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Evaluation of Environment-friendly Control Agents for the Management

of Powdery Mildew Infection during Seedling Sage
of Three Cucurbitaceae Vegetables

2\kegetable Research Division, National Institute of Horticultural and Herbal Sciences, RDA, Suwon 440-706, Korea

Abstract. The purpose of this study was to evaluate the control efficacy of major environment-friendly control
agents against powdery mildew, as affected by the application condition such as disease-devel oping stage and micro-
climate, as compared with the efficacy of pesticides in plug seedling of three Cucurbitaceae vegetables, including
cucumber, melon, and oriental melon. Single or combined application of maor six environment-friendly control
agents was used in the experiment: two biofungicide (Ampelomyces quisqualis 94013 and Bacillus subtilis Y 1336),
two plant extracts (neem oil and extracts of Rheum undulatum), and two mineral materials (wettable sulfur powder
and lime bordeaux mixture). These control agents were treated to the plug seedlings for preventing powdery mildew
and curative applications for managing powdery mildew. In al treatments, the disease incidence declined as daily
average temperatures increased to 30°C for consecutive 6~8 days with maximum temperature over 40°C. In preven-
tative application, the control efficacy against powdery mildew was the highest in the treatment of wettable sulfur
powder, and lowest in the B. subtilis Y 1336, with values of 20~40%. In cucumber seedlings, the preventive single
application of neem oil or wettable sulfur powder was more effective than curative application of fungicides, while
the control efficacy of these agents was similar to those of fungicidesin melon seedlings. The single application of R.
undulatum extracts was aso effective in preventing the disease for both cucumber and melon seedlings, showing a
higher control efficacy than those of biofungicides during seedling stage. The treatment of water spray was not effec-
tive and showed a higher disease incidence than the untreated control plot in the oriental melon and melon seedlings.
The curative application with environment friendly control agents, after powdery mildew was first detected, could
not successfully controlled the disease at the middle stage (5~10% of disease incidence) of disease development. The
curative combined application of [R. undulatum extracts (1st application) + wettable sulfur powder (2nd) + neem ail
(3rd)] showed the highest control efficacy among the other treatments, with control value over 80% at the early stage
(less than 1% of disease incidence) of disease devel opment.

Additional key words: Ampelomyces quisqualis 94013, Bacillus subtilis Y 1336, Neem oil, Rheum undulatum, wet-
table sulfur powder, Lime bordeaux mixture
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sl SVREHS dovle WA AARe=R
Sphaerotheca fusca(=fuliginea)2} Erysiphe cichoracerum
T F57F s =l (Zitter 5, 1996), =l =
T2 S fuscaol] o3l WAsl= Zlo= deA] Jrk(Shin,
2000). 53] ZHEo] ok Azt o] Folxe AlEA)
of| A WHYo] Frlsled Qol, &uk Zhe, WE 5 Hz}
o] A4 = A 7 oplE} §H Adx 2 H3E
Zefsiar low, 1o wet FujellM® 7ol X
3 AE g B2 AATE =] ARSEA Sl
Ty F3EAA] TEARSHY rEEHY 8ol
e WAl Ee] kA, A 2 FE Ast 59 A
Aol vepar e AAoltt. A 7R HAIE ¢
gk 28 AAR 55 IAE TRES 7T
7= 8 T8l FEZIATRS tiE, |, dEF
T HAXMEANN F=3 AEFEET, REE, 7%, 7
A 5o PR AR Sl deH FHE olEs o]

Sh X3EA Al B A EEd bk Aok
(Jeong 5, 2012; Nam 5, 2003; Nam 5, 2010). =z}
A B A7 w4 3%l diste] 313 S84 3
7FEHel 218 WHAIE g W3 AlAl] ARl

£ HaTE FYslal 7€ 559 v 1 83
£ vlu gtz 8 FHSEA Wal WUAE
A 7EAERE EEsr] 8l AN

Mz gk

1. 3A &2 ¥ S8

TAFEEME Qo|(Z2uty], ¥F), WEEHS
B}, AAEER), 2 Fo|(LEEHS], TS A}
3191, FEE AT F7ESR] MeRT7PIER
Snlo] )} WINEFIR)E o] &3t Zizke] A
FREEL 20123 59 7UHE 9¥ 19U71A] S
S GY) SHE 2H0A Qo) Fele 40F,
W22 327 ZH1 Edolol 20123 597Y, 5¥24%Y,
69123, 7213y, 8¥17Y, ¥ 9919Y F63] IF3A
ot 9% & I ST R I glo] 29 I
T} o]F AE71ER Foke BT (IToks, TR, N-
P:0s-K,0(%) = 17-13-3)8 0.2%% A3 5 oJu|& A}
&3tact. drle pHEAS 98l Hx9S 1LY 10ml
2 3Xsle] pH 6~7= AEES BAEgeH, Edlo|d
15~20L2 F 13 AAagbaos FFsldet. AHj
717 B 2=FEE S8 AT S s A
7] sigietl, 24 W dF HA BdeEs 15%C,
I HEeEe 3CE SGEAT 2R B
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A (#3668, Spectrum Technologies, USA)S o83}
o] 158 HAe=E AL, ¥, 2%, §5 5 713
738 dlo|E}& 7 (WatchDog 1450, Spectrum Technologies,
Inc)E ol-&3sted 3ttt

2. Hald HE A 3A| HSENH

Algol] ARSSE X8 AAlE XS X3
F7IEAANEA 55 IAIRE AlFS ol8stiion, A
Z 7IEH] g wAlEnE Fxg, EAX, 9 7
< 5% sl dixsie o a3 A4Sl
2157 (Shaerotheca fusca)e] HEL 7FEHo 7H99
sHte] ARs e} woll ¥ F, 593 SExds)l
Al FHEl 29 mi7F 3] s ddgk 5o el
A ZARE HolFe BER(Kim 5, 2009; Remigio 5,
200302 FFate] WS Fatint.

eBAAE A vAEEEA Ampeomyces quisqualis
94013(AQ94013, 1.0 x 10’cfu/g), Bacillus subtilis Y1336
(BS Y1336, 1.0x 10°cfug), A1 EFE22A H2Y (Neam
oil, azadirachtin 0.5%)% t¥5=%E (extracts of Rheum
undulatum, phycion 0.5%), Tl ARl F<3HA
(wettable sulfur powder, S 47%)2} A3|H =% (Lime
Bordeaux mixture, copper sulfate 14.5% & cacium
oxide 14.9%)= ARgsle] ©§ e &84 sl
Z1Ze] AAlE ofA AMSERS F5Eke] AQU4013, He
d, B H¥F=E2 100000 514, S<siAls 20009,
BS Y1336 600H, A3Hawole 45 3|43} A}
B3k

3. Xaler 2 AT HiX]

3 AA Y] BE ASsr] A ApEe W
AR EFEAT FJEH), AR I@HET & STt
1% vgh), SIS (dHE 5~10%)%2 sk ok
A58 thte] AFstarat st WeEAAe] &
A= Hlwaly] s FAY, SAE, B ks E
FoH, BANTE Zizke] Wl AR ZREA 9]
Qo] F{3] BEEF AYRFTIE ARESt 7 1HAS
2 33 gUATT. tix ARrAIEE duElE A4
GEH3Fs, 3=)9}t HEgkzuE (bayer CropScience, 3+
T)S W Z ARESIHom FEEAA Ao} rREA]
2 /Y A A B HE ST F) H8A7]
o] W} 7 Ao E oS FE3l] AHElsd

AR e] WA AHEE SsiMe A8 S8
Bel 3EAAE AElstar 2d & #HATdS U
WhHo g HEIAT. W SHA| Wz 13
AA EgAglol e YAEHE AR 3 tsE
=5, 33k, 99, AQ94013, BS Y1336, A3RE

A=)
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Table 1. The treatment combination of environment-friendly control agents and fungicides, and their abbreviations in the curative com-

bined application.
Treatments
(Abbreviations) 1st week 2nd week 3rd week
F Fenarimol Tetraconazole Fenarimol
RU + WSP + NO Extracts of R. undulatum (RU) Wettable sulfur powder (WSP) Neem oil (NO)
WSP+NO+LB Wettable sulfur powder (WSP) Neem ail (NO) Lime Bordeaux mixture (LB)
BS+RU + WSP B. subtilis Y1336 (BS) Extracts of R. undulatum (RU) Wettable sulfur powder (WSP)
LB+AQ+BS Lime Bordeaux mixture (LB) A. quisgualis 94013(AQ) B. subtilis Y1336 (BS)
g whA) 2Por Egsjel Wxsld W 13, &
Z 33 B AZJslti(Table 1): ['RU+WSP+NO': U] ‘

SFEE (174 + S84 274 ) + Y (3FA}),
‘WSP+NO+LB":  3<3k4 (1533} + 82U (253 +
A3 R 2% (354}, ‘BS+RU+WSP: BS Y1336(154})
+ 325252 + 58AI (3573, 'LB+AQ+BS:
23] H 2 % (1F52}) + AQH4013(25-2H + BS Y 1336(3F3})].
AFT HiXE Yeolulx] o7 FYon, BE A
T WEdls 307 oY FEE ARSI 7
o] A AEA| (38, Aol wet oA
A F F 13], T 3~43] Algstion, S7kE W
A AL A5, 28] oAAE $5E wiF 13 T 43

>
O%
ol
o,
7
£
o
r i
o
2
2
Lo
o,
N
P
o
:<I)L_4‘
to
o
b
o
Ye

o] x4 2l o|HAE-S ZARIILE WHEAISE= Nam
5(2010)8] AFlA 9} o] JVIFHo] WHESER] ek
S o 0, ¥ WHFAAEC] 1614 5%d o WHA|TE

12 3}, BWurazEo] 5104 25% wjo]
= 2, 251~50%2 739 3, 50.1% oY He- 42 &
Atk 241 B 150 dHEE ol 248 o83}
o] kol T W Ee) Hlwste] WAI7E Al

atglon, e gAYt

OB L (%) = (LHFFAAA ) * 100
B (%) = Z(TEAT * AF)

/4 > BEPAHES FARE H5 * 100
WAZH%) = (1 - AA 22]Te] W=
FAE]7e] =) * 100

a3 o nE

HRREe] SHA] 7R 318HE AE 98
AQ94013, BS Y1336, €LY, U8 F=E, 3534
2 AR NS ALgste] WA Ho] Mgshs
z7] & Z700l APl wAlEel SEA ik
AR, 9T 2= 2 A=l WslE 2ARIH
(Fig. 1). 37FFHe] vhiwel WA gah= A2|A)7],
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Fig. 1. Changes in daily PAR integral, daily average temperature
(°C), and RH (%) in greenhouse during raising seedlings of
Cucurbitaceae vegetables.

SHAAAS] SRR ofYg} %, §5 59 &EEA
= YHI FHo] e Aoz UER o BE g
TolA Gt Ha ZArAAEF] 8MI-m2-d?t o),
A U T 25 30°C o ENE 5 Harleo] 3B~
A°C) 02X UFY o AEEE 79 28 =
ole fHe I/EW WUl 7AEIa, iRt
HHEE F7 7450 10% v|vke 2 Yeldth(Fg. 2).
Elad 5(2007) ©@i13 3712w (Leveillula taurica)]
WAy 7PdzATe] PAE e, EAEAR
dloli= 10~37°CE 20°Ce] %9} 75-85%2] =
ZANN HHoz HELLS A7 Bt 40°CY %
AN ZaEdukar ¥ty 1% SvfEHe] vy
< REE 1520°CE A 55 85-95%= =4 FA
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Fig. 2. Disease incidence (%) of powdery mildew on cucumber
(A), oriental melon (B), and melon (C) seedlings in preventive
application. The dropping inoculation of powdery mildew was
performed on the second day after first application. The arrows
indicate the last (3rd) application of environment friendly con-
trol agents and pesticides. Vertical bars indicate standard devia-
tion of the mean values (n = 15).
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S, 2007), Kim 5(2009)2] 7elxes BA IS ¢
gt SxroR A (EAE], 27+2°C, RH 40+
10%)H 0= 24 (H3>*12], 15~35°C, RH 40~70%)°11A]
2 IHEE B FJErhke wi2o] ¥ ) =5
S FAoa ). dutdog Ixe] Hake ghe o
A 7oA el A2ak HHde] He 3o
2 A Aok SEIRE 5% 255 Z7ol| wE W
Aas & o, ¥ Y A5 Aol dagle] =
AAE 4 Hi % 30°C ol 1ew Auisw
60% olete] RN WAEAL A sk
(Figs. 3, 4).

FEEErE 30°C HRiel 78 & o)X 88 F

o%, Fxjg]FolMe] FrFHe] W= 60~100%2]
WA HSFAAL] a9= FAdsirlol] FEIIA
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Endo(1989)= 2] 3171 (Sohaerotheca fusca)®] A}
HoleEe 15-30°CE WolHA2w= 25°Colw, 35~
99%°] FEHLNA WolE SHAINE 99%ell A o] i
olg-g Yelitial stk T3 80% 7oA &
7FEH ] HHe T 2500 HAollom, 25°CHl|A
HAE 58 T F5 75% oltellA] @EFchar s13ich

AAgrl7lel]l W SFAA ] WAERE AR
A8l 2+ Al71Y] FAETY] i Ee] uig HAEE Al
2elE w, X187 A X AI7IE 2 M
Hx7))el e dAHEade 2 o7t IAtkFigs. 3,
4). 371FHo] WEly] A Al AAL A F
Alzro] gl wel WAlETke] AR QI3 s
Z7le AES B (Fg. 3) F53AIE AL’ YA
1873 AA| A 37} AE] F FTREErr dagk A
o2 AAHAE A A M PAEYE 2E AE
oA A7) Y =9k, BS Y1336= HHAIZP)
20~40%=2A 7P Gl YeRT) 209 A9 il A
AYA] gy} A Ale AdARTE w2 A
Y2 HYon, WRAME Fok B3 WS
HAtH(Fig. 3). HAET= FAg79} v dHEs
Ho] A gt §llar, Feleh WA EAE A
= FAgRY ¢ & dHEE Bt

oA & SEAA A2 Al A A7
7F SAA5E asld, Sy WETE 25% ©]
Q1 WHFT] ol A= WAIPT 30% FvkeE
v gelkor, 38R oz} slslEekl] Q)
AN BRI Be A7 HeElske o] a2
o]it}h. Keinath?t DuBose(2004)= F=8ke] 31714 o
W AE 98] o] st ARl wAEAAIQ] B.
subtilis?] 35 Hrisidedl, ¥ WY & X8 E59]
AHTA] Agle ¥o] WS WMol oA Bot WA
BI7F okar, WAl Badk AtAle] dw oA
o vlgl] Boke-S Has.

| BEAA ZF B. subtiliss 2897 Kol okt
21510l 3 AEZH WAARZ Bo] Algo] Hil o
o, AEEAA Fgolo] TAF S ZAPelE A
she Aoz gelA] ok w3t SArEEHe tiste] FE
7T R a7 AQU013E oy AEe] 37EH
WA 9%t AEsekez 1 7ksAdo] RIS A
quisqualis®] 71AEe FFS wx= FAHZRA, 715
F 5o Y3k A7 (Lee 5, 2005; Sundhein 5, 1982;
Sztejnberg and Mazar, 19857} o] FoiH T}, & 2130l A
| AEAAZ} O JASGA A vste] WA EEo] Bt
A Yehd AL a27)0] AFo] =] §H] Bt
22 wAEe] Aol AL A 2 3T )
Aol o7E = AH 2 - FE ol B3 23]

Protected Horticulture and Plant Factory, Vol. 22, No. 4, 2013



287 $7A A 74 shbas] SkEEe] gk 2187 ARle] WAl E)

—e— Control
—O— Water spary
—w— Fungicides
100 - —A— AQ 94013
A —=— BSY1336
—{1— Neam oil
80 - —&— Rheum undulatum
—O— Wettable sulfur powder

60 -

40 -

20 4

100 -
80-~
60:
40—-

20

Disease incidence (%)

100 +
80—-
60:
40—-

20 -

0 T T T T
7/8 711 7114 77 7120

Date (2012)

100 -
D

80 -
60 -
40 -
20 -
0.
100 -

Q E

S 80 |

oy

® 60 -

Q

o

£ 40

© 20 i

Rl

S

o 9 m
100 -

80 - F

60 -

40 -

20 ] i
0 T

WS F AQ BS NO RU WwsP

Fig. 3. Disease incidence (%) and control efficacy (%) against powdery mildew on cucumber (A, D), oriental melon (B, E), and melon
(C, F) seedlings in the preventative application. The dropping inoculation of powdery mildew was performed on the second day after
first application. The arrows indicate the last (3rd) application of environment friendly control agents and pesticides. Vertical bars indi-

cate standard deviation of the mean values (n = 15).
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3AAA ] TgA2] Wut o}, 8ol <t
WA TS ZARE] 8] 5SS, s, 9o,
AQ94013, BS Y1336, A3HETRS g}x] %xFo=
Tg3le] At A, 3R] ds 9 WA aw)
= Table 29} 2t} 7 A& W E g A g A
g7kl uEg foEgon, WAFEE(IFA) + 35
A (273D + B (ETADY 23 H SHIRRE B¢
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Fig. 4. Disease incidence (%) and control efficacy (%) against powdery mildew on cucumber (A, D), oriental melon (B, E), and melon
(C, F) seedlings in the curative combined application. The dropping inoculation of powdery mildew was performed on the second day
after first application. The arrows indicate the single applications of environment friendly control agents and pesticides. Vertical bars
indicate standard deviation of the mean vaues (n = 15) [F: fungicides, AQ: A. quisqualis 94013, BS: B. subtilis Y1336, NO: neem ail,

RU: Extracts of R. undulatum, WSP: wettable sulfur powder].
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Table 2. Disease incidence (DI, %) and control efficacy (CE, %) against powdery mildew on cucumber, oriental melon, and melon seed-
lings at the early stage of disease development in the curative combined application.

0 DAT 4 DAT 7 DAT 10 DAT
Crops Treatments”
DI(%) CE(%) DI(%) CE(% DI®%) CE(®%) DI(%) CE (%)
Control 69.3 - 92.7 - 81.3 - 75.0 -
F 94 86.5 0.0 100.0 0.0 100.0 0.00 100.0
Cucumber RU + WSP + NO 6.9 90.0 35 96.3 6.9 915 417 94.4
WSP+NO+ LB 278 59.9 6.9 925 0.0 100.0 0.00 100.0
BS+ RU + WSP 384 445 213 77.0 16.7 79.5 1.39 98.1
LB+AQ+BS 40.3 419 316 65.9 47.6 415 56.3 29.2
Control 68.9 - 79.1 - 74.9 - 99.0 -
F 2.86 95.8 0.00 100.0 4.79 93.6 313 96.8
Oriental melon RU + WSP + NO 722 89.5 14.1 78.5 6.02 92.0 234 76.3
WSP+NO+LB 24.0 65.1 182 76.9 188 74.8 45.7 53.8
BS+RU + WSP 24.2 64.9 135 829 174 76.7 744 925
LB+AQ+BS 494 28.2 50.9 35.6 62.1 171 67.7 316
Control 537 - 771 - 86.1 - 833 -
F 2.88 94.9 3.65 95.3 182 97.9 4.69 9.1
Melon RU + WSP + NO 141 749 8.45 91.3 105 88.1 36.5 539
WSP+NO+LB 42.8 239 294 61.9 46.1 47.7 54.2 319
BS+RU + WSP 16.3 55.1 16.3 78.9 181 85.9 151 80.9
LB+AQ+BS 40.7 38.2 414 46.3 95.6 -8.61 80.6 5.26
Significance’
Crops(c) NS NS NS * *k%k * k% *k %k * k%
Control wmts (CA) * k% * k% * k% * k% * k% * k% * k% * k%
CXCA * NS * * *k* * k% * k% * k%

“Treatments abbreviations: F (fungicides), AQ (A. quisqualis 94013), BS (B. subtilis Y 1336), NO (neem oil), RU(Extracts of R. undula-

tum), WSP(wettable sulfur powder).

YProbability of significant F values: NS, *, **, ***: non-significant or significant at p < 0.05, 0.01, or 0.001, respectively.

Q< (Neem oail)@} th3H(Rheum undulatumyF=%, vd|2t
AAE <3kl 438 2= (Lime Bordeaux mixture)
S 8 e E8AFsid W DA R, 27,
7Nl wet AEsith. Be AElgelA Ay o
Bi2E 30°C o), sk F FHarvlo] 40°C o3
Z70] dFY o A&HE VIR B FEY WE
o] WHTE ZHASIAAL, TSl FAEFox Y
T5 FA HAEY] 10% HRke = veRgth WA A
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Wt 2019 A I A HedH skl A
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ek Hissgk WAEE BYTh di¥gFEES A S
71ZF Bt MAEAAEDG =& AVEE UERRIAL,
Lole} HMEAEAA WAZT] Al BT 9313
o SA T FAETe) v BHEE BHe A
37 iar, Felof "Rl EAE A= FAE
Hot o] 2 dEE Bt WS J8PEAA A
| AR Ashks A7I7F =oldaE A4S
o} X3 AA ] ATl o3t WA EHE AL

A0 - A2SH, M222 HM4s 20134

= o, WIFEE(1FAD + s 2T + E29(3
F2he] 3oz 3 VX9 BFAAE T 134
FT 3 T TEAE P W, A SEIRE 5% 90
o A= 90% o, BE el Hit 80% ool w
A7 Ueplo] OE x3e] A vlsl =2 HAlE
e 1ok B AFAHE Fol daaiae] 13E &
A 37 digk X183AAe] WAl Evhs B8]
g S o, WA A Ao dEgle]l ZE F=ol
A sl A7 7P =4 JElge ], S84
e UEFEE(1FAN + S| 27 + 9 Y (3F
z2he] Z3e] 7 a3t =& BleE JERT

F7F FAo] . Ampdomyces quisqualis AQ94013, Bacillus
subtilis Y1336, He, thdF<w, F=r3iAl, H3lE=
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