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Introduction

Cultivation of vegetable crops under greenhouse conditions is an important strategy to increase productivity
and total production in Iran. Environmental conditions (high humidity and proper temperature) are favorable for
the emergence and spread of diseases. Sometimes, despite of good agricultural operations, the incidence of
downy and powdery mildew may have resulted a severe economic loss. So, the application of fungicides to
control fungal diseases is inevitable. Several airborne diseases have affected the cultivation of greenhouse
cucumbers. Powdery mildew disease, caused by Golovinomyces cichoracearum is one of the most important
diseases of cucumber (Cucumis sativus). Due to the importance of producing a healthy crop, extensive research
has been conducted to reduce the use of chemical pesticides and find alternatives to these substances in various
plants. Given the fresh consumption of cucumbers and the importance of pesticide residues, and in order to
produce a healthier crop, the need to use effective, low-cost and low-risk fungicides is doubly urgent. Microbial
and plant-based fungicides are promising alternate for chemical fungicides. This study was conducted to
investigate efficacy of the plant-based fungicides, Mildew cut and Allicin in controlling powdery mildew disease
in cucumber. Mildew Cut fungicide contains 10% garlic oil (0.03% allicin) and 3% clove essential oil (2.2%
ozonol) and has an EC formulation of 13%. This is a protective fungicide and the presence of oil in its
formulation causes formation of a protective layer on the surface of the host leaf and prevents attachment,
germination of fungal spores and entry of the spore tube and mycelium causing superficial powdery mildew into
the host. Allicin fungicide is a biological fungicide based on plant extract, with the trade name Allicin and with a
microcapsule formulation (ME 5%).

Materials and Methods
In this research, efficacy of two plant base fungicides including Mildew cut (EC 13%) at the rates of 4, 5, 6 ¢
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L and Allicin (ME 5%) at the rates of 0.5, 1 and 1.5 g L™* was evaluated to control cucumber powdery mildew
disease in greenhouse conditions. Their effectiveness was compared with Cidely Top and a water-treated control.
This research was conducted in the form of randomized complete block design with eight treatments and three
replications, conducted across two provinces, Tehran and Khuzestan. Each experimental plot was four meters
long and consisted of two rows of plants with a row spacing of 25 to 30 cm and a plant spacing of 30 to 35 cm in
each row. In each experimental plot, 10 plants were randomly selected and marked. When the first signs of
disease were observed, the desired treatments were applied using a 20-liter backpack sprayer. The sprays were
repeated at 7 to 10 day intervals until disease severity in the control plots exceeded 50%. Evaluation of the
disease severity was performed before each spraying by Horsfall and Barratt method using a scoring system of
one to seven (Horsfall and Barrat,. 1945)

Results and discussion

The obtained data from both regions showed that Allicin, at concentrations of 1 and 1.5 g L™ exhibited 83
and 88.08% control efficiency, respectively. Similarly, Mildew cut, at concentrations of 5 and 6 g L™ provided
control efficiencies of 84.6% and 86.6%, that were comparable to the Cidely Top as the control treatment (0.75 g
L) with 82.7% efficiency. Results of the current research indicated that the plant-based fungicides, Mildew cut
at a concentration of 5 g L and Allicin at a concentration of 1 g L can be suggested as a substitute or
alternately with chemical fungicides to control powdery mildew disease of cucumber. Following appearance of
disease symptoms, foliar spraying begins and repeat for two to three times at an interval of 7 to 10 days. The use
of fungicides as a complement to the management strategies of airborne diseases such as powdery mildew is
necessary. Moreover, emergence of resistance to fungicides and the need to replace high-risk fungicides with
safe and plant-based products, continuous evaluation of new fungicides is crucial. Results of the present study
showed that the plant-based compounds, including Mildew cut (5 g L) and Allicin (1 g L), can be used as
substitutes or in alternation with chemical fungicides in integrated management of cucumber powdery mildew.

Conclusion

Our findings indicated that the plant-based fungicides Allicin (1 g L) and Mildew Cut (5 g L) exhibit
control potency comparable to that of the chemical fungicide Cidely Top. These products can be used as
complementary options in integrated management strategies against cucumber powdery mildew.

Keywords: Chemical control, Cucurbits, Powdery mildew, Resistance



olpl pbls cblis b jagh
https://jpp.um.ac.ir

A

YVY-YA¥ P AFF Ol oF o les VA W

239 St §5lost 5lge 53 pemdl 5 OIS pths l—olS S0 55 5L

sl4E (Cucumis sativus) L= (Golovinomyces cichoracearum)

YC}U&A: AJY _\";’w‘ LJ?J ) )

L o s

VECF/CF/YE 5L 5 b

daSe

Golovinomyces  _»,L8 4565 b wgs 45 cwl (699 St ¢ )lew (CUCUMIS SALIVUS) L3 v po slacs)low 5| S
5 = 3PS i s e olee oy 5 (EC 13%) clS gl al—olS iS5 53 1) (s ol ) 39800 sl Cichoracearum
2L b dus (87,6 Ly ) WS Lyl )3 L8 (6,08 Stdor (6 leg aile 520 13 p)5 VB 5 Sy /0 glojd 13 (ME 5%) oy
3 g il 53 53 155 g Sl i b (3L JolS slacSsl 2o B 33 3u0 (ol 03 sl () 30L5 5 2 3 )5 <V
5 Jlisygn (oyds (gilon 0B b)) 0 1S5 )l G gy Ve b cdm alolay g ST (gl Ve sl L ol Jlasl s 2] lisjs
P 25 WD 5 Sy GBI )3 el G258 45 313 L5 alate 93 5 (slaodls (Sl 15 ploxl i b S (23003 s b g S
9 3od A5 gAY/ Jae oIS Cuigar il 3 p)S i g gy slacbale 3 Sl gale (3S7)6 g 2o pd MA gAY Jloe T, s pay
b ol 552 3 28 o clale )3 S gralie ab—olS ©luS i ¢ 3uios ) gl 4 do g b aisly a0 )d AVIY g T8 Qb Joww (iSz,6
8 edlatl 3)90 )lid (699 St Silow oo Sl 2l SESEB L ks b (3Rl plsisd Wlgie gl 3 p)5 S clale
P9 o dnogi oy Vo U s aloliay 5 Cugi dw U 5> (b g (5)low o3 odmlie (aedy (8L Jsloe g9y 35S

Cdligg oley wéy e (Jgad 5l (B p g 039 debuse boslow
Lacsslon (B Cuope sl 2578l edliul (2l el 5
pe Oygao 5 g Gl plololinl )La (605 Saew il
el O)lus Coul (5 Sn (g iy pie g BBgedy il
slaoylow 5l )39 Saiws (McGrath, 2005) b1 5,lg (g
Sirous et al., ) cowl Jaxe g Soid 3blis )3 L5gaS oo
Erysiphe cichoracearum DC. 4555 Va0A JLw L5 (2012
Wedeo guine 183 13 (639 S (ko ol Jele lgisas
Sphaerotecha fuliginea 4545 a5 sb lis (gum Gladss Jg
oy Bl g dndly (s ydw b S (Schlechtend.:Fr.) Pollacci
McGrath, ) couwl jloy55 5 (L8 4565 4y s 65V pales
Babai-Aharai et al., ) l)LSen 5 ;0] (oLL <yl 53 .(2011
Iy s spde— St w (5ylow Jole e 4545 (2012
Golovinomyces cichoracearum (U. Braun) V.P. Heluta

aglhe sioliort o 5l k> Sibo 15 03y

doddo

P Gl oiali8l g yg0 e Gl g5 4 dr s L
cla JLuSis as ang b 00 By bl g bpas ol ljla
Ao 3)50 laldS lac s darws (il jaiS 5 0y 0

GErS 5 59 (sl Led g s Sl I ALS Laulyd s

98 (SBjpalS Clidod duwge LS sl lon Clisios isk )

Ol QI 39l @ 9 higel «ligios (lojls

b @lie 5 (65yoliS Ghjgel g Clhios S ye o S jalS Clisios jisy —Y

el lsal (55,98 g 9 (hisel «lisiod lojls (o liujgs il

b @lio 5 (65)sliS SBjgel 5 Claios S ye o S alS Cliis sy Y

Olrl eomelyg (859U g9y g Lbigal «lisios lojl ol

(Email: m.najafinia@areeo.ac.ir 2 e 03 g3 — %)
https://doi.org/10.22067/jpp.2025.94438.1242


https://jpp.um.ac.ir/
https://orcid.org/0000-0003-1552-175X
mailto:m.najafinia@areeo.ac.ir
https://doi.org/10.22067/jpp.2025.94438.1242

VFoF liwn) oF o los (Al (((5559Lis aabuo g pale) ol pl LS cbli> singy  YVF

3555 Sl 5 a0 Ll Jte (LigaS cloi 5l (3 oS
Solon ylae sl (956 (Hector et al., 2006) siws yolus
S 3l o | (g31 5o (Sl iSHB Glla (630 Shiw
+ JgiusS siies (SC 32.5% blys) Jsibss 5ihed + g i
935 ST ogn) Jstem b Poial QU (Jip) Salidoline
o335y o dagil) Jgjss 1S (Jiss's) iglin s (S
{o3hL) Oshorsls s o(EC 10% o Lagd) Js3Lssys k)
() sty SligySer (WG 50% g i) o o 3355
255l (S shis 5 (WP 40% 9 S) ot 5 (ol ]
53125 slapl L ysilgs L B0% ;5 ppalue (WG 50% cid)
oot st (sl WP 80% SV gilgus g oggesS g
(Azimi, 2012, Slosyw)y cod an olynl 1 JLd ()09 Siiuw
2014, 2016; Shikhi et al., 2015; Gerami et al., 2019)
Rheum ) wlo, aile g)h lals 5l 5y o )lac 15U
O9—sdys (Rumex  palmatum L) S5 iy, (ribes L
Robinia ) e w L 386l 4 (Euphorbia humifusa L)
Foe )L (990 Shiaw gylew )les o (pseudoacacia L
(Tang et al., 2003; Kim et al., 2004) cwl oad i)l; S
Beta ) ,xix (Spinacia oleracea L) zliaw! oS o)lae 50
Brassica ) sl (Raphanus sativus L) ., (vulgaris L
2 Sy gy clale |y (Capsicum annuum L) Jalé o(rapa L
ol 0di iyl3 5 550 L (608 St (gHlow i Lials
Sl 0 )oS 3o (LalS o)lac 0350 dlge & (lo)Lil @ Js
(Siros et al., 2012)

G )b by bicas )L (509 S glow ol
caisS HLs oS Lable cdel )3 5 248 0 dbxwl cichoracearum
audag L (Sirosetal, 2012) cul mli gilon cpl 9 o0
Gyme ialS ly (oounie Gladss (W Jpasw Wy Cucnl
olels 3 3lse ol o placn iRl (8L g (olewd pyos
(Newman et al., 2012; Marchese ) cul 48,5 & a0 calise
(et al., 2016; Gholamzadeh-Bazar Bash et al., 2025
2 9 Py 0blo Bl Cuenl 5 5l3 (5)950il Bpae 4 a2y L
P S ASE)B I edlatl ©ygps il Jpae My sl
Cunl laizgd JladeS 5 BpaseS. Joalge 4l L sla 2578
5 2D Gty Sygo 53 (2LS SluS 5 g o las § (29,5
STl ly (Wl (2l W50 ilow Yo (il
g9 00 odlaiwl Ll 51 (B b ol jo JBls b g 009 (olosd
sobatods 305 (ol ins ialS ) LaiSe)l Bpae (e
tee 5 el 5 DB g1 lio 4olS (sla i) LS o)y
Ol gale (iS7,L8 .ol osd pbxl L3 ()39 Shbos (6)low

y5iS” o ,» (Khodaparast, 2016) cuw ylis . 253905 (820
Shbw Jole olgisds yizen |, Podosphaera xanthii o5
E. cichoracearum 455 .ol 03903 (820 L3988 (59, (o
S. &5 & Cuwd |y ioml el a2 (bbb |
slaobiwt Jolsl 55 9 5les Juad 13 1 4 5)ls cuwsgo fuliginea
£S5 sleols 15 S. fuliginea as' Jby> )y (g iy & o « S5
Gy ae bl (McGrath, 2011) 5y (6 yiii (byiws
Av (s Cagoy g ogmdus 42,0 YA B YY (glod ()l (b y2S
Solow as ials ) bl paiiae il L A3b 0 Juoyd A b
sl JsSse slacd, iy .(Hector et al., 2006) cowl 33e
Silbor Joole log)B (plwlid 5 sau03) 53 (Sl sloml
S. 455 90 Lolwl puils b )3 gl odds Hld (5509 Siituw
(Castagne) slapbas 3,54 E. cichoracearum o fuliginea

Podosphaera fusca (synonym= U. Braun & Shishkoff
a8l , a5 Golovinomyces cichoracearum 4 P. xanthii)

(Pérez-Garcia, 2009; Braun & Cook, 2012; Braun ¢l
oM 5 yinS g o S (g)lan jopm €t al., 2019)
GB35 g g il Sy ale )3 Cilise laplal gg) (6)low
s (e Sadw (o)lew (Zitter et al., 1996) cul ouds
35 o0 3y Slos ialS cel oguo ojlisl g sl ialS 5k
S)low Cupis sla iy, (Mossler & Nesheim, 2005)
Sdlp g )low Jolo il (slaaisS (sl il (6y39 Spi
o ol g Rl e by 4 (Ste g 039 4l ] il
Szl YL bl Jsa, (McGrath, 2005) cusl (ko gige
Loy omly o gl 3 ol (il 5 S o s
Pl b g 4l glos Yoo 3 Sz 2l gls Jio 5
pL5)) 5l osliwl 1y S (sLa,lSal, (McGrath, 2005) ¢l
Obee Sl (o d OS5 ) ool gylows 4 polie 5 Jooxio
posigel pres (SIS (15Sibius oS0 g (rnb slogegy St
e DSy e jo Sl sla)Sgslo L oS el
Al (ol GLuS 5 g () Jslge (izpen g 3ind
il §) Sgi e Cuoglio sl Cge 45 lj5nS 5 St ysSolpus]
Hector et al., ) s s (65350 Stdw gylon Cupio
SYsb Wl o sl (anb sl iS58 ) (S 2555 (2006
P9 St slaigylon jl (g b Ly 0jyle (sl
odld ol cliass ¢ 48,5 )|, 8 eolaiwl 350 calisee Y guazs
e § 358 Ol e Satnus et gla 257 )6 & ol
Hector et ) wiws (5,05 S'tutw (6low jloe 3 d I Syl
5 s 63,555 GLuS 5 ange U3yl Lolulys (al., 2006
555 Olaiee 9y prgad ) Sk S)len slee > JolS
Cewl 03y Ui b w0 (Mossler & Nesheim, 2005) s



YVY 609 Sowhus g loms sln 30 ol 9 s o asy-0lS (558 90 1l e )02 3 Lo (s

Can 3 am 8l Jloxs S5 5 plosl aless Jlae Cagi ym J I3
Aol oy B0 (YL @ sals 3 (Sl sy B g 039 59, Vo b
9 JUiuygn (3008 s bl (Gilow ©AD b)) el
S a0 oyl cors )8 pll (cudn U S 0 y05) il
J._.{.))f olssl OM‘S)]KUL“J LYY Ve )I S).g Ve olass gu.w;Lo)T
Se g Sl paw Su 2ol pgw S Jold ddlate w3 S )

U S ool (230505 i b (DSI) (g5lowy i a3l
(Horsphal & Barratt, 1945) ai plosl (Y Jgia) g pbds Con
e (V) adslao )b 5l )87 s el (ilow a3 a3 s
A3

ixvi

DS=X(— ) x 100 ()

opei Ly 039_11 ols aws NI g 5lews s DS ‘OT » &S
dy90 slaS s JS ol N Y BN 5l g)lows 005 Vi sl

el (V) olows 00 VLV 5 ()

53 2125yl SAS (g)lel )l 8lp 5 dlgay Jols (slaodls
o ) Sl (elaials s yaosl 5l ookl b oy p ke
28)5 )58 dulie )90 Ao ey Lo

oalazwl b ol b awslis 13 (glown Sials o by jleys iz il
W duwle odly (gly () dales
(v)

LS gplaw ceal— ol oilaceal

e 5 = 100 x —

rylas el

e

) yow =9y bl Lo p3 Vo ggb-Allium sativum L -/-Y) (
) SSue il doyd 4w g (] S0 p3SyzygiUM
aromaticum L s wYse,8 b o (Js39) doys V/Y) (EC 13%
2 =9y il 3929 g 035 (ablowe (iSE)L8 (ol ol
Sl 5 s 5o Blons &Y Sy S5 ely o ¥z
Posluse 9 (A5 gl 39)9 5 &) Hgel (Sjailsx ¢ Jlail Blo g 0
AP D9800 (e J31 4 (o Sader g)lon Jole
P Ly LS s 0l 5 Soiidom S8 S o
& ESAICIN) JgunsS 5 )Sso om0 ¥ 50,3 s § ME 5% .ol

W g, 9 g

Sl Cula b (Bolal LolS glacSsly )b (B 5 5o )l

bl )b )3 Gliwjs 5 (cmslg) Ohs glaptinl )3 )15 aw
e 5 Sl gabe LB Joli b e ool 05 3] wlsdS
oeble ) el (176 3 5 im0 G 5 & ke o
Spolidoli o + JgibsS giasd (iSE, B gy Jl5a ;0 VB S /D
Oleisdn jlia V0 clbale U (4wo)n VW DC s Jaw)
28,5 )8 odlitsl 390 chugliio g () 20ls g g2 ye (SEHB
Sl Gy 9 Joli o o Jsby siled] 08 pn () Jpi)
Cdy o ggy iy Aol o e Slo Ve YO ad) oy alold b
g Vo e oalosl )8 ym > s ad S a5 ) pre le YO I Y
OJgl sdmlsie Uy iusis (o )18 L o wlsasl  Bolay & ygoas
S50 Bl J o3l L 515 90 (slo g eyl w3l
olon ad 2yl 5 obpolel s Jlosl (g2 Vo iy

&3 o) 3 La (60091 Sandw (5 low dule 83l 3590 (sl lowi - Jgus
Table 1- Treatments used against powdery mildew of cucumber in this study

Treatment

Rate (g.L™?)

Allicin ME 5%

Allicin ME 5%

Allicin ME 5%
Mildew cut Ec 13%
Mildew cut Ec 13%
Mildew cut Ec 13%
Cidly top DC 14%

Control

0.5
1
1.5
4
5
6
0.75
Water

(Horsphal & Barratt, 1945) ,La 5,591 Suudw (6 lows (bl duwlme G (230 pod prinwns =T Jgu>
Table 2- The scoring system to calculate disease index in powdery mildew of cucumber

Infection rate%

Score

No infection
0.1-0.3
3.1-6
6.1-12
12.1-25
25.1-50
>50
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Figure 2- Comparison of powdery mildew symptoms in untreated (a) and treated plant with mildew cut fungicide(b)
(original)

(ol oe) (D) commadl (ST 52,57 51 s 9 (8) b (s St (g ylow @IV dummlilo -Y UK

Figure 3- Comparison of powdery mildew symptoms before (a) and after (b) treatment with allicin (original)
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Table 3- Analysis of variance of disease severity index in applied treatments against cucumber powdery mildew in four
rounds of assessment in Varamin

15t assessment

2nd assessment

3rd assessment 4th assessment

S.0v df Meanof squares Mean of squares Mean of squares Mean of squares
Block 2 24.3™ 3.26™ 6.78"
Treatment 7 1177 2493 2326™
Error 14 53.8 9.2 1.90
Total 23
CcVv 195 15.7 7.60

a3 gizo BB NS Ll H5 pize 2o yd S prdan p> B3] s
** = significant at level of 1%, ns = non-significant
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Table 4- The mean comparison of disease severity and control efficiency of treatments against cucumber powdery mildew in
the Varamin (Duncan test at 5% level)

Treatment 15t 2nd Control 3rd Control 4th Control**
assessment  assessment efficiency% assessment efficiency% assessment efficiency%o
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Table 5- Analysis of variance of disease severity index in applied treatments against cucumber powdery mildew in five rounds of
assessment in Khuzestan

1t assessment

2nd assessment

3rd assessment 4th assessment 5th assessment

SYOAY) df Mean of squares Mean of squares Mean of squares Mean of squares Mean of squares
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cv 7.1 9.01 7.24 8.79 7.3
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** = significant at level of 1%, ns = non-significant
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Table 6- The Mean comparison of disease severity and control efficiency of treatments against cucumber powdery mildew in
Khuzestan (Duncan test at 5% level)
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