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In 1998, a pathogen isolated from infected onions was identified as Aspergillus niger. At 30°C, A. niger AnYD-1
showed the best mycelial growth, spore germination, and high pathogenicity to onions. In spite of the weak
inhibitory effect of flusilazole and hexaconazole on the mycelial growth on PDA, they showed the specific inhibi-
tory activity against the formation of spores in the vapour phase. With flusilazole and hexaconazole, the effects
of the solvent, the applied concentration and the incubating temperature on the activities inhibiting the spore
formation were confirmed. Their inhibitory effect on the spore formation in vapour phase was excellent by solv-
ing them with dimethylsulfoxide and dimethylformamide among tested solvents, and applying them at high tem-

perature such as 30~35°C.
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Inoculation of conidial suspension

Application of fungicides

Fig. 1. An application method for the investigation of vapour
effect of fungicides to inhibit the sporulation of Aspergillus niger
AnYD-1.
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Fig. 2. Morphology of conidia of of Aspergillus niger AnYD-1 isolated from infected onion of Shinan-Gun, Korea.

Table 1. Identification of Aspergillus sp. isolated decayed onions
in the storage of Shinan-Gun, Cheolanam-Do

Table 2. Mycelial growth, spore germination and pathogenicity of
Aspergillus niger AnYD-1 at several incubation temperatures

Characteristics Aspergillus niger AnYD-1
Conidium 4.0~5.0 um 3.5~5.0 wm
Conidial head 700~800 wm 697~810 um
Length of conidiophore 1.5~3.0 um 1.6~3.1 um
Vesicle 45~75 um 46~77 um
Phialide 7~10x3.0~3.5um 8~11x3.0~3.4 um
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Temgecr;lture Myce( r;a:ln%)rowth g riﬁnﬁion Pathogenicity
15 19.7£2.7 = -
20 28.1+3.5 + ++
25 58.21+4.1 + ++
30 69.712.1 +++ +++
35 69.1+3.1 ++ +++

“Symbols indicated the degree of spore germination on a 96 well
plate. —; no germination, +; <50%, ++; 50 80%, +++; >80% germi-
nation,

YSymbols indicated disease incidence on onion bulb. —; no lesion,
+; <1 em of lesion diameter, ++; > 1 cm of lesion diameter, +++; > 1
c¢m of lesion diameter and abundant sporulation.
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Table 3. Inhibitory effect of fungicides on the mycelial growth of

Aspergillus niger AnYD-1 on PDA amending the indicated con-
centrations of fungicides

Concentration (pg/m/)

Fungicide

100 10 1.0 0.1
Hexaconazole 77.1% 559 424 16.0
Flusilazole 80.2 60.7 38.5 15.0
Prochloraz 100 100 93.1 69.4
Benomyl 100 934 34.0 135
Iprodione 100 95.1 69.4 125
PCNB 100 100 340 28.8

“Figures indicate the inhibitory ratio (%) of mycelial growth calcu-
lated by the following formula.
Inhibitory ratio (%) =
(1_ Colony diameter in PDA with fungicide )x 100
Colony diameter in PDA without fungicide

Table 4. The vapour phase activity of commercialized fungicides
against Aspergillus niger AnYD-1 causing onion black mold

Fungicide Vapour pressure Acnv;tgnc:ltlltti}:;spore
Benomyl <0.005 mPa(25°C) -
Blasticidin-S -
Chlorothalonil 0.076 mPa -
Dichlofluanid 0.015 mPa(20°C) +
Diethofencarb 8.4 mPa(20°C) -
Fenarimol 0.065 mPa(25°C) -
Flusilazole 0.039 mPa(25°C) ++
Flutolanil 0.0065 mPa(25°C) -
Fosetyl Al <0.013- mPa(25°C) -
Hexaconazole 0.018 mPa(20°C) ++
Isoprothiolane 1.9x10° mPa(25°C) -
Mancozeb Negligible(20°C) -
Metalaxyl 0.75 mPa(25°C) -
Nuarimol <0.0027 mPa(25°C) -
Prochloraz 0.15 mPa(25°C) -
Procymidone 18 mPa(25°C) -
Triadimefon 0.06 mPa(25°C) -
Tricyclazole 0.027 mPa(25°C) -
Triforine 80 mPa(25°C) -
Viclozolin 0.13 mPa(20°C) -

“Symbols indicate the inhibitory degree of spore formation. —; no
activity, +; < 10 mm of the inhibitory zone diameter of spore forma-
tion, ++; > 10 mm.
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Fig. 3. The vapour phase activity of flusilazole against the sporu-
lation of Aspergillus niger AnYD-1.

Table 5. Effect of solvents on the vapour phase activity of flusila-
zole”

Diameter of Diameter of
Solvent inhibition zone Solvent inhibition
(mm) zone (mm)

Acetone 255 n-Heptane -
Acetonitrile b n-Hexane -
Benzene - Methanol -
Chloroform 16.1 Petroleum ether -
Dimethylformamide 30.7 2-Propanol 5.7
Dimethylsulfoxide 26.2 Pyridine -
Dioxane - Tetrahydrofuran -
Ethanol - Toluene 39
Ethyl acetate - m-Xylene 53
Ethyl ether 37.7

“Flusolazole was treated with 50 pg/a paper disc.
®Symbol indicated that, in Aspergillus niger AnYD-1, there was no
inhibition of spore formation on PDA.
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Table 6. The vapour phase activity of fungicides against the
sporulation of Aspergillus niger AnYD-1 according to the its con-
centrations

Concentration (mg/m/)

Fungicide”
50 10 2 0.4
Flusilazole 537 54.3 49.5 36.5
Hexaconazole 52.7 56.2 50.6 43.5
Dichlofluanid 3.1 21.2 134 30

YFungicide was applied with 20 W//a paper disc at the indicated
concentration.

YFigure indicated the inhibitory zone diameter of spore formation on
PDA.

Table 7. Effect of temperature on the vapour phase activity of fun-
gicides against the spore formation of Aspergillus niger AnYD-1

Temperature °C)

Fungicides® —
35 30 25 20
Flusilazole 40.3 40.1 356 349
Hexaconazole 38.2 38.1 34.8 23.5
Dichlofluanid 22.3 12.5 2.6 0

YFungicide was treated with 50 ug/a paper disc.
YFigure indicated the inhibitory zone diameter of spore formation of
Aspergillus niger AnYD-1 on PDA.

5.3, 5.7 mm= &9 gujo)] B E flusilazole?] &
7b ZAstd ok zeu 2 o]9le] &ujoll M= flusilazole
o] a7t YERA sttt

Z7] el e T FA JA a3E Bl 3% 4
FAE = EE Ag A3, Table 69149 2ol
flusilazole®} hexaconazole> *12] 8k oFA|9] F7} o}
Aol wa} Zx A JA| A G FHFo| HolA
Dichlofluanid= 50 mg/mie] A]FollA Z2F A4 A
A9 2] 2717} 10 mg/mie] A& B} oA = 73 B
Atk o] Ao e & vl d¥S sty skl
=g

HAFL ugsls enn AaEs AaAe ¥AEA
A Aol JeS wFHT}h Table 794 Be Ak 7ol
flusilazole®} hexaconazole®] &= 30°Co) oA &4 Y

ko1, dichlofluanid®] E3FE 35°Col 713 =531t

o
=

ot

[

a

B Aol AMEE, Yool BT A nigers 30~
35°C) SmolM #ARS) A%, B4 wol, a3 o
g Hedel Be 2o ehtthTuble 2). 15°CA

A - AR

. b2
arvga

v Fatde o) A. niger AnYD-12] @AM AL 30T
vjste] 71.1%Y ZAasgon, x47F Ad dopetR] X
tr, o] AAE WL A niger AnYD-19] FAME

HE3E Wol LA U A nigeres FHY
g Ao g A g et AR Bl AlEE A

< & dokw dEA Utk Agrios, 1988). L&}t A niger
9] Aee FoHse vt Hewe] S 8 oA
o] & 07| W] Z2oA FojHste A& B

AEHE WABH] st AMEste EHFHS v &
A Al B - el o upEba] o, A
T 2 A5y Bt 22 2 5Ao] th=t(Neumann
and Jacob, 1995). ©|213} AbgAle] g 5L T
A Q] AarAle) gate)] F JFS wlXH, AHE WLl W
HE AA s 29002 e sty AHA &
g - kAl A FolA AFA S AxA TH 2
U FR79 sUEH tE2A A IHHA ¥ HE
o] Z7]sto] UTH(Van Gestel, 1986). Z&1} o|u] 2.2
ARE &xo WE2e {39 £59 37F HuHo 9l
© v (Yarwood, 1950), B F 7o #As-EH ol thalA
buthiobate(Kato et al., 1975), imazalil(Van Gestel, 1986),
triadimefon 52 ZHIE AR A AA4A7E 571 4
gloll A B WA 35 Yepdthes o7t BRaEo] ok
FH2o /N kresoxim-methylo] 2l AdAl= 3 Fold
E3hs oA AR, BojatA HoFe F5I A7 vlv
3 AEo|PaAE wAToZH HAA ¥ WA §HE
=oF3 tHGold, 1996). Kresoxim-methyl2 Ezle} 9
olo) RriFHE WER F EEADNN 3 Bae) @

Nr

rir

e
=L
2
o
AL
"
ot
o|\

e 8oz &8st ot & AP E dichlofluanid,
flusilazole, hexaconazole 5°|* A. niger AnYD-1%] X2}
P L Ak 45 AET ¢ IAH(Table 4). 42
H 371X 9] AgA SollA dichlofluanides EAFe] P44
Tk opg} Exje] ol AT Fig. 300419 2]
flusilazole2] A &l oA 31QF Ae] FAZF A=A A%
shar, oRt AR X2 YFAgvte] AsiAl AAEHIL
AT}, A5 dichlofluanids AHaA1E *2]§F paper disc
o] vz gl FEoX FAR] Aol A s FEE clear
zoneS FA 3= ALSE Hol F7] el WeF] 4



Flusilazole®] 5 &3jol] 2J3F Yopgoa
£& At 540 e & F AUk &9 A
S48t 2} A A EHE B flusilazoled] ]+
ol X A. nigere] EAGA T vesicleS A 072 FHAH

o] 1 EALY A o] Ao e AL AT
2ZM flusilazole®] A. nigere] T} EA Aol Bolxg o
2 F43s & 5 Utk A EHYFgeld LHE
3L Adlste AdAle FHole) A o) sHEL E
o{z] z1qk, &/\]- Agxl- AA FEHL 8 Ao F HIHo]
IthKato er al., 1974). 23] flusilazole?} hexaconazole®]
A. niger AnYD-18] @A} A oA &3 Table 394
BE A o] vE 2HE AP A Ao vis)
of A A& AL YEIHT Table 404 Aol A
-8t fenarimol, nuarimol, prochloraz, triforine, triadimefonz}
7o oE ZEE YA As daAiek vlastel #A
A AA E3s HAAAR F7] FE A A niger
AnYD-19] 22} PAHE Solxorw AAFoEN, F 4
TA7F A. niger®] EAF HA Ao Eo|Hom FIe
uxa s AR

Flusilazole3} hexaconazole®] &% E 3ol <3t A. niger
o] Xz} A oA = gEATIE Bolg kAl g
ke 2= weba WETF AsA YEbRTh Van Gestel
(1986)v— imazalilg- Penicillium italicumell Z]&]& W), =
2 2xdAM imazalile- M TFE P italicum®] AS-0)
A E & clear zoned] WA o] Z71tty Bst ¢
o} B AF)AE Van Gestel(1981)F 7ol kAlS 244]
ZF Fohdk AR 2mellA AEg Aol ol EE uj
& 717t Z47he] REdlA AAZE A e EA1e ¥
A X AEE A7) W&o P oitalicum® o) &
Lo wetM JA =7t FASA YetR = A9
ik L7t A5 flusilazole?} hexaconazole?] E
2 A oA @admntoe] ol 2} dichlofluanidoll €13 o
A AA A g3e ek B3 flusilazoleS &)
9] FH M XX P44 JA 3ot dgleide
tl, ethyl etherll X 71 948t &3} el 53] 3
o] BAE= & dimethylformamide$} dimethylsulfoxide
oA 3777 262 mme E24 oA AL B AL )
F Bolgk dolzta Azgt). ol fujol] ot F
Fe] Higle £ AFAES] AFE AA sk v
|35 52 AMEE ASR AYzFET

o] HeFFolHE A2 AGE T WS
AE 5 Jdoy AFae AL s FAg=t ¥
o] Bo] Ex ool UL A2 A Fof LA
=0 st x gape] FEHH oA G 7 e vt

sAol Anh H2FdoIHE doIlE A nigers B2

o\o

o |

:\0

& op 12

BT (Aspergillus niger)?) X} G A 129

E2E FA7) o), A%
Sl ol oA sdobA Aol FHolEel UL A
Be TAE wEo] A e Hahzl B2k WelA
A B 5 Ak whEhA A nigersﬂ A AT

Fajs Tjoln wAl7E 9

o] o
=3

g oMoz Asjsle SRS ASBTH, B3
SHBOR AT AZE WALE AV S 31 A
o= e,

2 o

1998\ A A9kte] Fut e Aol 2 A
2 Mol Fgole AeFHoIHE YOT|= Aspergillus
nigerZ &8 H AT A niger AnYD-1-2 30°Col A &AM
%, Aol 2gal ol tigk WMAAgol FPg st
Ath. PDA WA Aol A AAIE in virod] A H llA
flusilazole?} hexaconazole> A. niger AnYD-12] &AL A
A ave HIA R, Hdgol dFAE AH A

k=] gl F7] "}Eﬂi A2 stHdS w Ezle] A
28t AASE Eold e F5aAE BRt. Flusilazole

3} hexaconazole2] :-:7«] B¥= AREske B, AY F
=9} ujoF 50 webx Zol7t 9JSiTt. Dimethylsulfoxide
9} dimethylformamideZ £vl2 A9 W 7HY =
2 37} JeElgon 320N widdsE A <
A &7} A7) Vet

rat

tng

ik

Agrios, G. N. 1988. Plant Pathology. Acardemin Press, New
York. 803pp.

Gold, R. E., Ammermann, E., Kohle, H., Leinhos, G. M. E.,
Lorenz, G., Speakman, J. B., Stark-Urnau, M. and Sauter, H.
1996. The synthetic strobilurin BAS 490 F: Profile of a
morden fungicide. In: Morden fungicides and antifungal
compounds, ed. by H. Lyr, P. E. Russel and H. D. Sisler, pp.
79-92. Athenaeum Press, Andover, UK.

Kato, T., Tanaka, S., Yamamoto, S., Kawase, Y. and Ueda, M. 1975.
Fungitoxic properties of a N-3-pyridylimidodithiocarbonate
derivative. Ann. Phytopath. Soc. Jap. 41: 1-8

Kato, T., Tanaka, S., Yamamoto, S., Ueda, M. and Kawase, Y.
1974. Effects of the fungicide, S-1358, on general metabolism
and lipid biosynthesis in Monilinia fructigena. Agr Biol.
Chem. 38: 2377-2384.

Neumann, St. and Jacob, F. 1995. Principles of uptake and
systemic transport of fungicides within the plant. In : Modern
Selective Fungicides, ed. by H. Lyr, pp. 54-73.

uEAd. 1958, FHSE AP RAL FEthsha. 1: 88.

Sumner, D. R. 1995. Diseases of bulbs caused by fungi, Black



130 23 - upel - B AR - 24

mold. In : Compendium of Onion and Garlic Diseases, ed. by K. and Bossche, V., pp 207-217, Elsevier, New York, USA.
H. F Schwartz and S. K. Mohan, pp 26-27. APS press, St. Van Gestel, J., Van Cutsem, J. and Thienpont, D. 1981. Vapour
Paul, Minnesota, USA. phase activity of imazalil. Chemotherapy 27: 270-276.

Van Gestel, J. 1986. The vapour phase activity of antifungal Yarwood, C. E. 1950. Effect of temperature on the fungicidal
compounds: a neglected or a negligible phenomenon? In: In action of sulfur. Phytopathology 40: 173-180.

vitro and vivo Evaluation of Antifungal Agents, ed. by Iwata,



