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Fig. 1. Distillation apparatus for extraction of citrus oils.
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Table 1. Inhibitory effects of agrochemicals on growth of molds isolated from putrefied fruits of Citrus unshiu

Molds tested
Agrochemicals Incubation time
(effective component)” (days) Alternaria Rhizopus Botrytis Monilia Penicillium Penicillium
alternata sp. cinerea candida italicum digitatum

Untreated 8 2.6” 42 5.0 5.6 2.1 4.5

20 5.8 >8.5 >8.5 >8.5 44 7.8
Fungicide A 8 0.0 0.0 04 0.0 0.2 04
(iprodione) ' 20 0.6 0.3 0.5 0.0 0.3 2.1
Fungicide B 8 0.8 0.0 0.0 0.0 0.8 0.3
(fenbuconazole) 20 1.2 0.0 0.2 0.0 1.3 1.1
Fungicide C 8 14 0.4 43 0.0 1.4 04
(benomyl) 20 2.6 2.6 >8.5 0.0 29 1.5
Fungicide D 8 0.2 0.0 0.0 0.0 0.0 0.0
(fenbuconazole and mancozeb) 20 09 0.0 0.0 0.0 0.0 0.0
Fungicide E 8 0.1 0.0 0.0 0.0 03 0.0
(tebuconazole and tolylfluanid) 20 0.6 0.0 0.0 0.0 0.9 0.0
Fungicide F 8 0.0 0.0 0.0 0.0 0.0 0.0
(cyproconazole) 20 03 0.3 0.2 0.1 0.5 0.2
Fungicide G 8 1.0 0.6 2.1 22 14 1.0
(azoxystrobin) 20 2.0 2.1 >8.5 >8.5 2.4 2.8
Fungicide H 8 0.0 0.0 04 0.0 02 04
(unknown) 20 0.6 0.3 0.5 0.0 0.6 L3
Fungicide 1 8 0.0 0.0 0.0 0.0 0.0 0.8
(fluazinam) 20 0.0 0.0 0.0 0.0 0.0 3.8
Fungicide J 8 0.8 24 1.9 0.0 1.9 2.8
(thiophanate) 20 2.6 44 6.0 0.0 3.0 5.8
Fungicide K 8 0.3 0.0 0.0 0.0 0.1 0.0
(mancozeb) 20 0.6 0.0 0.0 0.0 1.1 0.0

YAgrochemicals were obtained from the market and their trade names were not specified. Each agrochemical was used at a final effective component

concentration of 0.2%(w/v).

PValues indicate the mean colony diameter(cm) of 4 replications on agar plates after incubation. The inoculum size of each colony was | mm and the

plate diameter was 8.5 cm.
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Table 2. Fungicidal effects of citrus oils on various molds isolated
from putrefied fruit of Citrus unshiu

Growth after treatment” with

Molds tested -
Distilled water Citrus oils
Alternaria alternata Lawn of mold No growth at all
Rhizopus sp. Lawn of mold No growth at all
Botrytis cinerea Lawn of mold No growth at all
Monilia candida Lawn of mold No growth at all
Penicillium italicum Lawn of mold No growth at all
Penicillium digitatum Lawn of mold No growth at all

USpores(1 X 10%ml) of each mold were suspended in distilled water or in
citrus oils for 30 minutes, and then their suspensions were spreaded
100 w! each on PDA plates.

Table 3. Time-dependent fungicidal effect of citrus oils on spores of
Penicillium italicum”

Treatment time(min)®
5 10 20 30 40 60

1X1081X10° 1X 10° 1 X108 1X 10° 1X 10° 1X 10°
1X1083X10° 230 0 0 0 0

Solvent for suspension

Distilled water
Citrus oils

YThe numbers indicate the number of spores/m/ survived.

YSpores were suspended in distiled water or in citrus oils for the desig-
nated time periods, and then their suspensions were spreaded on agar
plates after dilution if necessary.
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Fig. 2. Effect of citrus oils treatment on spores of Penicillium
italicum. Spores were suspended in distilled water (A) or citrus oils
(B) for 60 min and then observed under microscope with 600X
magnification.

Penicilium itaticum

Fig. 3. Growth-inhibitory effects of citrus essential oils on a mold
Penicillium italicum. Spores were seeded on agar plates by spreading,
and then paper disks soaked with distilled water (A) or citrus oils (B)
were overlaid prior to incubation.
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Growth-inhibitory Effects of Citrus QOils and Synthetic Agricultural Fungicides on Molds Isolated from
Putrefied Citrus Fruits

Yu-Kyoung Kim!, Jeong-Sam Koh?, Yoon-Hee Huh and Young Hwan Ko*(Department of Food Science and
Engineering, Cheju National University, Cheju, 690-756, Korea; 'Agricultural Environment Research Division,
Chejudo Agricultural Research and Extension Services, Cheju, 690-170, Korea; *Faculty of Horticulture and Life
Science, Cheju National University, Cheju, 690-756, Korea)

Abstract : Growth-inhibitory effects of citrus oils and agricultural fungicides, which were on the market, on several
molds isolated from putrefied citrus fruits were investigated. When fungicidal activities of 11 kinds of synthetic
agrochemicals against 6 species of molds, Alzernaria alternata, Rhizopus sp., Botrytis cinerea, Monilia candida,
Penicillium italicum and Penicilliwum digitatum, were investigated, agrochemicals containing mancozeb or fluazinam
as an effective component had the broadest fungicidal spectrum. Agrochemicals containing iprodione, benomyl,
azoxystrobin or thiophanate were less effective on the molds and those containing conazole derivative were
intermediately effective. Resistance of the molds to the agrochemicals were species- and agrochemical-dependent.
Among those molds tested, Penicillium italicum and Alternaria alternata showed relatively higher level of survival
in the presence of synthetic fungicides. On the other hand, when the molds were exposed to citrus oils by direct
contact, no cell could survive regardless of the species. The fungicidal activity of citrus oils was also confirmed by
paper disk method and microscopic observation. These results suggested that citrus oils had broad killing activity
against molds. Therefore, it would be necessary to design method for the application of citrus oils in order to
improve post-harvest storage of citrus fruits.

Key words : fungicide, agrochemicals, citrus oils, molds
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