4325 gl anllae s alowl laasls oS ye il ls
Slio S o e g e (lSe 5145 ols lis oS e
Sl S oS () Jsor ) el o ine dalllas 3,50
woyd 5l 5d,0lel 3 5 )l (a0l ST slag b
sl ogae 9 S 0 (59 9o (Prlaw Sah 6 )len Dad g £93

Appl Res Plant Prot

(sl Cugiaw bl 0 VO e 4 Oogsl,
ol 5 L2l sl Cugi 9o L 50 50 < IVO (50 4 O gL,
33 BSEB e sl A, L 4 slags o (B Jsloe (e
Lol 9o (rlans Sohs S e sl S8 ()l 0l apogs
O g dle 590l 9o aziB s S bla IS e
Slr e g 4zt 50 ileil 0,50 sleazs o
Oley s 435 L o KuSy p byle 03U 5l 6T sl>
P90 (B sl g s> 0,95 b Bolas (5L ol (1l
5 e b dsle 5,55l sadss S5 i, b Solae
(g 55 Slajle ) b bl 5Kl 058 JiSas al> e
&b 3l ey VA &ubdS I e st plonil pg (2l Joloee
ogee ddgS gy 9 S p Ve w23y 8 Sl (LAb Jslme g
i) olem Dab g g8y wo s 5 QL Bola ok 4

oo 585 do 0
b dewloe 5 gadal) Sl eslatul b (g lew 989 ooy

PDI=(>%)x100

Nd g0 5 S )0 5 len 985 o yo PDI alal,y ol o
Sleaises S oo N g (g les oMe (slylo sladiges olows
.(Wan etal. 2007) Cws] 00 o

Soloaw ol ds o
S e 59) 45T by w0 p0 ol oS sl
Trh o Sda b jho (o (oot ls Sy e S 4 S
dos IV Sy a5l Fogll s o (el 28 sl
0als sy 0 VO b as,o O g0 Ll s s B U
G oo, Vel s jasli oo Vele B as,o VO e
0a>le o 3 PO/ B oo, FON imy asls s s FOI.
B oo ys AD/N icin aslis 5 0,0 ADI+ 15 oy FONY 1 s
bl 50 ales e a4 (Wan et al. 2007) woys V- -
Gl g p aw U jho l cat s (g len podle S
ca b S Sy s Fogll g o sl 2 S
Wigs sloas> 1YO B Sogll 190 aslis wigs ,0 009l ¢
s A3 slaas SIUYO G i Sogdl aw asls
wakal, sl eolatwl L bogs g S 5 50 (5 ke S0l duoyo

$




OF-O)VWYY-NEF (V) VD (Kool 0 00,0,05 slo iy AR

5 ol 20l slaglial 1o go slross 5 1S5 (59, (55lem D 5 £985 o0 Slao (sl lmosls S e il ly sie N Jou

& 52 03kl >
Table 1. Compound analysis of variance of percent disease incidence and disease severity on grape leaves and fruits in
West-Azerbaijan, Fars and Khorasan-Razavi provinces.
Mean squares (grape leaves)

Mean squares (grape fruits)

S.0OV DF — - — -
incidence severity incidence severity
Place 2 870.79™ 3987.25™ 3600.00™ 1000.44™
PlacexReplicate 9 41.50"s 25.30 s 38.09"s 13.63"s
Treatment 6 5069.56™ 3838.66™ 6171.42™ 6657.42™"
TreatmentxPlace 12 70.97™ 169.03™ 300.00™ 46.08 "
Error 54 12.96 5.44 60.31 11.88
(CV%) - 7.89 8.31 15.10 10.69

=z Significant at 1% probability level
n.s.: not significant
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Table 2. Analysis of variance of percentage of disease incidence and disease severity on grape leaves in West-Azerbaijan,
Fars and Khorasan-Razavi provinces.
Mean squares

S.0vV DF West Azerbaijan Fars Khorasan Razavi
incidence severity incidence severity incidence severity

Replicate 3 96.32 " 17.57" 6.32"* 7.09"* 21.85ns 45.95ns
Treatment 6 1380.86™ 497.50™ 1704.20™ 1766.56 ™ 2140.78™ 1911.39™
Error 18 19.59 2.99 10.04 5.45 4.46 6.86
CV% - 9.21 9.90 6.39 8.99 5.39 6.40

== Significant at 1% probability level

n.s.: not significant
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Table 3. Analysis of variance of percentage of disease incidence and disease severity on grape fruits in West-Azerbaijan,

Fars and Khorasan-Razavi provinces.

Mean squares

S.0.v DF West Azerbaijan Fars Khorasan Razavi
incidence severity incidence severity incidence severity

Replicate 3 90.47"* 6.36 " 48.88 " 16.93"s 57.14 "% 17.61"s
Treatment 6 1400.00™ 1865.61™ 1333.33™ 2343.91™ 3223.80™ 2547.48™
Error 18 57.04 16.22 88.88 14.46 23.80 4.98
CV% - 13.74 13.75 15.71 11.74 12.65 5.85

== Significant at 1% probability level

n.s.: not significant
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Table 4. Mean comparison of percentage of disease incidence, disease severity and treatment efficacy on grape leaves in
West-Azerbaijan, Fars and Khorasan-Razavi provinces.

West Azerbaijan Fars Razavi provinces
Treatment Disease Disease Efficacy ~ Disease Disease Efficacy  Disease Disease Efficacy
incidence* severity* (%) incidence* severity™ (%) incidence* severity* (%)
(%) (%) (%) (%) (%) (%)
Topas®* 30.25 +5.12° 885+142¢ 7881 36.25 + 3.5° 13.32+164° 8170 22.68 + 4.09° 19.50+ 0.57¢  77.78
Topas®? 35.25+1.70%  9.78+122¢  76.58 4125+2.98°  1575+221° 78.36 3150+2.21°  3525+238° 59.83
Stroby®* 41.00+£590¢  1503+281° 65 4050 +3.69 1560227 7857 27.75 + 3.94° 28.75+2.23'  67.24
Stroby®? 46.75 + 3.36™ isz.ibgc + 6314 44,50 +3.31° 17.50+1.88°  75.60 3150+2.21°  3525+238° 59.83
Belkute®'  49.00 + 4.69° 16.42+2.99°  60.68 41.75+1.70°  22.67+3.11° 68.86 34.75 + 1.56° 39.25 + 5528
1.70%
Belkute®?  46.75+2.98"  17.17+323" 58.88 46.75 + 2.36" 24.03+2.90°  66.99 35.50 + 2.40° 40.75+£2.31° 53,57
Control 87.25 + 0.95° 41.75+£2.90° - 95.75 + 3.5° 72.78 +2.31° 90.75 + 1.70% 87.75+7.84° -

*Significant differences are denoted by different letters within each column at p<0.01 according to Duncan's Multiple ranges Test .The

application rates are 0.125, 0.2, and 0.75 per thousand for Topas®, Stroby®, and Belkute®, respectively.
1. Three foliar sprays
2. Two foliar sprays
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Table 5. Mean comparison of percentage of disease incidence, disease severity and treatment efficacy on grape fruits in
West-Azerbaijan, Fars and Khorasan-Razavi provinces.

West Azerbaijan Fars Khorasan Razavi
Treatmen  Disease Disease Efficacy  Disease Disease Efficac  Disease Disease Efficacy
t incidence* severity* (%) incidence* severity™ y (%) incidence*  severity* (%)
(%) (%) (%) (%) (%) (%)
Topas®* 25.00  11.54° 10.00 + 3.847 84.10 45.00 + 10° 18.33+3.33¢  78.85 20.00 * 0° 18.50+3.149  80.32
Topas®? 30.00 + 11.54° 11.66 + 3.33¢ 86.36 55.00 + 10° 21.66 , + 7501 25.00 + 10° 2950 +2.08°  68.62
3.33p°
Stroby®! 55.00 + 10° 18.33 +3.33° 75.00 50.00 +£11.54°  20.00 + Ocd 76.93 20.00 +0° 27.00+2.16° 71.28
Stroby®? 60.00 % 0° 21.66+3.33b°  70.46 55.00 + 10° 26.66 £5.55b°  69.24 25.00 % 10° 2850+2.11°  69.69
Belkute®'  55.00  10° 21.66+3.33b°  70.46 55.00 + 10° 25.0+3.33bc?  71.16 40.00 + O° 3425+275 63.57
Belkute®?  60.00 +0° 26.66 + 3.33° 63.63 60.00 + 0° 28.33+333° 6731 40.00 + 0° 352+238b  62.50
Control 100.00 + 0° 73.30 +5.442 - 100.00 + 0 86.66 + 5.44° 100.00 + 0% 94.00 + 3.36°

*Significant differences are denoted by different letters within each column at p<0.01 accordlng to Duncan's Multiple ranges Test. The
application rates are 0.125, 0.2, and 0.75 per thousand for Topas®, Stroby®, and Belkute®, respectively.

1. Three foliar sprays

2. Two foliar sprays

O O g Sl 5 @ gl slo 17,6 0 Lol cils 54>
J9u2) s eamlive (AL Joloe Cugh du 9 95 (2 (5)l0Sxe
® olis oS 7,5 50 55 S (5 S sler ad i 51 (F
Bl sl Zagi a5 90 G 5ylogtne B C gl 5
o Sl sime M Bg Sl 157,650 Ll cusls 84>
589 A 51 Jgoz) ot evalie (o8l Jolowo Cugs an g 90
Slyless e (55l0stme (g )lol BN et 0500 (59 (5 5len
Hhdsle Cugi aw b 90 50 Bog Sl 5 ® gl O by

Appl Res Plant Prot

38,0kl Sl
$9) Solom DD 5 g585 sbrosls iy a e mls
o Lo 5145 ol L5 (s, il 3 50 0gme 5 5
o gre 1.0 Jlaiz! mhaw jo dald 4 cod (5 len a5 o
9y Sylom ©ub Gliw (p S (V9 ¥V Jgo) sl ooy
sanlice Sb Jolomo Cogs aw b ® olis slosd )3 0500 9 Sy
OS50 S 69, )l £98 Ll 510 5 F Jguz) 0l
Shdsbxe Cugh a5 95 G )l gime NS P ulgs

$




VFY

& Callora 2002; Bakhtiari & Kalhor 2013; Safaiefarahani
Al b5 Jaegh opl o oawl Cuws 45 s (et al. 2020a, b
Cagh s b Blagial ol la ity Slagiesh @b
(S35 35 s Soghn S8 5 IVA G20 ey 5k Jplocs
0300 (59) 90 (P Shw J7LS IV LYY (g S
@ ol L SAh gl Cugh 93 plla polie (nl )ls ST
bl c g nl )0 09 Y L FA G UVO L Fr
Olreds wisls (LA 77 Sl G b b 2l sole a5 oS
b ® gl (ol 0l a2 5115 0 Csllas TS (gl o
5o el (sl TS s plizmen Bl Jslre cugi g0
ASEB hogn (nl 50 wir o9 ASEB A Gl
Sy b Sadie J3uS 0 1) oL o 5 OogsL
Hhdole Cogi dw b (1S )B Gal 1uBlS 9 0gee 5 S
O 8 S 2 89y 90 e Sovdes J5uS 0 TPAL OO G
@D ose 53, 50 (b Sk S8 50 IVY b FY
& gl b 3l Jslomo Cogi 59 plSae olie cl 2l
s )5 limen 45 05 78V B #Y g 78V b OY s
soges b b Posesly ans e las (2576 cnl 5l asllae
loaslss 095 5l ol BSEB m SnolS gl
slee » 00 5,k 5l alfas I akis L (Guanidines)
5 8 W b Sle Sialer o baaed i 5 Jsle
Pratte-Santos et al. ) oS oo obx! Pl A JSis
® g Sl (iS5 a5 canl o8ls (LS ety lelllas (2015
Sdeher Cupde ) (gothe QLIS (2L sle Zog 4w b
Khabbaz Jolface et al. 2018,) o)l g0  xhaw
Al 1) yol> w) n ls a5 (Safaiefarahani et al. 2020a, b
S e
Mo 9 s lood (o AS ST 08518 0 )18
5138 5o b asedl pule Bl daase bl wile ol
-Jle o W sl ool s Jaze ¢ Ll (gl ) Sl s
slaly iloaige Wl plad>el, 380 2 Gl
3l esliiul (gl pyes 0 p) 5 Sy palS (il
Gl oz s Lo (Edl S e drng g () Jolge
Sl 4385 )18 (IS pg 455 990 (alend poen B pan
.(Nicolopoulou-Stamati et al. 2016, Yadav & Devi 2017)
Sl dalip 1alS Il ol eyl ) il Geen 5
ey SIS EE Gl esliiul b Cugh 99 4 Cugi 4w |
Ol @l 85 B oy n 3550 9o (el Saie Zo o
(st olmlydl )0 sy oyge €L o a5 ol LA raghy

09,5 o )3 S de Sjgo a4 bajles (Sen g SB35
o900 S3y Slery Db L 10 Jgaz) ass S 15 (5 L]
Cog A g 90 O (6l iae BB Ol 15756 0
5 Opiml GliSz,B 5o Ll cuils sszy (5L sl
SHhdslre Cugi a5 99 (e Gl gine IS g sl

(O Jgoz) s ovnlice

o D50 ST aw e ol las raghy ol s

Sad 5 gsdy 2yl Oogsl 5 ® gl Oy Jali
RESE- ) J&Uydbowjjf)o‘)szhus_{m&)w
09,5 5 AT Jo3bsSy (sages b L O by 57,6
el dag B )3 Jo )l fmsn p 3G LS Culladgsl 5
sbSuaw dex jl LS B slaslas 5! 9
Mercadante et al. 2016; Husak et ) S’ o J oS 1) oo
aw L ® ubgr a8 conl ooly las s Slallas .(al. 2017
v S Zo pde ;o (oellae SIS (b glxe Cog
Ouroumchi & Callora 2002; Karbalagei ) s ls -l ;o 90
Khiavi et al. 2017; Khabbaz Jolface et al. 2018,

oo ol st mlis (Safaiefarahani et al. 2020a, b
VLI el 25T ols Lt ey slaiagly b
@ Sl 503 sz 0590 S ESEE G > LB
HhJsle Cugi 98 (2 0lub,dT pliwl o (s> 4 (5 )sb
L o8bslre Cugh anw gt IS 25,8 cnl b
ls ogre 5 S 59y PogSly 5 © pg il GlaiSy B
B S 51 @by liman 42,8 il 155 0l 4
ol & Saoglin 9 Jlozal a5 L o] 51 Ll ol Jlo 555 51 J5d
Lis calizee 3blie jo o] 4 Caglio 5 ool bwgie 15,6
2l 9o (an Sosher Copae So Sl oY il 518
05 )1 ooliiul 9,90 la 257 8 pl b sl )3 (25718
SSzB @ wbgs iS5z, 51 e .(Bordelon et al. 2015)
S8y P Savies 555 50 1y L i ® g il
S 55,5 soges pb b @ gyl il 5o slooges 5 S
(Quinone outside inhibitor) Qol sl Sz ,B 09,5 4 Jie
B DCL g S g 31 50 Q0 a2 b L g ol (3las
Wong & Wilcox ) oS oo J,uS |, alS sl e sl
Sl osls Hlias e sl uegs (2002; Reddy et al. 2019
931y o S @ sl 15 5l eolisi] Cogi
Ouroumchi’) aas o 2als s[5 ;o 45 50 (s0900 9 S5 5

Appl Res Plant Prot

$




VYY

wglo iS5 60,0, 15 oledos auglio / ) Ko g Jlol 5 lio

4 (5{—‘)[5).’25‘» 4 Sop L Slas 4 Slaws Gl o8
Conl Qalgls pgas Cogi I Crod a0 g 009 (SIS Lyl )]
&S ol (gl cire ML
adllas 3 )50 ST )0 rogh cnl s ggaze ;o
L b Jsbne Cug 53 sialesl ool bl o o ols ol
38 JB S el anadlys Lagos out o sl 258
pom Sagi (09381 3)lge 5l (6l y0 5 WS walS (g ley |
03,55 8l (5 Lo J51S Glime y3 sl gime (oIS il
oz 5l iaddllas ol slacusgaoe 4 a2 b (b (ol b ool
b Sy b s bl o s oS Sy o LialesT pll
2 (Spde g o8l Ll azgi B ol izren g 25
Lol @bl plo 4 Giagh (nl @l peesd doplinst
3 eSS slagrags el gyl 5l 05 plwl blisl
@ gl 4 Bl e (ol Jlo vz (b g OleST pais
S S I 380 0 pde slaaisss &l g S LB s

Sl 5wl

35 0 o9 (Sb3aalS Sliiss dwnge I Bt g
(o) laplivl rob mlie 5 (65,5liS Ghjgel 5 Dlasio
Gegn onl 3l Calex lp g9 0l g 2sE0lmb
il o Slo,08 5 S

References

Asadi A, Khabbaz-Jolfai H, 2021. Executive guideline
for the management of grape powdery mildew. Plant
Protection Organization of Iran, Deputy for Pest
Control. 9 pp.

Bakhtiari MH, Khabbaz-Jolfaee H, 2014. Investigation
on effect of three new fungicides in controlling
powdery mildew with few fungicides that commonly
used in vineyards. The First National Conference on
Sustainable Agriculture Using Crop Model,
February13-15, Hamadan, Iran. Pp. 2-12 (In Persian
with English abstract).

Bastos RW, Rossato L, Goldman GH, Santos D, 2021.
Fungicide effects on human fungal pathogens: cross-
resistance to medical drugs and beyond. PLoS
Pathogens 17: e1010073.

Bordelon B, Foster R, Ward Gautier N, 2015. Midwest
Small Fruit & Grape Spray Guide. Ohio State

Appl Res Plant Prot

A6 Cog aw a9 5l b Jslne slaces dlaxs
O 5 il (g ke £585 9 ol ialS o (gl g
b 5l leadss g oSy jo bl 090 slaiSz B oIS
Lyl j0 a8 ams lis wilgs oo a8l cpl 0 o cine (5L
Sl 2l slne Cugi 90 sz ge (Sogll mlaw b g Slalojl ol
ks Sl 5 0050 SIS (6 o Jpsb M 5 & oo
98 e0d Sl JSS Hlosine gnpr 4 e Ll 08
ol alds 55 )8 53 gy 9550 Bl o il jboa,
STl ln sl Cugi av 5 95 6yl
Sl il o o5 0t ol O g Sly 5 ® g il B by
s b o e glaaaliy ;0 o iSg B ol conlie ol,lS
3,50 £l o e blie o sl dalllas ol Lyl o a8 cilads
53 Shdebre Cog sl Bl o) OlelS 5o (o)
oalS 55 o1 Gl Gl corge O ubs 1576 500
ol Wilg o Dglay ol baadigs 5 S 1 )0 (5 ke Sl
adsl oul bl Gzl doe ol e Llys
il Jab Job 50 (golen iy wig 50 Sglis b o Sl
Al ogms 4 bgype Shogad cul (See N5 Ol
5o aalllae 000 £l bl jo ®ubs LTI L (s 50k
Cug o Olll a5 wll ead cge g5, ol
5 o308 oL S5 a4y o 5 et gl Jobne
Zog 90 BogSl 5 © gyl la S 5,50 50 ¢ blie

University Extension Publications. US. P: 89.

Cordero-Bueso G, Arroyo T, Valero E, 2014. A longterm
field study of the effect of fungicides penconazole
and sulfur. International Journal of Food
Microbiology 189: 189-194.

Dolati-Baneh A. 2016. Grape: Integrated management,
cultivation, production, and processing. University of
Kurdistan Press, Iran. 720 pp.

Ficke A, Gadoury DM, Seem RC, 2002. Ontogenic
resistance and plant disease management: A case
study of grape powdery mildew. Phytopathology 92:
671-675.

Gadoury DM, Cadle-Davidson L, Wilcox WF, Dry IB,
Seem RC, Milgroom MG. 2012. Grapevine powdery

mildew (Erysiphe necator): a fascinating system for
the study of the biology, ecology and epidemiology
of an obligate biotroph. Molecular Plant Pathology
13: 1-16.

$



VFO

Goswami SK, Singh V, Chakdar H, Choudhary P, 2018.
Harmful effects of fungicides-current
status. International Journal of Agriculture &
Environment & Biotechnology 11: 1011-1019.

Halleen F, Holz G. 2001. An overview of the biology,
epidemiology and control of Uncinula necator
(powdery mildew) on grapevine, with reference to
South Africa. South African Journal of Enology &
Viticulture 22: 111-121.

Husak VV, Mosiichuk NM, Storey JM, Storey KB,
Lushchak VI, 2017. Acute exposure to the
penconazole-containing fungicide Topas partially
augments  antioxidant potential in  goldfish
tissues. Toxicology & Pharmacology 193: 1-8.

Karbalaei Khiavi HK, Shahri MH, Keshavarz K, Jolfaee
HK, Zohor E, et al., 2017. Evaluation of sulfur SC
80% and penconazole effects on grape powdery
mildew disease and quantitative and qualitative traits
of grape. Iranian Plant Protection Research 31: 242—
249 (In Persian with English abstract).

Khabbaz Jolfaee H, Omati F, Keshavarz K, Davoudi A,
2018. Evaluation of the efficacy of Belkute WP 40%
against Erysiphe necator, the causal organism of
grape powdery mildew disease. Pesticides in Plant
Protection Sciences 6: 154-164 (In Persian with
English abstract).

Kunova A, Pizzatti C, Saracchi M, Pasquali M, Cortesi
P, 2021. Grapevine Powdery Mildew: Fungicides for
Its Management and Advances in Molecular
Detection of Markers Associated with Resistance.
Microorganisms 20: 1541.

Mercadante R, Polledri E, Scurati S, Moretto A,
Fustinoni S, 2016. Identification of metabolites of the
fungicide penconazole in human urine. Chemical
Research in Toxicology 29: 1179-1186.

Mitani S, Kamachi K, Sugimoto K, Araki S, Yamaguchi
T, 2003. Control of cucumber downy mildew by
cyazofamid. Journal of Pesticide Science 28: 64-68.

Nicolopoulou-Stamati P, Maipas S, Kotampasi C,
Stamatis P, Hens L, 2016. Chemical pesticides and
human health: the urgent need for a new concept in
agriculture. Frontiers in public health 4: 148-158.

Ouroumchi S, Callora L, 2002. Comparison of the
efficacy of some fungicides against powdery mildew
of grape in west Azerbaijan. Proceeding of the 15%
Iranian Plant Protection Congress, September 7-11,

Karaj, Iran. Pp. 218-219.

Peirovi-Minaee R, Zarei A, Alami A, Afsharnia M, 2025.
Health risk assessment of penconazole fungicide
residues in grapes: insights from Monte Carlo
simulation. Scientific Reports 15: 42476.

Pratte-Santos R, Ramos DR, Becalle TL, De-Oliveira JP,
Prado AR, 2015. Evaluation mutagenic potential of
pesticides through bioassays with Allium cepa. World
Journal of Cell Biology & Genetics 2: 5-10.

Reddy GR, Kumari DA, Vijaya D, 2019. Efficacy of new
ready-mix formulation of azoxystrobin and
tebuconazole (azoxystrobin 11% w/w+ tebuconazole
18.3% w/w SC) against downy mildew and powdery
mildew disease and its safety assessment on grape.
International Journal of Fauna & Biological Studies
6: 05-09

Rombough L, 2002. The grape grower: A guide to
organic viticulture. Chelsea Green Publishing. USA.
283 pp.

Safaiefarahani B, Karimi Shari MR, Shekariesfahlan A,
Khabbaz Jolfaee H, 2020a. Evaluation of the efficacy
of fluxapyroxad (SC, 26.5%) in the management of
grapevine powdery mildew. Pesticides in Plant
Protection Sciences 9: 27—38 (In Persian with English
abstract).

Safaiefarahani B, Shekariesfahlan A, Karimi Shari MR,
Heydariyan A, Khabbaz Jolfaece H, et al., 2020b.
Evaluation of the efficacy of spiroxamine (SC 300)
for chemical control of grapevine powdery mildew in
comparison with some other fungicides. Pesticides in
Plant Protection Sciences 9: 49-60 (In Persian with
English abstract).

Scheinpflug H, Kuck KH. 1987. Sterol biosynthesis
inhibiting piperazine, pyridine, pyrimidine and azole
fungicides. In: Lyr H (ed). Modern selective
fungicides: properties, applications, mechanisms of
action. Longman Scientific and Technical, New
York. Pp. 173-197.

Sholberg PL, 2004. Management of grape diseases in arid
climates. In: Naqvi, S (ed). Diseases of Fruits and
Vegetables. Springer, Netherlands. Pp. 53-80.

Tromp A, Marais PG, 1981. Triadimefon, a systemic
fungicide against Uncinula necator (Oidium) on wine
grapes: Disease control, residues and effect on
fermentation and wine quality. South African Journal
of Enology & Viticulture 2: 25-28.

Appl Res Plant Prot

$



https://www.nature.com/srep

\htd

wglo iS5 60,0, 15 oledos auglio / ) Ko g Jlol 5 lio

Tsalidis GA, 2022. Human health and ecosystem quality
benefits with life cycle assessment due to fungicides
elimination in agriculture. Sustainability 14: 846—
858.

Wan Y, Schwaninger H, He P, Wang Y, 2007.
Comparison of resistance to powdery mildew and
downy mildew in Chinese wild grapes. Vitis 46: 132
136.

Wicks T, Hitch C, Hall B, 2002. Controlling powdery
mildew - What to spray and when? Australian
Journal of Grape & Wine Research 59: 132-139.

Wilcox WF, Gubler WD, Uyemoto JK,
2015. Compendium of Grape Diseases, Disorders,
and Pests. American Phytopathological Society,

USA. 232 pp.

Wong FP, Wilcox WF, 2002. Sensitivity to azoxystrobin
among isolates of Uncinula necator: Baseline
distribution and relationship to myclobutanil
sensitivity. Plant Disease 86: 394-404.

Yadav IC, Devi NL, 2017. Pesticides classification and
its impact on human and
environment. Environmental science & engineering
6: 140-158.

Ypema HL, Ypema M, Gubler WD, 1997. Sensitivity of
Uncinula necator to benomyl, triadimefon,
myclobutanil, and fenarimol in California. Plant
Disease 81: 293-297.



