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Table 1. The list of fungicides used in this study

Fungicides Formulation Applied host plants Target diseases
neoasozin SC 6.5% apple apple canker
dazomet GR 98% garlic, watermelon white rot, fusarium wilt
dithianon WG 66% peach, pear brown rot, black spot
diclofluanid WP 50% tomato, cucumber gray mold, downy mildew
mancozeb WP 75% peppet, grapes anthracnose, black rot
captan WP 50% barley, apple scab, white rot
chlorothalonil WP 75% tangerine, peanut scab, black leaf spot
propineb WG 67% orchid, grapes anthracnose, bird’s eye rot
iminoctadine SC 30% tomato, gerbera gray mold, anthracnose
cyprodinil WG 50% grapes, pear gray mold, scab
iprodione WP 50% grass brown patch,
tolclofos-methyl WP 50% ginseng, melon damping-off, root rot
pencycuron WP 25% rice, grass sheath blight, rhizoctonia bliaht
flutolanil EC 15% rice sheath blight
polyoxin D zinc salt WP 2.25% rice plant, welsh onion ear blight, alternaria leaf spot
polyoxin B WP 10% carrot, pumpkin powdery mildew, scab
procymidone WP 50% rape, peach sclerotinia rot, brown rot
diethofencarb + WP 25% ginseng, strawberry gray mold

carbendazim WP 25%

nuarimol WP 1% apple, pear powdery mildew, cedar apple rust
difenoconazole WP 10% sweet persimmon, tobacco anthracnose, brown spot
myclobutanil WP 6% carnation, pepper rast, powdery mildew
bitertanol SC 40% lily, melon leaf blight, powdery mildew
tenbuconazole SC 20% garlic, tea plant white rot, anthracnose
penconazole WP 5% rose, pear powdery mildew, scab
prochloraz WP 25% strawberry, watermelon powdery mildew, gummy stem rot
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Table 2. Disease severity index of soybean black rot
inoculated with Calonectria ilicicola through the wound
inoculation test in a greenhouse

Scale Disease symptoms

0 No visible symptoms

1 Browning of inoculation site

2 Browning of crown and tap root

3 Browning of secondary roots, Extension of
tap Toot symptoms

4 Falling off the high posision secondary roots,
Severe decay of tap root

5 Most of secondary roots were falling off,
Severe decay of tap root

“Pathogen inoculation was conducted by wounding
crowns of soybean with cutting knife. The size of the
wound was 5 (length)x3 (depth) mm.

"Disease severity was investigated 40 days after
inoculation.
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Table. 3. Inhibitory effect of fungicides on mycelial growth and spore germination of Calonectria ilicicola SC03-15

Agar dilution method

96-well microtiter plate method

Fungicides

ECso MIC ECso MIC
neoasozin 213.38 >500 >100 >100

dazomet 9.75 500 2.83 25
dithianon >500 >500 4.65 125
dicloftuanid >500 >500 0.61 3.13
mancozeb >500 >500 4.64 25
captan >500 >500 0.29 1.56
chlorotharonil >500 >500 >100 >100
propineb >500 >500 >100 >100
iminoctadine 0.01 50 >100 >100
cyprodinil 99.46 >500 >100 >100
iprodione 6.93 >500 >100 >100
tolclofos-methyl >500 >500 >100 >100
pencycuron >500 >500 >100 >100
flutolanil >500 >50 >100 >100
polyoxin D zinc salt >500 >500 >100 >100
polyoxin B >500 >500 >100 >100
procymidone 16.87 500 >100 >100
diethofencarb + carbendazim 0.04 0.5 0.67 12.5
nuarimol 25.06 >50 >100 100
difenoconazole >500 >50 18.67 >100
myclobutani} 3.56 50.0 28.05 >100
bitertanol >500 >50 >100 >100
tebuconazole 0.65 50.0 355 >100
penconazole 493 >50 >100 100
prochloraz 1.76 50.0 1.64 100

“In both agar dilution method and 96-well microtiter plate method, fungicidal activity was investigated 10 days after

inoculation.

"The fungicidal activity was calculated by comparing the fungal growth in the treatment not applied with a fungicide

with one in the fungicide treatment.

9The activity was presented by the effective concentration of 50% (ECso, g mL") and the minimum inhibitory

concentration (MIC, pg mL™).
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Fig. 1. Microscopic photographs of mycelia
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Fig. 2. Controlling effect of fungicides on soybean black root rot caused by Calonectria ilicicola
SC03-15 in a greenhouse. Fungicides were applied by drenching 10 mL of each fungicide solution

and germinating conidia of Calonectria ilicicola SC03-15. A,
mycelia of C. ilicicola SC03-15 not applied with any fungicides; B, 0.78 ng mL" of captan; C, 0.78 pg
mL' of the mixture of both diethofencarb and carbendazim; D, 125 pg mL’ of the mixture of both
diethofencarb and carbendazim.
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Fig. 3. Fungicidal activity against soybean black rtoot rot caused by Calonectria ilicicola SC03-15 in a
greenhouse. Photographs were made 40 days after inoculaton. A, Root of non-inoculated soybean; B, Root
inoculated with perithecia not applied with fungicides; C, Root applied with 100 ug mL” of the mixture
both diethofencarb and carbendazim by drenching 2 days before inoculation of perithecia of C. ilicicola
SC03-15; D, Root applied with 100 pg mL’ of the mixture by drenching 2 days after inoculation of
perithecia of C. ilicicola SC03-13.
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Selection of Fungicides for the Control of Soybean Black Root Rot Caused by Calonectria ilicicola

Seong Woo Park, Beom Kwan Kang, 1Hong Sik Kim, 'Sun Hee Woo, and *Heung Tae Kim(Department of Plant
Medicine, College of Agriculture, Life and Environment Sciences, Chungbuk National University, Cheongju,
Chungbuk 361-763, Korea, 'Department of Agronomy, College of Agriculture, Life and Environment Sciences,
Chungbuk National University, Cheongju, Chungbuk 361-763, Korea)

Abstract : Fungicidal screening was performed to control soybean black root rot caused by Calonectria ilicicola
through in vitro and greenhouse assays. In in vitro assay, 25 fungicides were assessed by an agar dilution method
and a 96-well microtiter plate method. While protective fungicides including dithianon, dichlofluanid, mancozeb,
and captan showed a very low activity against the mycelial growth C. ilicicola SC03-15 in the agar dilution
method, they displayed potent inhibitory activity against spore germination in a 96-well microtiter plate method
with ECs values of 4.65, 0.61, 4.64, and 0.29 pg mL", respectively. Ergosterol biosynthesis-inhibiting (EBI)
fungicides showed different antifungal activity against mycelial growth and spore germination according to
molecules. Difenconazole displayed higher antifungal activity against spore germination rather than mycelial
growth, and prochloraz inhibited potently both mycelial growth and spore germination with EC50 values less than
1.8 pg ml". In contrast, the other EBI fungicides inhibited more highly mycelial growth than spore germination.
Carbendazim+diethofencarb and  dazomet also inhibited both mycelial growth and spore germination of C.
ilicicola SC03-15 at very low concentrations. In greenhouse assay, carbendazim+diethofencarb effectively
controlled a soybean black root rot by drenching 2 days before or after inoculation. In addition, tebuconazole

showed potent curative activity against soybean black root rot.

Key words : soybean black root rot, the mixture both carbendazim and diethofencarb, chemical control.
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