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INTRODUCTION 
Recently, conventional cultivation using pesticides 

and fertilizers has been changing quickly into organic 
agriculture using organic agricultural materials 
because of an increasing interest in and demand 
for organic products. However, organic agricultural 
materials used in organic agricultural plantations 
have low pest control effect and low residue activity. 
In addition, occurrence amount of pest in organic 
cultivation fields were much more than those found 
in conventional cultivation fields. Thus, pest control in 
organic cultivation was much more difficult than that 
of conventional cultivation (Jeon and Kim, 8).

Anthracnose fungus may violate nearly all parts 
of the plant and form a lesion in lesion leaves, stems, 
and fruits of host plants. Thereafter, plants infected 
with anthracnose show symptoms of tissue necrosis, 

rot, and blight. In some cases mobility rate of disease 
on anthracnose in organic cultivation is over 90%, so 
crops do not harvest (Kwon and Lee, 12). Occurrence 
of anthracnose (Colletotrichum coccodes) in various 
crops including peppers and persimmon trees bring 
about economic loss (Agrios, 1). To control pests 
such as anthracnose, pesticides have been used 
for a long time. Recently, however, the ecosystem 
destruction and environmental pollution has been 
caused by abuse of pesticides. In addition, resistant 
pests have emerged by repeated use of the same 
mode of pesticides (Cho et al., 2, Song et al., 23). 
Therefore, in recent years to overcome pesticide 
resistance, studies have focused on plant extracts 
and organic emulsifiers that do not significantly affect 
the environment and show low toxicity to natural 
enemies and wide spectrums of pest control (Choi et 
al., 3, Hwang et al., 5, Kim et al., 9, Kwak et al., 11, 
Park et al., 19, Park et al., 20).

Studies on the antimicrobial activity were 
performed in medicinal plants used in folk medicine 
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Table 1. Suppression rate of Colletotrichum coccodes by various plant extracts in laboratory test (3 days after treatment). 

Plant species Plant part Extraction 
method

Suppression rate (%)
Extract concentration (%)

0.5 1 3
Control 0.0 0.0 0.0
Cirsium japonicum var. maackii 
(Maxim.) Matsum. 

Root Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 2.6 2.6 10.7
Water 0.0 0.0 0.0

Polymnia sonchifolia
Poepp. & Endl.

Leaf Ethanol 0.0 0.0 16.0
Boiled water 0.0 0.0 0.0
Fermentation 0.0 2.4 10.5
Water 0.0 0.0 0.0

Root Ethanol 0.0 0.0 6.7
Boiled water 1.9 1.9 4.2
Fermentation 0.0 2.1 0.0
Water 0.0 0.0 0.0

(Maregesi et al., 14, Paik et al., 17). In particular, 
medicinal plant extracts are wildly used as 
antimicrobial agents in medicine and food fields, 
and the antimicrobial effects of the pathogen to cause 
disease in plants have also been reported often (Kim 
et al., 10, Kwon et al., 13, Yoon et al., 25). Park et al. 
(18) reported on the highest bacterial effect against 
various plant pathogens including Rhizoctonia solani 
in Hovenia dulcis Thunb. extract among methanol 
extraction of 118 plant species. Antifungal activity on 
pepper anthracnose by a major component (1.0 mg 
urushiol/mL PDA) of Rhus verniciflua Stokes showed 
18.3-39.5% (Song et al., 24). Mixtures of plant-
derived extracts with bordeaux mixture, soapy water, 
a mixture of lime sulfur, sulfur, ethyl alcohol, paraffin, 
and vinegar have been used in organic farming (RDA, 
21). Vinegar treatment has been reported on growth 
increase and disease control in peas and sweet silage 
(Daly and Stewart, 4). Oils are important organic 
materials that are used to control potato and rose 
pests in the United States and Australia (Nicetic et al., 
15, 16). Choi et al. (3) reported that thyme oil among 
43 plant oils had a high fungicidal activity against 
pepper anthracnose. 

The objective of this research was to determine 
suppression rate on Colletotrichum coccodes by 
using plant extracts from different extraction methods 
(water, boiling water, fermentation, and ethanol) from 
various plant parts (leaves, stems, fruits, and roots) 
in 47 species from 27 families. Suppression rate on 
Colletotrichum coccodes was also determined by 
using mixers of various plant extracts and organic 
emulsifiers. Finally, we determined controlling 

effect on Colletotrichum coccodes and leaf injury in 
persimmon trees by using selected plant extracts and 
organic emulsifiers.

MATERIALS AND METHODS
Of the 47 plant species used for this study. Some 

species of these plant species were collected directly 
in fields and other plant species were purchased 
from Chonnam Hanyaknonghyup Cooperation. 
Specific information on the plant species is given 
in Table 1.

Leaves, stems, roots, and barks of 47 plant 
species shown in Table 1 were dried and grinded; 
extraction methods were water, boiling water, ethanol, 
and fermentation used for this study. Fifty grams of 
each plant species were grinded and put in 1,000 
ml distilled water for 24 h for water extract and put 
in 1000 ml ethanol instead of distilled water for 24 h 
for ethanol extract. In addition, 50 g of each grinded 
plant species were put in 1,000 ml distilled water and 
boiled at 100°C for 30 min for boiling water extract, 
but put in 1,000 ml distilled water and stored at room 
temperature for 20 days for fermentation extract. Each 
extract was concentrated under reduced pressure and 
the pellet was completely evaporated using a vacuum 
dryer (Hanbaek Scientific Co. Korea). Each extract 
was dissolved in distilled water to ensure that the 
final concentration was at 50% and was diluted with 
distilled water to attain 0, 1, 3, and 5% concentrations 
for experiment on inhibition rates of Colletotrichum 
coccodes. Ten ml of 0, 0.5, 1 and 3% of the extracts 
were added to potato dextrose agar (PDA) media in 
Petri dishes (90 mm). After solidification, a mycelia 
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Plant species Plant part Extraction 
method

Suppression rate (%)
Extract concentration (%)

0.5 1 3
Artemisia princeps Pomp. Hara All parts of above 

ground 
Ethanol 7.1 7.1 16.7
Boiled water 0.0 0.0 0.0
Fermentation 5.3 18.8 16.7
Water 2.2 6.7 13.3

Chrysanthemum zawadskii Herb. 
var. latilobum (Maxim.) Kitamura

All parts of above 
ground 

Ethanol 0.0 0.0 11.9
Boiled water 4.2 4.2 8.3
Fermentation 2.2 7.0 9.5
Water 0.0 0.0 10.3

Xanthium strumarium L. Fruit Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 2.4 15.8 50.0
Water 2.1 4.3 6.7

Eclipta prostrata L. All parts of above 
ground 

Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 0.0 0.0 2.4
Water 0.0 0.0 2.2

Conyza canadensis L. All parts of above 
ground 

Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 2.2 6.8 7.1
Water 0.0 0.0 0.0

Helianthus tuberosus L. Bulb Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 6.1 30.3 60.6
Water 0.0 2.2 4.6

Lactuca indica var. laciniata All parts of above 
ground 

Ethanol 0.0 0.0 2.4
Boiled water 0.0 0.0 0.0
Fermentation 4.8 12.1 63.4
Water 0.0 0.0 0.0

Erigeron annuus (L.) Pers. All parts of above 
ground 

Ethanol 3.7 7.4 7.4
Boiled water 0.0 0.0 0.0
Fermentation 9.2 16.2 65.1
Water 0.0 0.0 0.0

Petasites japonicus (Siebold & 
Zucc.) Maxim. 

Leaf Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 2.2 4.4 30.2
Water 2.4 2.4 2.4

Stem Ethanol 7.4 19.0 22.2
Boiled water 0.0 0.0 0.0
Fermentation 4.4 6.8 7.0
Water 5.1 10.3 15.4

Chrysanthemum cinerariaefolium 
(Trev.) Vis.

Leaf Ethanol 0.0 0.0 0.0
Seed Ethanol 2.4 7.1 4.8
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Plant species Plant part Extraction 
method

Suppression rate (%)
Extract concentration (%)

0.5 1 3
Taraxacum platycarpum Dahlst All parts of above 

ground 
Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 0.0 0.0 22.7
Water 0.0 0. 7.3

Salvia miltiorrhiza Bunge Root Ethanol 7.3 7.3 20.0
Boiled water 0.0 4.2 4.2
Fermentation 2.4 2.4 19.8
Water 0.0 0.0 0.0

Leonurus japonicus Houtt. All parts of above 
ground 

Ethanol 2.4 4.8 4.8
Boiled water 0.0 0.0 0.0
Fermentation 0.0 0.0 16.0
Water 0.0 0.0 0.0

Mentha arvensis L. All parts of above 
ground 

Ethanol 4.9 9.9 17.4
Boiled water 0.0 0.0 0.0
Fermentation 4.4 6.7 15.6
Water 0.0 2.1 15.1

Angelica gigas N. Root Ethanol 4.9 9.9 12.3
Boiled water 0.0 0.0 2.2
Fermentation 4.9 9.9 19.8
Water 2.2 4.4 6.7

Torilis japonica (Houtt.) DC. Root Ethanol 3.2 7.4 23.1
Boiled water 0.0 0.0 0.0
Fermentation 15.2 45.5 81.8
Water 2.2 4.4 6.7

Angelica dahurica (Fischer) 
Bentham et Hooker F.

Root Ethanol 0.0 7.4 22.7
Boiled water 0.0 0.0 0.0
Fermentation 0.0 0.0 0.0
Water 0.0 0.0 4.4

Rheum palmatum L. Root Ethanol 19.4 50.0 69.4
Boiled water 0.0 0.0 2.2
Fermentation 0.0 5.8 36.9
Water 2.1 15.1 41.3

Rumex crispus L. All parts of above 
ground 

Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 2.2
Fermentation 0.0 0.0 0.0
Water 0.0 0.0 2.2

Aleurites fordii (Hemsl.) 
Airy Shaw

Leaf Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 0.0 0.0 2.6
Water 0.0 0.0 2.4

Stem Ethanol 2.8 5.6 8.3
Boiled water 0.0 0.0 0.0
Fermentation 0.0 12.1 33.3
Water 2.6 7.7 5.1
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Plant species Plant part Extraction 
method

Suppression rate (%)
Extract concentration (%)

0.5 1 3
Ricinus communis L. All parts of above 

ground 
Ethanol 0.0 4.8 4.9
Boiled water 0.0 0.0 0.0
Fermentation 2.2 2.2 2.2
Water 0.0 0.0 0.0

Sophora flavescens Ait Root Ethanol 0.0 0.0 9.5
Boiled water 0.0 0.0 0.0
Fermentation 0.0 4.6 9.2
Water 2.2 2.2 7.1

Astragalus membranaceus Bunge Root Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 2.2 2.2 13.8
Water 0.0 0.0 7.7

Camellia japonica L. Leaf Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 2.2
Fermentation 2.2 2.2 4.4
Water 0.0 0.0 0.0

Stem Ethanol 2.8 8.3 13.9
Boiled water 0.0 0.0 0.0
Fermentation 2.2 6.8 13.8
Water 0.0 2.4 7.1

Camellia spp. Leaf Ethanol 5.6 0.0 33.3
Boiled water 0.0 0.0 0.0
Fermentation 0.0 0.0 5.8
Water 0.0 0.0 2.2

Stem Ethanol 5.6 8.3 11.1
Boiled water 0.0 0.0 2.2
Fermentation 2.2 2.2 2.2
Water 0.0 2.4 7.1

Portulaca oleracea L. All parts of above 
ground 

Ethanol 0.0 2.4 7.5
Boiled water 0.0 0.0 0.0
Fermentation 10.5 23.7 68.4
Water 0.0 0.0 0.0

Acorus gramineus Sol. All parts of above 
ground 

Ethanol 0.0 7.0 37.8
Boiled water 6.3 6.4 16.9
Fermentation 0.0 0.0 4.4
Water 0.0 0.0 0.0

Rehmannia glutinosa var. purpurea 
(Makino) 
Makino & Nemoto 

Root Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 0.0 2.6 10.7
Water 0.0 0.0 2.2

Chelidonium majus var. asiaticum 
Ohwi 

All parts of above 
ground 

Ethanol 0.0 0.0 2.8
Boiled water 0.0 0.0 2.2
Fermentation 20.8 30.2 65.1
Water 2.2 2.2 4.4
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Plant species Plant part Extraction 
method

Suppression rate (%)
Extract concentration (%)

0.5 1 3
Stemona japonica (Bl.) Miq. Root Ethanol 4.9 9.9 19.0

Boiled water 0.0 0.0 0.0
Fermentation 0.0 2.2 13.8
Water 0.0 5.1 20.5

Cyperus rotundus L. Fruit Ethanol 4.8 7.1 11.9
Boiled water 0. 0.0 0.0
Fermentation 6.7 6.7 8.9
Water 0.0 0.0 0.0

Cnidium officinale Makino Root Ethanol 4.8 7.3 29.9
Boiled water 4.2 4.2 6.3
Fermentation 2.4 2.4 20.0
Water 0.0 4.4 4.4

Coptis japonica (Thunb.) Makino Root Ethanol 6.8 6.8 28.3
Boiled water 2.2 11.1 53.3
Fermentation 5.3 34.2 52.8
Water 20.3 29.5 49.8

Melia azedarach L. Fruit Ethanol 0.0 0.0 2.2
Boiled water 0.0 0.0 0.0
Fermentation 6.7 8.9 13.3
Water 8.6 13.1 17.2

Plantago asiatica L. All parts of above 
ground 

Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 8.9 22.2 64.4
Water 0.0 0.0 6.7

Geranium thunbergii Siebold & 
Zucc. 

All parts of above 
ground 

Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 10.7 18.8 48.5
Water 0.0 0.0 0.0

Curcuma longa L. Root Ethanol 0.0 0.0 2.8
Boiled water 0.0 0.0 0.0
Fermentation 0.0 6.1 9.1
Water 2.2 8.9 11.1

Cinnamomum cassia Blume Bark Ethanol 0.0 23.8 66.7
Boiled water 0.0 0.0 0.0
Fermentation 0.0 0.0 0.0
Water 0.0 0.0 0.0

Chenopodium album L. var. 
centrorubrum Makino 

All parts of above 
ground 

Ethanol 0.0 2.4 7.1
Boiled water 0.0 0.0 0.0
Fermentation 0.0 0.0 0.0
Water 0.0 4.4 4.4

Thuja orientalis L. Leaf Ethanol 0.0 0.0 0.0
Boiled water 0.0 0.0 0.0
Fermentation 2.4 10.5 15.4
Water 0.0 0.0 0.0
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Plant species Plant part Extraction 
method

Suppression rate (%)
Extract concentration (%)

0.5 1 3
Stem Ethanol 2.8 8.3 13.9

Boiled water 0.0 0.0 0.0
Fermentation 0.0 2.4 4.8
Water 5.1 7.7 7.7

Pittosporum tobira (Thunb.) Ait. Leaf Ethanol 0.0 0.0 2.4
Boiled water 0.0 0.0 0.0
Fermentation 2.6 10.5 13.0
Water 4.8 4.8 4.8

Stem Ethanol 5.6 8.3 16.7
Boiled water 0.0 0.0 0.0
Fermentation 9.2 9.2 9.5
Water 0.0 0.0 0.0

Styrax japonicus 
Sieb. et Zucc. 

Leaf Ethanol 0.0 5.6 19.4
Boiled water 0.0 0.0 0.0
Fermentation 5.1 7.7 15.6
Water 6.8 6.8 23.2

Stem Ethanol 0.0 0.0 2.2
Boiled water 0.0 0.0 0.0
Fermentation 2.4 4.8 4.8
Water 0.0 0.0 0.0

Nerium indicum MILL All parts of above 
ground 

Ethanol 4.8 4.8 4.8
Boiled water 0.0 0.0 0.0
Fermentation 5.6 11.4 34.3
Water 0.0 0.0 0.0

Houttuynia cordata Thunb. All parts of above 
ground 

Ethanol 2.8 13.9 13.9
Boiled water 0.0 0.0 0.0
Water 0.0 5.6 16.7

Nicotiana tabacum L. All parts of above 
ground 

Boiled water 0.0 0.0 0.0

plug (10 mm diameter) of Colletotrichum coccodes 
was placed in the center of the Petri dishes and 
incubated at 26°C in darkness (Jang et al., 6). 
Three-day-old cultures of the test fungus grown 
on PDA medium were used for bioassays. Radial 
mycelia growth of the test fungus was recorded at 3 
days after treatment. The suppression activity was 
calculated using colony diameter growth of treated 
plates compared to control plates (PDA medium 
without extract). 

Four plant extracts, fermentation extracts of 
Torilis japonica (Houtt.) DC. and Portulaca oleracea 
L., and ethanol extracts of Rheum palmatum L. and 
Cinnamomum cassia Blume were selected based on 
inhibition rates on anthracnose from experiments on 

inhibition effects of anthracnose by plant parts and 
extraction methods in various plant species. Inhibition 
effect of anthracnose was determined by the selected 
plant extracts at 0, 0.1, 0.3, 0.5, 1, 3, 5, and 10% 
concentrations. Other procedures were as described 
in the above experiment.

To determine inhibition level of anthracnose 
by various organic emulsifiers, we used natural 
emulsifier-A or B, loess sulphur, brown rice vinegar, 
and powder soap. The organic emulsifiers used in 
this study are approved for use in organic farming by 
the Rural Development Administration Guideline in 
Korea. The detailed information of organic emulsifiers 
on manufacturing procedures was described in the 
previous study (Jang et al., 6). Inhibition effect of 
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anthracnose by the organic emulsifiers at 0, 0.05, 0.1, 
0.5, 1, 3, and 5% was carried out the same as the 
above experiment on inhibition effect of anthracnose 
by plant parts and extraction methods in various plant 
species. 

In addition, plant extracts (fermentation extracts 
of Torilis japonica (Houtt.) DC. and Portulaca oleracea 
L., and ethanol extracts of Rheum palmatum L. and 
Cinnamomum cassia Blume at 1% concentration) 
and organic emulsifiers (natural emulsifier-A at 1.0%, 
natural emulsifier-B at 0.1%, loess sulfur at 0.1%, 
brown rice vinegar at 0.1%, and powder soap at 0.1%) 
alone or with combination were used for inhibition effect 
of anthracnose. Other procedures were the same as 
described in the previous section.

The selected plant extracts, fermentation extract 
of Torilis japonica (Houtt.) DC. and ethanol extract 
of Rheum palmatum L. at 5% concentration alone or 
combination with natural emulsifier-B at 1%, or loess 
sulfur at 0.1% were sprayed on leaves of persimmon 
tree infected anthracnose at organic cultivation fields 
in Suncheon, South Korea (latitude 34° 57’ and 
longitude 127° 29’) and then evaluated controlling 
effect at 7 days after treatment.

Damage (visual rate; 0-100%, 0 = no damage) of 
persimmon tree leaves (15 years old, cv. Charang) was 
investigated at 1, 3, 5, and 7 days after treatments of 
finally selected fermentation extract of Torilis japonica 
(Houtt.) DC. and ethanol extract of Rheum palmatum 
L. at 0, 0.5, 1, 5, and 10%, and organic emulsifiers, 
natural emulsifier-B, loess sulfur, and powder soap 
at 0, 0.5, 1, and 5% in Suncheon, South Korea for 
safety of plant extracts and organic emulsifiers. Data 
were analyzed using analysis of variance (ANOVA) 
procedure in the Statistical Analysis Systems (SAS, 
22) software. Means were separated using Duncan’s 
multiple range test (P=0.05).

RESULTS AND DISCUSSION 
Suppression of anthracnose fungus was 

investigated in water, boiling water, ethanol, and 
fermentation extracts of leaves, stems, and barks of 
48 species (Table 1). Plant species, plant parts, and 
extraction methods showing 50-80% suppression on 
anthracnose fungus in plant extracts at 3% concentration 
among 47 plant species were fermentation extracts of 
Xanthium strumarium L. fruit, Coptis japonica (Thunb.) 
Makino root, Helianthus tuberosus L. bulb, Lactuca 
indica var. laciniata all parts above ground, Portulaca 
oleracea L. all parts above ground, Chelidonium 
majus L. var. asiaticum Ohwi., all parts above ground, 
Plantago asiatica L. all parts above ground, Torilis 
japonica (Houtt.) DC. root and Erigeron annuus (L.) 
Pers. all parts above ground and ethanol extracts of 
Rheum palmatum L. root and Cinnamomum cassia 

Blume bark. Among extraction methods, fermentation 
extract was better in suppression of anthracnose than 
other extracts, water, boiling water, and ethanol. These 
results mean that the suppression rates of anthracnose 
were different from plant species, plant parts such as 
leaves and stems, and extraction methods. In addition, 
Jang et al. (7) reported that suppression rates on rice 
blast were different from extraction methods and plant 
parts such as leaves in 20 plant species. Extracts 
of medicinal herbs and medicinal plants showed 
antimicrobial effects on pathogens that cause disease 
in crops (Kim et al., 10, Kwon et al., 12, Yoon et al., 
25). For example, the mycelial growth and spore 
germination of anthracnose were inhibited 18-39% 
and over 50% in response to crude extract of Rhus 
verniciflus (1.0 mg/mL), respectively (Song et al., 24). 

We selected 4 plant extracts (fermentation extract 
of Torilis japonica and Portulaca oleracea, ethanol 
extracts of Rheum palmatum and Cinnamomum cassia) 
showing higher suppression rate on anthracnose 
from the experiment in Table 1. Anthracnose fungus 
was inhibited 100% by extract of Torilis japonica at 
10% concentration and inhibited over 80% by other 
extracts, Portulaca oleracea, ethanol extracts of 
Rheum palmatum and Cinnamomum cassia (Table 2). 
The order of inhibition rates on anthracnose was 
Torilis japonica > Rheum palmatum > Portulaca 
oleracea > Cinnamomum cassia.

Natural emulsifier-A or natural emulsifier-B, loess 
sulfur, brown rice vinegar, and powder soap at 0, 
0.05, 0.1, 0.5, 1, 3, and 5% were treated to determine 
suppression rate of anthracnose (Table 3). Anthracnose 
fungus was completely suppressed by brown rice 
vinegar and powder soap at 3%, and loess sulfur and 
natural emulsifier-B at 5%. In addition, anthracnose 
was inhibited 73-88% by natural emulsifier-B, loess 
sulfur, brown rice vinegar, and powder soap at 1% 
except for natural emulsifier-A. The order of inhibition 
level on anthracnose by organic emulsifiers was 
natural emulsifier-B > loess sulfur > powder soap > 
brown rice vinegar > natural emulsifier-A. Choi et al. 
(3) reported that thyme oil among 43 plant oils had a 
higher fungicidal activity on anthracnose fungus. The 
result was similar to emulsifier-A containing canola oil 
used in our study. The significant inhibition effects on 
spore formation of anthracnose fungus were shown 
in vitro with a water dispersible pesticide containing 
sulfur [BTB (100%)] (Kwak et al., 11). Similar to this 
result, anthracnose fungus was inhibited 100% by 
loess sulfur at 5% in our study. To increase the effect of 
plant extracts on suppression of anthracnose fungus, 
we used plant extracts and organic emulsifier mixtures 
(Table 4). Synergism on suppression of anthracnose 
fungus by the selected plant extracts and organic 
emulsifier mixtures did not appear or show antagonism 
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Table 2. Suppression rate of Colletotrichum coccodes by selected plant extracts in laboratory test (3 days after treatment).

Plant 
species

Plant part Extraction 
method

Suppression rate (%)
Extract concentration (%)

0.1% 0.3% 0.5% 1% 3% 5% 10%
Control 0.0b 0.0c 0.0b 0.0c 0.0b 0.0c 0.0c

TJ Root Fermentation 5.3a 10.9a 16.2a 43.2a 75.9a 86.5a 100.0a

RP Root Ethanol 0.0b 8.1ab 18.8a 48.7a 67.5a 72.9b 89.1b

PO All parts of above ground Fermentation 0.0b 5.3ab 13.5a 22.0b 73.1a 77.7ab 83.8b

CC Bark Ethanol 0.0b 2.6b 2.6b 21.4b 67.5a 70.3b 86.3b

TJ - Torilis japonica, RP - Rheum palmatum, PO - Portulaca oleracea, CC - Cinnamomum cassia
Means within a column followed by the same letters are not significantly different at 5% level (Duncan's Multiple Range test).

Table 3. Effect of various organic emulsifiers on suppression of Colletotrichum coccodes in laboratory test (3 days 
after treatment).

Emulsifiers Suppression rate (%)
Extract concentration (%)

0.05% 0.1% 0.5% 1% 3% 5%
Control 0.0d 0.0c 0.0d 0.0c 0.0c 0.0c

Natural emulsifier-A 0.0d 0.0c 9.0d 18.8b 30.5b 57.0b

Natural emulsifier-B 32.8a 83.4a 85.7a 87.9a 92.8a 100.0a

Loess sulfur 18.6b 32.9b 64.2b 87.9a 97.8a 100.0a

Brown rice vinegar 0.0d 11.4c 37.9c 80.7a 100.0a 100.0a

Powder soap 8.7c 25.9b 68.9b 73.4a 100.0a 100.0a

Means within a column followed by the same letters are not significantly different at 5% level according to (Duncan's Multiple Range Test). 

Fig. 1. Effect of plant extracts and emulsifiers on control 
values in Colletotrichum coccodes infected organic 
field grown persimmon trees (cv. Charang). 
Parameter was recorded at 7 days after treatment. 
Means on the bar followed by the same letters are 
not significantly different at 5% level (Duncan's 
Multiple Range Test). 

in several treatments. However, synergistic effects 
on suppression of rice blast by several plant extracts 
and organic emulsifier mixtures appeared (Jang et al., 
7). These result means that synergistic effects may 
be different with different kinds of pathogens, plant 
extracts, and organic emulsifiers. 

Anthracnose was reduced 63% and 51% by 
fermentation extract of Torilis japonica at 5% and 
ethanol extracts of Rheum palmatum at 5% alone 
treatment, respectively compared with untreated 
control in organic cultivation (Fig. 1). However, 
anthracnose was reduced 79.2% and 67.3% by 
fermentation extract of Torilis japonica at 5% + natural 
emulsifier-B at 1% and fermentation extract of Torilis 
japonica at 5% + loess sulfur at 1%, respectively 
compared with untreated control. In addition, 
anthracnose was reduced 62.7% and 55.7% by 
ethanol extract of Rheum palmatum at 5% + natural 
emulsifier-B at 1% and ethanol extract of Rheum 
palmatum at 5% + loess sulfur at 1%, respectively 
compared with untreated control. Synergistic effects 
on plant extract and organic emulsifier mixtures 
did also not appear under organic cultivation field 
conditions. Thus, we need plant extracts or organic 

emulsifiers alone treatment with higher concentration 
(10% for plant extracts and 5% for organic emulsifiers) 
for control of anthracnose in organic cultivation. 

Fermentation extract of Torilis japonica and 
ethanol extract of Rheum palmatum at 0, 0.5, 
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Table 4. Effect of plant extracts and emulsifiers on suppression of Colletotrichum coccodes (3 days after treatment).

Treatment Emulsifiers (%) Suppression rate (%) Emulsifiers
(alone)Extract concentration (%)

TJ (1.0%)* RP (1.0%) PC (1.0%) CC (1.0%)
Plant extracts
+
Emulsifiers
(mixed)

Natural emulsifier-A (1.0) 48.6b 37.6a 28.6a 22.3a 12.5a

Natural emulsifier-B (0.1) 49.2b 43.6a 43.5b 38.6b 75.2d

Loess sulfur (0.1) 43.2b 38.6a 38.4ab 21.4a 38.8c

Brown rice vinegar (0.1) 49.8b 48.3b 30.7a 24.5a 12.5a

Powder soap (0.1) 38.6a 42.8a 42.7b 26.4a 22.8b

 Plant extracts (alone) 38.5a 42.2a 34.0a 19.5a

TJ = Torilis japonica, RP = Rheum palmatum, PC = Portula caoleracea, CC = Cinnamomum cassia ; Means within a column followed by 
the same letters are not significantly different at 5% level (Duncan's and Multiple Range Test).

Table 5. Effect of selected plant extracts and emulsifiers 
on leaf injury in persimmon trees (cv. Charang). 

Plant 
species/ 
Emulsifiers

Plant 
part

Extraction 
method

Extract 
conc. 
(%)

Leaf injury (%)
1 

DAT
3 

DAT
5 

DAT
7 

DAT
Control 0.0 0.0 0.0 0.0
TJ Root Fermen-

tation
0.5 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0

10 0.0 0.0 0.0 0.0
RP Root Ethanol 0.5 0.0 0.0 0.0 0.0

1 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0

10 0.0 0.0 0.0 0.0
Natural 
emulsifier- 
B

- - 0.5 0.0 0.0 0.0 0.0

1 0.0 0.0 0.0 1.7
5 0.0 0.0 0.0 0.0

Loess 
sulfur

- - 0.5 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0

Powder 
soap

- - 0.5 0.0 0.0 0.0 1.7
1 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 1.7

DAT = days after treatment, TJ = Torilis japonica, RP = Rheum 
palmatum

1, 5, and 10%, and natural emulsifier-B, loess 
sulfur, and powder soap at 0, 0.5, and 5% were 
sprayed on persimmon tree leaves, and injury of 
leaves was investigated at 1, 3, 5, and 7 days after 
treatment (Table 5). Leaf injuries of persimmon tree 
by the above extracts and organic emulsifier had 
no significant difference between treated plots and 

untreated plots. Thus, the selected plant extracts 
and organic emulsifiers can be used in organic 
persimmon tree cultivation because they showed 
higher controlling effect on anthracnose without leaf 
injury of persimmon.
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