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Table 1 Plant extracts used in this study®
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Common name

Scientific name

Family

Ailanthus prickly ash
Apamate

Autumn maple tree
Beautiful galangal
Bird's-nest fern
Butterfly ginger
China berry

Chinese cinnamon
Chinese parasol
Chinese prickly ash
Chinese tallow tree
Cochin grass

Coffee

Common elaeocarpus
Carkleaf snowbell
Evergreen ash

Flame goldrain tree
Formosan beauty berry
Formeosan michelia
Formosan nato tree
Formosan osmosia
Formosan turpinia
Fountain tree
Fragrant pittosporum

Zanthaoxylum ailanthoides
Tabebuwa pentaphyila
Bischofia javanica
Alpinia zerumbet
Asplenium nidus
Hedychium coronarium
Melia azedarach
Cinnamomuim cassia
Firmiana simplex
Zanthoxylum simulans
Sapium sebiferum
Cymbopogon flexuosus
Coffea arabica
Elaeocarpus decipiens
Styrax suberifolia
Fraxinus formosana
Koelreuteria formosana
Callicarpa formosana
Michelia cormpressa
Palaquium formosanum
Ormosia formosana
Turpinia formosana
Spathodea campanulata
Pittosporum pentandrum

Rutaceae
Bignoniaceae
Phyllanthaceae
Zingiberaceae
Aspleniaceae
Zingiberaceae
Meliaceae
Lauraceae
Malvaceae
Rutaceae
Euphorbiaceae
Poaceae
Rubiaceae
Elaeocarpaceae
Styracaceae
Oleaceae
Sapindaceae
Lamiaceae
Magnoliaceae
Sapotaceae
Fabaceae
Staphyleaceae
Bignoniaceae
Pittosporaceae

Golden trumpet tree Tabebuia chrysantha Bignoniaceae
Golden-cupule cak Cyclobalanopsis pachyloma Fagaceae
Green-leaf ardisia Ardisia arborescens Primulaceae
Guava 'Odorata’ Psidium guafava 'Odorata’ Myrtaceae
Guava 'Ruby’ Psidium guajava 'Ruby’ Myrtaceae
Hairy jujube Zizyphus mauritiana Rhamnaceae
Happy tree Camptotheca acuminata Cornaceae
Hauil fig tree Ficus septica Moraceae
Incense machilus Machilus zuthoensis Lauraceae
Indian almond Terminalia catappa Combretaceae
Indian coral tree Frythrina variegata var. orientalis Fabaceae
Indonesian cinnamon Cinnamomum burmannii Lauraceae
Japanese podocarp Nageia nagf Podecarpaceae
Konishi tanoak Fasania konishii Fagaceae
Koshun galangal Alpinia koshunensis Zingiberaceae

! The plants were provided by Miaoli District Agricultural Research and Extension Station, Council of Agriculture, Executive

Yuan.
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Table 1 (continued from preceding page)

MEHEREE R ERES

Common name Scientific name Family
LanYi cryptocarya Cryptocarya elfiptifolia Lauraceae
Large-leaved machilus Machilus kusanoi Lauraceae
Linden hibiscus Hibiscus tifiaceus Malvales
Liodendron Liodendron formosanurmn Euphorbiaceae
Little-leaf tree millettia Miflettia pulchra var microphyfla Fabaceae
Looking-glass tree Heritiera littoralis Malvaceae
Manila leea Leea guineensis Vitaceae
Nansho daidai Citrus taiwanica Rutaceae
Odour-bark cinnamon Cinnamomum osmophloeum Lauraceae
Oriental cudrania Cudramia cochinchinensis Moraceae

Philippine drypetes
Physic nut

Poongaoil pongamia
Red bark oak
Ringworm senna
Rough-feavad holly
Rusty-leaf mucuna
Sasakii symplocos
Sea mango

Siebold ardisia

Sk oak

Simpleleaf chastetree
Slender amaranth
Southern magnolia
Swamp gelonium
Sweet viburnum
Tachibana orange
Taiwan acacia
Taiwan camphor tree
Taiwan cinnamen
Taiwan cotton rose
Taiwan ebony
Taiwan eugenia
Taiwan photinia
Taiwan reevesia
Taiwan roseapple
Taiwan sapium
Taiwan trident maple
Taiwan wampee
Tashiro euonymus

Drypetes littoralis
Jatropha curcas
Pongarmia pinnaita
Cyclobalanopsis gilva
Senna alata

fex asprefla

Mucuna macrocarpa
Symplocos sasakii

Cebera mamghas

Ardisia sieboldif

Grevillea robusta

Vitex trifolia

Amaranthus viridis
Magnolia grandifiora
Gelonium aequoreum
Viburnum odoratissimum
Citrus tachibana

Acacia confuse
Cinnamomum reticulatum
Cinnamomum insularimontanum
Hibiscus taiwanensis
Diospyros discolor
Eugenia formosana
Photinia lucida

Reevesia formosana
Syzygium tripinnatum
Sapium discolor

Acer buergerianum var. formosanum

Clausena lunulata
Euonymus acutorhombifolia

Euphorbiaceae
Euphorbiaceae
Fabaceae
Fagaceae
Fabaceae
Aquifoliaceae
Fabaceae
Symplocaceae
Apocynaceae
Primulaceae
Proteaceae
Lamiaceae
Amaranthaceae
Magnoliaceae
Euphorbiaceae
Adoxaceae
Rutaceae
Fabaceae
Lauraceae
Lauraceae
Malvaceae
Ebenaceae
Myrtaceae
Rosaceae
Malvaceae
Myrtaceae
Euphorbiaceae
Sapindaceae
Rutaceae
Celastraceae

Thick-fruited slecanea Sloanes dasycarpa Elaeocarpaceae
Tobira pittosporum Pittosporum tobira Pittosporaceae
White mulberry Morus alba Moraceae
Wild coffee Psychotria rubra Rubiaceae
Wood oil tree Aleurites montana Euphorbiaceae
Yew padocarp Podocarpus fasciculus Podocarpaceae
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compressa ) ~ & & B & B ( Liodendron
formosanum )~ &N} IR ( Fraxinus formosana )
FEEHEERE ( Cryptocarya elliptifolia ) REIRRA
( Senna alata )G SHHFEENFIER - 1L 5 BEY
KEERNIKIERE 10 BHEIHRAMBNHEER -
KIEEE 100 BRIFEEZE ZHEIER (X 3 ) HES
fER ZBEME 23 BEMEE) MMM ERTEREN R
HERYZOHFFREZRFEST ZNEHER - £R184

Table 2 Effect of plant (essential) oils on conidial germination of Botrytis cinerea*

Dilution factor®

Plant (essential) oil®

10 100 1000
Lemon ail 55.0£95 ¢ 97.8+1.9 bc 99.3+0.5 ¢
Turpentine oil 853+45 b 97.3£1.0 bc 100.0+0.0 a
Lavender oil 0.0x00 f 95.8+1.0 ¢ 100.0+0.0 a
Eucalyptus oil 0000 f 97.0£24 bc 99.8+0.5 ab
Winter green oil 543243 ¢ 100.0+0.0 a 100.0+0.0 a
Camphor oil 4513 e 98.0+0.8 hc 100.0+0.0 a
Clove ol 0.0£00 f 00100 e 95.0+1.4 d
Pepper mint oil 0.0£0.0 f 99.8+0.5 a 99.5+0.6 hc
Rosemary essential oil 00100 f 953+19 ¢ 100.0+£0.0 a
Lermon essential oil 20349 d 87.8+1.3 bc 99.8+0.5 ab
Lavender essential oil 0.0x00 f 98.0+16 b 100.0+0.0 a
Tea essential oil 0.0+00 f 97.5+2.6 bc 100.0+0.0 a
Eucalyptus essential oil 0.0x00 f 100.0+0.0 a 100.0+0.0 a
Thyme essential oil 0.0x0.0 f 0.0200 e 00+00 e
Citronella oil 0.0+0.0 f 155+21 d 100.0x0.0 a
Cinnamon oil 0.0+£00 f 0.0£00 e 0.0x00 e
Chinese soap berry extract 99.8+£05 a 100.0x00 a 1000200 a
Water (control) 100.0+0.0 a 100.0+0.0 a 1000200 a

! Values were averages of percentages of spore germination.

2 pPlant (essential) oils were mixed with fruit fermentation fluid of Chinese soap berry in 1:1 volume/ volume ratio and then
difuted with water to 10, 100 and 1000 folds before use.

* Meanzstandard error (n=4). Mean values within a column followed by the same letters were not significantly different at
5% level by Fisher's protected least significant difference test. Percentage data were arcsine-square-root transformed

prior tc analysis.
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Table 3 Effect of plant extracts on urediniospore germination of Uromyces appendiculatus'

Dilution factor?

Plant species

1 10 100
Michelia compressa 0.0200 f 03105 ef 493+19 b
Liodendron formosanum 45+17 e 14521 d 41061 ¢
Fraxinus formosana 1.3£05 ef 0.5£06 ef 49.5+71 b
Cryptocarya elliptifolia 1.0£00 ef 13+05 ef 473x41 b
Senna alata 0.0+£00 f 1.3+05 ef 418+34 ¢
Water {control) 53.8+45 a

* This was a single-factor experiment and values were averages of percentages of spore germination.
2 plant extracts were undiluted (dilution factor =1) or diluted with water to 10 and 100 folds before use. Mean+standard
error (n=4}, Mean values followed by the same letters were not significantly different at 5% level by Fisher's protected

least significant difference test. Percentage data were arcsine-square-root transfoermed prior to analysis.
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Table 4 Effect of plant (essential) oils on urediniospore germination of Uromyces appendiculatus’

Dilution factor®

Plant (essential) oil?

10 100 1000

Lemon ail 0.0+00 b 328+34 ¢ 59.3+25 efg
Sandalwood oil 0.0£00 b 508+1.7 b 61.0£2.2 def
Turpentine oil 0.0+00 b 6.3+1.7 f 373166 j
Lavender oil 0.0+£0.0 b 0.0£0.0 g 420422 ]
Eucalyptus oil 0.0+00 b 35.826.6 C 53.3+3.6 hi
Winter green oil 0.0+0.0 b 0.0£0.0 g 70.5+1.3 ab
Camphor oil 0.0x00 b 0.0:00 g 50.5+5.1 i
Castor oil 0.0£00 b 0.0+0.0 g 65.0+4.1 cd
Clove oil 0.0+£0.0 b 0.0+0.0 g 0.0+0.0 k
Pepper mint oil 0.0£0.0 b 43+05 f 50.3+3.0 i
Rosemary essential oil 0.0+00 b 25.0+37 d 54.3+7.3 ghi
Lemon essential oil 0.0+0.0 b 20574 d 63.8+4.6 cde
Lavender essential oil 00x00 b 10.0£0.8 e 58.3+1.7 fgh
Tea essential oil 00+00 b 00+00 g 64.0+3.7 cde
Eucalyptus essential oil 0.0+x00 b 49.8+35 b 715145 ab
Thyme essential oil 0.0200 b 0.0+0.0 g 0.0£0.0 k
Citronella ol 0.0£00 b 0.0+00 g 67.3:4.0 be
Cinnamon oil 0.0+00 b 0.0+00 g 0.0£0.0 k
Chinese socap berry extract 0.0+0.0 b 445+19 b 73.0£2.2 a
Water (control) 743+£33 a 64.3+7.2 a 73.3+54 a

L

diluted with water to 10, 100 and 1000 folds before use.

w

Values were averages of percentages of spore germination.
Plant {essential) oils were mixed with fruit fermentation fluid of Chinese soap berry in 1:1 volume/ volume ratio and then

Meanztstandard error (n=4), Mean values within a column followed by the same letters were not significantly different at

5% level by Fisher's protected least significant difference test. Percentage data were arcsine-square-root transformed

prior to analysis.
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ABSTRACT

Duan, Chung-hang *. 2015. Microtiter plate for evaluation of plant extracts and oils against Uromyces
appendiculatus and Botrytis cinerea,  Plant Pathol. Bull. 24: 67-75. (* Taiwan Agricultural Chemicals and Toxic
Substances Research Institute, Wufeng, Taichung, Taiwan; E-mail: chduan@tactri.gov.tw)

A rapid and precise assay to determine antifungal activity in plant extracts and plant (essential) oils by
using microtiter piate is described. This method would provide a very useful tool to screen numerous
naturally antifungal materials against plant pathogens. Wells in microtiter plate were loaded with a mixture
of spore suspension of Uromyces appendiculatus or Botrytis cinerea and plant extract or plant (essential) oil.
The microtiter plate was then sealed with parafilm membrane and placed in 24°C incubator for 2 hr,  After
that, the mixture in each well was spread on 2% water agar and incubated for another 12 hrat 24°C. The spore
germination of the fungus was measured under microscope. Among 85 undiluted plant extracts evaluated,
none of them possessed antifungal activity on 8. cinerea, while 10-fold dilutions of plant extracts of Michelia
compressa, Liodendron formosanum, Fraxinus formosana, Cryptocarya elliptifolia and Senna alata indicated
antifungal activity well against U. appendicufatus. Among 23 plant (essential) oils tested, thyme essential oil
and cinnamon oil demonstrated completely antifungal activity against both fungal pathogens when applying
1000-fold dilution of the formulation of the each oil and Chinese soap berry extract in 1:1 volume ratio.
However, the same dilution of the formulated clove oil could only inhibit the spore germination of U
appendiculatus but not B cinerea.

Keywords: microtiter plate, biocontrol, plant extracts, plant (essential} oils, Botrytis cinerea, Uromyces
appendiculatus.
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