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Fig.1 Effect of 1% water-soluble extracts of medicinal
plant materials on mycelial growth of Colletotrichum
higginsianum isolates PA-01 and PA-19 on PDA
plates for 8days. Notes: CC: Cinnamomum cassia; SB:
Scutellaria bacicalensis; PT: Polygonum tinctorium; NN:
Nelumbio nucifera; CM: Cnidium monnieri; EC: Eugenia
caryophyllata; CO: Cornus officinalis; SC: Schizandra
chinesis. *Columns (n=4) followed by the same letter do
not differ significantly according to Duncan’s multiple
range test (P=0.05).
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Table 1. Effect of 1% water-soluble extracts of various medicinal plant materials on conidial germination of Colletotrichum

higginsianum isolates PA-01 and PA-19 at 24 °C for 12 hr

Germination (%)

Medicinal plant material (1% w/v) PA-0O1 PA-19
Nonautoclaved Autoclaved Nonautoclaved Autoclaved

Cinnamomum cassia Presl (1) 0 0 0
Scutellaria bacicalensis Georgi (¥55) 0 0 0
Polygonum tinctorium Ait (5 5%) 17.68 93.67 71.65 75.38
Nelumbio nucifera Georgi (fij5%) 10.42 0 40.43
Cnidium monnieri (L.) Cuss. (WK ) 84.52 34.50 0
Eugenia caryophyllata Thunb. (] %) 17.68 0 0 0
Cornus officinalis Sieb et Zucc. QIET) 23.23 0 17.25 57.85
Schizandra chinesis (Turcz.) Baill (L% 1) 0 12.37 0
None (¥fHEEH) 88.95 69.87 79.62 91.13
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Fig.2 Effect of clove water-soluble extracts (1%, w/
v), eugenol (2000 ppm) and clove oil (2000 ppm) on
control of Pak-choi anthracnose caused by Colletotrichum
higginsianum isolate PA-19. (Data taken 6 days after
treatment) *Columns (n=4) followed by the same letter
do not differ significantly according to Duncan’s multiple
range test (P=0.05).
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Fig.3. Effect of various concentrations of clove oil on
conidial germination of Colletotrichum higginsianum
isolates PA-01 and PA-19 at 24°C for 16 hrs.
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Fig.4. Effect of various concentrations of clove oil on
control of Pak-choi anthracnose caused by Colletotrichum
higginsianum isolate PA-19. (Data taken 6 days after
treatment) *Columns (n=4) followed by the same letter
do not differ significantly according to Duncan’s multiple
range test (P=0.05).
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Fig.5. Light and scanning electron micrographs
of morphological deformations of Colletotrichum
higginsianum hyphae and appressorium treated with clove
oil [(A) & (B): check (normal), (C) & (D): hyphae were
swelled and cytoplasma of appressorium was leaked out
after treatment with 1500 ppm of clove oil]. Bars: A, B=30

um.
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Fig.6. Effect of application time-point for clove oil on
reducing disease severity and lesion number of Pak-choi
anthracnose caused by Colletotrichum higginsianum isolate
PA-19. Application of clove oil (1500 ppm) was conducted
(I) one day before inoculation with the pathogen, (II) at
the same time as inoculation with the pathogen, (III) one
day after inoculation with the pathogen, and (IV) plants
were inoculated without spraying clove oil. *Columns
(n=3) followed by the same letter do not differ significantly
according to Duncan’s multiple range test (P=0.05).
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Fig.7. Effect of various nitrogen sources (250 ppm) with
or without 1000 ppm of clove oil on control of Pak-choi
anthracnose caused by Colletotrichum higginsianum isolate
PA-19. *Columns (n=3) followed by the same letter do not

differ significantly according to Duncan’s multiple range
test (P=0.05).
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Fig.8. Effect of various phosphorus sources (250 ppm) with
or without 1000 ppm of clove oil on control of Pak-choi
anthracnse caused by Colletotrichum higginsainum isolate
PA-19. *Columns (n=3) followed by the same letter do not
differ significantly according to Duncan’s multiple range
test (P=0.05).
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Fig.9. Effect of various potassium sources (250 ppm) with
or without 1000 ppm of clove oil on control of Pak-choi
anthracnse caused by Colletotrichum higginsainum isolate
PA-19. *Columns (n=3) followed by the same letter do not
differ significantly according to Duncan’s multiple range
test (P=0.05).
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Fig.10. Effect of calcium and magnesium sources (250 ppm)
with or without 1000 ppm of clove oil on control of Pak-
choi anthracnose caused by Colletotrichum higginsianum
PA-19. *Columns (n=3) followed by the same letter do not
differ significantly according to Duncan’s multiple range
test (P=0.05).
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ABSTRACT

Lin, C. L., Lin, T. C.", and Huang, J. W."? 2010. Evaluation for efficacy of clove oil and plant
nutrients on controlling the cruciferous vegetable anthracnose caused by Colletotrichum higginsianum.
Plant Pathol. Bull. 19: 167-176 (‘ Department of Plant Pathology, National Chung Hsing University, 250
Kuo Kuang Rd., Taichung 402, Taiwan R.O.C.; > Corresponding author, E-mail: jwhuang@dragon.nchu.
edu.tw)

Eight medicinal plant materials were evaluated for their effects on conidial germination and
mycelial growth of the anthracnose fungus of cruciferous vegetable , Colletotrichum higginsianum
isolates PA-01 and PA-19 on potato dextrose agar plates. Among these, clove (Eugenia caryophyllata
Thunb.) completely inhibited the conidial germination and mycelial growth at the concentration of
1% (w/v) whether it was autoclaved. In addition, the clove oil, the major component of clove, was
completely effective in inhibiting conidial germination at 1250 ppm. Observations under light and
scanning electron microscopes indicated that the hyphae were swelled and cytoplasma of appressoria
were leaked out when the fungus was treated with clove oil at 1500 ppm for 12 hours. The clove
water-soluble extracts, clove oil, and eugenol were respectively used to control Pak-choi anthracnose.
The results showed that clove water-soluble extracts reduced 10% of disease severity of anthracnose,
furthermore, clove oil and eugenol were equally effective in reducing more than 70% disease severity
compared to the control. In greenhouse tests, clove oil could reduce disease severity of Pak-choi
anthracnose when plants were sprayed one day before inoculation of the pathogen or at the same time
as the pathogen was inoculated. However there was no effect on controlling this disease when plants
were sprayed one day after the inoculation of the pathogen. The efficiency of clove oil on control of
Pak-choi anthracnose were markedly increased when it was mixed with chemical fertilizer. It was found
that KNO;, H;PO;, K,SO,, Ca(NO;), - 4H,0, and MgSO, were able to enhance the effect of clove oil

on control of this disease.

Key words: Cruciferous vegetable anthracnose, Pak-choi, Collerotrichum higginsianum, medicinal

plant materials, clove, clove oil



