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This study was conducted to evaluate the antifungal activity of 19 agro-materials that have been reg-
istered for organic cultivation in Korea, after inoculation of pear leaves with Venturia nashicola and
Gymnosporangium asiaticum. In V. nashicola, most of the nine agro- materials containing sulfur and
copper completely inhibited spore germination, and some of the spores that germinated did not form ap-
pressoria. However, in only lime sulfur, Neobordeaux (cupric sulfate), and Wheengaris (sulfur) showed an-
tifungal activity against G. asiaticum. Among the agro-materials containing plant extracts, Wheengarujaba
(wood vinegar+spirits+rhubarb) inhibited conidial germination in V. nashicola and G. asiaticum by 100%
and 71.6%, respectively. Among the agro-materials containing antifungal microorganisms, Cheongotan
(Streptomyces griseus) reduced spore germination rate of V. nashicola to 88.8%; moreover, formation of
appressoria or intracellular accumulation was not observed. Application of Topsid (Paenibacillus polymyxa)
reduced spore germination rates in V. nashicola and G. asiaticum to 71.0% and 90.6%, respectively, and
the formation of appressoria was not observed. Studying the antifungal activity of agro-materials because
of cumulative applications under the field conditions is necessary, owing to their contact fungicidal effect
and the induced-resistance by microbial metabolites and natural compounds.
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Table 1. List of organic agro-materials used in this study

Products Active ingredients or Sources No. of Registration Dilution Supbliers
(No. series) (Common name of plant) registration topear (Fold, v/v) PP
Kofwhang Sulfur 11-Yougi-4-160 yes 1,000 KOF.Ltd., Gyeogsan, Korea
Whangjae Sulfur 09-Yougi-4-084 yes 500 Odors. Ltd., Umseong, Korea
Cleanguard Sulfur 09-Yougi-4-088 no 500 CMCKorea. Ltd., Daejeon, Korea
Trilog Sulfur 09-Yougi-4-098 no 500 NH Chemical. Ltd., Seongnam, Korea
Wheengaris Sulfur 09-Yougi-4-100 no 2,000 Newgreenwell. Ltd., Chengyang, Korea
Lime sulfur Sulfur, Calcium hydroxide 09-Yougi-4-093 no 400-1,200 Seoulwhangyeongsanup. Ltd., Naju,
Korea
Pangsis Sulfur, Gardenia jasminoides 11-Yougi-4-192 no 1,000 CMCKorea. Ltd., Daejeon, Korea
(cape jasmine)
Neo-bordeaux  Cupric sulfate 08-Yougi-4-074 no 1,000 Youngil Chemical. Ltd., Daejeon, Korea
Tubortan Cupric sulfate, Calcium hydroxide  09-Yougi-4-095 no 500 CMCKorea. Ltd., Daejeon, Korea
Jegyuntan Streptomyces lavendula 10-Yougi-4-123 no 250  CMCKorea. Ltd., Daejeon, Korea
Jaenotan Bacillus subtilis 07-Yougi-4-010 no 200  Korea Bio Chemical. Ltd., Jinju, Korea
(KBC1010)
Cillus Bacillus subtilis 07-Yougi-4-014 no 300 Greenbiotech. Ltd., Paju, Korea
(GB0365)
Kyupect Ampelomyces quisqualis 07-Yougi-4-013 no 200  Greenbiotech. Ltd., Paju, Korea
(AQ94013)
Topsid Paenibacillus polymyxa 07-Yougi-4-012 no 200  Greenbiotech. Ltd., Paju, Korea
(AC-1)
Chorongchan  Simplicillum lamellicolae 11-Yougi-4-154 no 200  Greenbiotech. Ltd., Paju, Korea
(BCP)
Cheongotan Streptomyces griseus, diatomite 09-Yougi-4-101 no 100  BIG. Ltd., Daejeon, Korea
-104
Tanjeobreak Chitosan, oligosaccharides, vinegar, 08-Yougi-4-036 no 1,000 Nambo. Ltd., Jinju, Korea
Allium sativum (garlic)
Vitabox Spirits, Rheum rhabarbarum Gonsi-4-2-011 no 500  BIG.Ltd., Daejeon, Korea
(rhubarb)
Wheengarujaba Wood vinegar, Spirits, 11-Yougi-4-184 no 500  Hyosung ONB. Ltd., Asan

Rheum rhabarbarum (rhubarb)
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Institute for Statistics and Mathematics of WU, Wien, Austria,
2013)2) FALFHYO 2 £-94 95% - Fo K BAISIsick
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7he) 2, 7kE, A33FEA(1,0008, 1,2008)), HA 2 o
A1 100% E27| IR &2 HATh & GEHRO B 5
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400-800H] 2] Foll 4] EAPEoLeiA|&o] 100% Ekx|at
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Table 2. In vitro antifungal activity of agro-materials against pear scab (Venturia nashicola) and pear rust (Gymnosporangium asiaticum)

Venturia nashicola

Group of - i G{m?l?osporangium as.ia‘ti‘cum . Index of
active Products Inhibition of Inhibition of Inhibition of Inhibition of intracellular
ingredients’ conidial germi- appre?sorial c?niqial appres.;sorial accumuladtion
nation (%) formation (%) germination (%) formation (%) (0-5)
S Whangjae 100.0+0™" NC 53.9+2.1° 100.0+0.0"
S Kofwhang 100.0+0" NC 29.4+8.5" 81.5+2.3°
S Trilog 100.0+0" NC 20.4+5.3%¢ 94.5+3.2"¢ 1-2
S Wheengaris 93.7+0.7"° 100.0+0.0" 100.0+0.0" NC 1-2
S Cleanguard 59.1+4.6" 100.0£0.0" 6.5+2.4%" 87.145.3"€ 0
LS Lime sulfur (400x) 100.0+0" NC 100.0+0.0" NC 1-2
LS Lime sulfur (600x) 100.0+0" NC 100.0+0.0" NC 1-2
LS Lime sulfur (800x) 100.0+0" NC 100.0+0.0" NC 0-1
LS Lime sulfur (1000x) 89.9+1.9% 100.0+0.0" 100.0+0.0" NC 0
LS Lime sulfur (1200x) 83.2+434°F 100.0+0.0" 100.0+0.0" NC 0
S+PE  Pangsis 91.6+1.1"¢ 100.0+0.0" 22.749.3%¢ 100.0+0.0" 0
Cu Neo-bordeaux 100.0+0" NC 100.0+0.0" NC 2-3
Cu Tubortan 100.0+0" NC 24.7+4.7°F 96.7+3.3% 0-1
PE Wheengarujaba 100.0+0" NC 71.6+84° 85.0+7.6™ 0-1
PE+AM  Vitabox 87.7+2.8°° 56.3+4.1° 36.8+1.4° 86.1+7.7"C 0
AM Chorongchan 88.8+2.3°° 66.7+16.7 17.145.3" 97.8+2.2% 2-3
AM Jegyuntan 80.9+5.8™ 100.0+0.0" 14.7+5.0™ 95.6+2.3*¢
AM Cillus 76.4+2.1%¢ 62.5+7.2° 347455 93.2+3.9™¢
AM Kyupect 75.0+5.4%¢ 80.6+10.0° 1.6+1.6" 51.9+14.9° 0-1
AM Topsid 71.0+2.4° 100.0+0.0" 90.6+5.1" 100.0+0.0" 0
AM Jaenotan 68.1+2.7° 61.7+7.3° 17.2+8.3" 89.0+2.4"¢ 2-3
AM+OM  Cheongotan 87.7+1.3%° 100.0+0.0" 67.0+5.7% 95.2+4.8"¢ 0
AM+OM  Tanjeobreak 78.4+6.7% 100.0+0.0" 19.4+10.0%° 17.9+2.4° 0
Control 9.4+1.0' 10.142.4° 2.0+1.2" 58.9+4.2° 0

°Abbreviation: S=sulfur, LS=lime sulfur, Cu=copper, PE=plant extract, AM=antifungal microorganism, OM= organism-oriented materials.
®The same letters indicate no statistical difference at 5% level by Duncan’s multiple range test.

“Not calculable.

4 Categorized into 0 to 5 depending on range intracellular accumulation; ‘0’ for no accumulation, ‘1’ for <1%, ‘2’ for 1-5%, ‘3’ for 6—10%, ‘4’ for

11-25%, and ‘5’ for >25%.
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Fig. 1. Germination of Venturia nashicola conidia causing pear scab (left), and intracellular accumulation of fungicidal materials after appli-
cation on pear leaf (right). Scale bars: 20 um. CN: conidium, GT: germ tube, APS: appressorium, IA: intracellular accumulation of lime sulfur

(with 400 fold dilution).
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