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Summary

Kiwifruit (Chinese gooseberry, Actinidia deliciosa (A. Chev.) C. F.
Liang et A. R. Ferguson) has been grown in southern regions of Korea
since the early 1980s. Kiwifruit is currently cultivated on approximately
1,200 ha in Korea and great amount of the fruits has been imported
from foreign countries due to increasing demand. Kiwifruit can be
maintained more than 4 months when stored at 0+1C. However, fruit
rot diseases caused a severe loss of kiwifruits during storage,
transportation, marketing and consumption after harvest. More than 7
fungi were reported to be associated with postharvest fruit rots of
kiwifruit. Among the fungi, Botryosphaeria sp. and Phomopsis sp. were
reported to be the major causal organisms of postharvest fruit rots of
kiwifruit. fruit rots of kiwifruit caused by Phomopsis sp. was named as
stem-end rot by Beraha. Sommer and Beraha reported its telemorph
state as Diaporthe actinidiae. In Korea, Park et al. reported Phomopsis
sp. as one of the major fruit rot pathogens of kiwifruit. Ripened rot of
kiwifruit caused by Botryosphaeria dothidea were also reported in
Korea. Fungal pathogens isolated from fruit rots were identified as
Botryosphaeria dothidea, Diaporthe  actinidiae, Botrytis sp.,
Collectotrichum sp., Penicillium sp., Fusarium sp., and Pestalotiopsis
sp.. Among them, Botryosphaeria dothidea and Diaporthe actinidiae
were mainly detected at the rates of 83.3% and 11.9%9, respectively.
Whereas Diaporthe actinidiae was reported to be dominant fungal
pathogen rather than Botryosphaeria dothidea in New Zealand,
Botryosphaeria dothidea was found to be dominant pathogen in Korea.
The fungal pathogen infects Kkiwifruits during the whole growing
season, and heavily during rainy season (July and August) of Korea.
Intensive application of fungicides just before or after rainy season can
effectively control the fungal infection. Current control methods against
these fungi include prehavest sprays with fungicides. Fungicides have
been effective in controlling postharvest fungal infection. However,

fungicides are under review in many countries due to their possible
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health risks. As the number of approved fungicides is reduced, there is
increased need for technologies that can safely and effectively inhibit
fungal growth, reduce postharvest losses and extend market quality.
Postharvest dips in fungicides are also effective, but there are persistent
residues. Prolonged and intensive use of fungicides may also create a
selection pressure for fungicide-resistant pathogens. Curing during
prestorage period is commercially applied to control the pathogens, but
success 1s sometimes variable, possibly due to inadequate control of
factors, such as relative humidity during the curing process.
Experimental control methods such as hot water dips, application of
natural coatings and biological control have been attempted, but all
theses methods have their shortcomings.

Ozone is a strong oxidant and has been used to disinfest drink
water since 1893. The interactions between gaseous ozone and plant
pathogens have been extensively studied. Ozone treatment has been
attempted to control postharvest fungal pathogens of several fruits.

The photocatalytic activity of TiO: for the degradation of organic
water pollution is a well-established phenomenon. The reactive oxygen
species generated by the TiO: photocatalytic reactions under UV
irradiation cause various damages to living organisms. Since Matsunaga
et al. reported the microbiocidal effect of TiO:; photocatalytic reactions,
research work on TiO2 photocatalytic killing has been intensively
conducted on a wide spectrum of organisms including viruses, bacteria,
fungi, algae, and cancer cells. In TiOz-photocatalytic oxidation processes
oxygen 1s widely used as an additional oxidizing agent. The
disadvantage is the slow electron transfer from TiO: to Os Ozone
should be a potential oxidant for photocatalytic oxidation processes.
Until now, few studies on TiO: photocatalytic ozonation (the
combination of TiO; and Os) have been attempted to degrade organic
compounds in water.

There is interest in the use of natural products as safer and more
acceptable alternatives to current fungicides. Antimicrobial substances
originated from plant have been extensively studied for their use as an

agrochemical with highly selective activity against some plant
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pathogens or as leading molecules for the synthesis of new chemical
fungicides. FEucalyptus trees have been known to produce several
natural substances having antagonistic activities against several
pathogenic microorganisms.

In this research proposal, development of eco-friendly control
techniques for integrated pest management of postharvest diseases on
kiwifrutis was attempted to reduced the fungal spoilage and improve
quality control of kiwifruits during long-term storage in cold room. For
this purpose, three main strategies were applied as followings ; 1)
establishment of optimum fungicide application programs, 2)
development of natural antifungal compounds extracted from Eucalyptus

trees, and 3) development of TiO: photocatalytic ozonation techniques.

1. Establishment of optimum fungicide application programs,

To date, Benomyl WP and Thiophanate WP are the only
registered fungicides in Korea for the control of the fruit diseases of
kiwifruit. Screening of effective fungicides which can substitute for
Benomyl WP and Thiophanate WP and determination of their optimal
application program were attempted in this research.

Among the several candidate fungicides tested, Viclozolin WP,
Flusilazole WP, Tebuconazole WP and Iprodione WP effectively
inhibited the mycelial growths of the causal organisms on laboratory
conditions. Flusilazole WP, Tebuconazole WP and Iprodione WP were
more effective than Thiophanate WP and as effective as Benomyl WP
when sprayed four times at 10-day-intervals from June 16. The control
efficacies of the fungicides varied depending upon the spray schedules.
Two-year field performance demonstrated that four times application of
the fungicieds at the middle of June was most effective in controlling
postharvest decay on Kkiwifruits. Alternative use of these fungicides is

required to avoid emergence of fungicide-resistant pathogens.

2. Development of natural antifungal compounds extracted from

Eucalyptus trees
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This research investigated the antimicrobial properties of compounds
isolated from cold-tolerant eucalyptus trees Eucalyptus darlympleana
against the fungal pathogens causing kiwifruit soft rot decay.
Five-year-old trees of FEucalyptus darlympleana were used for the
investigation. The tree was proved to be highly cold tolerant and
successfully grown under the low temperature of winter seasons in
Korea.

Crude methanol extract of Eucalyptus darlympleana inhibited aerial
mycelium growth of several plant pathogenic fungi including kiwifruit
soft rot pathogens. For chemical identification of antifungal substances,
EtOAc soluble fraction and Bu-OH soluble fraction of the leaf extract
was investigated. Two phenolic compound (3,4-dihydroxybenzoic acid
and gallic acid) and three flavonoid compounds (quercetin, Quercetin
-3-O-rhamnoside (quercitrin), Quercetin-3-O-glucoside (isoquercitrin))
were isolated and identified from the two fractions of Eucalyptus
darlympleana leaf extract.

Among the five compounds, gallic acid significantly inhibited aerial
mycelium growth of Botrytis cinerea over 1,000 mg/# concentrations.
No inhibitory effect of gallic acid on mycelium growth was found in
Botryosphaeria dothidea and Diaporthe actinidiae. Gallic acid has been
extracted from several plants and found to have strong antioxidant
activity. Many researches on gallic acid currently concentrate
antioxidant properties against low-density lipoprotein oxidation in animal
cells. The compound was also found to have strong antimicrobial
activity against pathogenic bacteria such as Staphylococcus aureus.
Little information is available on antifungal activity of the compound so
far. This study demonstrated that gallic acid has antifungal activity, but
minimum inhibitory concentration (MIC) against fungal growth is much
higher than MIC against bacterial growth. Botrytis rot caused by the
fungus, Botrytis cinerea is one of the most important postharvest
diseases of kiwifruit. Gallic acid also inhibited spore germination in a
similar manner with aerial mycelium growth. Spore germination was
severely inhibited at 5000 mg/# in all the tested pathogens, and

completely in Botrytis cinerea. Since Botrytis cinerea is major fungal
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pathogen causing serious economic losses in kiwifruit industry and was
found to be sensitive to the compound, gallic acid as a natural product
can be safer and more acceptable alternative to current fungicides
controlling stem-end rot of kiwifruit. In addition to direct spoilage of
diseased tissue, fruit infected by the fungus produces small amounts of
ethylene in cool storage. Ethylene released by infected fruit could in
principle cause further losses by softening adjacent sound fruit. It is
speculated that gallic acid as a strong antioxidant agent can scavenge
the oxidants and subsequently prevent ethylene production in infected
fruit. This can delay fruit softening and reduced soft rot decay.
Systemic investigation on the speculation is further needed. This is the
first report on the isolation of gallic acid from Eucalyptus darylmpleana,
which has antifungal activity against mycelium growth and spore

germination of Botrytis cinerea.

3. Development of TiO. photocatalytic ozonation techniques

In this research, TiO: photocatalytic ozonation was attempted to
disinfect the fungal pathogens causing postharvest spoilage of kiwifruit
and to decompose residues of the fungicides sprayed at preharvest or
postharvest for the fungal spoilage control.

Device for TiO2 photocatalytic ozonation was invented for the
treatment of kiwifruits to prevent fungal spoilage and degrade residual
fungicide.

Degradation of Methylene Blue by oxidative reactions of ozonation
and/or TiO, photocatalysis was examined to find out their efficacies of
organic matter decomposition. The degradation rate of TiO:
photocatalytic ozonation (TiO2/Os) is about 3 times higher than the
degradation by ozonation (Os) under same condition without TiO: and
12 times higher compared to elimination by TiO: treatment. This result
showed that both processes TiO2/O; and HxO/Os occurred during the
combined photocatalytic ozonation that more rapidly eliminated the dye
than individual process. The degradation rate of TiO»/Os process is
about 2.3 times higher than the sum of the degradation rate of TiO2/O:
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and H:0/O3. The synergistic degradation implies that there were
additional reactions leading to the faster decomposition of the dye. The
higher oxidation rate might be due to a photocatalytic-induced decay of
ozone, initiated by the combination of TiO2 and UV illumination.

Ozonation was more effective than TiO: photocatalysis in germicidal
activity of the fungal spore. Germination of the spores was more
apparently inhibited by TiO: photocatalytic ozonation than ozonation (Os)
or TiO; phoptocatalytic oxidation alone. TiO» photocatalytic ozonation
synergistically inhibited conidial germination as found in Methylene Blue
degradation. About 95% of conidia were successfully disinfected by the
exposure to TiO; photocatalytic ozonation process within 5 min.

Fungicide flusilazole was effectively decomposed by TiOs
photocatalytic ozonation. The concentration curve was approximately
linear. The decomposition rate determined by regression was calculated
as 1.71 uM/min (P=0.001). Approximately 70% of the flusilazole (initial
concentration of 100 mg/#¢) was decomposed in the photocatalytic
ozonation reactor within 120 min.

TiO, photocatalytic ozonation successfully controlled fungal spoilage
of Kkiwifruits and showed higher efficacy of disease control than
fungicide (flusilazole) treatment. Examination of whole storage period
showed that TiO: photocatalytic ozonation most successfully prevented
fungal spoilage when kiwifruits were treated with the device just after
harvest. This result clearly demonstrates that TiO: photocatalytic
ozonation can successfully retard subsequent decay during cold storage
and distribution in markets.

The efficient control of fungal spoilage and removal of residual
fungicides indicate that TiO: photocatalytic ozonation is an very
attractive method for postharvest disease control of kiwifruits with the

reported benefits of alternative to chemical control methods.
Now, postharvest decay of kiwifruit is definitely controlled by IMP

programs including the new informations and technologies induced from

this research project.
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Table 1. Inhibitory effects of fungicides on mycelial growth of
Botryosphaeria dothidea, Diaporthe actinidiae (Phomopsis sp.), and
Botrytis cinerea on potato dextrose agar
Inhibition zone (mm)

Fungicide Botryosphaeria dothidea (isolate) 5 7
KS13 PS17 JJ16 KH51 ° v
Benomyl 7.0 11.7 7.3 6.3 8.07
Thiophanatemethyl 2.3 2.0 3.0 3.3 2.65
Tebuconazole 10.3 9.3 11.7 13.3 11.15
HFusilazole 6.3 8.0 12.7 8.3 8.82
Iprodione 10.0 11.0 9.3 8.7 9.75
Vinclozolin 9.0 11.3 4.0 3.3 6.90
Bitertanol 2.7 0.0 7.3 9.7 492
Mancozeb 1.0 0.3 3.3 3.7 2.08
Iminoctadine tris 1.0 0.3 4.3 2.0 1.90
Dithianon 0.3 0.7 0.0 1.3 0.57
Diaporthe actinidiae (Phomopsis sp.) ——
PS1 JJ2 SC10 KH47 ° v
Benomyl 5.7 10.0 8.3 8.3 8.07
Thiophanatemethyl 5.7 9.3 5.7 6.7 6.85
Tebuconazole 11.0 10.0 13.0 10.8 11.20
Flusilazole 10.3 14.0 15.7 14.4 13.60
Iprodione 9.7 9.7 12.3 9.7 10.35
Vinclozolin 7.3 4.3 3.0 4.2 4.70
Bitertanol 9.0 10.0 8.0 8.7 8.93
Mancozeb 3.0 3.0 3.0 2.4 2.85
Iminoctadine tris 6.0 4.0 2.7 3.1 3.95
Dithianon 0.3 6.0 4.7 2.7 3.42
Botrytis cinerea —
NH?2 KH2 PS4 JJ6 °
Benomyl 14.7 1.3 13.3 2.0 7.83
Thiophanatemethyl 5.3 1.0 4.0 2.7 3.25
Tebuconazole 13.0 6.7 10.0 10.3 10.00
Flusilazole 2.3 7.0 10.4 10.7 7.60
Iprodione 8.7 10.3 10.7 14.3 11.00
Vinclozolin 7.3 8.0 7.0 9.7 8.00
Bitertanol 2.3 4.0 7.7 6.7 5.17
Mancozeb 0.0 0.0 0.0 0.0 0.00
Iminoctadine tris 0.0 0.0 0.0 1.3 0.33
Dithianon 0.0 0.0 0.0 0.0 0.00
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AT A e 747%9 v B ow T F3HA (¢
2E, o]ZR FA (REHF), EHEFIUE F3HA @ﬂ}im WA 7=
81.7~795%= 1o Frie Aol s WA a7t 573 o=
A9 A 28y, WNE 34 (B AT A TAEe 21.0%
2 Ao FoAl (FAY) A FRuE vk, WAt E 71.9% Evet
Ao et wpepA Hore Ay o WA &3t S5 $
FAgE FEA (FaE, olZ2 kAl (ZE), HEIYE F3bA (4
vha) = gk Aok A g AR e 4 ds Ao R V|dEch

[ % Diseased Fruits

80

70
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20

10:. I I I I I
0

Benomy| Thiophanate— Tebuconazole  Flusilazole Iprodione Vinclozolin
methy!

Fig. 1. Control efficiencies of several fungicides on fruit rots in

kiwifruit orchard.
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3) Fuhdl AW drgerA a9

k)

. ABAR D Y

Il A e HAFEFE HAGA R sEEHO s A H
FshAl (el E)el Ao F3A (FAlE
of Akg3st Ay HoEl Fo AGWYEQ Botryosphaeria dothidea,
Diaporthe actinidiae (Phomopsis sp.), Botrytis cinerea®l EHSH Eisia=le]
T Ao® e HE-IAUE FstkA (duka), 574 F3tA (7
2Ep) 4 oojZE F3A| (REH) § 57 GAE FANE 3417] Tl A
| o ofAl = A sk

7z} ofAlE AN T ER 69 69FE 102434 334 107 A2 A7
hyA

of EEAFTE vt AggAd 154 Fyy 3wk o g =i on,
dohEle 11¢Y 5 ﬂ\ﬂ”‘r IOOJJr”q F8sle] 15495 <t polyethylene bagss
of ¥a AEAIA FHAZ & JAFEH BAES FALSY] 7} FAE
o AxA7|E H7FstAT. ORAZAIZIFY OHALA 7] 7HA] 1057/ A
A7) = o 2

OHALA7] 1 69 69, 169, 269 A=,
@A A7] 1 6€ 169, 269, 79 6Y FXE
@A A7] 1 6Y 269, 7T¥ 6, 16¥ ¥,
@HAA 7] 0 7TE 69, 169, 26¢ HE,
OHA A 7] 78 169, 269, 8¢9 6 X
©H A A7) 7Y 269, 8Y 6, 169 A,
@HA A 7] @ 848 6, 169, 26¢ A X,
@A 22 7] + 8¢ 169Y, 26Y, 99 6 &=
@™ A2 A 7] @ 89 269, 9¥ 6¢, 16¥ A,

WA YA 7] : 99 6Y, 16, 26Y AE
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Aol AFEEE oAl E Tl FFAHE FaAl (rxEh AT A
AW B Eo] 4~-13%2 7P S dEbsten, 107H4 ofAA e A7) S
ol 3 AEAY] ZF, 69 269FH 1093H4 33] Ae](69 269 7% 6
d, 74 169 AN LALo] 4%= TP SHA etk w}aw
AagtE: F3kA (F2Ebhe A¥H7)E 69 269 AFE dwEHAG (Flg.

9, Diseased fruits O Flusilazole W CK

80
70
60
50

40
30
20
10

o Lm m .m .m0 m B

1 2 3 4 5 6 7 8 9 10 CK

Fig. 2. Control efficiencies of flusilazole on fruit rots in Kkiwifruit
orchard with 10 different spray schedules (@O spray schedule 6/6, 6/16,
6/26, @ spray schedule 6/16, 6/26, 7/6, @ spray schedule 6/26, 7/6,
7/16, @ spray schedule 7/6, 7/16, 7/26, ® spray schedule 7/16, 7/26,
8/6, ® spray schedule 7/26, 8/6, 8/16, @ spray schedule 8/6, 8/16, 8/26,
® spray schedule 8/16, 8/26, 9/6, @ spray schedule 8/26, 9/6, 9/16, (0
spray schedule 9/6, 9/16, 9/26).

Aol ALE3 FAE FoA o]ZE FA (ZREZ) A9 AHH
WA 8-0] 6% ~24%%2 FHAZ WA el or 10714 kA A Y A7) T
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oA 3 AHEA7] F, 69 268 FFH 1047+24 33 A8 7+(6¥€ 269, 79 6
A 749 169)ek 7TH AHFAT] F, 89 6YFH 10972 33 A (8YE 6
A, 89 169, 7€ 2699 AW WA &o] 6%= /M A YEpytth
dd oln 4H Foy Fo FAFEFHTY EA vAHA 77 69 ~7€
ol A& uHSAE o2 FIA| (REH)Y HYXHVE 6¢€ 264 Ax=
A= e}t (Fig. 3).
[ lprodione W CK
% Diseased fruits
80
70
60
50
40
30
20 —H M
10 m a
SN N i il
1 2 3 4 5 6 7 8 9 10 CK

Fig. 3. Control efficiencies of iprodione on fruit rots in kiwifruit orchard
with 10 different spray schedules (@ spray schedule 6/6, 6/16, 6/26, @

spray
spray
spray
spray
spray

NG Mg A

schedule 6/16, 6/26, 7/6,
schedule 7/6, 7/16, 7/26,
schedule 7/26, 8/6, 8/16,
schedule 8/16, 8/26, 9/6,
schedule 9/6, 9/16, 9/26).

<ol A

@ spray
® spray
@ spray
© spray

B aE
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schedule 6/26, 7/6, 7/16,
schedule 7/16, 7/26, 8/6,
schedule 8/6, 8/16, 8/26,
schedule 8/26, 9/6, 9/16,

oAl (eks) ATl

e ® e ®



A s o] 2~35%%2 YEtwew, 107FA fAlA el A7) FellA 3'
AgA 7] =, 69 269858 10474 33 AP (6E 269, 74 6, 7€
169d)e] A WA Eol 2%= 7 vHA yEst webd HEauE
shAl (Anta)e] Ax A7) 6¢ 269 AFE AdE AT (Fig. 4).

% Diseased fruits ‘ [ Tebuconazole W CK ‘
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20

i BT

1 2 3 4 5 6 7 8 9 10 CK

Fig. 4. Control efficiencies of tebuconazole on fruit rots in kiwifruit
orchard with 10 different spray schedules (@O spray schedule 6/6, 6/16,
6/26, @ spray schedule 6/16, 6/26, 7/6, @ spray schedule 6/26, 7/6,
7/16, @ spray schedule 7/6, 7/16, 7/26, ® spray schedule 7/16, 7/26,
8/6, ® spray schedule 7/26, 8/6, 8/16, (D spray schedule 8/6, 8/16, 8/26,
spray schedule 8/16, 8/26, 9/6, spray schedule 8/26, 9/6, 9/16, (0
spray schedule 9/6, 9/16, 9/26).

@, =elA Foke HdFER 8Al kAl
o gshA] (feolg) A2l A EdES 6~35%= WER e,
10714 kAl 2] A7) Foll A TH A2 A 7] =, 8%

A2 789 6, 8¢ 16¢, 89 269)e AFHW TAL] 6%= 7 B



et th whebd v kAl (llglelE)e] 4 ¥ A7 8¢9 69 AT
'ﬂ’f’l’ﬂ /\AE]' (Flg. 5).

% Diseased fruits _ BBenonyl  MCK
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Fig. 5. Control efficiencies of benomyl on fruit rots in kiwifruit orchard
with 10 different spray schedules (@O spray schedule 6/6, 6/16, 6/26, @
spray schedule 6/16, 6/26, 7/6, 3 spray schedule 6/26, 7/6, 7/16, @
spray schedule 7/6, 7/16, 7/26, & spray schedule 7/16, 7/26, 8/6, ®
spray schedule 7/26, 8/6, 8/16, @ spray schedule 8/6, 8/16, 8/26,
spray schedule 8/16, 8/26, 9/6, spray schedule 8/26, 9/6, 9/16, 10
spray schedule 9/6, 9/16, 9/26).

T, FulelA o AAFEE WAGAR SHH U= A
Ao 3l (FAY) ATl A LAEES 5-2%%2 YEson,
107HA] eFAl A 2] A17] Fol A 1/ A A7] =, 68 645 H 1043H4 33]
AT (6€ 69, 69 169, 6¥ 269 AW TAEo] 5%% 7HF vHA
ERs T whEbA Aot kAl (Ao dEAT= 69 69 AF= &
2l (Fig. 6).
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[ Thiophanate B CK

% Diseased fruits
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o L ]

1 2 3 4 5 6 7 8 9 10 CK

Fig. 6. Control efficiencies of thiophanate on fruit rots in kiwifruit
orchard with 10 different spray schedules (@ spray schedule 6/6, 6/16,
6/26, @ spray schedule 6/16, 6/26, 7/6, @ spray schedule 6/26, 7/6,
7/16, @ spray schedule 7/6, 7/16, 7/26, ® spray schedule 7/16, 7/26,
8/6, ® spray schedule 7/26, 8/6, 8/16, @ spray schedule 8/6, 8/16, 8/26,
spray schedule 8/16, 8/26, 9/6, spray schedule 8/26, 9/6, 9/16, 10
spray schedule 9/6, 9/16, 9/26).

QRN DRl SN FRAGE 3
A Creh, olZ® 84 (2HE) 2

Wl A ke HAREW AR F
£)9} Ao 3 %

2
of i
B
\%
o
o
b

Wt $4E Aow @ 64 269 A¥
9 Aoz FAHAG weks Aok A oo A4 HEfS 7 A
FolA 649 269 FAloR 109747 1~58] HE/A et 2o s
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Ihd= AdAxels vebd AAHRE FJAod Fe AgHEdEd
Botryosphaeria dothidea, Diaporthe actinidiae (Phomopsis sp.), Botrytis
cinerea®l Wal o] 5sta LFAHANAE HAGAIF Hojd Ao
A HEAUE F3kA| (Puta), $FAE F3A (F2E) " oz R
F3HA ( EE”) s 3 kAE Ao AR A AEslg el ARE
3} kaﬂi A % ].93\;].

ZF kAl E AGAE FEE 1APA R A YERG AXA 7| 69 2685

2 10¥340% 13 x5y 93] ZX7HA 1057 A7l &

THo

FAEE T A kAT 174 Y 3nEo R FIPsiglon, o
= 119 59 HHF 10032 F33te] 1585k polyethylene bagssell
Y FEAA F5A17 F AAFEEY BAES A 74 A S
A A3 Friedt. OHAe 9] 134X FH OHA 272 93]
FEA 1057 A7 a3 2o

OHAIAE) 69 269 X,

@ Q23AE) 6¢ 269, 78 6Y AxE,

@23 4x) 6¥ 16Y, 269 A ¥,

@W (33 4¥x) 69 169, 269, 79 69 A,
G AE) 69 64, 169, 26¥, 7€ 6Y Ax,
®WH 43 AE) 69 169, 26Y, 79 69, 169 2 ¥,

@63 2E) 649 6Y, 169, 269 79 64, 164, 269 H ¥,

O

@H(73] 24 X) 649 6, 169, 269 7€ 6Y, 16, 269, 8¢ 6Y A=,

O @3 AE) 69 649, 16%, 269 79 6%, 16%, 269 8¢ 6% 169 4

OHO3]2x) 69 6, 169, 269 7¥ 6%, 169, 269 8¢ 64, 16¥, 26
Q HE
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43 oAlE FTolAM 1AdAxE AFAF g ofart ¢

FAgE £33 (F2eEhE A4 133 93714 GAE AFxFAS

o] Hx 3%l Ao 15%= YElor FA

U ES 204%% e 139 23] ofAlE HES A<l

, @, @ AgFeAE FA Tl dig WAL 70% mvke 2 e}

oy 33 ol AxI AYFE@~OH AYHolMe EF 70%<]
ol o] A7t YEAT (Fig. 7).

O

Flusilazole

% Control value

90
80

70
60
50
40
30
20
10
0
1 2 3 4 5 6 7 8 9 10

Fig. 7. Control efficiencies of flusilazole on fruit rots in Kkiwifruit
orchard with 10 different spray times (@O 1 time spray, @ 2 times
spray, @ 2 times spray, @ 3 times spray, ® 4 times spray, ® 4 times
spray, @ 6 times spray, 7 times spray, @ 8 times spray, @ 9 times

spray).

2 AA 199 93714 hAlE HEHAL 4
5 ol HA 23%01A Hol 11.3% % YERSoH 4
G WHES 204%E e FRARE £34 CraElsh vkt
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A= 13]9F 23] FAlE Axs ATl O, @, @ AgFelAE FA4
Fol tisk WA 7F7F 70% wwro 2 eyl ow 33] o]k AFE S i%ﬂ?g
(@~ APl s BF 70%2] oo WAl7lE Yepldr. 53
®H Aol 43 24x (69 169, 26¥, 7€ 69, 16Y)Adl 371 ‘%Wl%
SolA 7Hg =& WAL 887%E UElHoZN g anAds & &
A}t (Fig. 8).

Olt

Iprodione
% Control value

100
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60
40
0
1 2 3 4 5 6 7 8 9 10

Fig. 8. Control efficiencies of iprodione on fruit rots in kiwifruit orchard

with 10 different spray times (@D 1 time spray, @ 2 times spray, @ 2
times spray, @ 3 times spray, ® 4 times spray, ® 4 times spray, @ 6
times spray, 7 times spray, @ 8 times spray, @ 9 times spray).

Aol AHERE oAl E FollA BHFauE FuhAl (duta)s A 133
9SI7HA FAlE AxsA A5 Ak AEE R Ee] i 37%¢
Hd 19.0%=2 detwer FAz o] By ES 204%2 Uil 13
28] fAE A2 ATl @O, @, O AHFelM= FA Tl i
WA 7E7F 70% wRbo. 2 LpERRE O b} 33] o] 42 AYTE@~0
Aol B 70%0] o] el wAZkE et (Fig. 9).

oo o x o
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Fig. 9. Control efficiencies of tebuconazole on fruit rots in kiwifruit

orchard with 10 different spray times (O 1 time spray, @ 2 times
spray, @ 2 times spray, @ 3 times spray, ® 4 times spray, ® 4 times
spray, @ 6 times spray, 7 times spray, @ 8 times spray, @0 9 times
spray).

Z =
Auts)s 25 335H 937t4] A elE she Aol 13|y
ol Ao yeldth 53] 69 16¥, 269, 79 69, 169 A ¥
of 10¢ Ao = 43] A @ AT Agole FFAGE T34
(F2EP7L 85.3%, olZ g Sk (2E2)7t 88.7% 183l HEIUE 5
shAl (Auta)7F 81.9% =2 7HE =S WAVFE YEtWeRA O &t

4 b
FAB%E FoA (F2E)S o) ZR SakA (2HY) 11

(

753,

S Aoz yeiyth o= @A &HX Ao A dY fAlEe
A4 Axsled 53 EHuy A2 oz shehwofe] AHESleE E4
T & Aolgta 7IE (Table 2).
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Table 2. Control efficiencies of flusilazole, iprodione and tebuconazole

on fruit rots in the kiwifruit orchard with 10 different spray times

Fungicides

Treatment

O @ ® @ & ® @ ® ® O CK

Diseased
Tebucona- fruits (%)

zole WP Control
values (%)

190 8 73 43 57 37 43 53 43 43 204

6.9 60.8 64.2 789 721 81.9 789 740 789 789 -

15 123 77 5 4 3 53 43 5 6 204

26.5 39.7 62.3 75.5 804 8.3 74.1 789 755 706 -

Diseased

Flusilazole fruits (%)
Wp Control

values (%)

Diseased

Iprodione  fruits (%)
WP Control

values (%)

113 83 63 4 4 23 4 47 47 43 204

446 59.3 69.1 80.4 804 8.7 80.4 77.0 770 789 -

@ 1 time spray, @ 2 times spray, @ 2 times spray, @ 3 times spray,
® 4 times spray, ® 4 times spray, @ 6 times spray, 7 times spray,
© 8 times spray, @0 9 times spray, CK No treatment.
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3. Fvhel A dgofAl HA Hdx Zmad dY 2 IH

1, 2hd el 49 Fried AW S5 AgepAEe HEHs) 2 A
4 AEIF TH NG ARE Bl 47 TN Ak oFA BEE
Ao AWENE AL F Y= AA 4E ZeaPe 498t AL 2R

AdeA A2 AxAVIE BEE ded FahA
A, Ao FaA= 69 15, HEaUE F3kA (Auka),
F3Al (pEh) B oolZ® kA (E™)= 69 169

09 +4 33, 43], 53] EF 4 *E353Uth (Table 3).

W oguEow Age sdsn Brhd B £3 (119 149 F
P ook 10034 Lol 15-2087F FHAA ThAle] Lpehubs

33 H-¥ 537k Ax 3G whel WA ENF A SOt
(Table 4, Fig. 10). 18y 10¥ A2 53] 4HEA]
2 SskA (Mol E)E 166%, ALw F3kA (FA)=
S-S UER whdol AR ofAIRl FRAHE F3HA)
B, HEIUE T34 (Auta)9} olzZ2 oA (ZEE)e 1
o3}

B2 43] A3 Aol Z+7} 160, 1563 16.3%°] TH &S YE T
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HzoFAIQl W= kAl (el E)et Aot kAl (FAd)e] 53] 4
Eob vzl B 70% AR BAERE YellE FFAHE F5A
((FEh), BRIUE F3kA (Anta)e o]z 2 kA (2B )9 43] 4
X7 HA AEIFR 95 BAERE JElE HA AX Zaadfo
2 FAH¥A} (Table 4, Fig. 10).
olde Auriy Fvd FLFEH WAES AF dekA HA 24X
2ae 69 FEHE 109 A 43 xd ™, o ok A

[©)
FRAE $34 Craeht b $5% R gEEAc. Ty

S S N (7
2
1o,

sHA] (Db

Table 3. Fungicides application for control of fruit rots in the kiwfruit

orchard
Fungicides Treatment Spray times Spray schedules
1 33 8/5, 8/15, 8/25
Benomyl WP 2 43] 8/5, 8/15, 8/25, 9/5
3 53] 8/5, 8/15, 8/25, 9/5, 9/15
4 33 5/25, 6/5, 6/15
Thiophanate WP 5 43] 5/25, 6/5, 6/15, 6/25
6 53] 5/25, 6/5, 6/15, 6/25, 7/5
10 33 6/15, 6/25, 7/5
Flusilazole WP 11 43] 6/15, 6/25, 7/5, 7/15
12 53] 6/15, 6/25, 1/5, 7/15, 1/25
7 33 6/15, 6/25, 7/5
Tebuconazole WP 8 43] 6/15, 6/25, 7/5, 7/15
9 53] 6/15, 6/25, 1/5, 7/15, 1/25
13 33 6/15, 6/25, 7/5
Iprodione WP 14 43] 6/15, 6/25, 7/5, 7/15
15 53] 6/15, 6/25, 1/5, 7/15, 1/25
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Table 4. Occurrence of postharvest fruit rots of the kiwifruits treated

with 5 fungicides on the several spray schedules and spray times

Fungicides Treatments® Spray times Diseased Control
rates (%)  value (%)
1 3 28.6 49.8
Benomyl WP 2 4 26.5 535
3 5 16.6 70.9
4 3 28.0 50.9
Thiophanate WP 5 4 23.3 59.1
6 5 17.0 70.2
10 3 25.0 56.1
Flusilazole WP 11 4 16.0 719
12 5 11.3 80.2
7 3 21.0 63.2
Tebuconazole WP 8 4 15.6 72.6
9 5 13.3 76.7
13 3 19.0 66.7
Iprodione WP 14 4 16.3 71.4
15 5 13.3 76.7
Control 16 - 57.0 -

@D 3 times sprayed on 8/5, 8/15, 8/25 @ 4 times sprayed on 8/5, 8/15,
8/25, 9/5 @ 5 times sprayed on 8/5, 8/15, 8/25, 9/5, 9/15 @ 3 times
sprayed on 5/25, 6/5, 6/15 & 4 times sprayed on 5/25, 6/5, 6/15, 6/25
® 5 times sprayed on 5/25, 6/5, 6/15, 6/25, 7/5 @, @, @ 3 times
sprayed on 6/15, 6/25, 7/5 ®, @, @ 4 times sprayed on 6/15, 6/25, 7/5,
7/15 ©, @®@, ©® 5 times sprayed on 6/15, 6/25, 7/5, 7/15, 7/25 @® No

treatment.
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Diseased rates (%)

Benomyl Thiophanate Tebuconazole Flusilazole Iprodione CK

Fig. 10. Control efficiencies of benomyl, thiophanate, tebuconazole,
flusilazole and iprodione against fruit rots in the kiwifruit orchard with
15 different spray schedule and spray times (@D 3 times sprayed on 8/5,
8/15, 8/25 @ 4 times sprayed on 8/5, 8/15, 8/25, 9/5 @ 5 times sprayed
on 8/5, 8/15, 8/25, 9/5, 9/15 @ 3 times sprayed on 5/25, 6/5, 6/15 ® 4
times sprayed on 5/25, 6/5, 6/15, 6/25 ® 5 times sprayed on 5/25, 6/5,
6/15, 6/25, 7/5 @, @, @ 3 times sprayed on 6/15, 6/25, 7/5 ®, @, @ 4
times sprayed on 6/15, 6/25, 7/5, 7/15 ©, @, ® 5 times sprayed on
6/15, 6/25, /5, 7/15, 7/25 16 No treatment).
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3)

vkl AW A4 oleRd ok E4UA A WA ZAt S5
FRANE oA (raEh), oz Sl (2nY) HREIUE 3
A vk g Fel A9y A SR RS S 9 Ao )
EEE

o A g GTA7) TS, FeiA AAREY el
A FA FRAGE FohAl CraEh, o|ZR oAl (2HY) R Y
S RS I S B0 AR EY oA S ee
i W F5hA (Relol )5 A og oAl (FAahuT EgA
chel SATE e aPgEt e Ao BRH £ YA

71 Al oAl BT 64 269 A9l Aow FAHEHA

o) AR owekAl A7 Ax3lg Y A, Joy AW
AE F 2t 5 @Ml%ﬂ FEAGHE FoA (FaEh)e} o]z
Antsa)= 2% 33 5-H
93] 744 AHEE 3t Aol 1ﬂur 23| 1k A HAoZ et &
3 69 16Y, 26, 79 64, 169 Axd o= 43 AP 4
T FFdgE g4 (F2Eh7F 85.3%, olZE FIkA (R
83.7% ~1¥]3l El§F-IUE F3hA] (Auta)7t 81.9% =2 7Hd =S WA}
S UetWozA o a7t 5% Ao YE

(s} o 22 S
AL F A dlgors
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1) Eucalyptus %59 45 FE=99 oz Adw o] st
gy A4
Zord) 8 AFH T Botryosphaeria dothidea, Diaporthe actinidiae
(Phomopsis sp.), Botrytis cinerea®l W3t Eucalyptus 59 a4 A

W AR Askel £3, F9E, ARE 259 ol gate] Mgt
AR AR L Y

Eucalyptus 5 35 methanol & 55 Y2 o] &34 agar well WH
o2 dAMSAA Y Hes AASET. FE2d A= o Zeo] A

A8k

@O 20000 9€¥€eof| FUA ALY RIST AF EANA =gt &= 3~59A
FEucalyptus darlympleana, Eucalyptus unigera, FEucalyptus gunnili,

z= H D
b FAAZ 5 70T Ax7|A 39 FF AxAIA ¢hds] dxd 9
S mills ©]&3to] powder® Ve § WE Hste] Al AREsHITh

@ A5 30 g& methanol 500 S o] &3Fo] MErale] 244 7H4 33 HE
B FE3Ah

® FZ% methanol 1500 M= 33l rotary evaporator® ©]-&3Fo] 7Het
S A AT

@ w=5¥ FE=9% methanols H7bstel FF FH97F 30 M= AA
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o) gitd 7

ofN

o AHgatect

s A5 PDA dix] Sl A4 8 mm welle WHeE ¥
paper discE well vleol =1 1 9o Eucalyptus =4S 100 W= #
Aote] s b3 AR ol PDA wiA|el A A& vjeFete] 7~104
A% A Botryosphaeria dothidea, Diaporthe actinidiae (Phomopsis sp.),
Botrytis cinerea agar block (%27 8 mn)<S welloll <23 25T u]%7] o)A
5U7F wjekAlZl Fo] thET (methanol *2]7h)ollA A HFALe]l 273 v
sto] ARG A A=E gz e ATh

:|:4‘

Aoty A% HYATo| E Eucalyptus %9 33 &3 Diaporthe
actinidiae (Phomopsis sp.)ol W3le] 7b4 =& I HS Bl wbd A A
A o2 Botrytis cinerea®] WalA 7bd vt drEs Wl 4 £EH
23 = Eucalyptus unigera’?t EE WUA  wFold 7Pt ol
=% o™ Fucalyptus darlympleana®™ B 174 gt o] =2 Aoz E}

L

SR 9y Eucalyptus gunnii®t  Eucalyptus globulus=  Diaporthe
actinidiae (Phomopsis sp.)& AYstis i 37 F35A] &2 AL
2 et} (Table 5, Fig. 11)

Table 5. Antagonistic effects of leaf extracts of FEucalyptus trees

against phytopathogenic fungi causing fruit rots of kiwifruit

Eucalyptus  Eucalyptus FEucalyptus Eucalyptus

Fungi unigera darlympleana gunnii globulus
(EU) (ED) (EG1) (EG2)
Botryosphaeria
+++ +++ - -
dothidea
Botrytis cinerea ++ + + +

Diaporthe actinidiae
+++ ++ ++ +++

(Phomopsis sp.)
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A) Botryosphaerie sp.

B) Botrytis cinera

Fig 11. Antagonistic activity of Buealypfus trees against fruit rot fungal
pathogens of kiwifruit,
EG1: B gunnii, ED: B, darbmupleana, B B, unigera, EG2: B, globulus
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o] AW Eucalyptus darlympleana 555 ol &3te] AHHEZE 6
4 10¢¥ 10€ 2ol FoEEE o4 A 47 APste] g 24
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58 wdth % @F2A9 49, 69 2ol £ Grks 109 xo)
Fae QolMel I BHol 458 ®A 2AHAYG. 53 Diaporthe
_ir

)
actinidiae (Phomopsis sp.)9 A% 109 83 o FEHdqd oste] o
AL Aol AF dojuyr] grol AE ek gt &S UeU e Botrytis
cinerea®| WA= oF 74%< i+ XS, Botryosphaeria dothidea®)| W
A= F 91%e gt S Ho] dAubHom wg =& g A4S B
%t (Table 6).

Table 6. Antagonistic effects of twig and leaf extracts of Eucalyptus

darlympleana tree against phytopathogenic fungi causing fruit rots of

kiwifruit
Mycelium diameter (mm)
Fungi
Twig-10? Leaf-6" Leaf-10° Control

Botryosphaeria

) 55.5 36.9 5.95 73.48

dothidea
Botrytis cinerea 36.9 17.74 9.72 38.51
Diaporthe actinidiae q
36.0 8.79 N.G 4853

(Phomopsis sp.)

The data represent the means of 5 replicates.
? Extracted with the twigs harvest on October.
> Extracted with the leaves harvest on June.
¢ Extracted with the leaves harvest on October.

4 No mycelium growth.
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2. Eucalyptus |5 F= s+ HHx0 4

D &
LFL

M~

=4 FF % Zdd A9 A4 &9 2 A=A

oL

7k A

o2

]
Az % gy

Eucalyptus |45 FZ&Eo] sl chloroform, ethyl acetate, butanol}
22 fF718vlE o8&t wAA & EHo dis Iy AFS HAS)
Atk olE flste]l o] gFoitial B W= Eucalyptus unigerat
Eucalyptus darlymipeana® 7= 4 30 g& methanol 350 m¢? 33] W&
A
;'6__

O

=3kl F 1150 me 948 FE=AS g3 Fol rotary evaporatorg ©|
%3}04 k4 OJ FEAZ %
butanol= Z+7F 300 ml® 23] &x

o

rotary evaporatori HA3 A FEAD T 1% DMSO 10 A =7t
sto] 9l 83fAA microfilter (22 m)%E o2

WS o] &3te] 9o sdskA AAISAT

gHo]l vt AAY  Eucalyptus  unigera$t  Eucalyptus
darlymlpeana®l w&2 FEH& o] &34 chloroform, ethyl acetate,
butanol &wlZ £ #EE3 F Ho AW AT tish chloroform,
ethyl acetate, butanol ¥ #& %3 (residual fraction)e] &+ EHE FAL
3l A3} (Table 7, Fig. 13), Eucalyptus SFolv WA FHoe= A
#glo] butanol fraction®] @xt#o] 7} =okom th o2 chloroform
fraction®] =4 YeElstth. Ethyl acetate fraction® 7 Eucalyptus
unigera= Botrytis cinerea® ©3dle] &tEo] o= AE ldlon
Botryosphaeria dothidea‘t Diaporthe actinidiae (Phomopsis sp.)°l T3
M FElg v 23E Fol & 5 i3 Eucalyptus darlympleana+=
Botryosphaeria dothidea®] =& &7 2& X %™ Botrytis cinera U
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e o= A dgdHo] dE Ao YetWA Y Digporthe actinidiae
(Phomopsis sp.)oll el A gade] g Aoz Jehyth zE
[e)

fraction®] ¢ 2E AT WAl dis] =S Fof B = gl
o kel =

AsHe Ae & F ek

Table 7. Antagonistic activities of different solvent fractions of

FEucalyptus unigera and FEucalyptus darlympleana against

phytopathogenic fungi causing fruit rots of kiwifruit

Inhibition rates of mycelial growth (%6)
Eucalyptus trees & y g d

target pathogens

Chloroform Ethyl acetate Butanol Residual

FEucalyptus unigera

Botryosphaeria B B
dothidea 10.47 62.13
Diaporthe actinidiae
) 20.03 4.39 53.30 -
(Phomopsis sp.)
Botrytis cinera 25.63 10.90 4717 6.62
Eucalyptus darlympleana
Botryosphaeria B
dothidea 52.95 39.69 49.18
Diaporthe actinidiae
) 21.52 2.21 51.79 16.44
(Phomopsis sp.)
Botrytis cinera 20.20 9.16 39.03 5.88
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A) E. unigera

Fhowmopsis ap.

Batrpasphaeria sp.

Botrvtis cinera

B) E. dariympleana
Chloroform  Ei-Ac Bu-OH R.esidual

Fhomopsis sp.

Bairyosphaeria sp.

Boirytic cinsra

Fig. 13, Antagonistic activity of the fractions partitioned by seral extraction with
Chloroformm, Ethyl acetate and Butanol, and residual fraction of tmethanol
extracts of B unigeraid) and F darlymplecma (B leaves against fruit

rot fungal pathogens of kiwifruit,
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2) Eucalyptus darlympleana S5 F=92 chloroform}
butanol fraction &3F&Eol sk o] AFH AT TA
A A g3 AL

7. A3

o

Aa 3oy

Eucalyptus darlympleana 712 2 ¢ A& 200 g2 methanol 1,000
meH 33 WhE FEsto] AAE e § rotary evaporators o] -83dko]
A 7+t3k & chloroform, ethyl acetate, butanol 500 m(® 23] £3 F&
3lo] chloroform fraction®} butanol fractiong =3 & ¢ 7ehAz
Sl 1% DMSO 30 mE ¥ol ¢xd3] =2 Fof o]& A o]&atith.
T3 1% DMSO 30 mE dfoz ko] x10, x100, x1000, x2000 &%=
w54 At BAZE 50%°l Pt w= 2AE AU o
A3t PDA HwiA] Fdo A4 8 mel wells 2 &
disc(A7 8 mE &5 Fol oA =43 717
wWE ek & &uj7h kdd] Iy Fof i Fol ZF W] AL
agar block(#7 8 mm)-& /33t 25To|A 543 vt 3 & o
AA g e ZAFSFA T

= 92 39 T 4 AT Hasto
Eucalyptus FE=A] FAohy AGH HA 29E dotry] 9% AMEHs 4
Ast7] 98t Eucalyptus darlympleana®l chloroform®} butanol fraction?]
=3 FEAS o]&ste] Ak Hvhd] A Aol Wi FdEA=
Table 8l WE} Utk x4 200 gollA 53 30 me] 25F=94s Ao
ow 3Flol 7 38X Frwlwg dadE XA A3 Botryosphaeria
dothideaw AN AL Aol s8] o] Folx|#] ekgkom 10u} 343 &
T e oF 57%, 1008 &]41st Aol oF 25%9] A Al a9E
EFWt}. Botrytis cineread 735 Aol ok 75%, 10v] A FEoH+= <oF
20%, 1008} o] A g A9 FdEATE A vERA 9kt Diaporthe
actinidiae (Phomopsis sp.)2 7% oA oF 90%, 108] 3|4 FZolA] oF
50%, 1008} 3]l A = oF 30%2] ARG E3E YERS T

4

rﬁ ol



Table 8. Inhibitory effects of different concentrations of mixture of
chloroform and butanol fractions extracted from  Eucalyptus

darlympleana on phytopathogenic fungi causing fruit rots of kiwifruit

Inhibition rates of mycelial growth (%)

Target fungal o
Dilution rates

pathogens
x 1 x 10 x 100 x 1000 x 2000
Botryosphaeria
) 100 56.59 25.54 - -
dothidea.

Diaporthe actinidiae

. 90.36 50.23 30.47 - -
(Phomopsis sp.)

Botrytis cinera 75.20 20.34 - - -
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3) e A datel o

5t Eucalyptus darlympleana %
ol butanol fraction®] a3+ A H=

7k A

o2

A=

A

P

Eucalyptus darlympleana®] methanol 29| =21 3 FoA 713

gyt @3%7F $5=3% butanol fraction®] & A S

9 100 g& methanol 1,000 m(# 33 w8 FZ3}

rotary evaporatorg ©]-&3Fo] ¢k 7hebst % chloroform, ethyl acetate,

butanol 500 m¢¥ 23] 3 FEFate] ¢ Hxste] 5T 13 g9

butanol fraction®l 1% DMSO 13 m(-& 7}t Az 2FE4S A9
A

S8 dke] X2, x4, x8, x16%2 It 7} wdE wlA] FelA
o] AAHE Ao 3 FAASAA THE FZASIA
= = RS

Eucalyptus darlympleana®] methanol F& 2] =3} 3 FoA 713

gyt &7 9538k butanol fraction®] &4 A4S HF3H7] Hst] A4
100 goll 4] %3+ butanol fraction ZF= 13 mlS ©] &3} FALS
o AFEATFe] g I+ sy Fig., 1491 yeEly vl Butanol
fraction Z2F&Y 13 mS x2, x4, x8 x16=2 3]Aslo] 7} ¥z uj
A A AR dAlES VIEeR FdEdE A A
Botryosphaeria dothideat™ 7} 3|A-§ ol X 72%, 64%, 44%, 38%°] A}
AAAAEES BA S  Diaporthe actinidiae (Phomopsis sp.)e A%
82%, T4%, 60%, 45%°] TAMAAE AAE&ES EATh AN Botrytis
cinerea®l 7% x2 s|A 9] A4 °oF 52% A E&HE HIYS W 1 o3}
o] 3|4 FEAAE 10% Wvke] w2 A g3E Ko chloroform¥}
butanol fraction®] <33} FARgE AFS B 2™ butanol fraction
59 Ag EFIAEYg dA3 e AN AA 2945 YERWTH
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3. Eucalyptus darlympleana R[5 FZ=doA AP EZ
sietd Fxed B2 FadA %

1) Eucalyptus darlympleana 95 FZ=doA U =2
slaby Fx2EA

i)

o ARAR 2 gy

ut

O Ak % 7171

|l EF 9 19 A %S column chromatography & silica gel&
Kiesel gel 60(70-230 mesh, Merck, Art 7734), Sephadex
LH-20(Farumasia, Sweden), precoated Kiesegel 60 Fasu(Merck, No.
5735), Microplate Reader(Benchmark, Bioraq Co., Germany), 'H-NMR
(400 MHz) 3 “C-NMR (1005 MHz) spectra¥ Brucker AMX 400
spectrometer24, &l DMSO-ds, WHETFEZDZ = TMSE AE33

A5F=9 ZAE 9ste] 2001 sHRb7] E9F A E AU RIST A F
I A At Qe 4~ 6”‘ A Eucalyptus darlympleana A< A3 34e] 3
d B 2 FHA F 70T Ax=7AA 39 T AXRAIA &HdE] Az
H A4S mille o839 powderz THE F gl o] &3t} FHFFE
A& olgste] AEAIR 2 kgoll n-haxanes ©]-&3te] 4 A& FEshe] A
29 AWAES A A% ¥ methanolS o] &3to] = xbdl FE3 5 rotary

evaporator® §vwjE A7t FEES A3 o] MeOH

MeOH= #HEAA &uje] S-S F7HA7]= Al el 9a dEa=
o gk (CHzClz) ojdolAEl o] E (EtOAc), F&<& (n-BuOH) ¥ = (H0)&
o2 283 §F fBgssste CHClL, EtOAc ¥ n-BuOH®| 7H&H5-& 7t
7} 30 g, 20 g 2 42 g& AATh oldl g A EWH-S Fig. 1590
et 9l

(6]
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FEucalyptus darylmpleana

extracted with hexane

Hexane ext.
extracted with MeOH
concentrated
MeOH ext.
added with
H0-MeOH (9:1)

|
H>O-MeOH Marc.
extd. with CH2Cls

CHxCly
Aq. layer
ext.
| extd. with EtOAc
EtOAc ext. Aq. layer

extd. with n—BuOH

n-BuOH ext. H>O ext.

Fig. 15. Schematic diagram of extraction and fractionation from Eucalyptus

darylmpleana leaves.
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O EtOAc ¥ n-BuOH®| 7F&HeA #l=4d sthEe] 4

Eucalyptus 242 EtOAc 8 E&E 20 g2 silica gel 30 goll S2A)171 &,
column (27 52 cm, ZA°] 75 cm)ol silica gel 380 g& CH:CLZ &2 A7)
3T e AEE ¥ 1 9ol BA] silica gel 20 g& SHAIHTC AMS
H €= CH.Clb-MeOH-H:0 (5:1:1, lower layer), CH.Clob-MeOH-H-O
(25:855, lower layer), CH:Clb-MeOH-H-O (7:3:1, lower layer) %
CH:Clb-MeOH-H-O  (65:35:10, lower layer)®] 38wz &=F3=
column chromatography & A A]8te] 100 m¢? &&3F Tl o] subfraction
535 CH:Clb-MeOH-H:O (65:35:10, lower layer)®} EtOAc-MeOH-H-O
(600:99:81)¢] W& rl= TLCHAANA AMAIA sgee] 225 F<lstdd
I subfraction EDE 23-24¢4 3}§%E 1(110 mg)=, subfraction EDE
78-87°14 #3E 2(12 mg), subfraction EDE 146-179 4 8§%& 3(198
mg)<, subfraction EDE 269-271 4] &}3t= 4(196 mg)<, subfraction EDE
277-2791 4 3}&E 5(12 mg)S, subfraction EDE 511-518914 3}g=
6(13 mg) = 77t Egstdth o]& S subfraction EDE 78-87<
sephadex LH20 column chromatographyZ AA]ste] ©@ed 33+&ES 2
stk e f7lel R 2 o n-BuOHE 7F&% 42 g5 20 g2 silica gel
30 goll F&AIZ 5, EtOAc +8&29] o sdd o=z AAsd e
, subfraction EDB 105-113¢4] &}3t= 7(7 mg)¥ subfraction EDB
195-208°1 4 313+ 8(35 mg)= HElstth. olwl Z+ZHe] subfractions ©]
EFgEooer WEES &8 2 do] sephadex LH20 column
chromatography & W& HA|ste] 3lEES w2ttt TLC AodA &
J 852 BeE 9t "C-NMR¥} 'H-NMRS 53 2332 1wy

83t 13 7 'H-NMR spectrumel 4] A-ring] meta coupling®l 7]
3k signale]l & 6.38 (1H, d, J=2.0 Hz, H-8)3} & 6.16 (1H, d, J=2.0 Hz,
H-6)ol A doublete® vYE}al, B-ring® H-2', H-6 % H-5 signal©]
§ 764 (H, d, J=24 Hz), & 753 (1H, dd, J=24 & 84 Hz) ¥ § 6.85
(1H, d, J=85 Hz)ol A meta$} ortho coupling®. 2 #Zx¢lth “C-NMRO]
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A= Ag Al flavonol aglycon 3}gHE-9 quercetin® 3¢ 2 U x5}
Aok w2 g9t Ee] skt xE quercetine 2 A3tk (Fig. 16,
17, 18).

OH
OH

HO O

OH
OH O

Quercetin (Compound 1, 7)

IH-NMR (DMSO-d,) &:

7.66 (1H, d, J=2.1 Hz), 7.53 (1H, dd, J=2.1& 8.5Hz), 6.87 (1H, d,
J=8.5 Hz), 6.40 (1H,d,J=2.0Hz), 6.18 (1H, d, J=2.0Hz)

BC-NMR (DMSO-d,) 5

175.8 (C-4), 163.8 (C-7), 160.7 (C-5), 156.1 (C-9), 147.7 (C-4"),
146.8 (C-2), 145.0 (C-3"), 135.7 (C-3) 121.9 (C-1"), 119.9 (C-6"),
115.6 (C-5"), 115.0 (C-2"), 103.0 (C-10), 98.1 (C-6), 93.3(C-8)

Fig. 16. Chemical structure of quercetin isolated from FEucalyptus
darylmpleana leaves.
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Fig. 17. "H-NMR spectrum of quercetin.
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Fig. 18. "C-NMR spectrum of quercetin.
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33 E 2= 'H-NMR spectrumolA & 7.31914 20 Hz® & 7.26%
doublet® meta coupling3til & 6.77+= & 7.263 8.0 Hz= ortho coupling
3t H-2, H-6, H-5% Z}7Z} assignment 9121, 3C-NMR spectrumell
= carbony17] 2] Coll 71913 prak7} § 167.1914 =% 11, benzene ring

of 712138 peak”} 67 #Z=5 0] benzoic aicd FEAYS & F Ao,
829 vl R 34-dihydroxybenzoic acidgg <& < At wpepa =2
31§52 34-dihydroxybenzoic acidZ +%E5 ZAA3st9t (Fig. 19, 20,
21).

3,4-dihydroxybenzoic acid
(Compound 2)

H-NMR (DMSO-d6, 400 MHz) :

731 (1H, d, J=2.0 Hz, H-2), 7.26 (1H, dd, J=2.0 & 8.0 Hz, H-6),
6.77 (1H, d, J=8.0 Hz, H-5);

13C-NMR (DMSO-d6, 100.5 MHz) 5:

167.1 (C-7), 149.8 (C-4), 144.7 (C-3), 121.8 (C-1), 121.5 (C-6),
116.4 (C-2), 115.0 (C-5)

Fig. 19. Chemical structure of 34-dihydroxybenzoic acid isolated from
Eucalyptus darylmpleana leaves.
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Fig. 20. '"H-NMR spectrum of 3,4—-dihydroxybenzoic acid.
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Fig. 21. "C-NMR spectrum of 3,4-dihydroxybenzoic acid.
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3stE 3, 63 82 'H-NMR spectrumolA & 690 (2H, s, H-2 & 6)¢]
peak’} YElY 1, BC-NMR spectrumitA] o] A= carboxyl”Z]ol] 7]¢l&}=
peak’} 8§ 16744 =3 benzene ringol 7103k peak’t 671 #EH o
benzoic acid FEAUS & F AR, LA data®t H]udte] gallic
acide} & A8kt kA 2 3ES gallic acid= A4t (Fig.
22, 23, 24).

HO

HO COOH

HO

Gallic acid (Compound 3, 6, 8)

TH-NMR (DMSO-d,) 5:6.92 (2H, s, H-2 &6)

BC-NMR (DMSO-d,, 50.3 MHz) 8: 167.6 (C-7),
145.6 (C-3 &5), 138.1 (C-4), 120.6 (C-1), 108.9 (C-2
&6)

Fig. 22. Chemical structure of gallic acid isolated from FEucalyptus

darylmpleana leaves.
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Fig. 23. '"H-NMR spectrum of gallic acid.
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Fig. 24. "C-NMR spectrum of gallic acid.
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313t E 4= 'H-NMR spectrumol A A-ring® meta coupling®] 7]¢13%}
signal®] & 6.38 (1H, d, J=1.9 Hz, H-8)3 & 6.18 (1H, d, J=1.9 Hz, H-6)
oA doublete @ veLbal, B-ring® H-2', H-6" % H-5 signale] §
729 (H, d, J=2.1 Hz), 6§ 726 (1H, dd, J=2.1 & 82 Hz) ¥ & 6.86 (1H,
d, J=8.2 Hz)ol A meta®} ortho coupling®. = #=H Ut T3 1 moled
Fo] 7]91&= anomeric proton? signale] § 524 (1H, d, J=14 Hz,
anomeric H)olA #Z5F 2™, rhamnose® methyl”] 2 4 %+ signal
] 80.81(3H, d, J=5.6 Hz)elA uebdrh PC-NMR2 H¥ <l flavonol
aglycon 3}gHE<Ql quercetin® #3121 ¢F 2 A3t 1 mloeo] Fo 7121
8} signale] 1024 (C-17), 719 (C-4"), 71.3 (C-5"), 711 (C-3"), 70.8
(C-27), 183 (C-6MlA depdow go Ag$xe v "C-NMR
I v]A] C-3¢] 0.7 ppm AAE o] 5o 2ZH  quercetin C-3 Ao T
o] Agstil oS & F AT WA 2 FgEY TR £
9] data®} # A=At quercetin-3-O-a-L-rhamnoside(quercitrin) = 2
sttt (Fig. 25, 26, 27).

3tgt2 5% 'H-NMR spectrumolA & 618 (1H, d, J=20 Hz), &
6.37(1H, d, J=2.0 H2)¢ peak:e A-ring® proton®] H-6, H-8A A=
meta couplingst o™ § 804 (2H, d, J=9.0 Hz)} 8§ 6.84 (2H, d,
J=9.0 Hz)eld+= H-2', 6 "2 H-3', 5] Z}Z} ortho coupling®< e
o} ®ESH 8 546 (1d, J=7.0 Hz)olA 1 moled el 7]213t= anomeric
proton®] #ZF Tt o] AF9 = v Ao BC-NMR &3 %9 v
st W) C-3°] 1.6 ppm A A# shiftd 2 quercetin C-3¢ X o] Fo] Z
gehe o 4 dglnh 29 FxE PC-NMR data (3 1015, 748, 772,
70.7, 78.3, 61.7)°l 4 D-glucose®, 18] A3 U2 coupling constant
7F 7.0 Hze2A pARSS ¢ + At wabd 3FE 89 gz
quercetin  3-O-B-D-glucoside(isoquercitrin)® ZAA 3R ow, 39
data®t & dxkth (Fig. 28, 29, 30).

ol 5/ sEES oE AEAdAE olv Hid FEo| AN
gallic acid®] 4% o&dFe LT = Aoy o= AF=ES A
A3} Fdd ool ofet Aol ¢ sgEr dHA UA

2
%
it
1
N
)
N
)
=
o
He =

Eucalyptus ddarlympleana| X< HZ2 H 1Y
< Aog HrtE A
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OH
OH

HO O

OH O
OH_ 4
CH,

OH|OH

Quercetin-3-O-rhamnoside (Quercitrin)
(Compound 4)

'H-NMR (DMSO-d) &:

12.6 (1H, s, 5-OH), 7.29 (1H, d, J=2.0Hz, H-2"), 7.24 (1H,dd,
J=2.0&8.2Hz, H-6"), 6.65 (1H, d, J=8.2Hz, H-5"), 6.38 (1H, d,
J=1.9Hz, H-8), 6.20 (1H, d, J=1.9Hz, H-6), 5.24 (1H, d, J=1.3Hz,
anomeric H), 0.80 (3H, d, J=5.5Hz, CH,).

BC-NMR (DMSO-d) &:

177.8 (C-4), 164.2 (C-7), 161.3 (C-5), 157.3 (C-2), 156.4 (C-9),
148.5 (C-4"), 145.2 (C-3"), 134.2 (C-3), 121.1 (C-1"), 120.7 (C-6"),
115.7 (C-5"), 115.5 (C-2"), 104.1 (C-10), 101.6 (C-1""), 98.7 (C-6),
93.6 (C-8), 71.2 (C-4""), 70.6 (C-5""), 70.4 (C-3""), 70.1 (C-2""),
17.5(C-6").

Fig. 25. Chemical structure of quercitrin isolated from FEucalyptus
darylmpleana leaves.
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Fig. 26. "H-NMR spectrum of quercitrin.
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Fig. 27. "C-NMR spectrum of quercitrin.
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OH
OH

HO O

OH O
CH,OH
O

OH

OH
OH

Quercetin 3-O-glucoside (Isoquercitrin)
(Compound 5)

IH-NMR (DMSO-d,, 400 MHz) 5:

7.59 (1H, d, J=2.0Hz), 7.56 (1H, dd, J=Hz9.0&2.0Hz), 6.83
(1H,d, J=9.0Hz,), 6.39 (1H, d, J=1.8Hz), 6.19 (1H, d, J=1.8Hz),
5.46 (1H, d, J=7.0Hz)

1BC-NMR (DMSO-d,, 50.3 MHz) &:

177.4 (C-4), 164.1 (C-7), 161.2 (C-5), 156.3 (C-2), 156.2 (C-9),
148.4 (C-4"), 133.3 (C-3), 121.6 (C-6"), 121.1 (C-1"), 116.2 (C-
5%, 115.2 (C-2"), 104.0 (C-10), 106 (C-1""), 98.6 (C-6), 93.5 (C-
8), 77.6 (C-57"), 76.5 (C-3",3""), 74.1 (C-2""), 69.9 (C-4""), 60.9
(C-67)

Fig. 28. Chemical structure of isoquercitrin isolated from Eucalyptus

darylmpleana leaves.
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Fig. 29. "H-NMR spectrum of isoquercitrin.
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Fig. 30. "C-NMR spectrum of isoquercitrin.
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2) Eucalyptus darlympleana 95 FZHoA E 3 I+
Q

Qe Frie) HAFEY

£
12
2

i)

. ABAR D

o

}

Off

¢

Eucalyptus darlympleana A4 =4 #23 5702 compoundel t
Ao Ao FHEEAA S FTTA AFAAL} ALl AE F
o7 AZ3 A % 9% compoundES 1% DMSO & Ho| Fo] H
< 5% 5000 ppm HAE FAT F ol WAFAYES o] &3t 1,000
ppm, 100 ppm, 10 ppm, 1 ppm =2 FA o] JFvhe AHAFFHS o
o7l F8 "WUT Botryosphaeria dothidea, Diaporthe actinidiae
(Phomopsis sp.), Botrytis cineread tale] ZApslgth. 7ZAeHd w) A
(PDA)N A AdskAl viefstel FAeAl Adts #FE o] &3t agar
well diffusion W& o] &3sle] FFdAAAE ZASIA T PDA wiA] &
ool AZ 8mm wellS = F A3 paper discE well vl 8%
2 3 el o8 FEE 3A3 compound £¢ 3 (DMSO 1% 23
< 100 pE HA3E] §Ho] ujA Qto R s ~m= F PDA HjA| 9
A A2 wgste] 7~109 AR A HAT 9 agar block (HF4 8 mm)<
wellel &&F 3 25C wlg7]olA 547F wjgAzl Sof diz+ (DMSO
1% Eat)oll A Apgk Ae] A4 3 Hlaste] dFAPREAA ARE et
B3 E YebdAoh EZApdolo A= fleA AT s|Ads o] &3t Zt
Hditel EAEws oF 1x10° spores/m® Al 2438 cavity slide glass
o 100 wE HAste] 25T HiF7]ol A 2441 7F vl A7 & =} 100712
wolst IG5 dAv st A A Algste] EZapdolgS FAMEAL, U
Z7-9] xapdol& ) vlalste] Zb oA EApTol A& S FAMSFIL
ol 7Vlgow EAToldAe] HQ3d compoundEe] g MIC

(minimum inhibition concentration; A A5 %=)S A A3 A}

o>

Al

ol

U, A3 4 3

i

Eucalyptus darylmpleana 2 MeOH F&E2] o EolAH o]E (EtOAc)
o} e (n-BuOH) E&¥ZolA E23 2709 aromatic acid®} 371<]



flavonoid stgt=ol et #ore) AAFEFHAY TSdAF A A A
A7, gallic acidg A€ g v A 5}?% EEL2 a7 A9 gleE Aoz
Elwtt}t (Table 9). Gallic acid®] ¢ Botrytis cinerea o ™3d}] 1,000
ppm ©°]F FEAA S LT—_'L-@”‘J% Bl WbH  Botryosphaeria
dothidea®} Diaporthe actinidiae (Phomopsis sp.)°ll HalA+= F253 35
WA A o ERA] gkt Eapdkol Ao uigh st ZAb
ol % 3, 4-dihydroxybenzoic acid®} gallic acidE #19J3 Uy A 3=
52 397 A9 fle Zo® Yeyt (Table 10). Gallic acid® 74,
1,000 ppm7FA &= ZAFgE 3709 W qte] oigh FEigh Aol A7 o
EFUA] kA WE 5000 ppmol AE EAbols A AEHA dAHE A
T dRem (Fig. 31), 53] Botrytis cinerea®l 7%, 100% 3Xx} o}
A&7 vepseh mebs Ze, $43 e =2 gallic acide]
<9 Botrytis cinerea W8l 714 237 53 Aoz ZAFEATH
Bl g3go] 0 2 Botrytis cinerea® 75, 715 A EA9 HY7} v $ 4
71E kAol g AT Edol B A Ha ds vk 0}14':4,
A7) AAddelA 7Y ZAE He AEwdd 9 dtelr] wii
Aol el 4% gallic acide Fohe] A4 @9 oflg b

e}
Agel Auggoly WAL 48 5ol & Ao v

>é o 12

re o

Control B - @allic acid

Fig. 31. Inhibition of spore germination by 5,000 mg/# of gallic acid in
Diaporthe actinidiae (Phomopsis sp.).
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Table 9. Antagonistic

activity of the compounds

isolated from

Eucalyptus darylmpleana on aerial mycelium growth of fruit rot fungal

pathogens of kiwifruit

Diameter of mycelium mats (mm)

Compound Fungi Concentrations (ppm)
Control
100 1000 5000
Quercetin  Botryis 4210 4105 4213 4224 41923
cinerea
Botryosphaeria 1 167 4167 4160 44.06
dothidea
Diaporthe 3202 3169 3231 3214 3165
actinidiae
Gallic acid  Botrytis 4119 4156 4185 1875  6.08
cinerea
Botryosphaeria. o 0 4100 4112 4140 4012
dothidea
Diaporthe 4322 4351 4219 4232 40.86
actinidiae
34-dihydroxy Botrytis 4210 4238 4260 4142 40.89
benzoic acid cher ea
olryosphaeria o1 4016 4209 4167 4197
dothidea
Diaporthe 3202 3220 3212 3315 3116
actinidiae
Quercitrin  Botrytis 4210 4354 4421 4251 42.02
cinerea
Botryosphaeria o1 1193 4253 4297  42.35
dothidea
Diaporthe 3202 3185 3077 3112 31.03
actinidiae
Isoquercitrin  Botrytis 4210 4036 4052 4320 4051
cinerea
Botryosphaeria. o\ 4o 43 4008 4210 4118
dothidea
Diaporthe 3202 3235 3229 3206 3041
actinidiae
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Table 10. Antagonistic activity of the compounds isolated from
Eucalyptus darylmpleana on spore germination of fruit rot fungal

pathogens of kiwifruit

Spore germination rate (%)

Compound Fungi Concentrations (ppm)

Control
100 1000 5000

Quercetin Botrytis

i 94 91 96 92 388
cinerea
Botryosphaeria
dothidea >4 4 . “ *
Dzapo.rlj‘h? 95 88 90 97 85
actinidiae
Gallic acid ~ Botrytis 94 9% 94 8% 0
cinerea
Botryosphaeria
dothidea 90 %0 %0 . »
Dzapo.rlj‘h? 95 96 95 84 39
actinidiae
3,4-dihydroxy Botrytis 94 94 92 91 91
benzoic acid chereaha .
otryosphaeria
dothidea o o2 A % *
Dzapo.rlj‘h? 9% 33 ]9 61 0
actinidiae
Quercitrin Bot.ry fs 94 89 96 95 92
cinerea
Botry0§phaerza 54 55 45 56 45
dothidea
Dzapo.rlj‘h? 95 96 93 94 94
actinidiae
Isoquercitrin Bot.ry g 94 93 96 96 92
cinerea
Botryosphaeria
4 4 1 4
dothidea o 8 > ° !
Dzapo.rlj‘h? 95 94 91 92 93
actinidiae
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3) ohe AW AT ek Eucalyptus darlympleana 5%
9 butanol fraction®] I &4 HF

Eucalyptus darlympleana 1A & 218 5709 compoundel o g
Zohel AWt S FEA AFgA} LApEoldAE A}

3 A3, gallic acidite] F3d &S Yelglon, St oA
% butanol ¥8ZF AAo] Wt Aol nlete dAF i A
S B, mEpA] AA @] HEst=d oA o= EAH ELS ¥
FEoto Agete AETE o] 7Y =2 butanol 8 F AAE
Agstes Aol 4 a8 Y Ao® FeEo| butanol 8 FS o] &3t
Fopel Aol Ao AAFEH WA EYE Ay Rk

=

Eucalyptus darlympleana®] methanol } g FolA
g1t @37 9423 butanol fraction9] g G4s AEe] fsted A9
1 kgs o A Wy BdstA F L}Oi rotary evaporatorZ ©o]83lo] <k
A zHbst ¥ butanolF & 130 g9 butanol #3 =9
1% DMSO 130 ml< %47}@04 Az 2FEHS 9oz sto] Frie
Aol A o] FEH WA

A Foll soks HEEA ¥ FAudE ol &t WH By T F
g o] o] A pine® AAHE i 919 butanol fraction®] 2wl
M T 2FEFAES 100 s A 5 &ulE A8 Ax=AA AAT
Fo PDA wjAoA M2 wjAsle] 7~10¥ AE A Botryosphaeria
dothidea, Diaporthe actinidiae (Phomopsis sp.), Botrytis cinerea 9
agar block (27 8 mm< A¢A HFsta 24 F24 A2l & 25TelA

r
s
o
_llﬂ

ﬂ
k)
m1m
BN
>
P,L
2
U

1047 T5A17 $ol BRAd AeE ZAlslY] & &S HAASA
fz7 AdSs Yt o= o] &3 1% DMSO &g o] &3, &H
AEv FAFEY B9 F59 Wity A4S Ao vlaskoh

AF AT Ay ooz AAA A AL sk on] Ag AL
2 34 gdE ZAggE o] &ste] 9o FE3F butanol fractiong 104)
2 M3 2FEde Aoy E 587 JAAAZ F FA 25TAA 1047
L4 A7 To Aoy JAFEY A AT S uuse] g FXHS A
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sttt iz AdS st &= o] &F 1% DMSO {dS o] &3
Ao ay o 34 vE B oA iy Fojo w
E Hul *’F (Iwt= © 2 Botryosphaeria dothidea} Diaporthe actinidiae
o3k Huke Ko UevY, Botryotis cinereacl <

sk Bk jq'/é] 2o vER)9F 7 Bk A4S FAFSte] Bl askSl T

£ W %9 butanol fractiond 2v] 3A = ZF
= T 47t HAdE dAA HFSA F=A
o WM AEE FAlele d &S AAT A} Botryosphaeria
dothidea®] °]3+ Fore] HAHAFF 62% A EIHE HA ¥,
Diaporthe actinidiae (Phomopsis sp.)+ ¢F 10% A%, Botrytis cinerea®]
A8 oA &7 vebbA @k (Fig. 32). WaEkA| butanol 9
AA Zokd Bd oA Botryosphaeria dothideael| <3 A HEH
a3 g938kA| W Diaporthe actinidiae (Phomopsis sp.)¢t Botrytis
cinerea®] &% H}AF W= EH7F A s & F AMeH A A

Mo Ho

o of\ o

2,

S oA el A EAF AFL Ass FEeks thE A Lyt
AAA A A4S el A 2R @IS o889 butanol
2Y29 x102 47 2E0] 2 7 ;

A2 587 AN T F4, T
= =

N

(Phomopsis sp.)°ll <]&t Jﬂr{—:_l*‘?‘%"tg A TI= A9 Mk
9] z}ol7F Y+ (Fig. 33). Butanol fractiono] A3+ Zoaje] H¢ A
A A FAore) FolA Botryosphaeria dothideael| 23F Id G2

sl WASHA g Hlstel AP Ag HFAFEFHo] AT ot
Aol W go] 67%, Me HAT T8 WekrEr ¥ 197, WRke
Hyt 2ol 2094 mm= YElY Botryosphaeria dothidea®| 23+ ZFt})
A2 8l Eucalyptus daryimpleana %% 3 butanol #3230
4 24 E Ad A4S & F dAnh
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Botryosphaeria  sp.

e . .
Eucalyptus ext.
{Bu-OH Frac.)

Botrytis sp.

Control

Eucalyptus ex
(Bu-0OH Frac.

..

Phomopsis sp.

o . . .
Eucaolvptus ext
(Bu-OH r‘"‘". . .

Fig. 32. Antimicrobial activity of butanol fraction of FEucalyptus

darylmpleana extract on Botryosphaeria dothidea, Botrytis cinerea and

Diaporthe actinidiae (Phomopsis sp.) causing fruit rots on kiwifruit.
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Coniro il & W
I

LS Lt D

Fig. 33. Inhibitory effect of butanol fraction of Eucalyptus darylmpleana

extract against Botryosphaeria dothidea on the Kkiwifruit naturally

infected in field.

_92_



el A2 7bsd WeA Eucalyptus % T4 3 AA3dA
=
T

=
<

Eucalyptus unigera®t Eucalyptus darlympleana

2) A ANBE W37 HA$ Eucalyptus darlympleana®) 3dia =
Botryosphaeria dothidea® W3] 7} drgo] =9k°o™  Diaporthe
actinidiae (Phomopsis sp.)9} Botrytis cinereas=2.% e

4) b A gl digh Eucalyptus darlympleana~%2 3+ a3}
v U BT A#Eglol 7HA FEARTE JFF oA FarE o]
A58 =AU Eg AFEA9] A5, 69 2o s JdEYU= 1049
zof g QoA gt o] €53 =A ZAE A

5) Eucalyptus darlymipeana®l WWES FZdLS o] &34 chloroform,
ethyl acetate, butanol &wZ X #83F & HAoje] Ao 4
3l chloroform, ethyl acetate, butanol % Zt& ¥ 3 (residual fraction)
o vt THE FAS A WA FFHe Ad#glel butanol
fraction®] &<t o] 7Hg E=dA dEbR

6) Eucalyptus darylmpleana % MeOH FZ&E 9 ddolAHolE (EtOAc)
9} HE& (n-BuOH) #8354  #23 27019 aromatic acid (gallic
acid, 3.4-dihydroxybenzoic acid)?} 3719 flavonoid (quercetin,

quercitrin, isoquercitrin) 3}gEo] £ EYEHJ oW o5 FA

gallic acid %ol &w&Ao] <JdAFHJSH, 53 7IFHA W@
Botrytis cinerea®| E37} Y3 o UElyth olE 579 IFE
o e AEAGAE oln Buy F3Eo| AV gallic acid®] A-$
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1) TiO, #5 A58 ol g8 HFA =Y A%

71E o] o] &Ha e &84 ASA YA 2" batch type(H
Ag) AYAAdS AFpeto] FEuf () &3 WL

71E9 TiO; #EFw Ag= TiO; fAE A" did #Hgol &33sto

TiO, &S A & UV lampE ZAFse] el dhis o] A

T Zokeel] A&t 1o AeAd £A7F Wk B E TiO: YA
SA T ke Aol FASte] AEl Fell Aol powder

o2 AFZE F7] "itdd TiO, YAE dEste]

FEo TiO, YAE coatingdle] AbgE oz 4=

SUAE Frielsh TIO, dArtel APA 4ES WAL F
itk meb B Aol Agee AFQ s TG B (47 8
m)el TiO, 9AE 44 coating® $4 LFAY 2L ol ettt 4

Al 2 gk O]’E“]‘)r ol A5 g9E & 0}37] ?8te] methylene blue &
ool 3074 9] dFHL} BS Y F UV-C (200~300 nm) o] =

mﬂ
ox

s FE WEStE 20 W lamp o] &3to] 2447F ZAFgH - methylene
blue #3] A=E AFHEUT. 24 Al UV A & &4 dF9d &
He Fxo 4§ dlF-E9 methylene blue7t #3850 Eo Myt Fryg
stA MAE ¥k, UV o5 AHE = TiOyE coating s 34 22 v &
d dFHY 2S5 ¥ Y AT ethylene blue 37} 719 doji}A]
grol o Hs] Hek AN Wil dE A B F AT mEkA B AT
A A Akl o] & Aol o] 83 TiO, coating A LFw|y & FFv|
7 5 S F 5 A} (Fig. 34).
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Fig 34 T, photocatalytie actrviy on methylene bne decompozition
A UV illnmmation, B: Alonuna balls without Ty, coating, «
Alnmuna balls coated wath Tidh, nnder UV dlnmunation for 24 lrs

k2 A& A A"E(CCS)S Fig. 35004 & & & A3 o] 2%

water jacketoi o] FoZ F] & reactor® BFZ & jacket Wol A <&
XA 713 WE jacketel UV lampE A3 UF ]

—10 Ho =z AAEo] UVZE &4 4Fuv & 1H
T AEE AAHNAY. &4 &F| e coating® TiO; #H|
Abell ols A E A A7) (free radicals) 52 &4 4504
B2 A I3 Aol FHete A 2 deEo] Ags e 2
= A7 AY PAES AetstAl fth Reactors & 7ok

=]
Rl
w2 U2 Hg4E reservoird] SR EH L Y A pumpel 93 reactor
A =

Fuj}o]| coating® TiO- Jﬂqoﬂ/ﬂ A€
Ao Addd 7 = s o)
L2 24S 9t A% pumps Ax 1

4
1o,
a
Q
S
S
1o,
2
i)
o
ol
rlo
$
rlr
Do
(@)
o
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Fig 35. Circulating—-type reactor of TiO: photocatalytic treatment.

Batch Type Reactor (BTR) A 2~81& Zo] 35 cm, A7 25 cn?
ozl Fzo] o8 Aol @Y reactors AFQIste] Abs EaEte
o]t} (Fig. 36). @9 reactor= Z°] 21 ecm 274 5 cn 953 PVC
el UV lampE AH A9 lamp 79+ &4 4Fvd =2 A9A
AT BTR Al2=¥l& #32 Al 2glae g Ao &3] i A
F7F TiO, #9E& A3 F3hetA & il &9] reactor WolA 35 mf
2Zhgo od AdE A AF7I7F PVC x¥el Ed oy e FHE
Estol Al Wg2 Zyuel Ads e o4 = Abst EaiEtAY A
AES Aates AAEAT TiO; 1WA A" &4 AF717F %
ol Al dudse s X717 A Fx W Ag+9 water
flow A& flstel % pumpss AXste] 2 W A7t 244

3}

o
T
Sy 29 o g £3IEE At &9 reactor 4 set FF pump
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Fig. 36. Batch-type Reactor of TiO: photocatalytic treatment.
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2) TiO, B3] #74 Az 3y
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ofd
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O #9 (light source)ol| W& F=u) T3 A=

i)

hoARAR 2 P

UV Zde w& FF5v) &3 HFE d5s6H7] flste] AldEL e &
7 (200~300 nm)e] UV-C ¥ (germicidal lamp, 15W, GI5T8-AN,
Sanyo denki, Japan)¥} 3+ (300~360 nm)e] UV-B #4 (black light,
15W, FL15BLB, Sanyo denki, Japan)el 2|3+ #Zv] g35 AL 314
Al 2~8lS o] 83} methylene blue 3 T&=2 Z4A39AT}. methylene
blue®] &%+% UV spectrophotometer (UV-1601, Shimadzy, Japan)E ©]
&stel 664 melAe FHFEE ol&ste] FAHsAd TiO, #FFWE
coatingd &4 dFu|v £S5 AEH YA 2HY reactoro] T vhE, 1
# 2] methylene blue €92 400 m{/min®| flow rate® reactor® %33}/
ARG g 1AEEeE A EHA A AlEdste] FFell 93 methylene
blue®| &Aool &ud ZS Qg Fo UV lampEs A = 1A3F 1H4
© & methylene blue? F3EZ =43} JJM—HHOH APtE ] a2 FA}
sttt Wi o3 o Ayge] 22 15TE FA 80

UV @] & F5v) 234& ASsh7] fsted &3 (200~300 nm)
o] UV-C #d3 A3 (300~360 nm)e] UV-B black lightell <3 3=
) g3E A% {Fﬂé‘ Al 2~ElS o] 83} methylene blue #38f &2 =
As A3 UV-Col 93+ methylene blue &&= A8 1A & ¢F 51%
Eas&S HQ Wi UV-BE 41%9 EHa &S B AP 243 &
o= UV-C7} oF 74%°] ®sl&g&, UV-BE of 63%< #alass Ho
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wabge] UV-C7F 491l UV-B Bth oF 10% 4= FFv) g37h ¢
g Ao yegt (Fig. 37)

0.5

UV-B

Absorbance
o

0.1

1 3 5 7
Exposure time (hr

Fig. 37. Effects of UV light source on photocatalytic activity of TiO:
in degrading methylene blue.
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Fig. 38. Effects of hydraulic retention times on photocatalytic activity
of TiO2 in degrading methylene blue.
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Fig. 39. Effects of water flow on photocatalytic activity of TiO: in
degrading methylene blue.
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Fig. 40. Schematic diagram of TiO: photocatalysis—mediated

oxidation reactions.
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Fig. 41. Dissolved oxygen concentration during TiO: photocatalytic

oxidation process.
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Fig. 42. Decomposition of methylene blue by oxidative reactions

induced by photocatalysis, ozonation, and photocatalytic ozonation.

- 109 -



Table 11. Regression equations for methylene blue decomposition

against reaction time by the oxidative reactions presented in Fig. 42.

Correlation
Oxidative reaction Regression equation® .
coefficient

TiO2 photocatalytic
reaction log Y = -0.17 - 0.00115X 0.980
(only TiO»)
TiO, photocatalytic
reaction under Oq log Y = -0.15 - 0.00236X 0.988
aeration (Ti0»/0O2)

Ozonation (only Os) log Y = -0.19 - 0.01050X 0.972

TiO, photocatalytic

) ) log Y = 0.13 - 0.02910X 0.995
ozonation (TiOs/O3)

Y = methylene blue concentration measured by absorbance at 664nm;
X = reaction time.
"Significant at P = 0.05.
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AA ol gl AV e ALE AAZH. ol HE HFel Fiu
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et A Mty S 5
el E 1ARE E9 A

Table 12. Inhibitory effects of TiO, photocatalytic reaction and/or

ozonation on fruit rots development of kiwifruit

o . Diseased Lesion Number of Diameter of
Oxidative reaction

fruit (%) location lesion lesion (mm)
stem—end 12 18.6
Control 95
fruit 46 20.1
TiO; photocatalytic stem-end 9 13.8
reaction 65
(only TiO») fruit 23 11.3
stem—end 12 15.9
Ozonation (only Os) 80
fruit 19 154
TiO. photocatalytic 0 stem-end 9 12.8
ozonation (Ti0»/Os3) fruit 19 12.1

7F AR Ak 2070 ol FolAl Diaporthe  actinidiae
(Phomopsis sp.)Y} Botrytis cinerea® 2l&] @3S Ao R AAX= &
A (stem-end)ell YElUE WA olYU Botryosphaeria dothidea®] €& 24
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obFd AEE shA @2 tixzTolA= AA 20789 Fud T 1971 F
g7 7 wwete] W&ol 95%<ldl Wkl TiO, FEH wE A
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Fig. 44. Pilot system of TiO: photocatalytic ozonation treatment for

the control of fruit rots ofa kiwifruit.
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Aesh o.F BgALe] e Frie) AUFEY DA AAo] YoiA 35
3h AE e A2e Beld WA PEoR A bsgol i Ee

Ao 2 e

Table 13. Regression equations for concentration of ozone in distilled
water and inhibition of spore germination of three fungi pathogens on

fruit rots of kiwifruit

Time

Fungus ) Regression equation® R®
(min)
Botrytis cinerea 1 Y = -0.026 + 1.409X 0.768
3 Y = 0.0279 + 1.939X 0.945
5 Y = 0.0235 + 2.005X 0.923
Diaporthe

o 1 logY = 0.0617 + 3.410X 0.970

actinidiae
3 logY = 0.0277 + 4.108X 0.980
5 logY = 0.0425 + 4.441X 0.990
Botryosphaeria 1 logY = 0.656 + 0.987X 0.535
dothidea 3 logY = 0.621 + 1.329X 0.667
5 logY = 0.738 + 1.558X 0.580

%Y = percent inhibition of germination; X = microgram of ozone per
milliter of distilled water.
"Significant at P=0.01
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O TIO, #%u) A5l olg ekl A9y oA LI 24

AA TiOy F=viel o3 Fopel AFH oA aaks doprr] fjsto]
EgA AA #AAENE Aer AAAE FodE ol &8t TiO, F=
mjo} 9 F H3F Aol o3 Hrie] AW A EFHE AHEST o] F
f1stel Fig. 440l vebd AAES] AAY AP 28-S ol&dte] Tio,

o

FEus oF AYE 9E E g AYS AAsuA A0Us 5 10,
3087 WA AA A F Aol A FANA D, 0CAA 257 F

pZs
=
A ol o AR W AES ARSI H“ﬂ“élit A 200

A Ae @ FolA wwE Ao B & ow @ A Y
By & w5 7w 448 24890

TiO, HEwlol @ Achal A4E oAl EAE Uolur] dlstel x3
oA A FAHAE Ao o AXE ATk ol gete] TIO, BE e
oF B Ao @ Arhd AW oAl BRI WU JFow
49 B A3 (Table 14), $= 02587k 574855 HA7EE 44
A EI7 FAhsem 15 ppmeld 1087 TIO, #Evsh Bdx e
A5, oF 0% oA Ea} dehte Rom 2ARUG. AW weE
N4 10% ol HAztel A4S 288 WALI gase Ao
2 ZAEST. $EHes JFen Avny Wl gad v
of WE HeNA o 70% o] HAAA o] vpehte Ao A
g} ol E3} TIO, B50 BgAE ol TN gdse =
A o] Add BAFe $AS Arap e FEAGAA ol 7]
A 3ATe] HAAS qAtE AoR FolF & Atk
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Table 14. Control efficiencies of TiOs photocatalytic treatment with
ozonation under different concenrations of dissolved ozone on fruit rots

of kiwifruit

Concenrations )
) Exposure Diseased No. of ) Control
of dissolved ] A ) Lesion areas o o
time rates lesions/ . efficiencies
ozone . ) (mm)/fruit
(min) (%) fruit (%)
(g/mb)
Control 30 100 2.2 1179 -
05 5 100 2.7 1072 9.1
10 85 1.9 547 53.6
30 80 1.8 641 45.6
1.0 5 85 1.55 638 459
10 90 1.55 598 49.3
30 75 1.55 472 60.0
15 5 75 14 393 66.7
10 65 1.2 343 70.9
30 80 1.6 476 59.6

The data represent means of 200 fruits in each treatment.
@ Diseased rate (%) = diseased fruits/total fruits (n=200)x100.

b Control efficiency (%) = average lesion area of control/treatmentx100.
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3) TiO, F=n] Al o3k A+t A flusilazole 3] &3 FA}

TiO, FFviA = AN F71E8S Lallsts &
2 FAlo] TEHEI Y A7]|s Roroluh, E A FoA] o]u] TiQ, FZEuj
Aol o7k At g atel Fope AFE AT A = 24
WAl o]& 7heAS Slsitt ol g dtrle ool A7l
3

o
Ao ZAZ He AFEek TAE B AZ2S 7 de MR 48
woF MHS fske] TiO, FFriA gl o3 wof Z&f 235 dHHE%

o,

AL ER

TiO; FFHufA el ofgk woF 3] s dotr7] fste] A 1A4FA
T Ay, gy FAFEHe sHUF e dwr Az st
flusilazoledll ©isto] ATt A TF flusilazole YAl A= o] Al A
F scaledl Al AAls7]d = F ] gFol =32 AeAl 28l (Fig. 35)9 &
Fh. scaleoﬂf\i l‘O—F‘E—Eﬂ adE A4S AAsHAT
| 23 flusilazole &3 EE A 98k (59)

FREEAA V1T B AAE AT 100 ppm FER 2 L5 AL G
TEF 9%k =4S 7okste 2A417F FoF UVE FAFSHA] @2 FH=E
TEA AN e, ) 208 7HE 0= reactorE: E3sle] wihA U A

o A (25 m)= §]—’Ff‘>}°ﬂ flusilazole #A1ell o] &3ttt =2 400
ne/®o® Ao A<l HRT (V&7 Wl AFAI7HS 3022 20
B omol % 43]o] AX AA ;\127} reactor® E318 22 QuE AAEY

| &35 Lotrr] $sted @ UV-B (350 mm)+TiO; coated &
vuE @ Dark+TiOz coated €FvvE @ UV-B (350 ml)+TiO;
uncoated &FHIUE S FAl A Ao, 33 wHEAES A

At

16:01: ShA oﬂ}ﬂ /x]}\]-‘:sl.
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flusilazole Z+FEAHS dF WHPslo] HAASH T
- AEFE 4 )

f 20 (FACRE FHuE AT AREE B e HEF F 05 ¢ &F
of BdoFol &7 F 200 M THTE i dichloromethane 2. & 50
meA 23] Eu] F%3}9 . Dichloromethane =< 20 g anhydrous sodium
sulfateel] &3A|A EFetal 40TCoA Y w53t dud & IRreES

10 m¢ 9] dichloromethane©l] =& 3] 2] A t}.
- Silica gel column chromatography

= MerckAte] ca gel (70 230 mesh)& 130Col A 5A 7+ oA &A1 3}
A7 % silica gel 10 g¥ 2 9o 2 em ¥°] % anhydrous sodium sulfate

E zH =2 712 =233 dichloromethane 50 m(Z A& 39t} Sodium
sulfateF o] =% 7] 2 A fo|A FH|g dichloromethaneo] =91 A&

49 10 mE sl £7] F column HWE & 2 ml
dichloromethane2. = 23] Ao W®th ®xHo] =F%7] e 80 mle
N

N

ethyl acetate/ dichloromethane (20/80, v/v) && S S HA|A o4& vt
a2 A=A 80 mle] ethyl acetate/ dichloromethane (80/20, v/v) &gt o g
$ZA| 7] Bolg who} olofA] wke Holm 3gdth o] B 40T A
et =dte] AxA7 & AHFES 10 Mo acetoneo] GLC/NPD &A] oY
o7 gt B BAo AR AlgE EFAGoR AQ=H L dhajo] i
E g3t & AE3an

- ARE 2477 2 BEA A

27171 © Hewlett Packard (USA) GC 6890+ gas chromatography

equipped with chemistation Integrator

7% 7] : nitrogen—-phosphorus detector (NPD)

Column : RSL-300 bonded phase capillary column
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£H2% : Column oven : 200C
Detector block : 270C
Injector port : 240C

Gas flow rate : Carrier He 20 m¢/min
Make-up He 20 ml/min
Fuel H. 35 m{/min

Air 110 m¢/min

Auto—sample size : 2 ul

Flusilazole &% (%lﬂrfﬂ ]J‘) 105.8 mgS 100 mé acetoneoﬂ o]

stock solutions #| %3 A Fs

1 ppm¢] %7 HE= acetoneoﬂ 3|43l ol E%%"“% GColl —T—?J?} —TF
] 3

chromatography gl Yeldt WAS 7|Fo=2 4

SR E

i

TiO, FZvfol] <93k 2tAl flusidazole?] Eaads AR Ay
(Fig. 45), TiO: #FZw7} coating®d LFvyES 9 E (no UV + TiOs)
o A A &3 A} ﬂusidazole—cq E7F oF 3AIZE A Bt ALY 2U|FE
(100 ppm)¢t HI=8HAl AA8e FFox fFAEHol deFao] og &A=
o] 719 gl&& & F AU o]o] wkeleo] UVE ZAMeAA TiO; 35
7} coating® A 25 ¢FH|UE (UV + no TiO)<& A2k A5 A2 A7k
o] 744/}3”“3 A&EA o7 FFaste] A7 0.112 (conc./min) 2 AbE
Hol 3A17 Fol 275 %EY 9 80.7% FEoE AT AL & S AN
o} TiOp 3wl (UV + TiOyel 8 bt Rajans 2o 2 23 A
YA|Zbo] AREFE XEFH o7 AAhdFon A EE UVHHS A s
AETE AR goAHoR FHaste] EaAT7E 0.219 (cone/min)® AHE Y
o] 3AF A Fo 27T oF 64% FE7HA FASIATLE ol T
sl UVel &3k sefafit TiO, F=mel oa] sk asrt oF 1.96
v F7bske] TiO, FFufel o gk AtAl s Eﬂr% gAstA 5 T 3

At

o

o

4 rl

B

=
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ol A ARG @3k TiO, F=vie] LAl gel o3 A5 2
o] 7beqH 30% ¢ A FF TiO; FFvlol Safx i % 7 ppm
wele] ok Zall7l 7bed Aom AbEEflon AbsiEo] FHI o F,
UV 2 TiO, @=vi7l Hdd ez 283 u JAdF59 T4 JAE
ofyet AFsoF A T FEolE AT ¢ S ALeE VdH o
WA AR ofye} A Fe] S A SUAE e AEE
SEAY ez dEAH

Control: no UV + TiO,

O
()

Concentration of flusilazole (ppm)
W D
() ()

20 60 100 140
[llumination time(min)

Fig. 45. Fungicide flusilazole decomposition by TiO:; photocatalytic
reaction. Initial concentration of the fungicide was 100mg/l and a
50ml-sample was removed every 20 min. Regression equation of
flusilazole decomposition against reaction time was calculated as
followed; Y = 101.34 - 0.219X (TiO2+UV treatment, Y= concentration;
X = time) (R*=0.980, P=0.001) and Y = 101.04 - 0.112X (UV treatment
R?=0.987, P=0.001)
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st s e AS = 5 A (Table 15, Fig. 46). A% 74
ol FAFEe] A Aol Faglel A 7|3ko] HojgE iy
AE7t AN E Aol Ut weM =8 A5, A A Ho At
= Aol M $E Al 2dE BdS @ 5 ATk dxT A F
oF Al Hste] TiO, FEHvieh e HFA 7t Fope A2 FEY T
A oA g7 e Ao vEhgth 53 A $72 242 o A
Aol mlste] WAl EIHTE §-Fsko] 3xF A7l A ol

TiO, #FZFviet & EFA oA oF 30% olde] =
ofA] WAS A R A Ao r s psAol w$ v @

A

Table 15. Effects of TiO: photocatalytic ozonation on fruit rots of

kiwifruit
Application Disease Disease Disease Control
) Treatment | | 1 ) . 3 g 4
time incidence severity index” efficacy (%)
Ist trial  pypgicide  0.733 0.147 0.111 80.5
(before
storage) TiOs /O3 0.634 0.115 0.074 87.0
end trial  pypgicide 0802 0.178 0.150 735
(during
storage) TiOs /O3 0.833 0.105 0.084 85.1
srd trial  pyngicide  0.865 0.348 0.304 46.3
(after
storage) TiOz /O3 0.831 0.269 0.224 60.5
Control 0.902 0.626 0.566 -
Tncidence = diseased fruits/total fruits. Diseased kiwifruit was

considered as one showing at least one lesion with a
diameter more than 2 mm.
“Severity = lesion area/fruits area (mr) in each diseased kiwifruit.
’Index = incidence x severity in each diseased kiwifruit.
‘Control efficacy (%) = [1-(index of each treatment/index of control)]
x100.
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Fig. 46. Effects of TiO: photocatalytic ozonation on fruit rots of
kiwifruit. Fungicide and photocatalytic ozonation were treated just
before storage. Kiwifruits were severely rotten without the treatments

(control) after 4-month storage in cold room (2C).
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