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1.

SUMMARY

In order to select of suitable insecticides and target insect pests for nano formulation,
laboratory bioassay tests were carried out with 8 pest insects pests such as Spodoptera
exigua, Spodoptera litura, Myzus persicac Aphis gossypii, Riptortus clavatus, Irialeurodes
vaporariorum, and Frankliniella occidentalis. In this result, etofenprox and a-cypermethrin
which were registrated for controlling many pests in various crops and pyrifluquinazon
showed the excellent insecticidal effect on piercing sucking insects such as aphids were

selected. Each three insecticides were tested in insecticidal effect against target pests.

Etofenprox nano type with chitosan carrier showed excellent insecicidal activities by 15
days after treatment of nano formulation. Especially, there was significant difference in
insecticidal effects of nano formulation according to the chitosan carrier type. Among
them, chitosan molecular weight 30.000 Da 0.1% nano type showed high mortality after
15 days of treatment. That means this chitosan carrier nano type was suitable for

controlled release formulation.

Nano formulation etofenprox didn’t show immediately insecticidal effects against M.
domestica, F. occidentalis, R. clavatus, and 7. vaporariorum after treatment so that there
was no different between nano and non nano type formulation in initial mortality and
persistence with the passage of time after treatment. Therefore, it was impossible to

confirm controlled release effects

As a result of investigation of insecticidal activity of a-cypermethrin nano formulation,
there was no difference between nano types by 4 days after treatment. However, after
14 days of treatment, the population increasing rate of chitosan M.W. 30,000 0.1%
treatment population was -0.037 that was lower than that of population with chitosan
MW. 3,000 0.3% treatment. Therefore, it was not confirmed insecticidal effect of a

-cypermethrin nano formulation against M. persicae

We investigate time-release feature and mortality effect on Myzus persicae using different
pyrifluquinazon nano type. Pyrifluquinazon was formulated with different molecular
weight and density of used chitosan(CS 30,000 0.1% and CS 3,000 0.3%). In the CS

30,000 0.1%, the mortality was weakly occurred at early time, but steadily increased

_11_



after 4 days. Finally, we confirmed more than 70% mortality as a peak at 16 days. In
CS 3,000 0.3%, the mortality showed about 70% until 18 days as a effective controlled

release.

6. We examine time-release feature and feature and mortality effect on M. persicae
according to the different pyrifluquinazo nano type of concentrations. The CS 30,000
0.1% bioassay results of different concentration were showed that the highest
concentration (100ppm) was measured better mortality than other concentration at 0
day, but cannot confirm different effect about dissimilar concentration. However,
increasing rates of M. persicae were low as treatment concentrate was high. In CS 3,000
0.3% 100ppm concentration bioassay result, aphid mortality reached peak at 22 days

and increasing rate also low.

7. The objectives of our part are development of nano-pesticides, selection of the matters to
use nano-pesticides and the review of the possibilities of their application using
nano-technology in agricultural fields. From these basic purposes we can produce
amphiphilic biopolymers and self-controlled nano-carriers and wuse them to deliver
functional materials and these carriers were developed for their many beneficial
properties that can overcome limitations such as a short half-life of the core materials,
and can help ensure site-dependant targeted delivery and efficient administration of
unstable compounds or compounds with low solubility in the used solvent. For these

reasons, diverse delivery systems will be developed.

8. The increase in the demand for food resulting from the increase in population brought
in successful mass-production of food. However, the abuse and misuse of chemical
pesticides have not only resulted in direct harms to both humans and animals, but also
the damages to the environment regarding resistance of microorganisms and destruction
of ecosystem. Such problems from remnants of pesticides in our environment have

arisen as an important social problem.

9. In this work, the nano carrier systems prepared by the ionic interaction between
liposomes (containing mainly phosphatidylcholine, other phospholipids and some fatty
acids) and chitosan were obtained by the addition of a chitosan-containing solution into
the solution containing prepared liposomes and by self-organizing interaction of the

positively charged polysaccharide in presence of negative lipid material. The size

_12_



10.

11.

distribution and surface properties of prepared nano carrier systems were investigated
and the encapsulation efficiency and release profile were measured by gas
chromatography. The aim of this work was to investigate the influence of diverse
parameters on the physicochemical properties and release profile of resulting delivery

systems.

Antagonistic effect of nano-silver was tested against 29 and 10 plant pathogenic fungi
and bacteria, respectively under different . Among these plant pathogens, 5 plant
pathogenic fungi was selected and tested further for their susceptibility to nano-silver at
lower concentrations. Also, antagonistic effect of nano-silver was tested against obligate
pathogen powdery mildew of cucumber and pumpkin in the field. Three different
formular WA-CV-WA13B, WA-AT-WBI13R and WA-PR-WB13R were provided from
Bioplus Co. and used for in vitro tests and field tests. As a result of in vitro tests, most
fungi tested showed growth inhibition at concentration of 10ppm or higher in some
media. Most of the fungi tested showed strong mycelial growth inhibition at
concentration of 100ppm or higher with 3 tested nano-silver. Further, among the fungi
tested, five fungi such as Monosporascus cannonballus, Rhizoctonia solani, Sclerotinia minor,
Sclerotinia sclerotiorum, Stemphylium solani showed strong growth inhibition at lower
concentrations. These five selected fungi showed strong mycelial growth inhibition at 3, 5, or
7ppm. Sclerotial growth inhibition tests with these selected five fungi showed strong sclerotial
growth inhibition at 3, 5, or 7ppm, too. Combination tests of 3 different nano-silver showed the
same results for mycelial and sclerotial growth inhibition. In later tests with Sclerotium
cepivorum , three different nano-silver tested in single treatment or combination treatment
showed very strong mycelial and sclerotial growth inhibition both at low and high
concentrations. In vito tests with bacteria, single treatment or combination treatment of 3
different nano-silver showed strong growth inhibition from 10ppm and complete growth

inhibition of bacteria at concentration of 25ppm or higher.

In order to find out the mechanism of antagonism, fungal and bacterial cells were
observed with TEM. As a result, aggregation of nano-silver particles along the fungal
and bacterial cell walls were observed. In some cases, nano-silver particles were
aggregated highly on the damaged cell walls. Also, SEM was used for the observation
of effects of nano-silver on the fungal growth under different concentrations and
exposure periods. As a result, low concentration of 7ppm damaged the fungal cell walls

one day after the treatment. As the exposure period lasted longer, further damages on
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the fungal cell walls were observed. Five days or longer exposure after the treatment
resulted in the death of myclia. In a test to determine the dose of damage effects of
nao-silver on plants, we used various concentrations of three different nano-silver. As a
result, no damage effects of nao-silver on plants were detected under 100ppm or lower.
However, damage effects of nao-silver on plants were observed at more than 100ppm or
higher, and small dark brown speck formation and discoloration of leaves and stems

were observed at 200ppm or higher concentration.

12. In vitrotests with S. cgpivorum, a pathogen of spring green onion stem and root rots, showed

growth inhibition of nano-silver at 7ppm or higher concentrations. In field tests, fresh and dry
weight of the spring green onion increased with the nano-silver treatment compared to
non-treated control. Also, with the treatment of nano-silver, symptoms of stem and root rots
diminished and the population of 5. cgpivorum decreased compared to the population of other

soil fungi and bacteria.

13. In an analysis of soil planted with spring green onion and treated with nano-silver, there were

14.

not much of differences in values of chemical indicators such as soil pH, EC, P,Os content,
percentages of organic compounds and T-N, K, Ca, Mg, and Na exchange cation, and
CEC compared to those of control. Soil samples collected two months after the
treatment also showed similar results. These results showed the safety and stability of
nano-silver material. In experiments to re-isolate the nano-silver from spring green onion
cultivated in nano-silver treated soil, different amounts of nano-silver were re-isolated

depending upon the concentration of nano-silver treated.

Nano-silver materials have been wused in agricultural fields due to their biocide
characteristics. However, there is still a lack of information is available for the effect of
nano-silver materials on soil when it is applied in field. Therefore, the main purpose of
this research was i) evaluating physicochemical properties of soil after nano-silver
materials are applied in field, ii) determining sorption characteristics of nano-silver
materials in soil to examine environmental impact assessment (EIA), and iii) proposing
guideline to use nano-silver materials for agricultural practices. Results of soil quality
analysis showed that nano-silver materials have little impact on chemical properties of
soil after it was applied in field. Soil pH and EC were fairly constant at 6.6 - 6.9, and
150 - 600 uS cm™ respectively depending on soil texture for 2 months of experimental
period. Also, concentration of organic matter and available-P was slightly decreased

after 1 month of nano-silver application but the difference between initial and final
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concentration was minimal. In order to determine minimum data set (MDS) for
obtaining soil quality indicators, total of 16 variables including soil respiration and
potentially mineralizable N were measured for 1 month after nano-silver application.
Our result showed that pH, EC, exchangeable Ca, Al, and soil respiration were mostly
affecting variables on the soil quality after nano-silver material was applied in soil.
Sorption characteristic of nano-silver in soil was generally followed multiple first order
kinetic model indicating that initial fast sorption was occurred and gradually decreased
afterward. Depending on soil texture, rate constant was increased in order of
SC(0.0348~0.0660 h™) > C(0.0141~0.0183 h™) > SL(0.0020~0.0029 h™). In addition, rate
constant of nano-silver in soil was increased as clay content and temperature were
increased. Since fertilizer is co-applied when nano-silver materials are used in
agricultural practice, batch experiment was conducted to examine whether biocide
characteristics of nano-silver is decreased due to precipitation of nano-silver materials in
soil. After nano-silver and KCl as ingredients of potassium fertilizer were co-applied,
measured concentration of Ag and Cl in soil was decreased compared to control
indicating that precipitation was occurred in soil. Also, the result of biocide experiment
showed that number of bacteria and fungi were increased at 1 week after experiment.
From this result, potassium fertilizer can affect biocide characteristic of nano-silver in
soil and the amount of nano-silver applied in field should be considered when fertilizer
is co-applied with nano-silver materials. Overall, impact of nano-silver materials on soil
quality should be considered to minimize adverse effect of nano-silver materials in
environment and our result can be used to utilize nano-silver materials for field

application.

15. In a greenhouse experiment to compare the control effects of nano-silver and kitosan against

16.

spring green onion stem and root rots, kitosan showed control effect from 1,000ppm or higher
concentrations and nano-silver WA-PR-WBI13R showed control effect from 50ppm or
higher concentrations. These results indicated the nano-silver is effective at lower

concentrations compare to that of chitosan.

In 2008 field control experiments of nano-silver against anthracnose disease of pepper,
pre-infection treatment of Nanover™ WA-PR-WB13R(3-4 weeks before the outbreak of
the diseases) showed infection rate of 13.41, 20.55, 9.71, and 16.66% at 10, 30, 50, and
100ppm as compared to 84.13, 3539 and 24.61% with control, nano-silver from D

company, and Fenari treatment, respectively. Post-infection treatment of Nanover
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17.

18.

WA-PR-WB13R showed infection rate of 50.32, 36.48, 67.56 and 54.63% at 10, 30, 50,
and 100ppm as compared to 84.13, 7214 and 63.15% with control, nano-silver from D
company, and Fenari treatment, respectively. These results showed that the
pre-treatment of Nanover'™ WA-PR-WB13R at concentration of 50ppm is the most effective
for the control of anthracnose disease of pepper. In experiment in 2009, single treatment
of Nanover™ WA-PR-WB13R at 30 ppm, double treatment at 50ppm and three-time
treatment at 10ppm showed the lowest infection rate of 16.47, 21.16 and 21.27%,
respectively. These results also indicated that pre-treatment of the Nanover ™
WA-PR-WBI13R at different concentrations under different application numbers would be

necessary for the effective control of the anthracnose disease of pepper.

In experiments for the selection of control-release fungicides, we tested uncoated and
kitosan-coated Tebuconazole on Colletotrichum gloeosporioides in field tests. 1,000 dilution
of 3,000 and 30,000Da kitosan-coated Tebuconazole were treated once, twice and three
times in the field and compared the infection rate of Colletotrichum gloeosporioides. As a
results, control showed infection rate of 42.82%. In 1,000 dilution treatment of 3,000Da
kitosan-coated Tebuconazole, single treatment showed infection rate of 34.81%, double
treatment showed 53.92%, and three-time treatment showed 39.91%. In 1,500 dilution
treatment of 3,000Da kitosan-coated Tebuconazole, single treatment showed infection rate
of 37.18%, double treatment showed 51.73%, and three-time treatment showed 31.11%.
In 1,000 dilution treatment of 30,000Da kitosan-coated Tebuconazole, single treatment
showed infection rate of 33.77%, double treatment showed 56.94%, and three-time
treatment showed 29.80%. In 1,500 dilution treatment of 30,000Da kitosan-coated
Tebuconazole, single treatment showed infection rate of 39.97%, double treatment
showed 47.93%, and three-time treatment showed 38.89%. These results showed 1,000
dilution of 30,000Da kitosan-coated Tebuconazole was the most effective when it was

treated three times.

In studies on the effect of nano-silver treatment on the gene expression of treated
tomato plants, it was found that anti-oxidant related genes LeSODZ2 and LeAPXZ2 were
expressed without regard to the treatment of nan-silver. LeSOD2 and LeAPX2 expressed
highly 1 and 3 days, and 1hr, 3hr and 5days after the treatment, respectively.
Pathogenesis-related gene LePRI was also expressed right after the treatment and
diminished 1 day after the treatment before it was expressed strongly and diminished 5

days after the treatment. Even though it requires further studies, these results indicated

_16_



19.

20.

21.

that anti-oxidant genes and pathogenesis related gene were expressed without regard of
the nano-silver treatments.

In studies of mechanisms of antagonism of nano-coated Difenoconazole against the
powdery mildew of cucumber, it was found that kitosan-coated Difenoconazole was
attached on the surfaces of mycelia and spores of powdery mildew after the treatment.
Kitosan-coated Difenoconazole was released as the time goes by, and the fungicidal
effects were observed. Treatment of 1,000 dilution of 3,000Da kitosan-coated
Difenoconazole resulted in shrinkage and death of mycelia and spores as the exposure
days increased. However, one day after the treatment of 1,000 dilution of 30,000Da
kitosan-coated Difenoconazole shrinkage and death of mycelia and spores were resulted.
Five days after the treatment of 1,500 dilution of 3,000Da kitosan-coated Difenoconazole,
shrinkage and death of mycelia and spores were resulted. In contrast, three days after
the treatment of 1,500 dilution of 30,000Da kitosan-coated Difenoconazole, shrinkage and
death of mycelia and spores were resulted. These results indicated that molecular
weight of the coating material, not the dilution rate, is the major factor for the

inhibition of the growth of mycelia and spores.

In studies of mechanisms of antagonism of nano-coated Tebuconazole against the
anthracnose disease of pepper caused by Colletotrichum gloeosporioides, 1,000 dilution of
3,000Da and 30,000Da kitosan-coated Tebuconazole caused shrinking and eventual death
of mycelia three days after the treatment. In contrast, 1,500 dilution of 3,000Da and
30,000Da kitosan-coated Tebuconazole caused shrinking and eventual death of mycelia
five days after the treatment. These results indicated that the dilution rate, not the
molecular weight of the coating material is the major factor for the inhibition of the

growth of mycelia and spores.

In studies of mechanisms of antagonism of nano-silver against the anthracnose disease
of pepper, nano-silver showed inhibition effects on mycelia and spores of Colletotrichum
Zloeosporioides. As the concentration of nano-silver was increased from 30 to 100ppm,
and the time of exposure to nano-silver was increased, the inhibition effect was
increased as shown on damaged mycelia and spores under SEM at x300 and x1,000.
The inhibition effects was dramatically increased from day 5 and thereafter through day
15. As the concentration of nano-silver was increased, the time required for the

damages were shorten.
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Table 1. Insecticides tested in this study

Types Insecticide Formul. | A.L(%) Group
Emamectin benzoate EC 215 Avermectin
Indoxacarb WP 10 Oxadiazine
Indoxacarb WG 30 Oxadiazine
Indoxacarb SC 5 Oxadiazine
Indoxacarb+Etofenprox WP 1.5+10 Oxadiazine+Pyrethroid
Neurotoxin .
Pyridalyl EW 10 —
Insecticides
Etofenprox EC 20 Pyrethroid
Bifenthrin WP 2 Pyrethroid
Cartap hydrochloride SP 50 Cartap
Bifenthrin WG 8 Pyrethroid
Ethofenprox+Diazinon WP 8+25 | Pyrethroid+Organophosphate
Acetamiprid+Etofenprox WP 2.5+8 Neonicotinoid+Pyrethroid

Methoxyfenozide+Spinosad SC 10+5 Diacylhydrazine+Spinosyn

Methoxyfenozide WP 4 Diacylhydrazine
Tebufenozide WP 8 Diacylhydrazine
Methoxyfenozide SC 21 Diacylhydrazine
Insect
Chlorfluazuron EC 5 Benzoylurea
Growth
Trflubenzuron SC 5 Benzoylurea
Regulators
Imidacloprid+Methoxyfenozide| WP 4+8 | Oxadiazide+Diacylhydrazine
Flufenoxuron DC 5 Benzoylurea
Lufenuron EC 5 Benzoylurea
Indoxacarb+Teflubenzuron WP 1+2 Oxadiazine+Benzoylurea
.. . . . 7
B.thuringiensis s;lbsp. aizawai sC 1x10 Bacteria
. (SAIF) cfu/ml
Bacillus ‘nofensi ; o
B.thuringiensis var. kurstaki WP 3x10 Bacteria
thuringiensis (KAIE) cfu/ ms
B.thuringiensis subsp. aizawai WP 1x10 Bacteria
(TA3F) cfu/g
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Table 2. Mortality of Spodoptera exigua against several insecticides

No. of Mortality (%+S.E.) after application
. Al o No. O
Insecticides |Formul. (%) Dilution | insect
tested 1 day 3 days 5 days
Eglame‘:ﬁ“ EC | 215 | 2000 90 90.0+12.0a 100+0a 100+0a
enzoate
Indoxacarb WP 10 2000 90 50.0+£13.3bc 90.0+17.3ab 100+0a
Indoxacarb WG 30 6000 90 56.7+16.9b | 82.1+15.4abc 96.2+t66a
Indoxacarb SC 5 1000 90 43.3+17.4bcd | 71.2+18.5bcd 91.4+9.7ab
Indoxacarbt | yp 195090 1000 | 90 167+88¢ | 71.2+132bcd | 94.6+2.5ab
Etofenprox
Pyridalyl EW 10 1000 90 |31.0+19.3cde | 64.0+19.5bcd 92.1+7.7ab
Etofenprox EC 20 1000 90 22.2+125de | 71.9£13.2bc | 79.5+19.2abc
Bifenthrin WP 2 1000 90 21.1+13.9de | 52.8+18.2de |75.0+19.0abcd
Cﬁrtap . Sp 50 1000 90 24.4+12.6de | 55.0+11.6cde | 69.0+19.3bcd
ydrochloride
Bifenthrin WG 8 4000 90 16.7+13.4e | 55.0+19.2cde | 69.7+19.0bcd
gt.ho.fenpm“ WP | 8+25 | 1000 90 21.1+1.9de | 54.2+16.9cde | 64.3+18.6cd
1aZz1Nnon
Acetamiprid+ | yp | 55101 1000 90 8.9+1.9¢ 35.4+6.6e 51.3+12.7d
Etofenprox
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Fig. 1. Mortalities of Spodoptera exigua treated with neurotoxical insecticides.
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Methoxyfenozide + Spinosad SC °FAIRF 1% AbgE©] 68.9%°]1L Y™ A=

o =
=
IGRs7] oFe] 54-¢ @ HolF 3 ek, 2} He) 5AFol= e 45 HoIFT o),

—

O

o,
2

1y

=3
ol
©

T
O
ol
in}
I

al
N
riet
oX
off
[
i
o2
[
o
fo
rok
off
N
N
il
Ho
Qﬁ
£
>
rr
o,

23 Al
% oFA|o] WA R 717ko] & SfAl Aol W @ shrhal AL HTH(Table 3). &1k o] ] & o4



+ Nano-carrier ]2 A Fo= oy o] W& A

. B]E IGRs ¢4

E XA} ;(];‘_?,_le _:5‘,_31}7}

-1 0 O

Table 3. Mortality of Spodoptera exigua against several insect growth regulators

Al No. of Mortality (%*S.E.) after application
Insecticide Formul.| .. |Dilution| insect
(%) tested 1 day 3 days 5 days
Methoxyfenozide® | - g | 10+5| 2000 | 90 | 68.9+12.3 100+0a 100+0a
pinosad
Methoxyfenozide WP 4 1000 90 4.4+51b 73.2+17.6b 94.4+9.6a
Tebufenozide WP 8 1000 90 2.2+1.9b 61.7+20.5bc 94.4+9.6a
Methoxyfenozide SC 21 4000 90 3.3£5.8b | 58.4£19.1bcd | 92.0+6.9ab
Chlorfluazuron EC 5 2000 90 22+1.9b | 41.4+11.3cdef | 89.2+10.4ab
Trflubenzurom SC 5 2000 90 3.3£3.4b | 49.8+17.5bcde | 77.7+13.1abc
Imidacloprid+
. WP 4+8 | 1000 90 44+2.0b | 33.5+13.6def | 77.9+17.0abc
Methoxyfenozide
Flufenoxuron DC 5 2000 90 33+34b | 44.0+13.4cde | 68.6£19.8bc
Lufenuron EC 5 1000 90 2.2+3.9b 28.3+7 3ef 63.6+14.7¢c
Indoxacarb+
WP 1+2 | 1000 90 2.2+1.9b 16.1+7.5f 56.4+11.9¢
Teflubenzuron
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Fig. 2. Mortalities of Spodoptera exigua treated with insect growth regulators
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Fig. 3. Photograph shows that researches counted the larva of beet armyworms at each plot on

welsh onion field

Table 4. Every time mortality of several insecticides against Spodoptera exigua

Decreasing rate of

Mortality(%)

Types Insecticide damage plants(%)
Ist 2nd 3rd Mean 1st 2nd 3rd Mean
NI Etofenprox EC 241 10 116 125 433 458 445 445a
Indoxacarb WG 278 00 71 116 259 559 493 437a
Emamectin benzoate EC 148 10 148 102 570 81 640 43.0a
Bifenthrin WP 56 24 270 117 170 581 486 41.2a
Indoxacarb WP 93 39 83 72 111 458 512 36.0a
Cartap hydrochloride SP 130 10 32 57 153 343 575 357a
Etofenprox+diazinon WP 204 24 58 95 332 497 13.0 32.0a
ICGR Teflubenzuron SC 204 00 52 85 468 562 583 53.8a
Methoxypenozide WP 111 49 129 96 323 554 324 40.0a
Chlorfluazuron EC 222 10 07 80 379 327 331 346a
g@thoxypemﬂdeﬂpmosad 315 24 128 156 431 416 165 337a
BT B.tal09 333 39 122 165 630 00 680 437a
B.t k110 111 10 45 55 320 413 361 365a
B.t k116 222 10 167 133 240 535 281 352a
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(mh shuga e AA v el e YAl g o) a3

-

A AEAYES 53 AEE etofenprox®t cypermethrin 2%#1E Controlled Release |3

A3 A¥ code NLP-91|,256,) E Cypermethrin(a# tfgtal A7

o] Etofenprox(3L#] o] 3}l
A& code NLP-AL256,) YA P o2 APFslatod (A 285234 a2 dstwoA ) gy
I FHfAA R e BEHES FHAY. YA R etofenprox= AHEE wiritt = 10mlell

°FF 20mgs WOl & Mt ARgelen tETAY Ru=AE S AEAES TA8
of 7l1EE=Ql 100081 = At AREEAT. cypermethrin Yi=A g2 ALgduivint &
10mlol ¢k 7mgS B4kl AREstder txT JA AesAEsS TS 7
Aste] AREstAth EAS st S AA e 28 Ee r
A 3ukE o 2 A3 F AFE&S ZAIIY UnAld & controll released
3l Z1FA= A A F AlZbo] Ayl whel ofAIZE dxE 45w e o
&% BT etofenprox®} cypermethrin=Fol i3] A& HEgron
o SA YGERAIRE X E] F 5AAFE Aol HE] =&
T AU H(Table 5%} 6).
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Table 5. Mortality of S. litura after treatment of etofenprox and cypermethrin on radish

leaves
Treatment Mortality(%) after treatment
insecticides
method 1 DAY | 2 DAY 3 DAY 4 DAY 5 DAY
etophenprox 10.0 16.7 33.3 50.0 60.0
0 day after CR-Eto 6.7 6.7 36.7 50.0 70.0
treatment cypermethrin 3.3 10.0 433 60.0 76.7
CR-Cyper 6.7 13.3 40.0 50.0 66.7
Control 0.0 3.3 3.3 13.3 16.7
etophenprox 3.3 10.0 30.0 46.7 60.0
CR-Eto 3.3 10.0 33.3 53.3 70.0
1 day after .
cypermethrin 3.3 13.3 36.7 56.7 70.0
treatment
CR-Cyper 6.7 16.7 40.0 50.0 70.0
Control 0.0 3.3 6.7 13.3 20.0
etophenprox 0.0 6.7 16.7 30.0 53.3
CR-Eto 3.3 10.0 16.7 36.7 60.0
3 day after .
cypermethrin 0.0 10.0 20.0 40.0 53.3
treatment
CR-Cyper 3.3 16.7 30.0 50.0 63.3
Control 0.0 3.3 6.7 13.3 20.0
etophenprox 3.3 10.0 20.0 30.0 43.3
CR-Eto 10.0 16.7 26.7 40.0 50.0
5 day after .
cypermethrin 0.0 6.7 16.7 26.7 40.0
treatment
CR-Cyper 6.7 20.0 33.3 40.0 53.3
Control 0.0 0.0 6.7 20.0 30.0
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Table 6. Mortality of 5. exigua after treatment of etofenprox and cypermethrin on radish

leaves
Treatment Mortality(%) after treatment
insecticides
method 1 DAY | 2 DAY 3 DAY 4 DAY 5 DAY
etophenprox 233 36.7 53.3 60.0 70.0
23.3 40.0 63.3 70.0 80.0
1 day after
0 day after Y 30.0 46.7 60.0 66.7 80.0
treatment
treatment
23.3 43.3 60.0 70.0 80.0
3 day after
0.0 3.3 6.7 10.0 20.0
treatment
etophenprox 10.0 20.0 33.3 46.7 60.0
CR-Eto 13.3 23.3 43.3 56.7 73.3
1 day after .
cypermethrin 16.7 26.7 50.0 66.7 80.0
treatment
CR-Cyper 16.7 33.3 56.7 73.3 86.7
Control 0.0 3.3 6.7 16.7 20.0
etophenprox 3.3 13.3 233 36.7 53.3
CR-Eto 0.0 10.0 20.0 33.3 56.7
3 day after .
cypermethrin 3.3 13.3 30.0 46.7 60.0
treatment
CR-Cyper 6.7 13.3 33.3 43.3 63.3
Control 0.0 0.0 13.3 20.0 23.3
etophenprox 0.0 6.7 16.7 30.0 46.7
CR-Eto 0.0 6.7 16.7 33.3 53.3
5 day after .
cypermethrin 0.0 3.3 20.0 36.7 63.3
treatment
CR-Cyper 0.0 6.7 26.7 50.0 66.7
Control 0.0 0.0 6.7 16.7 20.0

U soEv s gedAel gt =AY adyge T3 AsA AT

FoEir s =dAE Aol BFETE 7IFE st Absg F, Uies AE AlA 9
AEAA ol &ttt vzt AWE AA= A2 FAFHAY AH=ES ol&sA=H,
etofenprox$} cypermethring FH & =< 1,00081 2 43t ALE3FH oW, o599 Yid}t A
e A A1 Controlled Release etofenprox(CR-Eto) £} Controlled Release
cypermethrin(CR-Cyper)= 1,00081 2 3] A3t ARSIt AEHFAl Al £ 24713 484
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Table 7. Mortalities of etofenprox, cypermethrin, nano types against K. clavatus

Treatment After 24 hr. After 48 hr.
Insecticides
method 1 2 3 Ave. 1 2 3 Ave.

etophenprox 30.0 20.0 40.0 30.0 40.0 30.0 50.0 36.7

CR-Eto 20.0 40.0 30.0 30.0 40.0 50.0 50.0 46.7
spra
pray cypermethrin 30.0 30.0 20.0 26.7 50.0 40.0 40.0 43.3
treatment
CR—Cyper 40.0 20.0 40.0 33.3 50.0 40.0 50.0 46.7
Control 0.0 10.0 10.0 6.7 0.0 10.0 10.0 6.7

BS HAST F 24Nl AHT Fo] AFTEe

o AFsES Eo]ﬂ A0, cypermethrin 37%$} CR-Cyper 60%2] A&E&S Yet AT gHA
AP 6 Fol HEolmues HISAUS AT, 2443l AHAF Fo] ATEL
etofenprox”} 83%, CR-Eto7} 73%<] AS&S Holal o1, cypermethrin 77% <} CR-Cyper
67%2] AEES YEN AL 48A17to] HHgt Fo|= etofenprox’t 70%, CR-Eto7} 57%

o] AFE&S Holal 9lom, cypermethrin 63%<} CR-Cyper 53% % AEE&S YERY AT o] <}
22 AHRE vFo]l & uo] yxst A4E A gt F oo ASHL e AS & F
A A THTable 8).

FIAGEL AWM 20]5 7IFE st A3 &, Yiedt A AlAl Y] e o]
SEAATE SFAHIOIG A HAAPNE ROl TANE P 2T FAA 3



A

FAE A FAo FIAEES JF3 F 2443to] BHE o] AFEL etofenprox7t
47%, CR-Eto7} 40%9] AF&S Holal o™, cypermethrin 43% 2} CR-Cyper 47%°] AE&

S Yela AR 48217ko] A3 Fo| = etofenprox’t 33%, CR-Eto7} 30%2] AF&S W
o]a Jow, cypermethrin 23%%} CR-Cyper 27%9] AMEE&S YeUlth A kA2 6Y
o] EIGES HAFSAS BT, 4ol AHE Fol AFEL etofenproxt 67%,
CR-Eto7} 57%%] W5&S Holal om, cypermethrin 57% %} CR-Cyper 53% %] A&&S Y
EFU 2L AL, 48A%Fe] 3t $of= etofenprox’} 50%, CR-Eto7} 43%°] AF&S Holx
Ao, cypermethrin 43%$} CR-Cyper 37%°] AE&S YUt o]} 22 A= v F o
E fo EgolsuEd VAR 3G E Feodr yiest AUd AAY adrt

< o AHFHL Ae AS & 5 AATHTable 9).
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Table 8. Survival number of M. persicae on red pepper seedling plants treated etofenprox,

cypermethrin, nano formulation two insecticides

After 24 hr. After 48 hr.

Treatment Insecticides
1 2 3 Ave. 1 2 3 Ave.
etofenprox 5.0 7.0 5.0 5.7 2.0 5.0 5.0 4.0
0 day CR-Eto 5.0 4.0 5.0 4.7 4.0 3.0 4.0 3.7
after cypermethrin 5.0 3.0 8.0 53 4.0 2.0 5.0 3.7
treatment CR-Cyper 6.0 5.0 8.0 6.3 6.0 5.0 7.0 6.0
Control 11.0 10.0 11.0 10.7 11.0 12.0 11.0 11.3
etofenprox 7.0 3.0 6.0 53 4.0 4.0 7.0 5.0
2 day CR-Eto 6.0 5.0 9.0 6.7 6.0 5.0 5.0 53
after cypermethrin 5.0 5.0 7.0 5.7 5.0 6.0 7.0 6.0
treatment CR-Cyper 10.0 6.0 9.0 8.3 6.0 4.0 8.0 6.0
Control 10.0 10.0 10.0 10.0 11.0 10.0 11.0 10.7
etofenprox 6.0 8.0 7.0 7.0 5.0 7.0 7.0 6.3
4 day CR-Eto 8.0 7.0 7.0 7.3 7.0 5.0 6.0 6.0
after cypermethrin 6.0 7.0 7.0 6.7 4.0 6.0 5.0 5.0
treatment CR-Cyper 7.0 8.0 8.0 7.7 6.0 6.0 7.0 6.3
Control 10.0 11.0 10.0 10.3 10.0 12.0 11.0 11.0
etofenprox 8.0 8.0 9.0 8.3 7.0 7.0 7.0 7.0
6 day CR-Eto 7.0 7.0 8.0 7.3 6.0 5.0 6.0 5.7
after cypermethrin 8.0 7.0 8.0 7.7 7.0 5.0 7.0 6.3
treatment CR-Cyper 6.0 7.0 7.0 6.7 5.0 5.0 6.0 53
Control 10.0 10.0 11.0 10.3 10.0 11.0 11.0 10.7
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Table 9. Survival number of A. gossypii on cucumber seedling plants treated etofenprox,

cypermethrin, nano formulation two insecticides

After 24 hr. After 48 hr.
Treatment Insecticides
1 2 3 Ave. 1 2 3 Ave.
etofenprox 4.0 6.0 4.0 4.7 3.0 5.0 2.0 3.3
CR-Eto 3.0 5.0 4.0 4.0 2.0 4.0 3.0 3.0
0 day after .
cypermethrin 4.0 4.0 5.0 4.3 2.0 2.0 3.0 23
treatment
CR-Cyper 4.0 4.0 6.0 4.7 3.0 2.0 3.0 2.7
Control 10.0 10.0 10.0 10.0 10.0 9.0 10.0 9.7
etofenprox 5.0 4.0 3.0 4.0 4.0 3.0 3.0 3.3
CR-Eto 5.0 5.0 4.0 4.7 5.0 4.0 2.0 3.7
2 day after .
cypermethrin 4.0 4.0 4.0 4.0 3.0 3.0 3.0 3.0
treatment
CR-Cyper 7.0 4.0 4.0 5.0 5.0 3.0 3.0 3.7
Control 9.0 11.0 10.0 10.0 9.0 13.0 11.0 11.0
eetofenprox 5.0 6.0 6.0 5.7 4.0 5.0 5.0 47
CR-Eto 6.0 5.0 5.0 53 6.0 4.0 4.0 47
4 day after .
cypermethrin 5.0 5.0 5.0 5.0 4.0 3.0 4.0 3.7
treatment
CR-Cyper 5.0 6.0 4.0 5.0 3.0 4.0 3.0 3.3
Control 10.0 10.0 10.0 10.0 10.0 9.0 10.0 9.7
etofenprox 7.0 6.0 7.0 6.7 6.0 4.0 5.0 5.0
CR-Eto 6.0 5.0 6.0 5.7 5.0 4.0 4.0 43
6 day after .
cypermethrin 6.0 5.0 6.0 5.7 5.0 3.0 5.0 43
treatment
CR-Cyper 7.0 4.0 5.0 53 5.0 3.0 3.0 3.7
Control 10.0 10.0 11.0 10.3 10.0 10.0 10.0 10.0

B5olZAGRES 49T P FAS LATlE AUoN ERMES TR sl A}
H
H

3 5, Uzt A8E AAY A=A olgskth ANy 2R W
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ﬂﬂlfﬂ A3, FAE AT FLol| 2EATMFIE HET F 2470] BHAF T AFEL
S R ™, Cypermethrin 37% %} CR-Cyper
43% 2 AEES YE 1 AT} 484]7F0] HH 3 Fol= Etofenprox’t 20%, CR-Eto7} 27%
o] AFE&S Hola glom, Cypermethrin 20%9F CR-Cyper 20%°] AE&<S YEWAT. g
A fAAY 59 Fol 24AVFFOIE HTFTEAUS AT, 24ARbol BRI Fo] AFES
Etofenprox”} 53%, CR-Eto7} 47%9] #BF&<S Holil o™, Cypermethrin 47%9 CR-Cyper
57%9 AEE&S YE L A, 48A17F0] gk Fol= Etofenprox’t 47%, CR-Eto7} 40%
o] AF&S Hola 9om, Cypermethrin 33%9} CR-Cyper 43%9] AWEE&S YERHAT ]
of 22 ARZ wFol E wo] Yzt MU AAY aFHE F4H43] Add F= A
(Table 10).

Table 10. Survival number of 7. vaporariorum on tomato seedling plants treated etofenprox,

cypermethrin, nano formulation two insecticides

After 24 hr. After 48 hr.
Treatment | Insecticides
1 2 3 Ave. 1 2 3 Ave.
Etophenprox 4.0 3.0 3.0 3.3 3.0 2.0 1.0 2.0
CR-Eto 5.0 4.0 4.0 43 4.0 2.0 2.0 2.7
0 day after
Cypermethrin 3.0 3.0 5.0 3.7 2.0 2.0 2.0 2.0
treatment
CR-Cyper 4.0 5.0 4.0 43 2.0 3.0 1.0 2.0
Control 10.0 10.0 10.0 10.0 10.0 10.0 9.0 9.7
Etophenprox 4.0 3.0 4.0 3.7 3.0 2.0 2.0 2.3
CR-Eto 5.0 5.0 3.0 43 4.0 4.0 1.0 3.0
1 day after .
Cypermethrin 3.0 4.0 2.0 3.0 2.0 2.0 2.0 2.0
treatment
CR-Cyper 5.0 3.0 3.0 3.7 3.0 1.0 1.0 1.7
Control 10.0 9.0 10.0 9.7 9.0 9.0 10.0 93
Etophenprox 5.0 6.0 5.0 53 4.0 5.0 5.0 47
CR-Eto 6.0 4.0 4.0 47 4.0 4.0 4.0 4.0
5 day after .
Cypermethrin 4.0 5.0 5.0 4.7 2.0 4.0 4.0 3.3
treatment
CR-Cyper 5.0 6.0 6.0 5.7 4.0 5.0 4.0 43
Control 10.0 9.0 10.0 9.7 9.0 9.0 10.0 9.3
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2. AEdE ZFAE YA & e d5EaR

7}. etofenprox YAl o] w2 WAUA 3 U AEa7
1) iR szl gk dFa
H =AML IAY, 71EA N oAEld)o e D AA e te] dFay

ARAEE T3 UnlE ajFol 2F&o] =A UEhd etofenprox® A& A|¥-S Bang
(2009)°ll ofaff Harg WS Fgste] Al 2@ A FR 7B Tu)oN A e, HA

o] Hess A% IHEADY 21S ALt A} liposomed] TV T o AFEEHE 71 EAF £
o] #AEFH FEE DYty AxsAT. WA A-HEES AdstaAt 71 EARS] EAFHMW)
3 =2 zEste] ENCLMW 3,000, 03%), ENC2MW 30,000, 0.1%), 183 ENC3(MW
30,000, 0.3%)E A=xstF, BEHFS T3t AdE ENC2= EE etofenproxe] fFEAES
FZH3t7] St FLI AEE ARESHAAME AR WS FAs] ENCAMW 30,000,
01%)E F7I12 Azt o|Z A AZE etofenprox controlled release A¥ ENCI(MW 3,000,
0.3%), ENC2(MW 30,000, 0.1%), ENC2A(MW 30,000, 0.1%) ~18]5. ENC3(MW 30,000, 0.3%) <

aHstn BEALEAE S APHAA A xste] AlFgugton AEHAS AT HExdoEs
etofenproxE FAZ A8 AF AWl Z(ai; 20% EC, Kyung-Nong Co., Ltd.,)E FFANA T
st AHEsHAH.

4

A s dlee TRIF tdetH 53 sl &, %, WMEY] 223 45
A7 EAEH S A AL gt Ty fFHAR A HE F2RIAE FE 2
T #FEoly AFHe Fol7] Wi FA @i delA Holve 7359 WAs ofHe 4
Blolch. g TS fAste] AHEEHE A A, AE F FAxA 3 FEALO]
e E o] Aol Aol wEt 2 maiE wepx dojith meby, X Fel =dehA] X
dtal fAEE FA9 FEAEY F& =Y 5 U= ANIAY Ve FE AHEAS
AFANA HA A2 S5 FRAE & e ASZ ASHAY. FA9 8 dEs H4A4F
o2 z4dsy] 93t F2 oof A5 AH= AL Jles vEoE ATAY HEE
T O 549 MEEAEs vEe dye $F APHA AH(Cao e al, 2005, Cork e

al, 2007; Samson and Harris, 1997). & A3 = FTAAE st ALEH= 234 T
A etofenproxs FRAZLOE Fom, MUy AP IHZZEQ 71ELT HAIHS o] 83}
o BEs & & A

IHE YJA= etofenproxTHE &

N

Fe} F7

by

1<)

32 HAEeR S FAHAd = 2l
° I oApEES SF

liposomes A3t} liposomee #AIRSY AFA FHo]

A FaEo] Al FA Hoth olFA FAAE liposomeo] UHFEL T2 AFARI etofenproxE X
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o
7| EAHS o] 83t AESHTH(Fig. 4). ZHE 7IENFSZE A3 etofenprox2] A

Wy AFe I AAZAAE 7HAA ZRY JAFAEES UEY B & E£3E F e 5AS
Zret mEtA ZEEHAA S48 etofenprox AW E AP e FEl= ¢F 200nm ~ 600nme] Tk
43t =715 BA(Bang et al, 2009).

ARy AP AR Z"EEHE 7B 2AS Adstax BAgy sro] oo uwhgt
ENC1(M.W. 3,000, 0.3%), ENC2(M.W. 30,000, 0.1%), ENC3(M.W. 30,000, 0.3%)= A% 1t
(E 11). ZEA] AREHE 7IES] o mE A wwEo] doju
etofenprox7t WEEH o] FAEH= & 283 YA A7 e A E
e 71EqkY] ko] 7Hg A& ENClolA A WEo] 713 whE 1443 %

o ol 7P W& ENC3oIM= 39A1zF o 3 WEe] dojd 2 & 5 itk o]
Tl T EAY] o] ol E wEo] dojue AlA AlRte] oA A
Z AM8-H etofenprox= HEF 2 43lFE9

MA3 FEH= MEE A

R
oM
i
o
ot
=
e
T,
2
rO
Y
i
i)
Lo
ox
n
ie]
ox

e s 1 W APoz o
A ENC29) 27] H=554] 2 BE Fofyror AuHch wy A2y AW

Age Azshe wobg 2R BHske AVl Bed IVe FEA7EE BHd 2
E]
o

et
HA etk ol EAE Aty st Ee fFEAHES ZWHE AMEE ENCAE A
23931 ENC2AE ENC2¢F A|#F< etofenprox?t €] 200ppm F=oA HE 2 43lF 59
Y7y 23%, 27%9) AFEES UEWTh 1822 ENQAES 883l 82% 9 £55 93
A Z2HOH Fa4EY FFS FAst HHo = e ANE AFS A4 F US A
o7 FHEHAT
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Hydrophllic group of Leclthin

Hydrophoblc group of Lecithin

4 N

iCc grqup

Chitosan : (+) charge
in acidic condition

Hydrophobic shape stabilizer

Hydrophobic group

\. /

Leclthin

Fig. 4. The schematic of resulting sample

Table 11. The controlled release type of etofenprox made by chitosan

Existence of

Code number Coating material® First release time non-coated
etofenprox
ENC1 Chitosan M.W. 3,000 0.3% 14h. o
ENC2 Chitosan ~ M.W. 30,000 0.1% 24h. o
ENC2A Chitosan M.W. 30,000 0.1% 24h. X
ENC3 Chitosan M.W. 30,000 0.3% 39h. o)

? : Diverse chitosan’s molecular weight(g/mole=Da) and chitosan solution’s concentration.

AE AP 99 referenced]l AME Az WHo| Wil liposomes THEIL YA EF
53l pellet’de] e AyE=Z F8] At 1 thgd ©o]& & E+ buffer solution(pH 7.6 &

&
pH 10.6)> = re-suspendingA|AFo] A% HES FHIANAEH. FHIE ©] nano-liposome
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-
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(2009)01 AN BHe FEAT

ol ML AP §EFE2 Fig 594 & & e AR o] m-E J|ER 4
Eth Frol Aold wet tEA vedth s"E 7B BAga el g A2 ENCL
o AgL ol HAFHWAM 7P ME=A BEo] AlFrE oA AlZke] Ay 11043 ] #
Al AR Tl ZPE WA FHE WEde]l BolAa U WEH] SolEe A¥e Ho
ok W] 1B EAER o] 7 Be ENGE A HEo] 7PE A AR Eo A
160A17k0] AYAME Fashe @S HolA ¥t 3572 Alxd BE AMUE A
S5 < etofenprox®] F# Zo| 30ppm= @7IA| E3tal WEFGe] A= e HAFEH

=
T A E Y] A, BAE A= o] A LCx9 A4S YErd
T A& 3lppme FE=7F oF 15¢ AE FA3Fof ?}E}(Bae et al, 2003). GHHA|F o2 Iuj
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ST7EE ANE AP EAL o] HHI WEHO 14U AT FEE AEE F U=
2 FA A A 3Htk(Bae, 1999A, Bae, 1999B).
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Fig. 5. The etofenprox concentration released from several bio-nano type
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@ SEME © 88 UeAlBe dAFust S A FRAEE <)

7B 2 AEstE AMUEA
glol #&sT A &}
& 7152 &l ENQ2E Z¥Esta Fax
Sttt ENC27F Axd AE d& 05cm x 05cmzZ 7| R3S JHY 2 ddsle], 5%
glutaraldehyde®} 4% paraformaldehydes 412 g dol| IR A|A 24h, 4TAA BEst. F
FTE ol&ste dAE 584 AlHsta, ogebd Al2]29} isoamyl acetates ©|-&3te] @i}
& Az ddgE AlE=E 30, 50, 70, 80, 100% 2 12|31 100% 7S 23], 2 ©AE 10%
A FHIY. 52 isoamyl acetateE ©]&3dte] FrHHo® 23], 1084 571 o] FojXHh

o]F -70ToNA 1At &t 2T & 2447l 2A I st Ax3v. d=x3t
& FH|F stubl carbon tapeE ©|&3tHq AEE FEFT osmium coater(HPC-1SW, Vacuum
device)E ©]&-3lo] IFH S 3}al, SEM(S-4800, Hitachi)S ©]-§3la 15kw=Z F4I3tch.

Azxd AFIFAZ ] d=dA2s FAst7] Aste] dAdvFez O Feot 27|85 d&ES)
ATHFig. 6). AP A= 22 FEHFH 800nme] Z7|7HAE YEPHOor fAME Als <t W
How ojn] Hud W& AT Bang ef al, 2009). 3 JA7F g3 272 EAE
ol 9l Aoz vtk 181 oed Fele AP H9 liposomes] FHY o] ofiizt
ol=dl °lH% 734* Ade e W & AdSGAAY E4A4s AP s DA

A7 e w Addn. ANy AP S8 AIREe 43
2 dxe] FHjol of" Wt doju=AE SEMS T ¥
ZatithFig. 7). BRI A2 Gule] ABE YA WS AASEARE (Fig. 7A), HE
o] dojubr] A|Fske] 44413ke] A 4-(Fig. 7B), Al&dte] FAE WEFS Holv 142430] 4

2l ENC2¢| Helg #2sly] 98 Baes
& % Azl wE ENCH H HgtEE Res
Ed

A%

o

2

3 A (Fig. 7C) 2P 2F 9 AA FE(Fig. 7D)E BZs At AWE A Fo] gujol
wZo] AZEEA ¢kAle] HEo] AAHT IHEZ A= F7|7F FolEE AL HAF
AlZro] AGFE Jare] #o] FoEs Ae B F dow 2ga A EHe FEUL uf

e Aes B 32 @ 5 v 3¥E dAY A7 dFE 100nme] A7]|E HofF
2} ¥
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Fig. 7. SEM photographs of treated nano type(ENC2)
(A) After 0 day; (B) After 44 hrs; (C) After 142 hrs.,; (D) After 14 days
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@ etofenproxtHi=A| Gl W& Tl AA v A5

B0l Zhzhe]l MW@ Al Y (ENC1, ENC2, ENC2A, ENC3)2 &ufo] =&HHA §&5+=
Foll wetd ol e AEZAEY aHRE AT stk wWiFREd AF GAE FEsa
WA AIZEe] Al wel g v s AFHE AREEAT Aol AR wiF A
petri dishell 1 ~ 2em F71¢] 10%3 A9}l FolF=o] 7|57} AlZte] AYUx vt27] &
£ gk 492 43S I on oF gk & Tt ol Fopde AR FAF A A
o &% e FaAdFS JPArh Ay BF DA BE 28 {5 100 S

[e]

T3 ARPFE 54 APS T A Ax Al AHEA FaL FoldE etofenprox®] FFE
gelatdrt. e AWAEe Aoz 3% o Pt ALAAP] o AFS A
etofenprox®} ENC2AE #aF5= 2] 2u1Ql 5008] (400ppm) 2.2 A3t 15¢ F 7|52 “FH)
Hstel ARAAEE SAstAnh GHAE AT 7IFE e A5y ILE =Yl fs A A
£ AlAste] EastATh

Ay APy A5 EZZ AFEE etofenproxe HEF 9 AdF=Y 545 7HA A Q7]
ol J|Eqto 2 FH o H*ﬁ’é‘l EEHE MEL AIH IvFA AFHY BESHS
Hl L Z£AFSFItH(Table 12). &5 &35 Yell= 540X 200ppm &=l ENC29}F A5

.

*
etofenprox= = 3 ii‘r%ﬁoﬂ EF 100%9] AeEs Bt ANd Adez wsolzl

ENC29] %7] HEZZAX9 Zie= HzEHE FRAEcr AddT uabd AzdE AdE A
Ho A zste TS FHES EFHs= A7 BRI IS SEAT|EHE EF o B3y
A ZEalA. olgld EAE dAstr] 9] RE fFEaAES

FE3 A2 ENCRAE A X
&

3l ENC2A= ENC29F A|F2] etofenprox®t @2 200ppm oA HEF % At
Y7y 23%, 27%2] AFEES UYWL I8 EZ ENCRAE 83l 828 2 &2 dA3)
A f&‘:}‘iﬂ_ FaEAES] FFS FHstd HHo= e AWE AFS 48 F S A

A l‘&‘«l EA4E Hlwslr] 9t 44 & 22 wEo3l 3F/F U= ENCAH|
A a3y AldS AAEA Y (Fig. 8). ENC1, ENC2, ENC3 12|11 EH&,ELQ
2 etofenproxoﬂ g3 Zage sloA A 7HA AY 2EF xR ;qJ_;goi

= =
ES UEE AS 39 & & o UE2FOE AFE3E etofenproxe= AXE F 5 Fo ALE

o] 50%0l5t2 Hgor 159 Folt AFES vehiA wgith wH, 33F 93 AY
FolA G20 1% w2 Yolupy] A%d ENCIS 2F F 29704 AEEo 48 24 1}
Bba, 7] §%0) %A WSS ENGE MY de AFES dehie g glstar



NC2E /}ﬂ‘?j_LO}O% N AFE A=A
oA &HsA MEsHA Z2 etofenproxd] T wWE A=A
o] dAA K3 mHe} AFoEA Y —rxﬂﬂoﬂ st 7fdo] Bestdtt. wekA ENC29F 5Y

o}

i

flo

>

ol

A
o

AW

o

=

Ir

2

St ABE AFESSIF oY dF WHES 431 etofenprox’t EF IZEE ENCAE A X314
ABEADS T35 A h(Fig. 9) Flg 9ol A B 4 J5o] ENQRAE AX T AlFEo] A&F o

2
TEAS EO]—?— AT LCSO% Z[EoZ #FE P& u etofenprox= 5¢ A=A HAFTaHr)
fFAEE IH ENCAE o 14d 744 LCxol FrAEE 3& BoiFa k. B0z dhe
ENC2A9] AFL %27] AFaHE ok EHo 2 & 15947129 dAs Fas ey
3 A Ay 9 ENCZAZH%‘% etofenproxA| &2 28| =] XaHQ FEE YEB=E 1
3 dxzA 239 A=aHs 7Y F s AR AdHEY w2k AdAY s TE
ol7 ¥l ENQAAF S Ax 27 e AZa0E WHosly] 9Jste] QLo HQ s
etofenproxs &£t AFES BHE F UL
A

2 A% mwste] Sold epslEde el 2skeh

Table 12. Mortality of 2nd instar S. /fitura according to nano formulation types

. Concentration . ) i .
Formulation Types Contact poison Digestive poison
(ppm)

Control 0%" 0%

Etofenprox 100% 100%
200

ENC2 100% 100%
ENC2A 23% 27%

' . Mortality after 48 hours
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Fig. 8. Mortality of S. /itura 2nd instars against different ENC type
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Fig. 9. Mortality of S. /itura 2nd instar against ENC2A
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Al e 9ol 7148 subbie] w2 B U5 S A AT Fig. 1004 Bnjeh o] #e)
= A 7o) At whElA ekAle] E ) Wl AL & S ,\lE‘r 100ppmo.2 3] 43} etofenprox
do] A= 7] A7MA] 60% HAF-2] AEF 89S YERY
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St o Fhhl 2% S AT Aodle LAY T A= F a7 Aests 232 ey
RAIRE, nano type 1¢] 3-¢7 &5 &7H7} w4 HoldS & & AATH 9L ol 13 o] A 3 T
HES 49 100%9 o AFa7E Je L IS & 5 Utk ENC29 ZA$oE 7-990] A3
g F9l 159 0] A o & AFAaFHRE YEH L o], ENC 13} 2 Afolol= A8 A & 2
zpo] A5 ot B 4 AA ek whebA G A A w el th 3k & Fol A = e o] ENC13% 25 A
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Fig. 10. Mortality of 5. exigua 2nd stage larve against etefenprox 100ppm, nano typel and
nano type 2

EF 3 de 43an
=AYIEEAY, N ESA BN BE RSOl ZANEY A E Y

B0lZAGE 9 etofenproxd] EFHE TATFE A3 Umz AoAE AFEIHV}
30% HFto g Ithr] EX] ggton, 6¥ B AF= X

d 5 TE°] A% FIIEtAARE A dsE
< YR Zdt (Fig. 11). BEFolS AR E 9] etofenproxo] Wist A S7H& & &7
+ UAYAT nano typezt ZolE AHHEW, nano 80%7F S7FE 0.234, nano 70%7} 0.344=
nano 80%<] ElYo] JQE F71ES 93 WAEHRE Holy JAGE9 FU1E JASE H

&5 FAsAT (Table. 13).
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Mortalities of Green Peach Aphids aganist etofenproxfor 24hr, 48hr

60.0
500
400

3040

Mortalities

100

0.0
24h 48h 24h 48h 24h 48h 24h 48h 24h 48h 24h 48h 24h 48h 24h 48h

0 2 4 & B 10 12 14

B etofenprox  Wetofenproxnano 80%  Metofenproxnano 70%  MetofenproxS0ppm M etofenprox85ppm @ Control (etofenprox)

Fig. 11. Mortality of M. persicae against etofenprox and nano-etofenprox for 24 and 48 hrs

after indirect spraying on plants with interval for 0-14 days.

Table 13. Population increasing rate of M. persicae against etofenprox nano type(Nanotype
1, nano 80% and Nanotype 2 nano 70%) after indirect spraying on plants during 48 hrs

with interval

Population increasing rate on days after spraying on plants

0 2 4 6 8 10 12 14

Etofenprox 0.037 0.190 0.387 0.324 0.273 0.324 0.184 0.288

Etofenprox
0.438 0.283 0.416 0.355 0.290 0.370 0.215 0.234
nano 80%
Etofenprox
0.266 0.344 0.172 0.381 0.224 0.424 0.175 0.344
nano 70%
Etofenprox
0.100 0.375 0.256 0.336 0.424 0.207 0.207 0.422
50Ppm
Etofenprox
0.465 0.266 0.406 0.363 0.315 0.316 0.117 0.232
85Ppm
Control 0.394 0.515 0.582 0.265 0.321 0.515 0.203 0.680
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_t:_l,

() H=AZHAEIAY, 71 EAAGAGH) e 5

etofenprox U=E}¢(nano 80% 2} nano 70%)] H3IZ G & Uit A&7 2 FFgA&ay

£ vlastry] fa A3 24, etofenprox nano type< 6%
T HAEEL HAFu) A9 8d & FAFA 74 3F

7HA s =& T A

A9} nano type2] ZFole A

o

e

WA dth(Fig. 12). H3AYEY etofenproxd AT S7H&L 69 7}7‘] oAl = . st
Ak 1 & & AAEL BolA g3k, nano type 70% Aloldl® A F 14Yo] AHH &
o) AAE Z7h&o] 247 0477 0492 E}QIZE o2 LbERA A 9EET} (Table 14).

Mortalities

Fig.

Mortalities of Cotton Aphids against etofenprox for 24hr, 48hr
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B etofenprox H etofenprox nano 80% M etofenprox nano 70% B etofenprox 50ppm B etofenprox E5ppm M Control (etofenprox)

12. Mortalities of cotton aphids against etofenprox (Sebero®) and nano-etofenprox for

24 and 48 hrs after indirect spraying on plants with intervals for 0-14 days
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Table 14. Population increasing rate of cotton aphids against etofenprox (Sebero®) and

nano-etofenprox after indirect spraying on plants during 48 hrs with intervals for 0-14 days.

Population increasing rate on days after spraying on plants

0 2 4 6 8 10 12 14
Etofenprox -0920 -0230  -0.238  -0.252 0.372 0.446 0.200 0.351
Etofenprox
0.061 0275  -0421  -0421 0.061 0.315 0.144 0.498
nano 80%
Etofenprox
-0.559 0251 -0316  -0.316 0.110 0.156 0.361 0.474
nano 70%
Etofenprox
-0.401 0282  -0536  -0.536 0.281  -0.222 0.054 0.513
50Ppm
Etofenprox
-0.401  -0.114 1.096  -0.345 0.175 0.300 0.286 0.506
85Ppm
Control -0.112 0.879 0.091 0.091 0.532 0.394 0.347 0.626

@) 718t a5l 3 dFaF

b R, E=FFTAEH, FoEAns=dA, 247HF0] W3 etofenprox
Yx=et¢ CS 30,000 0.1%(ENC 2)9] 45 a3}

Avc)
{
S

S
%T
§
Ll
o
W
>
)
a
W
br
i
2

g A

(Riptortus clavatus)= 2t 5 AFSAoA Fo AM&3gH E—%% 7FA AL A@stde. F
8= Hﬂo}a} ALRSE AU JRE, ol2E T2 Yol s f5S AbFsien, # 7]
A 3gE & 3ol AR AFs & AP AREERT A s dotg ¥ 357d
o] Aad o] R HFstH MATS FASIHA, doll= T @ F 3do] A=
Z=GETAGHE AMEE . $, FaEvinisiged e Fede FEdFS HolE AR
st Alsstdoen, woldt & 357 O] BAHE F FEHS TS Eoll B HHolE ARE-S

At FoEAr =R AFS T FTolA 3 F 3LoA 590 BHE TS
A& AT A 7VF o (Trialeurodes vaporariorum)= EVHE §71e] Al ]I A A& AH
AS AL Lold FhAlgeEA ARS8t 24A7HFole 7|Fdd 24d7ERe] AF5S
Z4zb 100y HES &, AAE AEsa Agro]l AR wEA wgsle AT 2EE
A2l F 747 AR GARFE AR AYE SR o] FFo] AS Ao ¢l
°F 3mlE EFAY stAoH, iz Ffodes 22 ¢ Fx=5 At
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etofenprox(A ¥l 2) 2} etofenproxE W3} sebero-nano(CS 30,000 0.1%)E 7FAx A@ES
Tt 43, Foe] AF2 AT 24A7F el etofenprox?} sebero-nano® Al EF 100% <
&S UehAT(Fig. 13). W, E=FFAHE A ZXE F 244 3to] B3 Fol=
9%5% HFo] EHE YL UAATE, 484]7F0] st Fol= etofenprox®} sebero-nanool A
E5F 100%9 AFse YeiAT(Fig. 14). 184, Foivsd=die &5 F 2443
ol etofenprox$} sebero-nanodl A EF 100% AF&S UEMIth(Fig. 15). °lH 3 A=
u]Fo] & wof, etofenprox®} sebero-nano®] EI= Ao L& F=FS Yella 9o, Y3
Sk oA 9G] 2 ABRE Holi ' S & F UATh Etofenprox(Severo®) 2] 247} 0]
of tigk A= vi¢ Fob ofAl M2l T 24A3F ¢

etofenproxE W3}t sebero-nano®] 7-f-oll= L
FHgtol wEbA wi$ MAE] FarE ey sS4 5 AN
stal e FAE Hd wEbA ol 27Tl 4F 1
Ao g el & den, o e YZF #EE st %o WY AL E AL #AFd ot

2l
ATkl A ZHE thFig. 16).

Mortalities of Adult House Fly against Etofenprox after 24 hrs

100.0 -

Mortalities (%)

20.0 A
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1st 2nd 3rd
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W Sebero B Sebero-MNano m Sebero- Con

Fig. 13. Mortalities of adult house flies against etofenprox (Severo®) and nano-etofenprox

after direct spraying for 24 hours.

_69_



100.0

Mortalities (%)

0.0
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Mortalities of Western Flower Thrips against Etofenprox
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Mortalities of western flower thrips against etofenprox (Severo®) and

nano-etofenprox after direct spraying for 24 and 48 hours.
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Fig. 15. Mortalities of adult bean bugs against etofenprox (Severo®) and nano-etofenprox

after direct spraying for 24 hours

Population Changes of Greenhouse Whitefly against Etofenprox
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Fig. 16. Population changes of greenhouse whiteflies against etofenprox (Siwontan®) and

nano-cypermethrin after direct spraying for 7 days.

. acypermethrin®] YA g m& FANY 3|5 g d5EH}

(1) a-cypermethrin Nano type 1 (chitosan M.W 3,000, 0.3%)¥} Nano type 2 (Chitosam
M.W 30,000, 0.3%)%] HSARES i 458574 ¢ 48 A& a5

3G =Y 72 Ao wE 14 BH d7HAY AFES AHE 2, a-cypermethrine
nano type®| F AFEC| 8¢ o]FFHE HA & 4TSS UEHUH a9 AKAHS H

TFAh(Fig. 17). Nano type 13 2 Ato]e] & U #AA &
el o5 FAF 7IF FeHY FIXIGE JRAE ST
7HA= F7HA nano type Akold] JHAIT F
AHY 2AF HEFLY 14940 nano MW 3,000 EFe] 0.231, nano MW 30,0000] -0.037=
NAT S7Heol 0ol nano MW 30,000°0] &sa#7F =4 detd /AAT S7H7F AA 8 A
S FIE F Ao, FFaHe AKAHS AT & dol AE AAEAMY ThsAS Al

} 2= o

T vkl AGE o (Table 15).
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Mortalities of Cotton Aphids against a-cypermethrin for 24hr, 48hr
1000
c0.0
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700
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400
300
200
100

24h 48h 24h 48h 24h 4

Mortalities
=
]

Bh 24h 48h 24h

48h 24h 48h 24h 48h 24h 48h

Q 2 4 b 8 10 12 14

M o-cypermethrin B o-cypermethrin nano 30000 W o-cypermethrin nano 3000 B o-cypermethrin 85ppm ¥ Control (a-cypermethrin)

Fig. 17. Mortalities of cotton aphids against a-cypermethrin (Siwontan®) and
nano-etofenprox for 24 and 48 hrs after indirect spraying on plants with

intervals for 0-14 days

Table 15. Population increasing rate of cotton aphids against a-cypermethrin (Siwontan®)
and nano-etofenprox after indirect spraying on plants during 48 hrs with intervals

for 0-14 days

Population increasing rate on days after spraying on plants

0 2 4 6 8 10 12 14

a-cypermethrin ~ -0.536  -0.968 0.278 0.222 0.496 0.42 0.36 0.379

a-cypermethrin
nano 30000
a-cypermethrin

nano3000
a-cypermethrin

-0469  -0.353  -0.242 0.437 0.342 0.222 0.074  -0.037

-0272  -0.114  -0.247 0.219 0.209 0.224 0.237 0.231

-0.145  -0.066 0.44 0.632 0.412 0.432 0.002 0.531
85ppm

Control 0.705 0.597 0.843 0.987 0.887 0.763 0.597 0.438
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(2) a-cypermethrine Nano type 1 (chitosan M.W 3,000, 0.3%)3} Nano type 2 (Chitosam
M.W 30,000, 0.3%)°] EsotEAG g0 hd 45EH 2 4F AL &9

HE5 o5 Z5E 9] a-cypermethrine nano typedl A= 6

o5
S th(Fig. 18). =3 HFol&x
ANME Y=ErZEe] Aol S
dEEaA} A9

g 5

AL,

K3
T

A5

el A, 8 3 FASHA AlEEo] TAstH S ™, nano EFYZE
Q&9 olE Ao wE
MATF 271 7H2A)F)

Sl Ao Z UElSTH(Table 16).

A AFgo] WP £9E A
Aol alalr) ol
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Mortalities of Green Peach Aphids against a-cypermethrin for 24hr, 48hr
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Fig. 18. Mortalities of green peach aphids against a-cypermethrin

nano-etofenprox for 24 and 48 hrs after indirect spraying on plants with intervals

for 0-14 days
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3t 16. Population increasing rate of green peach aphids against a-cypermethrin (Siwontan®)
and nano-etofenprox after indirect spraying on plants during 48 hrs with intervals

for 0-14 days

Population increasing rate on days after spraying on plants

0 2 4 6 8 10 12 14

a-cypermethrin -0.021 0.345 0.235 0.346 0.632 0.176 0.376 0.430

a-cypermethrin
nano 30000

-0.114 0.313 0.247 0.202 0.652 0.346 0.608 0.555

a-cypermethrin
nano 3000

0.186 0.412 0.264 0.232 0.607 0.001 0.532 0.367

a-cypermethrin
0.015 0.477 0.246 0.263 0.605  -0.097 0.475 0.209
85ppm

control 0.000 0.168 0.294 0.458 0.824 0.235 0478 0.680

(3) a-cypermethrin U x=E} Y (chitosan M.W 3,000% 30,000)¢] @& HEAH EHI o}
SAGE FAEHY FHATE U3y A& SEMAZ

531 controll release “FEIE 31317 $8] UYeldd, UA,
Adrete]l gl F 0¢A, 6L}, 1093, 14La & 15 FHH EoEGE FA49
&, W, F71E AR HAAE HFES FA AAAMBARES st AA AL
glutaaldehyde 2.5%& o] A3 F dFFE A Fsta oe-LA 2230, 50, 70, 80, 100%)=
G545 A, CPDE AXAZE, osmiumA B HAALAES T & FAAAEA]
7J(SEM, HITACHI S-4800)2.

SEMARES ol Umetd] &A1 A FRAFE &A% A3, B 2olE #Q1HA
BRAE, AH Aol Aol wep dxte] FAAE
20). =3 A F S

o

[N

d
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control

Nano 3,000

Nano 30,000

Odays

6days

10days

l4days

Fig. 19. SEM photographs of mouthpart of the greenpeach aphid treated different
nano types a-cypermethrin at 0 day, 6 day, 10 day, and 14 days after

treatment
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control Nano 3,000 Nano 30,000

Odays

bdays

10days

14days

Fig. 20. SEM photographs of dorsal plate of the greenpeach aphid treated different
nano types a-cypermethrin at 0 day, 6 day, 10 day, and 14 days after

treatment
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control Nano 3,000 Nano 30,000

Odays

bdays

10days

14days

Fig. 21. SEM photographs of surface of hot pepper leaves treated different nano types
a-cypermethrin at 0 day, 6 day, 10 day, and 14 days after treatment
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Fig. 22. Mortality of different pyrifluquinazon nano types against M. persicae
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Table 17. Mortalities of green peach aphids against pyrifluquinazon nano types(different

chitosan molecular weight and concentration) at 0, 4, 10, 16, 18, 22, 28 days after indirect

spraying on plants

Mortality (%) Nano type Nano_type Non-nano type P
CS 30,000 0.1% CS 3,000 0.3%
0 day 13.33+10.33a 6.67£5.77a 16.67+12.11a 0.432
4 day 16.67+15.06a 6.67+11.55a 15.00+18.71a 0.679
10 day 58.33+19.41b 30.00+10.00a 55.00+16.43b 0.085
16 day 21.76+14.72a 73.33+5.77b 45.00+34.50ab 0.032
18 day 35.00+23.45a 70.00+10.00b 16.67+8.16a 0.001
22 day 35.00+23.45a 13.33+11.55a 26.67+23.38a 0.402
28 day 13.331£10.33a 13.33+5.77a 20.00+10.95a 0.472

Table 18. Population increasing rate of green peach aphids against pyrifluquinazon nano

types(different chitosan molecular weight and concentration) at 0, 4, 10, 16, 18, 22, 28 days

after indirect spraying on plants

Rate of Nano type Nano type
increase(%) CS 30,000 01% | CS 3,000 03% | onnane type P

0 day 0.152:0.114a 0.343+0.076b 0.087+0.072a 0.007
4 day -0.004+0.148a 0.074+0.067a -0.030+0.130a 0.540
10 day -0.310+0.220a 0.056+0.097b -0.321+0.278a 0.084
16 day -0.008+0.164a -0.008+0.164a -0.234+0516a 0.486
18 day -0.070+0.205a -0.070+0.205a 0.1180.262a 0.411
22 day -0.009+0.108a 0.292+0.056b -0.059+0.178a 0.009
28 day 0.068+0.102a 0.061+0.053a 0.1610.091 0.179
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2) Y=l (CS 30,000 0.1%<} CS 3,000 0.3%)8 Txo g EFolZARNEY HZFay
R FEAESET

(7hH AAEAF E2H=F 30.000 0.1% Y=AFe vwred AZFay)

TEE AFEHRE R 2, AY Fdde =7 7HE =2 100ppmelA M e A
FTES YENAAT, M & Agto] AR & ztole 1T & itk sARE EFof
SXGEY NAT F7HES F21g 29, AEE vE7F 55 75 /e AxFoen, A
g5 A7t Ao W FUFEY Aok FAd Z2AE B Uy dFA B v
of we} dF&o] dd F A S Fstd e, 100ppm FEE HEA-Sw A F 2893

o

100
o 25ppm B S50ppm = 100ppm
80
70
60 -
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days

Fig. 23. Mortality of different pyrifluquinazon nano types against M. persicae accroding to
pyrifluquinazon nano type (CS 30,000 0.1%) concentrations
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Table 19. Mortality of M. persicae accrording to
concentrations of pyrifluquinazon nano type(CS 30,000 0.1%)

time after treatment of different

Mortality (%) 25ppm 50ppm 100ppm P
0 day 15.00+12.25a 16.67+10.00a 50.00+34.64b 0.008
4 day 26.67+30.77ab 14.44+15.09a 53.33+39.05b 0.035
10 day 43.33+23.38a 48.89+23.15a 55.56+34.68a 0.708
16 day 36.67+15.06ab 25.56+15.09a 60.00+34.64b 0.022
18 day 16.67+19.66a 30.00+19.36a 75.56+22.42b 0.000
22 day 45.00+35.64a 30.00+20.62a 53.33+31.22a 0.247
28 day 23.33+21.60ab 11.11+9.28a 52.22+32.32b 0.004

Table 20. Population increasing rate of M. persicae accrording to time after treatment of

different concentrations of pyrifluquinazon nano type(CS 30,000 0.1%)

Rate of
increase(%) 25ppm 50ppm 100ppm P

0 day 0.230+0.163b 0.215+0.171b -0.577+0.589a 0.000
4 day 0.105+0.398b 0.126+0.228b -0.601+0.437a 0.001
10 day -0.241+0.170b -0.232+0.214b -0.758+0.560 0.013
16 day -0.018+0.104b -0.044+0.173b -0.871+0.857a 0.005
18 day 0.070+0.193b -0.029+0.182b -0.899+0.551a 0.000
22 day -0.295+0.588ab 0.092+0.235b -0.627+0.642a 0.024
28 day 0.060+0.138b 0.132+0.133b -0.468+0.417a 0.000
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) J1EA B2 3,000 03% YA 58 A3a7

o] =B E FEE AFade & AolE Hold ko, A F AFte] RYAE 7
3 o] AFEo] 100ppmE=ANA 7HE A vebt ARIARY w2 7P AT L
M, JGE9 S7H £ AYF 16L7HA= 2 2ol Hold ‘e%%kiur, 229 o] HH ¥
T AgelM F7hEol Az AT aATF Y= Ao &l Avk(Fig. 24, Tables 21 and
22).

100

S0 W 25ppm B S0ppm W 100ppm
80

70 A

50 A

mortality(%)

40 A

30

20 A

10

days

Fig. 24. Mortality of M persicae accroding to time after treatment of different concentration

of pyrifluquinazon nano type(CS 3,000 0.3%)
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Table 21. Mortality of M. persicae accrording to time after treatment of different
concentrations of pyrifluquinazon nano type(CS 3,000 0.3%)

Mortality (%) 25ppm 50ppm 100ppm P
0 day 3.33%5.77a 6.67+5.77ab 16.67+5.77b 0.068
4 day 6.67+11.55a 6.67+11.55a 30.00+17.32a 0.133
10 day 20.00+10.00 30.00+10.00a 23.33+11.55a 0.533
16 day 53.33+15.28a 73.33+5.77a 63.33+30.55a 0.512
18 day 66.67+28.87a 70.00+10.00a 60.00+26.46a 0.870
22 day 30.00+26.46a 13.33+11.55ab 53.33%5.77b 0.073
28 day 10.00+0.00a 13.33+5.77a 33.33+5.77b 0.002

Table 22. Population increasing rate of M. persicae accrording to time after treatment of

different concentrations of pyrifluquinazon nano type(CS 3,000 0.1%)

Rate of
increase(%) 25ppm 50ppm 100ppm P

0 day 0.176+0.077a 0.343+0.076a 0.246+0.120a 0.170
4 day 0.082+0.118a 0.074£0.067a -0.140+0.200a 0.168
10 day 0.116+0.062a 0.057+0.097a 0.046+0.046a 0.481
16 day -0.055£0.253a -0.286+0.351a -0.225+0.313a 0.656
18 day -0.558+1.251a -0.068+0.347a -0.358+0.693a 0.785
22 day 0.111+0.174ab 0.292+0.556b 0.105+0.203a 0.042
28 day 0.066+0.129a 0.061+0.053a -0.055+0.059a 0.234
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A 2Ad YA E o] &3 T &Aoo L AX THALE
- 3AHUEE AXHA nano carrier system®] Alo]= A P FurEZ wWrEEAo] A AHS
o]l

A

2 olgHgon 2ad PEe AY =4S FAT F Ak
¥ Sample code

1) NCS-1 (A% : Chitosan(molecular weight : 30,000) coated liposome,
coating material concentration : 0.3%
core material : etofenprox)

2) NCS-2 (A% : Chitosan(molecular weight : 30,000) coated liposome,
coating material concentration : 0.1%,
core material : etofenprox)

3) NCS-3 (A" : Chitosan(molecular weight : 3,000) coated liposome,
coating material concentration : 0.3%,
core material : etofenprox)

4) NCS4 (A" : Chitosan(molecular weight : 3,000) coated liposome,
coating material concentration : 0.1%,
core material : etofenprox)

5) NCS-5 (A" : Chitosan(molecular weight : 30,000) coated liposome,
coating material concentration : 0.3%,
core material : alpha-cypermethrin)

6) NCS-6 (

i
of

: Chitosan(molecular weight : 30,000) coated liposome,
coating material concentration : 0.1%,
core material : alpha-cypermethrin)
7) NCS-7 (A% : Chitosan(molecular weight : 3,000) coated liposome,
coating material concentration : 0.3%,
core material : alpha-cypermethrin)
8) NCS-8 (A4 : Chitosan(molecular weight : 3,000) coated liposome,
coating material concentration : 0.1%,
core material : alpha-cypermethrin)

9) NCS-9 (%2

ol

: Chitosan(molecular weight : 3,000) coated liposome,
coating material concentration : 0.3%,
core material : difenoconazole)

10) NCS-10 (A : Chitosan(molecular weight : 30,000) coated liposome,
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coating material concentration : 0.1%,
core material : difenoconazole)

11) NCS-11 (2™ : Chitosan(molecular weight : 3,000) coated liposome,
coating material concentration : 0.3%,
core material : pyrifluquinazon)

12) NCS-12 (2™ : Chitosan(molecular weight : 30,000) coated liposome,
coating material concentration : 0.1%,

core material : pyrifluquinazon)

* Formation of carrier system (Fig. from the our paper (Journal of Microencapsulation))*

G
< E:J +) & o Chitosan coated liposome
O _Seal) &
O o O o &
e W
) 5
S gl J O
- Selected pesticides ' (e N
21 0 Non coated liposome
" O @5
Coating ( O @ g
T'OCEeSS o i
{'J (+)_‘.";'.
3 .
Chitosan =
Non coated liposome ‘ Coating process

A schematic of a non-coated and a coated liposome

1. Nano-carrier®] size control

-o] A X = nano carrier system®] Alo]|ZE XHEsl7] & s 20E
A (chitosan)®] &% ¥ A%, alginic acidE ©]&3 tFIY, H&3lT
1

=
=
Z53 #2719 HEAIRE 5ol 2 o & F AT



240 -

220 - 1\}\
200 A \

180 \\
160 -

140 -

Size (nm)

120 + —&— The sample coated by 0.1% WV chitosan (M.W.3,000)

100 T T T T T

1 2 3 4 5 6

Sonicaion fime (min)

Fig. 1. The effect of sonication time (1, 2, 3, 4, 5 and 6min)

prepared-nano carrier systems (n=5) (Preparation condition: M.W.

used as coating material.(Concentration = 0.1%W/V) And the
cholesterol was 6:4.)

6o
—e— M.W.150,000
—Co— M.W.30,000
—¥— M.W.3,000
400 -

Size (nm)

" e

on the mean size of
3,000Da chitosan was
ratio of lecithin and

T T T T T
0.1%%0 nz2%e 03% 4% 05%

Concentration of chitosan (2W/V)

Fig. 2. The effect of molecular weight and concentration of primary coating material
(chitosan) on the mean size of prepared nano carrier systems (n=5) (The ratio of lecithin

and cholesterol was 6:4.)
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—=#— The sample coated by chitosan (M.W. 3,000, 0.1% w/v)

Size (nm)

150

100 T T T T T
L:C=7:3 L:C = 6:4 L:C =555 L:C=4:6 L:C=3:7

The ratio of lecithin and cholesterol (w/w)

Fig. 3. The effect of the ratio of lecithin and cholesterol on the mean size of prepared nano
carrier systems (n=5) (The M.W. 3,000Da chitosan was used as primary coating material
and the concentration of it was 0.1% W/V )

400 -
I Double coating (CS+ AL)
FEid Only chitosan coating

300

200

Size (nm)

100

DO0l% DO03% DOS% 50.1% 503% 50.5%

The number of coating layer and concentraton of coating material (% W/V)

Fig. 4. The effect of the number of coating layers and concentration of coating materials on
the mean size of nano carrier systems (n=5) (The M.W. of chitosan was 150,000Da and the
ratio of lecithin and cholesterol was 6:4.) (D : Double coating, S : Single caoating)
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—#— AC, chitosan M. W.3,000
500 —C— AC, chitosan M.W. 30,000
w— AC, chitosan M.W. 150,000
4 ETO, chitosan M.W. 3,000
—m— ETO, chitosan M.W. 30,000
400 4 —O— ETO, chitosan M.W. 150,000
el
Y
S 200 o
200 -
1["] T T T T T
00 0.1 02 03 0.4 05 0.6

Concentration of chitosan (%, W/V)

Fig. 5. The effect of molecular weight and concentration of primary coating material
(chitosan) on the mean size of prepared nano carrier systems containing etofenprox or
alpha-cypermethrin (n = 5) (lecithin : cholesterol = 6 : 4)
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2. Nano carrier system®] ¥ TH 7 SHEA

o] A3 A= nano carrier system®] 3ETH %3}

o

1 z=A

3l

=

AN
oo

FA7) AEAL Fol 1 e} & 5

20 4

10 4

Surface charge (mV)

-10 T T

=
=
AEZE FHYEZ (chitosan)9] %= 2 A+, alglmc acid& 0]

OFO

—*— The samp ke coated by chitosan M., 150,000, 0.1 %ow fr

L:C=T:3 L:C=4d:4

Theratio of lecithin and cholesterol (W/W)

Fig. 6. The effect of the ratio of lecithin and cholesterol on the surface charge of prepared

nano carrier systems (n=5) (The chitosan of M.W. 150,000Da was used as a coating material

and the concentration of it was 0.1% W/V.)
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20

15 4

10 A

Surface charge (mV)

T T T
M.W. 3,000 M W, 30,000 M.W. 150,000

Chitosan molecular weight

Fig. 7. The effect of the molecular weight on surface charge of prepared nano carrier
systems (n=5) (The concentration of chitosan was 0.1% W/V and the ratio of lecithin and

cholesterol was 6:4.)

30 -

20 4

¥

-
ﬂ'—‘ —
T 101 / /
e _
&
0
: )
(=]
<
£ -10
w
P : Primary coating (chitosan)
S : Second coating (alginic acid) /
-20 4 P S : Primary coating + secondary coating "
'30 T T T T T T T T
P 0.1% P 0.2 P0.3% P 0.4% P0.5% P0.2% S0.1% P 0.2% S0.3% P 0.2% S0.5%

Coating condition (The concentration of coating m aterials)

Fig. 8. The effect of the concentration of primary and secondary coating materials on the
surface charge of prepared nano carrier systems (n=5) (The chitosan of M.W. 30,000 was
used as primary coating material and the ratio of lecithin and cholesterol was 6:4.) (P :

Primary coating, PS : Primary coating + secondary coating)
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10 4

Surface charge (mV)

I T I T 1 T
ACCS3000 ETO (53000 ACCS 30000 ETO CS5 30,000 AL CS 150,000 ETO C$ 150,000

Fig. 9. The effect of the molecular weight on surface charge of prepared nano carrier
systems containing etofenprox or alpha-cypermethrin (n = 5) (chitosan 0.1%, W/V; lecithin :
cholesterol = 6 : 4)

- Surface charge control & Aol g ZAE: Nano carrier system® EH A= A&+
ZHE=Ee BAFH e & S LRon olg o] molHFF AWEZ L AA Y
%

= -1 3
lecithin : cholesterol®] Bl&% A3 E nano carrier system® THZ3}o| FaFS v S &R

& AU
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3. Nano carrier system®] encapsulation efficiency &4

-o] AF A= nano carrier system®] encapsulation efficiencyS 2 38}3l7] $Jal thksh =
Aso] AHEHAY. 1 2EZ = Y EZ(chitosan)d] F%, alginic acidg ©| &3 HFIH

a8]al A}E3]E lecithin® cholesterol®] H]-g©o] 1 o & 4 JATh

95 4
20 +
85 4
80
75 A

70

Encapsulation efficiency (%e)

L:C=T:3 L:C = 6:4 L:C =55 L:C=4:6 L:C = 3:7

Theratio of lecithin and cholesterol (W/W)

Fig. 10. The effect of the ratio of lecithin and cholesterol on encapsulation efficiency of
prepared non coated-liposomes (n=2)
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—#— Only chitosan coating

40 4 —0— Double coating (CS+AL)

30 T T T T T
0.1% 0.204 030 0A4%% 050

Concentration of coating materials

Fig. 11. The effect of the concentration of primary and secondary coating materials on the
encapsulation efficiency of prepared nano carrier systems (n=2) (In case of double coating,
the used concentration of chitosan was 0.2% W/V and the chitosan of M.W. 150,000 was
used as primary coating material) (The ratio of lecithin and cholesterol was 6:4.)
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Concentration of chitosan (CS MLW.150,000, %, W/V)
Fig. 12. The effect of the concentration of primary coating material on the encapsulation

efficiency of chitosan coated nano carrier systems contad nng etofenprox
oroatpha-cypermethrin (n = 2) (lecithin : cholesterol = 6 : 4)
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Fig. 13. The effect of the concentration of secondary coating materials on the encapsulation
efficiency of double coated nano carrier systems containing etofenprox or
alpha-cypermethrin (n = 2) (in case of double coating, primary coating (chitosan); Mw 150
000 Da, 0.2%, W/V) (lecithin : cholesterol = 6 : 4)

- Nano carrier system®] encapsulation efficiency 23} #&8 A3 thg ZE: Nano carrier

system®] encapsulation efficiency= H&3lF ZRHEZY Fxd & JFFS $hoH ol =

ex ¥ wncapsulation efficiency”} Ao 2 25 Solx A HUY. 1 Yolx= thFIE (T
o2 3Y T gz SUdIE wfe} v=gt AF EQ]), lecithin : cholesterol®] HI &= A ¥
3

S v HS 3ol & 4 YTk

nano carrier system®| encapsulation effidiencyll &

SES.
o =2
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4. Nano carrier system®] A AlE

A ¥ E nano carrier system> LT oA AFEHAAH Fd Ato]=9} TS W}

€ ZES3SIH nano carrier system®] A WIS AR T

N

Table 1. The effect of storage time on the stability (mean size and surface
charge) of prepared nano carrier systems (chitosan coated samples) (n=5)
(chitosan molecular weight: 30 000 Da, concentration: 0.1%, W/V).

Time (days) Size (nm) Zeta potential V)
0 201.434 2.00 8.7540.19
1 220,104 3.48 8641 0.35
2 224.90+ 2.69 7514013
3 22590+ 0.62 7.30+0.15
4 226.80+ 3.20 7.04+0.06
5 257.23+2.11 6.8+0.04

- Nano carrier system®] g4 ¥ Ao gk 2E: Nano carrier system®| HYAdL 49
A7AA A2 M9 ol Apol=9} skl ofztel Wtk Holm HgA o]l FAHAe Y
S5AAFEH T Wske] Fo] AXY FH R aggregation®] FE0] AR Aol oA =

As BED 5 AU
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5. Nano carrier system®] e}t &4

- @ ¥ nano carrier system SEM< ©]83] 202 FA5IATH

1.00um

Fig. 14. Scanning electron micrographs of M.W. 3,000, 0.3%, W/V chitosan-coated nano
carrier systems containing a-cypermethrin molecules on the red pepper plant. (A): x10,000;

(B): x50,000

Fig. 15. Scanning electron micrographs of M.W. 30,000, 0.1%, W/V chitosan-coated nano
carrier systems containing a-cypermethrin molecules on the red pepper plant. (A): x10,000;

(B): x50,000
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Fig. 16. Scanning electron micrographs of Myzus persicae abdomen after treatment of a
-cypermethrin. (M.W. 30,000, 0.1%, W/V chitosan-coated nano carrier systems containing a

-cypermethrin molecules with x2,000.)

- Nano carrier system® @Ejgr2Ql #4 #d AP 3t ZE: Nano carrier system= &
Btz or dud A tiRE 7o Jdu8A4

o
o Ay gEE A ARE D5 g A
tojnee A% FAT 5 AU Aol zo] YoINE vuH AuPe FASY AFHY
£ AL e sqok
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6. Nano carrier system®] W& A% &4

Accumulating release profiles (12 conditions)

~ CS 3,000 0.1%
CS 3,000 0.3% =

Etofenprox — CS 30,000 0.3%
CS 30,000 0.1% _

Alpha-cypermethrin — e s | CS 3,000 0.1%
0,
| CHBNR0-L CS 30,000 0.3%
CS 3,000 0.3%
Difenoconazole —
CS 30,000 0.1%

: . CS 3,000 0.3%
Pyrifluquinazon
CS 30,000 0.1%

CS 3,000 0.3%
@ Etofenprox

Sample encapsulation efficiency

. . . &l .- Core . Initial C.M. I Encapsulation
Starting point | Casting material |  Amount |  efficiency
- M.W. 3,000, y
2008.10. 28 0.3%. CS Etofenprox 90mg 70.21%
M.W. 30,000, o
2008. 11. 07 0.1%, CS Etofenprox 90mg 73.11%
- Entrapped etofenprox M.W.3,000: 63.189mg

M.W.30,000: 65.799mg
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CS 3,000 0.3%
@ Etofenprox

Experiment report

Sita i 7 &K S Initial C. ML Encapsulation
P — amommt efficiency
2008.10.28 ST, Etofe a0 70.21%
T MW . 3000, 0.3% R, i P
Checkf int A (GO e Rel rof il ppr
B I [n) IEa ease &
2P ? P (In dissolved sample)
2008. 10. 29 14h 144.2 1.80% 3.73ppm
2008. 10. 30 32h 215.2 3.32% 8.57ppm
2008. 10. 31 56h 245.2 5.10% 10.67ppm
2008. 11. 01 74h 417.0 10.63% 22 33ppm
2008. 11. 03 90h 493.0 12.98% 27 37ppm
2008. 11. 04 110h 511.0 13.56% 28.57Tppm
2008. 11.06 160h 453.2 11.71% 24 B6ppm
CS 3,000 0.3%
@ Etofenprox
=0
:
&
g 40 -
£
o
(g 30 +
g
B
HER
g
[
£ <« MEC . .
% (Minimum Effective Concentration)
=
o T T T T T T T T

0 20 40 60 80 100 120 140 160 180
Time (h)
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Release profile
Cumulative concentration of Etofenprox (ppm)

@

Etofenprox

CS 30,000 0.1%

Experiment report

Staiting point Coating. M C terial e i e S
ore ma
™ - amount efficiency
Chitosan
2008.11. 15 M.W.30.000, Etofenprox A0mg 73.11%
0.1%
» 655.799mg (9123 encapsulation amount)
Checking point Area (GO) % Release profile e
o g (In dissolved sample)
24h 43.6 - -
44h 141.7 1.63% 3.57ppm
71lh 328.1 7.37% 16 Zppm
9lh 397.1 9.51% 20.87ppm
118h 428.5 10.47% Z3ppm
14Z2h 518.7 13.27% 29.1ppm
164h 512.2 13.07% 28.67ppm
@ Etofenprox
CS 30,000 0.1%
40
—t— \.W 30,000, 0.19%,E to. I
30 4
20 4
10 iR MEC
-/ {(Minimum Effective Concentration)
u -
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@ Alpha-cypermethrin | ©S3:000 0.3%

Sample encapsulation efficiency

. . et . Core Initial C.M. Encapsulation
e efficiency

- : M.W. 3,000 Alpha-
2008.11.15 s : 90m 69.71%
o 0.3%, CS cypermethrin ong
: M.W. 30,000 Alpha-
2008.11.22 SR x 90m 71.24%
0.1%, CS cypermethrin 2
‘ Entrapped etofenprox M.W.3,000: 62.739mg
M.W.30,000: 64.11mg
@ Alpha-cypermethrin ' ]
Experiment report
. i . . . Initial C. ML Encapsulation
Starting point Coating M Clore mate1ial i
armoumt efficiency
2008.11. 12 Apve— AC 90 69.71%
TR MW .3000. 0.3% W D
« B2.739mg (O] &=3H encaps=ulation amount)
Checking point Agea (GC) % Release profile ek
(In dissolved sarmple)
2008. 11. 12 2340 141.7 - -
2008. 11. 13 4Zh 215.5 = =
2008. 11. 14 64h 266.2 3.54% 7.40ppm
2008. 11. 15 75h 325.1 4.81% 13.83ppm
2008. 11. 16 88h 4654.0 12.54% 26 ZZ2ppm
2008. 11. 17 101h 531.8 16.26% 34.00ppm
2008. 11. 19 126h 652.9 22.90% 48.00ppm
2008. 11. 20 142h 5438.1 17.05% 35.66ppm
2008. 11. 21 164h 518.1 15.50% 32.40ppm
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@ Alpha-cypermethrin

CS 3,000 0.3%

60
i B W, 3,000, 0 3%, WV, AC
- 50 -
E
=%
2
= 40 -~
£
=i
e = ap-
2§
8=
s
é.‘? e 20
=
.
Z 10-
=
2
0 -
T ] T T T T T
1] 20 40 60 80 100 120 140 160 180
Time (h)
@ Alpha-cypermethrin
CS 30,000 0.1%
Experiment report
Sta int C M C terial TAnm: S Fncapsul
iting pol pating, ore 1ma efficiency
Chitosan
2008.11. 12 M. W.30.000, AC 90mg 71.24%
0.1%
« 654.116mg (9123 encapsulation amount)
Checking point Amra (GO % Release profile
(In_dissolved sample)
2008. 11. 12 Z1h 97.4 - =
2008, 11. 13 4Zh 148.1 = =
2008, 11. 14 60h 171.3 - =
2008. 11. 15 75h Z264.5 1.42% 3.03ppm
2008. 11. 17 101h 382.3 7.79% 16.6ppm
2008. 11. 19 126h 461.7 12.11% 25 8%ppm
2008. 11. 20 14Zh 531.9 15.9% 33.99ppm
2008. 11. 21 1684h 520.7 15.32% 32.73ppm
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@ Alpha-cypermethrin
CS 30,000 0.1%

40

== NM.W.30,000, 0.1 %, WSV, AC

30

20

Release profile
(Cumulative concentration, ppm)

0 20 40 60 80 100 120 140 160 180
Time (h)

_ CS 3,000 0.3%
® Difenoconazole

Sample encapsulation efficiency

A w3 " S . Core Initial C.M. | Encapsulation
_ Bar gt . BT material | Amount | efficiency
ML.W. 3,000, : 5
2008.12. 05 0.3%, CS Difenoconazole 90mg 69.52%
M.W. 30,000, : )
2008.12. 15 0.1%, CS Difenoconazole 90mg 71.24%
- Entrapped etofenprox M.W.3,000: 62.568mg

M.W.30,000: 64.12mg
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CS 3,000 0.3%

® Difenoconazole

Experiment report

Staiting point Co M Core material T b e
P ating. ! arnount efficiency
CS. MW. 3000, .
2008. 12. 01 835 Difenoconazole 90meg 69 52%
+ 62.568meg (0] =& encapsulation amount)
Check int A GO) % Rele rofil ppm
g po el % e B = (In dissolved sarmmple)
21lh - - =
A44h 11.7 0.79% 1.64ppm
72h 36.0 Z.48% 5.17ppm
90h 58.58 3.39% 8.20ppm
106h 126.41 8.48% 17.7ppm
1Z27h 127.03 8.52% 17 Bppm
147h 142.25 9.56% 19 94ppm
154h 140.9 9.46% 19.73ppm
169h 137.86 9.25% 19.3ppm
180h 130.71 8.77% 18 .3ppm
) CS 3,000 0.3%
® Difenoconazole
'E 25
= === C5M.W23000, 03%, Difenoconazole
L]
S 204
kS
g
g
g 15
2 =
Ey-
B
v = ]
< &
-
: 7]
&
Z o
=
E
=
U ] L] L] 1 T I L] LI ]
0 20 40 60 80 100 120 140 160 180 200
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® Difenoconazole

CS 30,000 0.1%

Experiment report

Stait int Coating. M C terial Tnitial C.M Encapsulation
1 [8) f ol'e Imatel
ng p o amount efficiency
2008. 12. 15 e p— Dif 1 a0 71.24%
- . (=3l nazole TTL, -
30,000. 0.1% e 5
* 64.12mg (9]=4 encapsulation amount)
Checki int Area (GO) %% Rel ofil ppm
eCckEm: i) 1™a ease 1 L]
ep ’ P (In dissolved sample)
24h = = =~
45h 21.5 1.40% 3.00ppm
78h 32.8 2.18% 4.67ppm
98h 57.8 3.79% 8.10ppm
108h 65 4.26% 9.10ppm
139h 109.7 7.20% 15.40ppm
160h 121.3 7.95% 17.00ppm
180h 121.9 8.00% 17.10ppm
® Difenoconazole
0
CS 30,000 0.1%
‘g 18 I
& |, || == M 30,000,0.19, WV, Difenoconazole
a
-]
& 14 -
=
2 12
&8
A 10-
2%
@ =5 g
v 5
g e
CE-EE
g
g Y]
P 5
k:
3 i
g 0
=]
O

100
Time (h)
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1)
@ Etofenprox CS 3,000 0.1%

Sample encapsulation efficiency

: 5 S . Core | Initial C.M. Encapsulation
fifartang point Ceating: M material Amount efficiency
- M.W. 3,000, »
2009.04. 10 0.1%, CS Etofenprox 90mg 74.31%
; : M.W. 30,000, o,
2009. 04. 27 0.3%. CS Etofenprox 90mg 67.52%
‘ Entrapped etofenprox M.W.3,000: 66.879mg
M.W. 30,000: 60.768mg
CS 3,000 0.1%
@ Etofenprox 4
Experiment repoit
i . . Imitial C.M. Encapsulation
Starting po it Coating M Core makerial
armo writ efficiency
2009.06.02 e M ETO 90mg 74.31%
3.000, 0.1%
Checking point Area (GC) % Release pmifile rpm
(In dissoled sample)
32h 217.3 3.80% 8.7 ppm
L8h 319.8 6.85% 15.6ppm
80h 517.1 12.68% 28.9ppm
97h 569.2 14.23% 32.53ppm
130h 547.7 13.58% 31.07ppm
160h 541.2 13.39% 30.63ppm
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Release profile
(accumulated etofenprox, ppm)

(@ Etofenprox

CS 3,000 0.1%

About 20h

15 -
10 - i 3000, 0.1%%eto
wa3es 3000, 03% eto
3 T T T T T T
20 40 60 80 100 120 140 160 180
Time (h)
Etofenprox
CS 30,000 0.3%
Experiment repoit
Starting poirnt Coating M Core maierial e Ensigiakiim
a0 wit efficiency
2009.06.11 R Etof 90m 67.52%
o 30,000, 0.3% SRS we i
Checking point Area (GC) %% Release pmfile i
¥ r (In dissoled sample)
21h 23.2 = =
39h 117.2 0.95% 1.46ppm
62h 241.6 3.125% 7.95ppm
91h 328.0 7.99% 12.56ppm
127h 423.7 11.17% 22.67ppm
163h 4774 12.98% 26.31ppm
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Etofenprox
CS 30,000 0.3%

30
25 -
E
(=5
=20 4
e
= 5
= =
S8 15
=]
2%
-7 -
< £ 10
Rz
E
8 579
L=
-
ﬂ_
—— ('S 30,000, 0.3%, w i
T T T T T T T T

0 20 40 60 80 100 120 140 160 180

Time (h)

) [}
® Alpha-cypermethrin CS 3,000 0.1%

Sample encapsulation efficiency

Core Initial CM. | Encapsulati
Starting point Coatine M ore nitia ncapsulation

material Amount efficiency
M.W. 3,000, o
2009.05.10 0.1%, CS AC 90mg 70.13%
M.W. 30,000, I
2009. 05. 29 0.3%, CS AC 90mg 74.17%

M.W.3,000: 63.117mg

‘ Entrapped AC
M.W. 30,000: 66.753mg
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CS 3,000 0.1%

@ Alpha-cypermethrin

Experiment report

Starting point Coating M Core material =N Encapsulaion
amount efficiency
2009.04.17 . AC 90 0/
o 3.000, 0.1% - O
Checking point Ara (GC) %o Release profile Ppm
(In dissolved sample)
22h 456.2 —— .
41h 1119.6 2.295% 4.80 ppm
85h 2128.6 16.282% 34.05 ppm
121h 2905.5 27.05% SE.SBE
1474 2200.2 17.90% .3b7 ppm
168h 1679.3 10.058% 21.03 ppm

CS 3,000 0.1%

@ Alpha-cypermethrin

Release profile (ppm)

60 - —— AC 3000,0.1%
«+O+ AC3000,03 %

40 +

20 4
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(9 Alpha-cypermethrin

Experiment repoit

CS 30,000 0.3%

h 3 ) . Imitial C.M. Encapsulation
Starting poim Coating I Core maierial
aomo urit efficiency
CS, MW.
2009.05.02 AC 90img T417%
30000, 0.3%
Checking point Area (GC %% Rele file e
ching poin * (60 . (In dissoled sample)
23h 358.8 -
42h 431.3 -
64h 574.8 =
75h T97.7 =
101h 1152.8 5.19% 11.57ppm
126h 1476.6 13.63% 30.33ppm
142h 16434 17.98% 40.0ppm

@ Alpha-cypermethrin

CS 30,000 0.3%

T
]
5 —— AC CS MW30000 0.3%
g 60 - ««2.+ AC CS MW 3,000,0.1% o
—_— i R,
td - .
s :
(=] '-.
5 a0
z
=
=
=
g
g 20-
=] -
B
o
- .
= ..-*'G
2 0- Ot
c
1] 20 40 60 80 100 120 140 160
Time (h)
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D Pyrifluquinazon

CS 3,000 0.3%
CS 30,000 0.1%

Experiment report

Initial C.M Encapsulation
Staiting point Coating. M Core material P
amount efficiency
C3. MW. . .
2009. 11.07 30.000. 0.1% Pyrifluquinazon 100mg 76.40%
Checking point Area (GC) % Release profile il
(In dissolved sample)
30h 25.65 3.02% 7.7ppm
60h 29.25 4.01% 10.2ppm
90h 65.27 13.78% 35.1ppm
120h 90.8 20.72% 52.77ppm
150h 88.95 20.21% 51.47ppm
CS 3,000 0.3%
D Pyrifluquinazon
CS 30,000 0.1%

40 -

(ppm in diluted sample, x1000times)

10 -

Released pyrifluguinazon from the NCSs

—8— Rekased Pyrifluguinazon (ppm)
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@ Pyrifluquinazon

CS 3,000 0.3%
CS 30,000 0.1%

Experiment report

Initial C.ML Encapsulation
Staiting point Coating. M Core material .
amount efficiency
2009. 11.14 g Pyrifluqui 100 74.47%
o O 3.000. 0.3% ifluguinazon meg A%
. N ppm
Checking point Area (GC) % Release profile :
(In dissolved sample)
30h 36.79 6.2 15.4ppm
60h 45,45 8.62 21.4ppm
90h 73.62 16.46 40.87ppm
120h §8.46 20.59 51.13ppm
150h 86.83 20.14 50.00ppm
. ) CS 3,000 0.3%
@ Pyrifluquinazon
CS 30,000 0.1%

40 -

10 ~

Released pyrifluquinazon from the NCSs
(ppm in diluted sample, x1000times)

—#— Pyrifluconazon, cs3,000, 0.3%
< Pyrifluconazon, cs30,000,0.1%

80 100

Time (h)
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- Nano carrier system®] release profile ¥¥ 23]

e A&
release profile> A&+ ZHEZY v ¢ EAFd 2 S

Nano carrier system®]
JFg wekov] o]F 2o %
}A5% mHEAY AN EUAS dujglol AN 185E YW vt AF T
= FANA ol wel 1 & F¢ (carrier system®] = U F-o} o5
of g S B YE) TuEPY P

)
b
i
~
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2 Az 2 U
7h A3 As
(1) Nano-silver &<
B Ay AFg3E Nanover &4 A% ol TE WA-CV-WA13B(CV), WA-AT-
WBI13R(AT), WA-PR-WB13R(PR)Z 37}4] %o S AMgElgon, £EU Y ulole ZuF)

™,
oI4 1,000ppmeE =2 AF Lol 2+ 2o gte= FEE TE o83t Akl AHE-8HA
om, A7Fe 4T ¥ Bastd 2o w vk A o] ALS-3FATH(Table 1).

oko Hu

Table 1. Three different types of Nano-silver used for the experiments.

Type Plgi.rigal paﬁ‘(ifglreaieize Silv%zgc;glrigents Solvent
nm)
WA-CV-WA13B Dk brown 7~25 50,000 Pure water
WA-AT-WB13R Colorless 7~25 10,000 Pure water
WA—PR—WB13R Colorless 7~25 10,000 Pure water

B A A3 FFe 4T AL FAEol He o] AlYle w30l 28F, AT 1052
ARgsE o™, dFe FEXEA AS#el w&RAE EEAIE(Korean  Agricultural
Culture Collection, KACQ)ZF-¥] &% Wol Aol AL83t 0™, Alternaria alternatas 3

ste] 2759 FFo| w9}, (Javibacter michiganensis subsp. michiganensisS X33to] 9712 Al
T dFE 7R AP ALE-StATH(Table 2, 3). F3o] #jeko] A8t v]X]= PDA(Potato
Dextrose Agar), MEA(Malt Extract Agar), CMA(Corn Meal Agar)E AF&3te] A3t Al
o HIAZ=  YPG(Yeast Peptone Glucose), YGC(Yeast Extract Glucose Carbonate),
NA(Nutrient Agar), MNA(Nutrient OXOID CM3 with Phosphate)& A}-8-3F %t
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Table 2. Plant pathogenic fungi tested.

KACC The name of a disease and host plant
Species accessio
P n The name of a Host plant
number disease P
Alternaria leaf blight,
Alternaria Black spot, Brown Burdock, Apple tree, Aloe, Strawberry,
A-1| 40019
alternata leaf spot, Black mold, Pepper, Tomato
Stem canker
A]ten'm?rza A-2| 40857 | Black spot Cauliflower, Radish, Cabbage, Mustard
brassicicola tree, Kale
. . Early blight,
Alternaria solani | A-3 | 40570 Alternaria leaf spot, Pepper, Tomato, Eggplant, Potato
Eggplant, Onion, Tomato, Potato,
Pepper, Strawberry, Perilla, buck
Botrytis cinerea | B-1 | 40574 | Gray mold wheat, Sweet potato, Pear tree, Apple
tree, Lettuce, Bean, Cucumber,
Pumpkin
C]aatsm1wn 1| 140576 | Scab Eggplant, Cucumber, Pumpkin, Melon,
cucumerinum Watermelon, Horse bean
Colletotrictum C-3 | 40042 | Anthracnose Mung bean, Pepper, Apple tree
acutatum
Co]]etgz‘ncbwn C-4 | 40013 | Anthracnose Bean, Pepper, Cabbage
dematium
C’o]]etom?h’wn C.5 | 40003 |Anthracnose Bean, Apple tree, Pear tcree, Aloe,
Sloeasporioides Pepper, Strawberry, Perilla,
Cf)]]e.'totfrzchwn C-6 | 40807 |Anthracnose Radish, Cabbage, Mustard tree
higginsianum
Cg][etotncbuxn C-7 | 40973 |Anthracnose Pepper
nigrum
C’o]{efoz‘rzchwn .8 | 40808 |Anthracnose Cucumber, Pumpkin, Watermelon,
orbiculare Melon
Corynespora leaf
Cor}f?espora C9| 40964 |spot, Leaf spot, Leaf Pepper, Cucumber, Bean, Tomato,
cassiicola . Sesame
blight, Brown spot
Cylindrocarpon C-10| 41077 Root rot, Black root Strawberry, Ginseng, Peony
destructans rot
Didymella Black rot, Gummy Cucumber, Pumpkin, Watermelon,
. D-1| 40938
bryoniae stem rot Melon
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Fusarium

oxysporum £ sp. | F-1 | 40525 |Fusarium wilt Cucumber
cucumerinum
£ ogrspor umf F-2 | 40032 [Fusarium wilt Tomato
sp. lycopersici
F. oxysporum F-3 | 40052 |Fusarium wilt Tomato
E solan Fa | 141643 Fusarium wilt, Dry Pgtato, Swe?t potato, Mung‘ bean,
rot, Root rot, Ginger, Perilla, Foxglove, Ginseng
llzf;;griﬁ)rg B)rty rot, Potato, Sweet potato, Pepper,
Fusarium sp. F-5 | 40050 . ¢ Strawberry, Pear tree, Apple tree,
Damping-off, Stem G ;
. rapevine, Carrot
rot, Blight,
Glomerella G-1| 40895 |Anthracnose Pepper, Strawberry, Pear tree, Apple
cingulata tree, Grapevine
Monaosporascus | \r 1| 40940 Black root rot, Root [Cucumber, Pumpkin, Watermelon,
cannonballus rot Melon
é’_}})/lthia? fum P-8 | 40156 |Damping-off, Blight |Tomato, Tobacco, Spinage, Radish
nyhium P-9 | 41060 Mottle necrosis, Root Sweet potato, Pumpkin, Cabbage
spinosum rot, Dry rot
D]BalrE;CI(irlsCiI}ff Stemn Eggplant, Onion, Tomato, Potato,
Rhizoctonia R1 | 40145 ping-ott, Pepper, Strawberry, Perilla, Sweet
. - canker, Crown rot,
solani Leaf and stem rot potato, Me}on, Watermelon, Bean,
Root rot Corn, Radish, Cabbage
Sclerotinia minor| S-1 | 41066 Sclerotjnja rot, Small |Cauliflower, Kale, Lettuce, Peanut,
sclerotinia rot Tomato. Date
Sclerotinia 50 | 41065 Sclerotinia rot, Small |Cauliflower, Kale, Lettuce, Peanut,
sclerotiorum sclerotinia rot Date, Tomato
}5 tmpby]z’mn S-3 | 40967 Leaf spot, White leaf Eggplant, Tomato, Pepper,
lycopersici spot
St]arpby]jwn 5.4 | 40966 |Leaf spot, White leaf Eggplant, Tomato, Pepper,
solani spot
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Table 3. Plant pathogenic bacteria tested.

KACC The name of a disease and host plant
Species accessio
P n The name of a disease Host plant
number
Clavibacter C-1| 20122 |Bacterial canker Pepper
michiganensis
Erwinia tracheiphila E-2| 10084 |(Bacterial wilt Cucumber
Bacterial leaf blight, .
Pseudomonas cichorii  |P-1| 10137 |Bacteria root rot, Bacterial % abblage, Garlic, Banana,
rot, Bacterial soft rot oxglove
Pseudomonas corrugata |P-2| 10141 [Pith necrosis Tomato
Bacterial rot, Sheath rot, Onion, Tomato, Pepper,
Pecudomonas marcinalis P-4| 10466 Bacterial soft rot, Bacterial |Lettuce, Cucumber, Ginger,
mon St rhizome rot, Bacterial bulb Cabbage, Garlic, Carrot,
rot, Bacterial leaf spot Kale
Soft rot, Bacterial leaf Eg%ﬁlant Pepper, Carrot
Pseudomonas viridiflava |P-5| 10387 |blight, Bacterial brown ’ ’ ’
streak, Bacterial rot age, Lettuce, Tomato
Bacterial canker, Bacterial
Pseudomonas syringae |P-6| 10396 |leaf spot, Angular leaf Eggplant, Pumpkin
spot
Ralstonia solanacearum |R-11 10220 Bapterial wilt, Bacterial Eggplant, Potato, Pepper,
rhizome rot Tomato, Ginger, Perilla
X. campestris pv. Bacterial canker, Bacterial .
- Fris X-1| 10377 spot, Black rot Cabbage, Kale, Radish
Aanthomonas campestris X-2| 10563 |Bacterial spot Pepper

pv. Vesicatoria

U A3

100ppm¢] FE=
cork borer

=l

%= 3 % 270N )

TE 1.0x10° CFU/mlo

}Z] €9 Nano-silver<
] PDAR] ]l B <
v} x| (PDA, MEA, CMA)
o]-8-3}od
&t Hzx
Ao g 28U SA Ao A& FAL 7
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F e

=
=

T

2 A=z
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< Ux 89S 10ppm, 25ppm, 50ppm, 100ppme] F=Z 7}l HH A= zAstgTh 34
B AT 10 ZHzbe]l 1A wjAed HEst] et HE 3 F 30TolA 1~3€3F &
ZstaA A F2EY & AFste 7158

) < Y= &9 9= A Add 5ol AR AA

27709 F#ol T AAY wAIS} & v & tja} dAMYE A BT F& 5709
F%°] Monosporascus cannonballusM-1), Rhizotonia solaniR-1), Sclerotinia minor(S-1), Sclerotinia
sclerotiorum(S-2), Stemphylium solani{S-4)E 1'#3}> 1ppm, 3ppm, 5ppm, 7ppmOZ A% 4
A7 60ppm, 70ppm, 80ppm, ppmOE 1% AFS AASHATH

W3}, Rhizoctonia solani, Sclerotinia minor, Sclerotinia sclerotiorumel| 4| 8 ¥ = 1 3]S 0]-8-3}¢,
T ek & vie G4 A3 S AT Ao 2 o R & U 37kA] &S A F et o
FRolA AP FY en, PDA, MEA, CMA B A S AHE 8T 719 BAE o] &3t A
AE TS S Yot H7tE wi A ol HE 3 5, 27Tl vikate] Hx 257 viste] F4
g9 A7 8. A AT 2

S5cm7t HEE wjYe & 257 A $HEH 7Y HASE 43
S o] &3] A& (Inhibition rate)g T3+ TH

x 100 = Inhibition rate (%)

B) & Ui &4 & A2 Al Addtd wgelo A AA HA

&l 37} (o]3F WA-CV-WA13B; CV, WA-AT-WB13R; AT, WA-PR-WB13R; PR)-&
ol & o] 47}A] ZFHCV+AT, CV+PR, AT+PR, CV+AT+PR) &4& whe = 99} e
FTZoA A¥E 5375 Monosporascus cannonballusM-1), Rhizotonia solaniR-1), Sclerotinia
minor(S-1), Sclerotinia sclerotiorum(S-2), Stemphylium solaniS-4)S /3o 2 3o & Y= &4 S
st AR omE FFS VA=A, 2y Add #F F 38 #F R-1,51,S2
E ddes EE 2 U 4o A A tiste] owd JFS PIA=A FlFel

4) B4 AAA v Z(TEM) &2

—

S YUk Ao 22 deje} et WAYUSS #AEsA & Y A vt @ Al Pseudomonas
marginalis @} F%°| Rhizoctonia solani = W/ZSE sl oUx] o3 T3 ¥z w9

py
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(EF-TEM, Energy Filtering-Transmission Electron Microscope, LEO-912AB, OMEGA, LEO) &
2 3EE AT

[l

O

Sipee qelvh Bo] AL A v A E AL el S71915ke] MmN 3 W
=g o] o F 7F- Ul Sclerotinia sclerotiorum(S-2) < 1788t U= A& 7ppm o] F =
2 AL sprayerZ 10mlA A A 2] 3t} 7ppme] =2 A2 d ths A8 1,3,5 74 &
Sclerotinia sclerotiorum(S-2) ©] A 1174 A7) 3L A F F=AFA W] 7 (Low Vacuum - Scanning
Electron Microscope , S-3500N, Hitchi Science Systems, Ltd., Japan) &2 28 A A| 3} %t

(6) & b= &) oFs) 4

°1& #7} 10ppm, 25ppm, 50ppm,

EutE, 1%, 0], 35 tFo g st & v 3714 &
QA o} A= AP F, oFal7F LA

100ppm FE=2 el A P-S AT SR 24 s ==

HeA BEsk Ak

(7) 3 FA e FAF) g S e g 3} A

= d
G Rl & v god 84 292 Aol @Alaw. 3744 §43} 47k EF 6
1ppm, 3ppm, 5ppm, 7ppm, 10ppm, 25ppm, 50ppm, 100ppm & =& 2.2 PDA, MEA, CMA Hj|
Aol Apse] fiok g WHoE BAFAT FHARE & Lhe §S 7
25ppm, 50ppm, 100ppm & 2 A| 2 &}o] 2] & 2] 7] & 5ol 200m1¥ #F )]sttt F vtk 13] A8
o, F 48] A2tk 570 E F 33 vho] Y E AAS AT 3T v WA TS S
S 80C A7)0l AZXS H, HxTE SASIA T

®) © e S AR 3 A EFY VYT BF Y EF YR 24

3 ZRNA & vk &do] Agd XH FAg #H X FS AEHs WA= JiA
o] WszlE ZARSIAT Ag EHWO EYS AHASIH FFo] dEHe SAdA dxg
2mme M2 AZ AT 1.0x10°CFU/mIZ FFo]lE 1.0x10° CFU/mlZ 3|Aate] AT
TSAW| A o] FFo]= A A (Streptomycm sulfate salt: 0.3g, Tergitol: 50010, Tetracycline: 0.3g
£ #H7}3 PDAMA ] 1008 =23te] A8ttt

EG AT B 9 24 AEE & Uk &0 o3 EG HAE WSIE Lot flet

o o —»

~
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of dAstlen, g AW Ede AFs] TI0l ZHe XA 23 F 2mm2

gt FREZ AMFo] MHsATH
7 el @i 550C
. olFA FHlg Al
gatatt. 25 AE st AAHAA

=
=
A3 HlER &S WUt sk S48

=2
>
Y
r2
)
BN
>
~
ot
N
N
o
X
AL
g oty
P4
i
—_>‘4-"4
€]
aQ
o
Q, b

ICPE AHgstel eo E
%

(10) A AEIA] B v &8 AP A|7E EY 4

< Y &4 Nanover " 1,000ppmS EFo] 22 (Table 4) 3l7] A - F 4F thog v
el Aol M AlRE AFHSFAL EYS T F 2 mm AE THAIA AP AHES
At EF BHL &8 sdAIsdY BEY 2 A=A B4

. pHS} ECE TAEY 10go] 75 50 mlS 713te] 307t Z1®33 Whatman No. 2Z
oI A]71 & pH meter (Orion mode 921A)2} EC meter (Orion model 50 conductivity meter)
£ ol &3ty Zt7t SAHIIAT 7718 FHS Walkely-Black WHol wa} 1IN K,Cr,O7& 713}

o H-E&-AlZ1 & UV/Vis Spectrophotometer (UV 240 Schimadzu, Japan)Z I+ 610 nmoll A

vl A et ok Fadit 2 Bray Nol WHOZ FE3}49 ammonium paramolybdate

—_

2 wAA7 3 34 660 nmollA UV/Visible Spectrophotometer% o] &3t Hv|A A FSHA
o gEUold ¥ A Aixe 2M KA 902 53 F MgO= 423 & TR/ - 4
AstAth. XA Yol 1M NH4OAc (pH 7.00 €doz = 3 AAS (Atomic

Absorption Spectrometer, Schmadzu, Japan)E ©]-&3}< Ca”, Mg2+, K*, Na'¢] st&Fs
fow, pHSt FoledFe 2= OEO]% ARG Fe AEAT = = 24
2M-HCIS 1:5 HI&3te] 3087 &3 X% § Whatman No. 422 o33} 1 o9 & F&
£ ICP-AES (Inductively Coupled Plasma-Atomic Emission Spectrophotometer; Perkin elmer
optima 3100XL, USA)E & ¥% =4 3l

o
I\
0% oxl
Ol
O

flo
ft
o

- 121 -



Table 4. X278 X 2]
EEE P
CTR 1, 3 = 3 g
CTR 2 & Y=g 100 ppm, 100 ml #FA2
+ & =89 100 ppm, 100 ml A gA =
cik 4 £ Y89 100 ppm, 100 ml #F42|
NV-A 1~4 N o :
- = 7=
(WA—CV—WA13B) WYi=go 25 ppm, 100 ml ¥F=)g
NV-B 1~4 N o :
- = 7=
(WA-AT-WBI13R) g9 50 ppm, 100 ml #F ]2

(11) & Yo 83} 7| EAe] o} 5404 &7 8 o] T A &3} vl

A #2353, & U= WA-PR-WA13B £

B ¥ 7IAE AF&-3t9 3, 100ppm, 250ppm, 500ppm,

1,000ppm, 2,000ppm =2 A 23t AL, & U= 2 10ppm, 25ppm, 50ppm, 100ppm . Z A €]
ST 4-65F T FHE 9IS o] THHE EF A F vl 13], F 43](4F) AL, A

=
TR 109 ¥ 2xs ddshah

A% o] AH&E Nanover™ WA-PR-WBI3R-2 (F)BioPlusol| A A &5 3L, Do) 3t e] X 3o
A g g 28-S 33k th 20083 2 A F e B, Ao AL 1F FFAY
§'S AH&3te] FA 2 (Controrl 1), DAY 4= 3} ] (Control 2), Al &= <= 3}5HekA] F A ¢
(Control 3), Z &% (10, 30, 50, 100ppm) = L= &8-S ZHzh w45 A5 E ¥ 533 5¢h, 1
2] I A% 35 Tt A E| et (Fig. 1) 2W A A2l o] Aot I A% A2 23E Bl ot
B A A s BEAFANA 4F AEE & U S5 wfF 134 F 83 Ak, B F A g
= UHAIR S 7IE 02 Wi 18] F43] AT O, 157 Fol 2 235 Frtetdon, 4382 23]
HhE = H Aot
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21 9116(2330 6 13 20127 4 [11(18 (25| 1 | 8 |15]29
Els
Az 3
o
Control 1(FA2 ) BN BN BN BN BN BN )
4 dE 241 10ppm A & BN BN BN BN BN BN )
I HAe 24 30ppm A g [ BN BN BN BN BN BN )
O Ae 24 50ppm A g [ BN BN BN BN BN BN )
2 A4S 2uv= 100ppm A g 000000
Control 2(A &=+ DAF 24 AlF) L BN BN BN NN AN BN J T}
Control 3(A]#% = 3}stefA| F) 000000
7}
Control 1(FAg ) L AN BN B
Ty 3 2 10ppm A g (AN BN BN
3 2 30ppm A g { BN BN BN
Ty $ 2 50ppm A g { BN BN BY
Y 214 100ppm A g ( BN BN BY
Control 2(A1 &%= DAF 24 AF) ( BN BN BN
Control 3(A &= <= &84 F) ( BN BN BN |

Fig. 1. 215 @AY HHdd WAS A3 & dx &9 A2 2A=5.(@: AHY)

20099 EZAFE A9, 4= WA-PR-WB13RY] F%E 10ppm, 30ppm, 50ppm, 100ppm<]
T2 79 t4o= 33 AHYsta, Ay 7¢ T 74 7@5% =43} th(disease index: O:

v
0%, 1: 10~20%, 2: 20~50%, 3: 50~70%, 4: 70%~). A2 23] ¥HE FP o, S v
o2 ofd) AL o3l HARS NZ AL
SOEREXAZ) 0 e

2008 A 1 =% AF71H mHY A AZF3 7| EARS FZES A A TebuconazoleS ©]
=5 Al
[e) bl

=
&3] gAY EHYAR FFolE S E Controlled release’} 7hs
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g A= HSAE AT & F deA AFE Fds] -40}04 FAANDE 3= 3 s}
At B AP AFE-SH chitosanT B &A= 1 A}

Aol &7} A= Tebuconazoles chitosan M.W. 3000Da94- 30,000Da -+
03%(W/V)<} 01%(W/V)e] a=F IH® 3} nano carrier systems THE0] ¥ Wl AFE-3}
Atk ekAle] Hi Alo]ZE 200nm(150~210nm)E L A] Eof 3Aste] 15 g@xo] Ay
7] AlAgE a1 el 79 AR 13, 23], 33] A2TE At 3uE A st dHA
5 =43 th(disease index: 0: 0%, 1: 10~20%, 2: 20~50%, 3: 50~70%, 4: 70%~). = &<
HIRO 2 919 F43 o]&st e A= SATh

(14) 2y AE7F HE2A9 F3a2 Tdd A= dF A

2 A3 AFE-3F nano-silver& 92> WA-PR-WB13R(AT)S AFE3t9 o™, 83U Hiol
H22(F) A 1000ppm Bl 2 EF ol 4T HHstar A A

At AREEAT SUe A7t AEAC F1F S8 w
2 EnEES A B AP AHed EvtEFES: AW)e 5l 355t 2-3
59 A F BEvlEE potol] Ao 2y FEE 100ppmZE 34 A2l AF, 1A]7F, 34
6AIZY, 12A17F 1Y, 3 59, 7¢, 9¢ 7tAC & EntE 45 AF3tAt 100ppme] 4=
A3 T EvtEoA RNA F2& Trizol® AlekS Ag38le] A ZAM(Invitrogen Life
Technologies, Carlsbad, CA)9] protocolel we} 433}t RT-PCRS ©]43 RNA HAES
#13Fe] 11.8ul master mix(10x Reaction Buffer 2ul, 25mM MgCl,, Deoxynucleotide Mix 2y,
Oligo dT 2111 RNase inhibitor 1ul, AMV reverse transcriptase 0.8111)9]- RNase free water 8.2
1§ H7bsle F 20u2 Z2ASA Y. PCR 32 95T oA 1083t predenaturation % 95T
/15s, 60C/30s, 72C/30s % 3GAE 45 cyclesS A3 F wpxjo g 72To|A 5837t
extensions AAISIATE FHAHEL 3% agarose gelS AME-3te] A7) dF3te] c(DNAE <l

a3t

E
fr
o
o
o
BN
S~
=
ol
Lo
N
do
of
o
£

AR

o~
X
40{1

SO

~

~

[e)

1=
filo

(15) Y= ¥ 3t Difenoconazoled] 20|37 WA 7|2 A

B Ao A3t chitosan Z® 3}&A= sty AE IEA FE AFAA ©AH
of a37} %= Difenoconazole2 chitosan M.W. 3,000Da®} 30,000Da F+ 7}A] EA}#Ho =
03%W/Vel 01%W/Ve X2 F¥ 3} nano carrier system< THE0] 5 Wol ARE-3IA
o FAle] HFE Ale] =& 200nm(150~210nm)Z H 2 A] Eof 3] X3lo] ALt AP 7
T A A A1 o] AHf &2 A A7HF(powdery mildew) o] &
Qo] ol =¥ 33t FAE Z42ZF 1,0000H, 1,50081 = 3] A8t WHyk FEo] A4 FAFsES]
th 13 Ak & AHAE, 1Y, 3Y, 5¢, 7Y, 10Y, 1549 HH 22 samplingdl] 3179 & o]

O

o

ok

rok
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1A & FE Al Difenoconazole®] W A 7128 SEM(LV-SEM S-3500N Hitachi,

o]
-

Korea Basic Science Institute-Chuncheon)S ©]-83}o] 23}t

(16) Y= ¥ 3 Tebuconazole®] WFEAW WA WA 712 A+

2 A¥o A3 chitosan ZE 318 Al= vEdisty AE IEA FE AFAA

g
o] &37} 9+ TebuconazoleS chitosan M.W. 3,000Da$} 30,000Da F 7}A] EA}#Eo
b AHE

2

=
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3. 29 ¢ %
1) 788 HA in vitro A3
(7h & Y= 8 FRHE Fgol 270 FFl W T 24 I BA
@O WA-CV-WA13B &
WA-CV-WA13B £9-& #7}sk 717} PDA, MEA, CMA B X327 (87x15mm Petri dish)oll 277}

o] #%o] agar plugs TU HESF F AF A €S Fgk 2, 3714 ¥iA| control

o M= 25 whel| Petri dishe] ¥& 742 BF Aéxo]' 392, Nano-silver’} 718 8] x| A

= EE A A #FE0] 10ppmFH JA &35 yegew, e #F7F 100ppmell
He £ A3 A4 535 BoFa ok E3 657 AP Ay giEe #FE Azt
Aol weh AEHo s S Hon, 37kA wiAelN gEE e Eid AAEE 1
H3S F¢ A ZEA 10ppm ©]ste] solA &b lojok stEE 10ppm FE=olA
M-1, R-1, 51, S-2, S4 & 253 9 653 **Ebl A7 Aol7k & ApolE HolA| Wof A|&A
A A a7t e Aem B AW, @A o5 559 wFol thste] 10ppm ©] &= A
of AS HPL AT Table 5= 7+ wixE w59 ZolE 5WHEstY Fdgs UE
.

WA-CV-WA13B & 4-& 713 PDAH|A| 9| A& 100ppmol A C-4, C-6, F-1& AL3tnes &
T 23R JAHJY. A3, C3, C10, F-5, M-1, P-8, P9, R1, S1, S-2, S49 A%
100ppmell A 65 &<t AL2Q A JAE EAT 50ppmol| A= R-13 S-2= AL£2Q oA
FdS HATH(Table 5A). MEAH] A 8] 7% PDAR|A| o Hlsl HA|Hem 5 A7} & el
UAl= o4 M-1, R-1, 51, S-2, S4olA= A5 AAE Uetdllth(Table 5B). CMAH] ] o A =
S-2¢} S-40 A =& AS A &35 YElW tH(Table 50).

=
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Table 5. Inhibitory effects of nano-silver WA-CV-WA13B against various plant pathogenic

fungi on different media in vitro.

A. PDA media (cm/plate)

10ppm 25ppm 50ppm 100ppm

Conc.!
CT 5
W
R* 5 [3W 4w |Ow [6w| 2w | 3w [4w |5wW | 6w |2w|3w 4w |SwW|6w |2w|3w 4w 5w 6w

o)
=
=

U3

I
—

8.5(3.4(3.5/5.1|5.5]5.7|3.0{4.0]4.7(4.9|5.1|2.6(3.6|4.2|4.5/4.5|0.0|0.0|1.3|2.8|3.5
8.5(1.9(2.7/2.9|3.213.7|/1.6|2.8]3.1(3.6|4.0|1.3(2.0/2.2|2.6]2.7|0.0{1.0{1.0/1.4|1.8
8.0(1.92.5/2.1|2.412.6|1.4|2.2]/2.0(2.8|3.0]0.6(1.5/1.4|1.8]2.3/0.0{0.0{0.0/0.0|0.0
8.513.1/3.8|4.3|4.6(4.6/2.8|3.414.214.5|4.5|2.1|2.9|3.5|3.8|4.0/0.710.9|2.1|/1.9(2.6
8.5(1.5(2.7|3.1|4.014.7|1.7|2.7]3.2|4.0|14.6|1.6(2.5/2.9|3.6]3.8|0.0/0.6]/0.6/1.0|1.6
8.5(2.4(3.4/3.9(3.414.2|1.8/2.13.1|2.9|3.4]0.8|1.1|1.6{1.8(2.0/0.0]0.0/0.0|0.0{0.0
8.5]4.8]5.7/6.2|6.816.9|4.0|4.7]5.6(6.3|6.5|2.4|3.1|4.2|4.8]5.2|1.8|2.4|3.6/3.8|4.3
8.5(3.214.1/4.6|4.814.812.5|3.34.2(4.4|14.6|2.1|2.8/3.5|3.8/4.1/0.0{0.0{0.0/0.3|1.2
8.5(5.8(7.1|7.17.4]7.914.9/6.5/6.8|7.3|7.314.5|6.0|6.6]/6.9(6.9/4.0/5.6/6.2|6.5|6.4
8.5(4.1/5.6/6.9|7.4]8.0|12.8|4.2]5.6(6.3|7.3|2.2|3.2|4.5|5.8]6.8|0.0{0.0/0.6/1.5|3.5
8.512.6/4.8/6.2|8.5(8.5|3.2|14.6/6.0]7.1|7.9]2.1|3.0|4.1|4.8|5.8/0.2/0.5/0.9/1.1|1.8
8.5(2.814.114.7|5.5]6.0/2.2|3.0]3.9(4.3|5.2|2.2|3.0|3.7|4.4]5.2|10.3|0.5|1.2|2.5|2.7
8.5(3.0(3.8/4.3|4.7]5.3|2.312.9]3.3|3.7|4.111.5|2.2|2.5|2.9|3.3|0.0]/0.0/0.0|0.0|0.0
8.512.1/3.2|14.4|4.6(4.6/2.1/3.1/4.214.4|4.6|1.8|3.0|3.8|4.1|4.4/0.0/0.0/0.0/0.5{1.5
8.5]4.2(3.8/6.1{6.3]6.5|3.0/3.8/4.6/5.0/5.5]2.3|3.0|3.6|3.8(4.3|2.1/2.9|3.7|4.1|4.4
8.5(3.0(3.7/4.3|4.414.6/2.1|3.13.2|3.3|3.6{1.5(2.0/2.4|2.5]2.9/0.2|0.3|1.0/1.4|1.5
8.5(4.4/5.3|6.1|6.5/6.4|3.2|4.3]5.4|5.6|5.9|2.7|3.8/4.7|5.1]5.7/0.5|0.9/1.3|1.8|2.3
8.512.212.5|3.013.3(3.2|/1.6/1.8]2.2]2.5|2.5|1.5|2.0|2.5|2.8|2.8|0.6/0.7|1.6|2.5|2.8
8.5(2.813.5/4.2|4.514.8/2.6/3.014.1|4.5|4.8]1.7|2.112.4|2.9|3.1/0.0]0.0/0.0|0.0|0.0
8.5(5.6(7.3|7.2|8.58.5|3.3|4.6/5.1(5.8|6.5|2.7|3.7|4.1|4.8]5.5|0.0/0.3]0.6/1.1|1.6
8.0(1.9(2.112.012.4]2.6/1.1|1.8]2.2|2.3|2.5|0.0(0.0/1.4|1.7]2.1|0.0|0.3]0.3/0.5|0.9
8.5]3.9(4.6/4.5|5.1]5.5|2.6/3.4|3.8|4.014.3|1.4|1.7|1.7|1.7|1.5/0.0]0.0/0.0|0.0|0.0
8.5(1.2{1.5/1.7{1.2|1.3|1.7/2.3]2.5|2.6|2.9]0.9|1.7|1.9|1.7|1.8|0.0]0.0/0.0|0.0|0.0
8.5(2.5(2.112.9|3.6(3.8|2.7/2.8]2.7|3.2|3.4]0.0/0.0/0.0]/0.0{0.0/0.0]0.0/0.0|0.0|0.0
8.5/1.4/1.8/1.5(1.4/2.0/1.4(1.9/1.2|1.4|1.8|1.2|1.2/1.0/1.0/1.4/0.0/0.0/0.0/0.0]0.0
8.5/0.0{0.0/1.2{1.6(2.1{0.0]/0.0]/0.9/1.0|1.4]0.0{0.0/0.0]0.9(1.3/0.0]0.0/0.0|0.0|0.0
8.5(2.2(13.1/4.4(5.3]5.9|2.112.813.9|4.9|5.1]1.8|2.9|4.3|5.0(5.4|0.9]1.7|2.9|3.4|4.0
8.5(1.1{1.4/1.3{1.9/2.1|1.3/1.5|1.4|1.7|2.1{1.0|1.0|1.0|1.4|1.8/0.0]0.0/0.0|0.0|0.0

|
O[> |Od|w| ] w|

|
—
(=)

mmmmmoooo?ooooow>>>

|
W H|H[OO | a0 ]|W N |

winnwn=YIIZIO
|

1, Concentration (ppm), 2; Control, 3; Weeks
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B. MEA media (cm/plate)

nc

o)
=
=

09

CT
R2

10ppm

25ppm

50ppm

100ppm

2W

3w

4w

5w

6w

2W

3w

4w

5w

6w

2w

3w

4w

5w

6w

2W

3w

4w

5w

6w

[
—

8.5

2.8

4.7

5.8

7.2

8.5

2.1

3.3

4.0

5.1

6.1

3.0

3.5

4.0

5.1

1.9

2.5

2.9

3.4

4.0

8.5

1.6

2.8

3.6

4.7

2.9

1.3

2.3

2.9

3.8

4.7

1.1

1.6

1.6

2.5

3.0

1.1

1.5

1.9

2.1

2.6

8.5

2.0

2.7

2.8

3.6

4.5

1.8

2.7

2.9

3.4

3.9

1.9

2.3

2.4

2.5

2.9

2.1

2.4

2.4

2.9

3.5

8.5

4.8

6.9

7.0

7.0

7.3

3.9

5.8

6.3

6.6

6.9

3.5

5.4

0.7

5.9

6.3

2.6

4.0

4.5

0.0

6.0

8.5

1.1

1.4

1.3

2.2

3.9

0.8

2.1

2.4

2.7

1.1

0.8

1.5

1.5

2.5

3.4

0.9

1.3

1.3

1.7

2.1

8.5

6.5

8.0

8.5

8.5

8.5

6.2

7.9

8.5

8.5

8.5

6.2

7.9

8.5

8.5

8.5

5.8

7.4

7.9

8.5

8.5

8.5

4.1

6.8

7.5

7.8

8.1

3.7

5.9

6.9

7.5

7.8

3.5

5.6

6.4

7.3

7.4

2.4

3.9

4.6

5.3

6.6

8.5

5.2

7.1

7.4

7.7

7.6

4

5.9

6.4

6.6

6.8

3.4

5.1

5.8

5.8

6.2

2.5

3.9

4.4

4.8

5.9

8.5

5.5

7.8

8.1

8.3

8.5

4.2

6.7

7.1

7.4

7.4

3.3

5.3

5.8

6.0

6.7

1.8

3.4

3.9

4.5

0.4

8.5

6.1

8.3

8.5

8.5

8.5

3.9

0.2

6.0

6.7

6.9

2.3

4.4

4.6

5.6

6.6

1.5

2.4

2.6

3.1

4.2

8.5

7.5

8.5

8.5

8.5

8.5

7.3

8.5

8.5

8.5

8.5

6.9

8.5

8.5

8.5

8.5

8.5

8.5

8.5

8.5

8.5

3.2

5.0

5.8

7.0

7.4

1.6

2.8

3.7

5.6

6.9

2.1

3.3

3.9

5.1

6.1

1.8

2.7

3.2

3.8

4.8

Oooooo?oow>>>
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8.5

0.0

1.2

2.4

5.8

8.5

0.0

0.2

3.3

6.2

8.5

0.0

0.3

2.3

5.1

7.2

0.0

1.4

1.9

5.6

6.8

8.5

1.6

2.2

2.8

3.3

5.3

1.3

1.8

1.9

2.4

2.7

1.4

2.0

2.0

2.2

2.8

1.5

1.8

2.1

2.4

2.6

8.5

5.6

7.1

7.2

7.9

8.4

4.4

5.8

6.4

7.1

7.5

0.0

6.3

7.1

7.8

3.4

5.3

5.7

6.8

7.4

8.5

6.6

8.5

8.5

8.5

8.5

5

6.7

7.0

7.8

8.5

6.2

6.4

7.8

8.5

0.7

6.2

6.5

8.5

8.5

6

7.3

8.0

8.5

8.5

4.9

6.3

6.9

7.5

8.5

5.7

7.1

7.3

7.6

8.5

4.9

6.5

6.8

7.1

8.5

8.5

4.9

6.4

6.7

7.3

8.3

3.9

5.2

5.3

5.9

6.3

5.3

5.6

6.0

6.3

2.9

3.9

4.1

4.8

0.1

8.5

4

5.9

6.5

6.9

8.0

4.5

6.2

6.6

7.0

7.0

3.3

4.5

4.3

5.3

5.6

2.7

3.2

3.8

4.5

5.4

8.5

3.6

6.4

6.1

8.5

8.5

2.4

3.7

4.4

5.4

6.0

1.7

2.6

3.3

4.1

5.0

1.4

2.1

2.8

3.6

4.3

8.5

1.4

1.2

1.9

2.0

2.7

0.5

1.0

1.6

1.6

2.7

1.0

1.2

1.6

1.8

0.6

0.7

1.4

1.7

8.5

2.7

3.4

4.6

4.3

4.3

6.2

7.4

7.8

7.3

7.5

4.1

6.3

6.8

7.6

7.5

3.6

0.5

6.6

6.5

5.4

8.5

8.5

8.5

8.5

8.5

8.5

6.9

8.1

8.2

8.5

8.5

2.2

3.9

5.4

5.6

6.4

2.6

4.3

4.8

6.8

7.0

8.5

0.0

0.0

0.0

0.0

0.5

0.9

2.4

2.8

4.2

3.6

0.0

0.0

0.0

0.5

1.8

0.0

0.0

0.0

0.0

0.0

8.5

1.5

2.0

3.0

4.0

4.1

0.8

1.9

3.4

3.1

4.0

1.5

1.6

3.2

3.8

3.9

1.6

2.2

3.5

3.5

4.2

8.5

1.7

5.1

6.2

6.6

8.0

0.4

2.4

3.7

4.5

6.2

0.6

3.4

3.8

4.3

0.7

1.3

3.9

4.3

3.8

6.1

8.5

2.8

3.9

4.8

5.3

6.9

2.8

4.8

6.1

7.4

8.3

3.2

0.7

6.7

7.5

8.5

3.3

6.2

7.9

8.5

8.5

v wnl=olYIZo" Eli"giTg TS
%ww»—‘H@OO,_lA»—AOW#kri—*»—A

8.5

0.9

1.4

1.7

2.0

2.4

1.1

1.4

1.6

1.8

2.1

1.0

1.2

1.5

1.6

2.0

1.0

1.2

1.3

1.5

1.8

1, Concentration (ppm), 2; Control, 3; Weeks
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C. CMA media (cm/plate)

. 10ppm 25ppm 50ppm 100ppm
ne. | o

R’ 2;7\7 3w 4w | 5w | 6w | 2w | 3W |4W |DwW |6w | 2w | 3W 4w | 5w | 6W |2w| 3w |4w | 5w | 6W
Fungi
A-1 18.51(2.3|3.0(4.1|/4.6/5.0|1.3]/1.8]2.2]2.8]298]1.0/1.2|/1.7(1.8/1.8(/1.0/1.2|1.5|/1.7|1.9
A-2 |185(0.5(1.0/1.1|1.3]1.5|/0.0{0.6/0.9]0.9]/1.3]0.0/0.0|/1.1(1.2|/1.6]0.0/0.8[1.2|/1.3|1.6
A-3 |85(1.3|1.6|1.6|2.01.7|1.1|1.3]1.5]1.7/2.3]/1.4|/1.6]/1.6(1.6/1.9(/0.7]/1.2|/1.2|/1.7|1.6
B—-1 [8.5]2.0(2.6(2.7]13.0|3.0/2.0/2.4/2.5/2.9/12.9|1.4|2.0(2.2|12.4|2.3]1.3/0.8/1.9(2.1|2.0
C—1|85]1.2/1.8/2.2|/26(3.0/1.1|1.3|1.5|1.6{/1.8{0.0/0.9/1.0|1.3|1.7/0.0{0.9{1.0]1.2|1.8
C—3 18.5(2.3/3.014.3/5.3{4.9|1.6/2.2|3.2|3.8/3.8{1.5]1.9|2.4|3.0(3.5|0.8{1.4{1.8(2.4(2.5
C—4 |8.51(2.4|2.8/3.0|3.4|3.6/2.8|3.2|3.3|3.7|3.7/2.6[3.113.1]13.3/3.5|1.6/2.312.9(3.2|3.1
C—5 |8.5]1.8/2.312.5(2.7(2.6/1.6/1.9|2.1|2.3|2.3{1.4]1.9|2.0(2.1|3.1|1.2{1.5|1.6]/1.9|1.9
C—6 |85]1.4/12.012.5(2.8(3.2|1.7|2.2|2.3|2.6|2.8(1.8]2.3|2.3[2.5(2.5|1.8(2.4(2.4]2.6|2.5
C—=7 18.51(0.0/1.2]1.7(2.0(/2.1|0.0|/1.2|1.4|1.8/2.0{0.0]1.0|1.2{1.3]1.4|0.0{0.9|1.2]1.3|1.4
C—8 |8.51(2.4|3.5]/54|6.0(5.8|2.2|3.1|4.2|6.4|6.5(2.2]2.7|4.6|6.3[6.5|2.5/3.4(5.1/6.5|6.5
C—9 |8.5]1.5/2.012.5(3.4(3.5|1.1|1.7|2.3|2.7|2.9|1.3]1.6|2.0[2.3(2.4|1.1|1.5(2.0(2.1|2.2
C-10185]0.9(1.2|1.3|1.5/1.6/0.7/0.9/1.1|1.1|1.7/0.0{0.0/0.0/0.0{0.0(0.0/0.2|0.2{0.4{0.9
D—-1 [85(2.1/3.013.213.3]3.3/1.8/2.6/2.8/3.013.0(1.712.312.8{4.4|2.8/1.0/1.4]2.0(2.2|2.1
F-1 18.5(1.6(2.0(2.2126[2.9/1.5|/1.9(2.2|2.4(25|1.3|1.7|2.0/2.1(2.0(1.4]1.7|1.8/2.1|2.0
F-2 |85]1.4/1.7]1.9(2.3|2.4|1.3|/1.6/1.8|2.0(2.0{1.2]1.4|1.6]/1.8(1.9|1.1|1.4|{1.5]2.0|1.7
F-3 |85|1.6(2.1{2.5]|2.7|2.8/1.6/2.212.5|2.9(3.0{1.6|2.1|2.5/2.8(2.9]1.6/1.9|2.5|2.8]2.7
F-4 185(04(1.0(1.1|1.2/2.0(0.0/0.8/1.0]/1.2(1.8{0.0|1.0|1.1/1.6[1.5]0.0/1.2|1.3|1.7|1.6
F-5 185]06|1.6(1.9/2.1|2.1]0.4|1.51.5|1.7(1.7|{1.3|1.8|1.7/2.0(2.0(1.111.7|1.8|2.1|2.0
G—1 [85]1.3(1.8(2.3/2.6|2.8/1.8/2.1/2.3/2.6/2.6/1.8(2.1|2.212.2|2.3|1.3/1.7/2.0{0.6|2.0
M-1 18.5(2.0|3.6/6.6|6.8/7.3/0.7/1.3/1.812.312.4]0.8/2.1]2.3(/2.3/2.0|/0.2/0.6/0.6/0.6/0.6
P—-8 |8.5]0.0/3.014.0(4.0{4.1|1.9|1.7|2.5|2.6|2.6(1.9]2.1|2.2|2.5(2.4|1.8|2.1|2.4]2.2|2.2
P-9 |185(2.6(3.7{4.214.9|5.3]1.7|12.112.6|3.1|3.4|1.4]|1.8/2.2/2.6(3.1]1.2/1.4|1.3|/1.6|1.9
R—-1 |8512.4|12.8|2.2|3.0/13.0|2.2(2.2|2.6/2.412.5|/1.8/1.9/1.9/1.9/1.9]/1.6/1.8(1.8/1.8|1.8
S—1 |85(1.6(1.6(2.8/3.0/3.0/1.6(1.5]1.7(1.8/1.9]1.2|1.7]12.0(2.4|2.4]0.0/0.0[{0.7|/1.5|1.5
S—2 18.5(0.0/0.4(1.1/1.3]1.6/0.0/0.0/0.0]{0.0]0.0]0.0/0.0]0.6[0.8/0.8{0.0/0.0{0.0/0.0|0.0
S—=3 [8.511.9/12.3/3.0[3.4]3.5/2.0{2.5/3.0/3.3/3.3/0.0|1.7|2.4/2.6[2.6/0.0/1.2({1.5]1.8|1.9
S—4 185(0.0/0.6[/1.2/1.3]1.5/0.0{0.0/0.0{1.0[{1.4]0.0/0.0]{0.0[0.0/0.5{0.0{0.0{0.0/0.0|0.0

1, Concentration (ppm), 2; Control, 3; Weeks
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2 WA-AT-WB13R &}

< Y &9 WA-AT-WBI3RO th3t Z} wjx]¥(PDA, MEA, CMA) A3 oA a35 vehy
CHTable 6). WA-CV-WA13B &l Hls] A4 ] a7} vke Aoz dZ AN, PDAH
Ao A-3, F-3, F-5, M-1, P9, R-1, S-1, S-2, S4°lX ¥ A &3 eldth(Table 6A).
WA-AT-WB13R & H o= PDAu|A| o] H]3] MEAB| A= JA| &37} Golx= o=z
UElitH(Table 6B). WA-AT-WB13R &0o] 22" CMAH]A A= S-1, S-2, S-4olA =&
A EHE YEHH(Table 6C).

Table 6. Inhibitory effects of nano-silver WA-AT-WB3R against various plant pathogenic
fungi on different media in vitro

A. PDA media (cm/plate)

onc.' 10ppm 25ppm 50ppm 100ppm

CTR

2

2w
5 |3W 4w 5w 6w 2w |3w 4w | 5w | 6w |2wW|3w 4w |Ow 6w |2w | 3w |4w|5wW|6w

o)
=
=

|
O || |G|k |w| || w |t |0,

8.5 [3.1/4.3|4.8]5.3|5.6/2.1]3.1/3.8]|4.3|4.4|2.1/3.0/3.7]4.5/4.5/0.0]2.0|1.9]3.2|3.5
8.5 12.03.4|3.6/4.2|4.211.3|2.1/2.3|2.5|2.6/1.0]1.7|1.8]|2.1|/2.4/0.0]0.4/0.7]|1.1|1.3
8.5 11.7]1.812.0]2.2|2.4/1.6]2.0/2.1|2.2|2.3|1.8]2.0|2.0]2.1]2.3/0.0]/0.0/0.0{0.0]0.0
8.5 13.3|4.3/4.8/14.8/4.9|2.5/3.4|/4.0/4.1/4.3|2.0/2.6/2.8|2.7/2.9/1.0/0.4|1.6/1.5|1.8
8.5 11.5]2.8]3.314.1/4.7|11.3]2.5|2.9|3.5/4.0|/1.0]/1.6|1.9]|2.4|2.8/0.0]0.8|1.1]|1.4|2.2
8.5 (3.0/4.0/4.214.4|4.6/1.9]2.3|2.9]3.8/3.9/0.0]1.1|1.8]2.0]2.1/0.0]0.0/0.0{1.8]1.4
8.5 [5.1]5.7]6.6]6.7|7.0|5.1/5.5|6.1]|6.7|6.6|3.6]4.2|4.9/4.7|5.4|2.0]/2.8|3.2|3.8 4.0
8.0 [3.4]4.214.6|5.3|4.712.6/3.4|3.9|4.2|4.212.112.8|13.6|3.9/3.9|1.1]1.9|2.8]3.3|3.5
8.5 15.816.7|7.117.5|7.114.216.1/6.8|6.9|6.6/4.014.9|5.5|6.3|5.9/3.0]4.1|4.8|5.3|5.5
8.0 [4.8]6.4]8.5]8.5|5.2|12.6]/4.0/5.9]6.9|5.6|1.8]2.9|4.3|5.4|5.2|10.0]1.8|3.6|4.1|4.7
8.5 13.3/5.0/6.1/6.9/6.8|2.7/3.9|5.8|6.3|16.9|2.4/3.4|4.2|5.2|5.4/0.0/0.6/0.7|1.2|1.3
8.5 [3.5]3.9]5.2]6.1|5.5|2.0]2.8|3.5|4.3|4.4|1.8/2.5|3.4|3.9/4.1/10.0]1.4|2.2|12.2|2.6
8.5 12.8]4.7|5.2]5.8|6.6/2.3]3.6/4.014.6/5.2|11.6]2.8|3.2|3.6/4.4/0.2]0.5/0.5]0.7]0.9
8.5 12.2]14.0/5.114.6/4.416.2|3.5|4.7|5.0/4.9/1.6]2.9|3.8]4.2|3.8/0.0]0.0/0.4]0.8]0.9
8.5 13.3]5.712.77.1|7.412.113.9|3.0|5.3|7.2|12.6]2.8|4.6]3.7|6.7/0.0]0.9|6.2]|2.3|6.5
8.5 [4.8]6.1/6.8]7.4|7.1|7.0/3.3|3.9|3.8/4.0/2.0]2.6|3.2|3.4/4.2/0.0]1.3|1.8]|2.1|2.4
8.0 [3.3]14.3|14.9/5.1(4.912.112.7/3.1|3.4|3.4|1.7|2.3|2.6|2.9|2.9|0.0]1.3|1.5|2.0|2.2
8.5 [4.3]5.5|6.0]6.5|6.3|2.8]3.9|4.7|5.0/5.2|12.4]3.1|3.9/4.1/4.3/0.0]0.0/0.0{0.0]0.0
8.5 12.3/3.0/3.3/3.4/3.3/0.0/1.8/2.8|2.0/2.0/0.0/1.2|/1.5|1.6/1.6/0.0/0.0/1.0|/1.4|1.5
8.5 13.013.6|4.214.9|4.6/1.8]2.2|/2.7|3.2|3.2|12.0/2.6|3.5|4.3|4.3|10.0]1.4|2.4|3.1|3.5
8.5 12.012.212.5|2.7|/2.8/0.0/2.2|2.2|14.1/4.6/0.0/1.6/2.9|3.9/4.3/0.0/0.0/0.0/0.0/0.0
8.5 (5.4]5.4|6.3/6.4|6.4|3.8/4.7|5.0/5.1|5.1|1.5]2.8|2.9]3.0/3.0/0.3]0.4|0.4]{0.4]0.4
8.5 [1.3]1.7]1.8]2.1|2.4/0.0]0.4/0.5]0.6/0.6/0.0]0.0/0.0]/0.0]0.0/0.0]0.0/0.0{0.0]0.0
8.5 [1.5]2.3]2.6/3.0/3.7/0.6]/1.5|1.6]|2.1]/2.5/0.4]0.6/0.8]0.9]/1.4/0.4]0.6/0.3{0.4]0.4
8.5 10.0]0.0/0.0]2.3|3.4/0.0]0.0/0.0]2.5|3.0/0.0]0.0/0.0]1.2|1.3|0.0]0.0/0.0|1.8|1.8
8.510.0]0.0/0.0]2.1|2.1|0.0]0.0/0.0]/1.5/1.9/0.0]0.0/0.0|1.4]1.4/0.0]/0.0/0.0|1.3|2.1
8.5 12.8|3.9/5.6/5.9|6.1|2.2/2.8/4.4|5.1/5.3|1.8/3.0/3.9|5.2|5.3|0.3|2.2|3.1|4.3|4.8
8.510.4/1.4/1.6/1.8/1.9/0.0/1.0/1.1|1.2|/1.4/0.3]1.0|1.0]/1.0]1.4/0.0]0.0/0.0{0.0]0.0

000000(|3000::>::>:>
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»&wm»—wamooim»h-wm»—w—u_n

1, Concentration (ppm), 2; Control, 3; Weeks
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B. MEA media (cm/plate)

Conc.'|CTR
2

Fungt

10ppm

25ppm

50ppm

100ppm

2w
3

3w

4w

5w

6w

2w

3w

4w

5w

6w

2W

3w

4w

5w

6w

2w

3w

4w

5w

6w

>
L

8.5

3.4

4.9

5.8

7.5

8.0

3.1

4.3

5.2

6.0

6.4

2.4

3.1

3.6

3.7

4.7

2.7

3.0

3.5

3.6

3.8

8.5

1.8

2.5

3.0

3.4

3.6

1.7

2.2

2.8

3.3

3.6

1.8

2.3

2.8

3.2

3.5

2.1

2.4

2.9

3.2

3.6

8.5

2.0

3.3

4.1

5.3

5.7

1.1

2.4

3.0

3.7

4.1

1.0

1.5

1.8

2.4

2.8

1.1

1.3

1.5

1.7

2.2

8.5

4.7

6.7

6.9

6.9

7.4

4.0

0.0

6.3

5.8

6.4

3.9

4.8

5.1

5.3

0.0

2.7

3.5

3.7

4.0

4.3

8.5

1.6

2.0

2.4

2.8

3.3

1.3

1.7

2.0

2.2

2.8

1.3

1.7

1.9

2.0

2.5

3.9

1.7

1.9

1.9

2.4

8.5

0.0

8.5

8.5

8.5

8.5

0.0

8.5

8.5

7.9

8.5

0.0

8.4

8.4

8.5

8.4

0.0

8.5

8.4

8.5

8.5

8.5

5.5

7.3

7.9

7.6

8.0

5.1

6.8

7.3

7.3

7.8

4.4

6.4

7.2

7.4

7.4

3.6

5.1

6.2

6.6

7.0

8.5

0.2

7.2

6.6

7.0

7.7

4.7

6.1

6.5

6.4

6.8

4.2

5.4

5.9

6.0

6.2

3.1

4.0

4.6

5.2

0.4

8.5

0.2

6.7

7.1

7.1

7.2

4.5

0.5

5.9

6.3

7.0

5.1

6.8

7.3

7.6

7.7

1.8

3.0

3.7

3.9

4.4

8.5

4.7

0.6

7.6

8.0

8.5

3.9

0.5

6.4

6.9

7.6

3.5

5.0

0.8

6.3

6.7

1.8

2.6

3.0

3.2

3.5

8.5

8.5

8.5

8.5

8.5

8.5

8.1

8.5

8.5

8.5

8.5

8.5

8.2

8.5

8.5

8.5

8.5

7.9

8.5

8.5

8.5

8.5

3.6

5.8

6.8

7.3

7.9

2.9

4.6

5.9

6.5

7.4

3.0

4.9

0.7

6.2

6.3

1.4

2.7

3.4

3.8

3.8

Oooooo?oow>>
Q| O | N || x|l W|lH|IH]WwW]|DD

|
—
(e

8.5

3.4

7.4

8.5

8.5

8.5

0.0

0.3

1.0

3.3

3.9

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

8.5

1.8

3.1

4.9

0.7

6.6

1.6

1.9

2.3

2.6

3.2

1.7

2.0

2.2

2.3

2.6

1.7

1.8

2.1

2.1

2.4

8.5

6.2

7.5

7.8

8.1

8.5

6.8

7.8

8.1

7.8

8.1

6.1

7.1

7.4

7.2

7.4

5.0

6.5

7.2

7.2

7.6

8.5

7.6

8.5

8.5

8.5

8.5

7.9

8.1

8.5

8.5

8.5

6.8

7.8

8.1

8.2

8.5

4.9

6.9

7.1

7.0

7.0

8.5

7.0

8.2

8.2

8.2

8.5

0.1

7.3

7.3

7.7

7.9

0.7

7.3

7.7

7.5

7.6

5.7

6.2

7.2

7.0

7.4

8.5

6.0

6.7

7.2

7.5

8.4

4.4

0.1

5.9

6.4

6.5

4.3

4.6

5.6

5.7

5.9

3.0

3.6

4.2

4.4

4.8

8.5

6.1

7.2

7.6

7.5

7.9

4.9

6.1

6.6

6.5

6.6

4.2

5.9

6.1

6.3

6.5

2.3

3.2

4.3

4.6

5.2

8.5

8.1

8.5

8.3

8.5

8.5

0.4

5.9

6.3

5.9

6.3

3.8

5.3

6.2

6.4

6.6

2.8

3.7

4.5

4.7

5.1

8.5

0.0

2.4

2.5

3.0

3.9

0.0

1.9

2.8

2.8

3.3

0.0

2.5

2.7

2.8

3.1

0.3

2.1

2.5

2.7

3.1

8.5

8.1

8.5

8.5

8.5

8.5

2.2

2.7

8.1

3.4

3.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

8.5

3.3

3.4

3.4

3.4

3.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

8.5

0.0

0.0

0.0

0.5

0.6

0.0

0.0

0.0

0.4

0.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

8.5

2.6

2.2

3.4

3.3

4.1

3.4

3.4

4.6

5.0

5.2

3.6

4.1

4.3

5.2

4.9

2.8

2.9

3.6

3.7

3.6

8.5

3.6

3.7

5.0

4.7

5.9

2.8

3.1

3.9

3.6

4.1

4.0

5.2

6.2

6.6

7.7

3.7

4.0

4.8

3.1

4.7

8.5

4.2

6.0

7.5

8.5

8.5

4.1

6.0

7.5

8.5

8.5

3.8

5.1

6.9

7.0

7.0

4.9

6.6

7.2

7.8

7.9

nlinn n|P-|9IZI """ T"lIE Q|0
»boomr—*»—*@oo,l.cn%oomww»—‘

8.5

1.0

1.5

1.7

1.8

2.0

1.0

1.2

1.5

1.6

1.9

1.0

1.1

1.4

1.6

2.1

1.1

1.1

1.5

1.6

2.1

1, Concentration (ppm), 2; Control, 3; Weeks
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C. CMA media (cm/plate)

Fung

S |CTR
2

10ppm

25ppm

50ppm

100ppm

2w
3

3w

4w

SW

6w

2W

3w

4w

5w

6w

2w

3w

4w

SW

6w

2w

3w

4w

5w

6w

A-1

8.5

1.2

1.9

2.5

3.5

4.2

0.0

0.9

1.6

2.0

2.2

0.0

0.2

1.1

1.5

1.5

0.0

0.9

1.2

1.3

1.4

A=2

8.5

1.2

1.5

1.8

1.9

2.1

0.0

0.0

1.1

1.2

1.4

0.0

0.0

0.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

A=3

8.5

1.5

1.8

2.1

2.4

2.7

1.1

1.3

1.4

1.5

1.7

0.8

1.1

1.2

1.3

1.5

1.0

1.3

1.4

1.4

1.6

B-1

8.5

1.8

2.1

2.4

2.5

2.5

1.3

1.6

1.8

2.0

2.0

1.1

1.3

1.3

1.5

1.5

0.0

0.9

1.2

1.5

1.5

C—-1

8.5

1.3

3.1

2.0

2.1

2.5

0.6

1.6

1.5

1.7

2.0

0.6

1.2

1.3

1.5

1.8

0.0

1.0

1.2

1.2

1.5

C=3

8.5

2.5

3.3

3.9

4.8

5.0

2.2

2.5

2.6

3.0

3.1

1.5

1.5

1.5

1.5

1.7

1.2

0.8

1.6

0.0

1.2

C—4

8.5

1.7

2.1

2.0

2.6

2.7

1.4

1.6

1.7

1.9

2.0

0.6

1.2

1.2

1.5

1.5

0.2

1.1

1.2

1.3

1.3

C=5

8.5

1.5

1.8

2.1

2.1

2.1

1.1

1.3

1.3

1.4

1.4

0.0

1.0

0.8

0.8

1.1

0.0

0.2

0.2

0.4

0.6

C—6

8.5

1.5

1.6

2.0

2.1

2.2

0.6

1.2

1.2

1.4

1.5

0.0

0.0

0.0

0.0

1.0

0.0

0.0

0.0

0.0

1.1

C—=7

8.5

0.5

1.8

2.7

3.8

4.2

0.2

1.3

2.0

2.6

3.0

0.0

1.1

4.8

2.2

2.4

0.0

0.0

0.0

0.6

1.2

C-8

8.5

3.8

4.7

5.1

5.5

5.7

2.9

3.4

3.6

4.2

4.6

1.9

2.3

1.6

2.7

3.0

2.3

2.7

2.9

3.2

3.2

C-9

8.5

1.7

2.5

3.2

4.1

4.5

0.8

1.2

1.5

2.0

1.9

0.0

0.9

1.3

1.3

1.3

0.0

0.8

1.2

1.4

1.6

C-10

8.5

1.2

1.7

2.0

2.1

2.5

0.8

1.3

1.4

1.5

1.8

0.0

0.0

1.1

1.2

1.5

0.0

0.0

0.2

0.2

0.3

D-1

8.5

2.1

2.9

3.9

3.7

4.5

1.8

2.5

3.0

3.4

3.6

1.6

2.0

2.6

3.0

3.2

1.2

2.7

1.7

1.8

1.7

G—-1

8.5

1.8

2.2

2.9

3.5

3.8

0.7

1.5

1.8

2.2

2.6

0.2

1.3

1.5

1.9

2.2

0.0

0.8

3.1

1.3

1.3

F-1

8.5

2.2

2.8

3.0

3.5

3.6

1.3

1.6

1.7

5.0

1.9

1.3

4.2

1.7

1.9

2.1

0.0

0.0

0.0

1.1

1.2

F—=2

8.5

1.3

1.5

1.0

1.8

1.9

0.0

0.4

0.2

1.0

1.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.5

F-3

8.5

0.0

0.7

1.3

1.6

1.5

0.0

0.0

0.0

0.2

0.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

F—4

8.5

0.0

0.2

1.0

1.3

1.4

0.0

0.0

0.0

0.3

0.3

0.0

0.0

0.0

0.0

0.3

0.0

0.0

0.0

0.0

0.0

F=5

8.5

0.9

1.4

1.8

2.5

2.8

0.6

1.2

1.4

1.6

2.3

0.4

0.4

0.9

1.2

1.2

0.8

1.3

1.4

1.4

1.5

M-1

8.5

0.0

0.0

0.7

1.8

2.0

0.3

1.6

2.2

3.8

4.6

0.0

0.0

0.6

0.8

0.9

0.0

0.0

0.0

0.3

0.3

P-8

8.5

3.2

4.6

4.9

5.1

0.4

1.4

2.0

2.3

2.6

3.2

1.1

1.5

1.7

1.8

2.1

0.6

1.0

1.0

1.2

1.5

P-9

8.5

2.1

3.4

3.8

4.4

0.1

1.2

1.7

2.0

2.3

2.6

1.0

1.4

1.6

1.8

2.1

0.0

1.2

1.2

1.3

1.6

R—-1

8.5

1.2

1.5

1.6

1.8

2.1

1.0

1.3

1.4

1.6

1.7

0.2

1.0

1.1

1.1

1.4

0.0

1.0

0.6

1.0

1.1

S—1

8.5

1.3

1.2

0.0

1.6

2.0

0.0

1.0

0.0

0.8

1.4

0.0

0.0

0.0

0.0

0.0

0.0

0.2

0.0

0.0

0.0

S—2

8.5

0.0

0.0

0.0

0.0

0.4

0.0

0.0

0.0

1.0

1.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

S—=3

8.5

1.3

1.5

2.0

2.3

3.4

1.5

2.0

2.1

2.4

2.6

0.0

0.0

1.2

1.4

1.6

1.0

0.0

1.7

1.9

2.2

S—4

8.5

0.0

1.0

1.1

1.2

1.4

0.0

0.0

0.2

1.0

1.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1, Concentration (ppm), 2; Control, 3; Weeks
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@ WA-PR-WB13R &<}

WA-PR-WB13R &do] H7}H PDA, MEA, CMA wixX®¥ F3o] S JgA &35 Yeldg
(Table 7). WA-CV-WA13B9} HI=g Al &35 YERAT PDA B A A A-1% C-65 A€
3t RE F3ol7t 100ppmollA &S K THTable 7A). WA-PR-WB13R©] 3 7}E MEAH)
Ao o] A7 A aHRE UEtlth kol tE &do et 2ol PDAu| A Hs| A &7}
7} S9kth(Table 7B). WA-PR-WB13R¢] H7}d CMAB| A oA S-28} S-4oA F2 A A
a3%E YERT(Table 70).

Table 7. Inhibitory effect of nano-silver WA-PR-WBI13R against various plant pathogenic
fungi on different media in vitro

A. PDA media (cm/plate)

10ppm 25ppm 50ppm 100ppm

@)
o

. |CTR
2
2 ;VBW 4w |bw | 6w | 2w | 3w |4wW |DwW |6W | 2W | 3W [4w |bw |6W | 2W | 3w |4W | DW | bW

|
c
=]

[
O[O0 ||| U1 w o]0

8.512.914.3|14.9]5.3|5.4|2.3|3.6]4.3|4.7/5.0/2.0/3.2|3.8|4.1/14.6]0.1/0.2]0.4]1.2|2.1
8.011.5]2.6/3.5|3.7/4.0/1.1{1.9]2.7|3.0/3.4|1.0|1.5|2.3]2.7|3.0]0.0/0.0/0.0]0.2|0.8
8.5 11.5]1.8/2.3|2.5]|2.7|1.6]1.8]2.1|2.1|2.2|1.7/2.0{2.5]2.6|2.9]|0.0/0.0/0.0]0.2]0.4
8.5 12.8/3.9/4.5]4.6/4.8/2.3]3.3]3.9]4.3]4.5]1.9|2.8|3.3|3.8]4.1/0.0]/0.0]/0.0/0.0/0.0
8.0]1.5]1.1|1.1]2.5|3.0/1.1]0.6]1.4|1.7|2.3|1.0/1.2|1.7]2.1|2.5/0.0/0.0/0.0{0.0]0.0
8.511.9]2.8/3.3|3.7/4.2|1.2|1.6]2.0/2.5|2.9]0.8/1.3]|1.6]1.9/2.4]0.0/0.0/0.0{0.0]0.0
8.515.016.2|16.9|7.4]7.6/3.6|4.6]5.4|5.9|6.2|2.4|3.7|4.2]4.8|5.2]|0.6|1.2|1.7]|2.7|3.5
8.5 12.8/3.9/4.3]14.5(4.7]2.3]3.2]3.8]4.2]4.3]2.0]2.7[3.3|3.7]4.0/0.0]/0.0/0.0/0.0/0.0
8.514.616.7|7.0|7.6/8.4/4.5|6.3]6.7|7.2|8.0/4.2|16.1|6.6]6.9/8.1|2.1|3.8/4.5|5.1|4.7
8.5 13.8]15.7|6.7|7.18.3|2.7|4.415.5|6.4|7.4|2.2|13.6|4.7]5.6|6.6/0.0/0.0/0.4]0.7|1.2
8.513.7]7.2|8.118.5/8.5|3.6(5.9]6.7|8.2|8.3|2.7|4.3|5.5]6.9|7.8]0.0/0.2/0.3]0.4 /0.6
8.512.9(4.2|5.216.1/6.7]2.2]13.3]14.1]5.0]5.8]1.8]2.6(3.4]4.1|4.8/0.0]/0.0]/0.0/0.0/0.0
8.511.9|2.6/3.3]3.7(4.1/1.6]2.2]12.6/2.9]3.2]1.8|2.6[3.5|3.7]3.9/0.0/0.0/0.0/0.0/0.0
8.512.013.2|14.215.0/5.5|2.2|3.3]4.0/5.0]5.3|1.9/2.9|3.5]/4.0/4.4]0.0/0.0/0.2]0.5|0.8
8.513.6]15.0/6.016.4]6.7|2.5|3.3]4.1|4.7|5.1]2.0/2.6|3.2]3.6|4.0{0.0/0.0/0.0{0.0]0.0
8.013.0/4.0/4.6|4.9/5.1/2.1{2.7|3.0/3.3]3.5|1.7|12.2|2.4]2.7|3.0]0.2|0.3|0.4]0.7]0.8
8.513.214.6/5.4]5.8/6.1/2.5|3.4]4.1/4.6|5.1/2.1/2.8|3.4]4.2|4.7/0.0/0.0/0.0{0.0]0.0
8.0 11.9]12.7|3.213.3|3.5|1.5]2.2]2.7|3.0/3.1|1.5|2.3|3.0(3.3|3.3|0.0/0.0/0.0]0.2]0.2
8.012.413.1/3.8|4.3/4.6/2.0{2.5]3.0/3.4|3.8]1.8/2.4]2.9]3.2|3.6]/0.0/0.0/0.0{0.0]0.0
8.513.4]5.0/6.2]/6.5/6.8/3.0{4.2]5.2|5.5|5.9|2.2|3.3|4.2]4.6|5.1|0.0/0.0/0.0{0.0]0.0
8.510.0]2.8/3.3|3.6/3.9/0.5]|1.7]2.8/3.1/3.3]/0.0/0.2]/1.1]1.5|1.5]0.0/0.0/0.0{0.0]0.0
8.515.2]16.0/6.7/6.9]6.9/3.7|4.4]14.9/5.0|5.1|2.7|3.5|4.0/4.0/4.0]0.0/0.0/0.0{0.0]0.0
8.511.412.0/2.5|2.7/2.9/0.8]1.1]1.5|1.7|1.8]0.4/0.4]0.4]0.5/0.6]/0.0/0.0/0.0{0.0]0.0
8.010.7]1.1/1.5]1.5]2.1/0.0]{0.0]0.0/0.0]{0.0/0.0/0.0]{0.0]0.0/0.0]{0.0{0.0/0.0{0.0]0.0
8.012.2]12.2|12.5|3.3|3.9|1.8]1.9]1.7|12.2|3.0/1.2/1.2]|1.0]1.2|1.7]0.2]0.2/10.2]0.4 0.4
8.510.6]1.6/1.6/2.7/3.4/0.0{1.5]1.6/1.7/2.3|0.0/1.4]{1.4]1.4/1.5]0.0/0.2/0.4]0.8|0.8
8.0 11.812.7/3.6|4.2/4.8/1.7{2.5|3.3|4.0/4.5|1.6/2.5|3.3|3.9/4.3]0.2|0.2/0.2]0.5/0.6
8.511.0/1.2|1.5]1.6/1.9/1.0{1.0]1.3|1.6|1.8|1.0/1.1]|1.6]1.8|2.1]|0.0/0.0/0.0{0.0]0.0

Oooooo<|wooo::>u>>

|
—
(=)

wnnn A9 EEE QIO
»&wmwwwoo,l.m»bwm»—w—w—*

1, Concentration (ppm), 2; Control, 3; Weeks
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B. MEA media (cm/plate)

Fungi

CTR
2

10ppm

25ppm

50ppm

100ppm

2W
3

3w

4w

5w

6w

2W

3w

4w

5w

6w

2w

3w

4w

Sw

6w

2W

3w

4w

5w

6w

A-1

8.5

3.7

5.9

7.4

8.3

8.5

2.9

3.9

4.9

5.8

6.4

2.3

3.1

3.9

4.4

4.9

2.3

5.4

6.2

6.8

7.1

A=2

8.5

1.7

3.0

5.2

6.2

6.8

1.2

2.2

3.2

3.9

4.8

1.0

1.2

1.8

2.3

3.1

1.0

1.3

1.5

1.7

2.3

A=3

8.5

2.0

2.7

3.6

4.1

4.7

1.8

2.4

3.3

3.7

4.3

1.5

2.2

3.0

3.4

3.7

1.6

2.5

3.3

3.7

4.1

B—-1

8.5

0.7

7.7

7.8

8.4

8.2

3.5

0.7

6.5

6.7

6.7

2.9

4.7

5.7

6.1

6.1

2.6

6.7

7.1

7.4

7.4

C-1

8.5

1.0

1.3

2.3

3.0

4.1

1.0

1.3

1.8

2.4

3.0

1.1

1.4

1.8

2.1

2.4

1.1

1.5

1.9

2.1

2.6

C=3

8.5

6.8

8.5

8.5

8.5

8.5

6.6

8.5

8.5

8.5

8.5

6.3

8.5

8.5

8.5

8.5

5.8

8.5

8.5

8.5

8.5

C—-4

8.5

5.3

8.1

8.1

8.3

8.1

3.2

0.8

7.1

7.4

7.4

2.6

4.5

5.9

6.7

6.9

1.7

6.7

7.4

7.7

7.7

C=5

8.5

5.5

7.4

8.1

8.1

8.3

3.4

0.7

6.4

6.6

6.6

3.0

4.9

6.0

6.3

6.4

2.2

6.6

7.3

7.4

7.5

C—6

8.5

4.4

8.2

8.3

8.3

8.3

1.3

4.1

6.3

6.7

6.9

1.3

3.4

5.3

6.0

6.2

1.2

6.0

7.1

7.4

7.5

C=7

8.5

7.5

8.5

8.5

8.5

8.5

3.2

0.2

6.0

6.6

6.7

1.9

3.5

4.4

4.9

5.2

1.3

6.4

6.9

7.1

7.2

C-8

8.5

7.2

8.5

8.5

8.5

8.5

6.0

7.4

8.5

8.5

8.5

5.6

6.8

8.5

8.5

8.5

5.0

7.8

8.5

8.5

8.5

C-9

8.5

3.8

6.8

7.7

8.1

8.3

2.5

4.7

6.0

6.7

7.2

2.1

3.7

4.7

5.4

5.8

2.0

5.9

6.7

7.2

7.5

C—-10

8.5

1.1

4.7

7.6

8.4

8.5

0.0

3.0

6.7

7.7

8.4

0.6

2.3

4.9

6.4

7.2

0.7

3.2

0.7

6.3

6.5

D-1

8.5

1.6

3.1

5.1

6.7

7.1

1.5

2.2

2.8

3.0

3.4

1.3

2.0

2.4

2.7

2.9

1.4

4.0

4.7

5.2

5.5

G—-1

8.5

6.2

7.2

8.5

8.5

8.5

4.1

5.4

6.3

6.9

6.9

3.8

5.4

6.1

6.8

6.9

2.6

6.6

7.4

7.7

7.7

F-1

8.5

6.6

8.5

8.5

8.5

8.5

0.5

6.7

7.9

8.0

8.1

4.5

7.1

7.4

7.5

7.5

3.5

7.7

8.1

8.1

8.1

F=2

8.5

6.8

8.5

8.5

8.5

8.5

4.2

0.8

6.9

7.2

7.4

4.0

5.9

7.1

7.3

7.4

3.0

7.2

7.7

7.9

8.0

F-3

8.5

4.4

6.8

7.2

8.1

8.0

3.3

0.6

6.1

6.5

6.6

2.5

4.8

5.5

0.7

5.8

1.9

6.4

6.8

7.2

7.2

F—4

8.5

4.8

6.7

6.8

6.9

7.0

3.5

0.2

6.1

6.6

6.7

2.1

3.1

3.9

4.7

5.2

2.0

5.9

6.3

6.7

6.9

F-5

8.5

3.9

6.5

7.5

8.0

8.4

2.1

3.8

5.4

6.1

6.5

1.5

2.5

3.8

4.5

5.3

1.2

1.6

2.5

3.1

3.8

M-1

8.5

1.5

2.2

3.0

3.3

3.3

1.1

1.3

1.6

2.1

2.1

1.1

1.3

1.5

1.7

1.8

0.7

0.8

0.8

1.1

1.2

P-8

8.5

3.4

3.4

3.4

8.0

3.4

0.1

0.1

0.1

6.1

5.1

1.7

3.0

3.4

4.5

3.4

1.8

3.4

3.4

3.1

3.4

P-9

8.5

0.8

1.7

0.8

3.4

0.8

0.0

0.0

0.0

5.1

0.0

0.0

0.0

0.0

3.4

0.0

0.0

0.0

0.0

3.4

0.0

R—-1

8.5

0.0

0.0

0.6

0.8

2.5

1.0

2.0

2.8

3.1

3.3

2.0

3.3

4.1

4.2

4.6

1.9

2.9

3.6

3.8

4.0

S—1

8.5

1.2

1.6

4.2

4.8

4.9

1.3

1.7

3.8

4.0

4.4

1.2

1.5

2.9

3.4

3.4

1.3

3.3

4.9

5.3

5.3

S—2

8.5

0.0

1.4

1.5

1.6

1.8

0.0

0.2

1.2

2.0

4.0

0.0

0.4

0.8

1.5

2.3

0.0

0.0

0.0

0.0

0.6

S—=3

8.5

3.2

5.7

7.0

1.1

8.5

2.7

0.0

6.6

2.9

8.2

2.3

6.4

7.6

4.2

8.2

2.4

6.4

7.4

3.8

8.3

S—4

8.5

1.0

1.3

1.6

1.7

2.0

1.0

1.3

1.6

1.8

2.1

1.1

1.2

1.6

1.7

1.9

1.0

1.2

1.6

1.7

1.9

1, Concentration (ppm), 2; Control, 3; Weeks
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C. CMA media (cm/plate)

Fungi

CTR
2

10ppm

25ppm

50ppm

100ppm

2W
2

3w

4w

5w

6w

2W

3w

4w

5w

6w

2w

3w

4w

Sw

6w

2W

3w

4w

5w

6w

A-1

8.5

1.5

2.2

2.8

3.5

3.9

1.2

1.6

1.7

2.0

2.1

1.0

1.2

1.3

1.4

1.6

0.8

3.4

3.6

3.8

4.0

A=2

8.5

1.0

1.1

1.2

1.3

1.4

0.0

1.0

1.0

1.0

1.2

0.0

1.0

1.0

1.0

1.0

0.0

1.0

1.1

1.1

1.1

A=3

8.5

1.4

1.9

2.4

2.5

2.8

1.1

1.4

1.7

1.8

2.0

1.1

1.2

1.4

1.5

1.7

1.2

1.4

1.5

1.5

1.5

B—-1

8.5

1.9

2.3

2.5

2.6

2.8

1.4

1.8

1.9

2.1

2.2

1.1

1.2

1.4

1.4

1.5

3.2

3.5

3.6

3.7

3.7

C-1

8.5

1.1

1.4

1.6

1.7

1.8

1.0

1.1

1.0

1.3

1.4

0.0

1.0

1.0

1.0

1.1

0.0

0.8

0.8

0.8

0.8

C=3

8.5

2.4

3.2

3.6

4.1

4.5

1.7

2.3

2.7

3.1

3.1

1.4

1.7

1.8

2.1

2.2

0.6

3.9

4.2

4.5

4.6

C—-4

8.5

2.6

3.1

3.5

3.6

3.7

2.6

3.3

3.4

3.6

3.6

2.1

2.5

2.5

2.6

2.5

3.9

4.3

4.5

4.6

4.6

C=5

8.5

2.0

2.4

2.6

2.7

2.8

1.6

1.8

2.0

2.2

2.3

1.1

1.2

1.3

1.4

1.5

1.0

3.5

3.6

3.7

3.8

C—6

8.5

1.2

1.7

2.2

2.4

2.6

1.2

1.6

2.0

2.3

2.5

1.0

1.1

1.2

1.2

1.3

0.0

0.6

3.5

3.6

3.7

C=7

8.5

1.2

1.8

2.2

2.5

2.7

1.2

1.5

1.6

1.8

1.9

0.4

1.0

1.1

3.5

3.8

0.0

0.0

0.6

1.0

1.0

C-8

8.5

2.3

3.4

3.9

4.4

4.8

2.0

2.9

3.4

3.8

3.9

1.7

2.5

3.3

3.5

3.8

3.6

4.3

4.8

5.0

5.2

C-9

8.5

1.7

2.5

2.9

3.4

3.8

1.5

2.2

2.6

3.1

3.4

1.2

1.5

1.8

2.1

2.4

0.9

1.0

1.2

1.3

1.5

C—-10

8.5

1.2

1.5

2.0

2.1

2.3

1.0

1.2

1.4

1.5

1.5

0.0

1.0

1.1

1.1

1.3

0.0

0.6

1.0

1.0

1.0

D-1

8.5

1.5

1.6

1.6

1.7

1.9

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

3.0

3.0

3.0

3.1

3.1

G—-1

8.5

1.5

2.0

2.1

2.3

2.9

1.4

1.6

1.7

1.9

2.0

1.1

1.2

1.3

1.4

1.5

1.0

3.3

3.4

3.5

3.6

F-1

8.5

1.5

2.0

2.2

2.5

2.7

1.3

1.6

1.7

1.8

2.0

1.2

1.3

1.4

1.5

1.5

3.1

3.4

3.5

3.6

3.7

F=2

8.5

1.5

2.0

2.2

2.4

2.5

1.7

2.0

2.1

2.4

2.4

1.4

1.6

1.8

2.0

2.0

3.3

3.5

3.7

3.8

3.9

F-3

8.5

1.2

1.4

1.4

1.4

1.5

1.2

1.5

1.4

1.5

1.5

1.4

1.5

1.4

1.3

1.5

3.0

3.2

3.2

3.2

3.2

F—4

8.5

1.1

1.2

1.3

1.5

1.5

1.0

1.2

1.2

1.3

1.4

1.3

1.4

1.3

1.2

1.2

1.4

3.1

3.1

3.1

3.2

F-5

8.5

2.3

3.0

3.4

3.4

3.6

1.8

2.4

2.5

2.6

2.6

1.5

1.8

1.8

1.8

1.9

1.3

1.5

1.6

1.6

1.6

M-1

8.5

0.8

2.2

3.3

4.0

4.6

0.8

1.2

1.3

1.4

1.7

0.5

1.0

1.3

1.5

1.7

0.2

0.4

0.5

0.5

0.6

P-8

8.5

2.7

3.8

4.7

4.7

5.0

1.7

2.4

2.9

3.2

3.4

1.3

1.8

2.1

2.3

2.4

1.0

1.4

1.5

1.6

1.6

P-9

8.5

1.0

1.4

2.0

2.1

2.5

0.0

0.0

0.0

0.0

0.0

0.2

0.5

0.5

0.5

0.5

0.7

0.8

0.7

0.8

0.8

R—-1

8.5

1.2

1.4

1.6

1.7

1.8

1.3

1.4

1.3

1.3

1.3

1.2

1.3

1.5

1.4

1.4

1.1

1.1

1.2

1.6

1.6

S—1

8.5

1.6

2.2

2.5

2.6

2.6

1.4

1.8

2.1

2.2

2.2

0.9

1.2

1.5

1.5

1.4

0.5

0.5

0.9

3.7

3.7

S—2

8.5

1.6

1.8

1.8

1.8

1.6

0.7

0.8

0.8

0.8

1.0

0.0

0.0

0.2

0.2

0.2

0.0

0.0

0.0

0.0

0.0

S—=3

8.5

1.4

1.7

2.0

2.3

2.6

1.2

1.5

1.7

2.0

2.2

1.1

1.1

1.2

1.4

1.7

3.0

3.2

3.3

3.5

3.7

S—4

8.5

1.0

1.0

1.1

1.2

1.3

0.0

1.0

1.0

1.0

1.1

0.0

1.0

1.0

1.0

1.0

0.0

1.0

1.0

1.0

1.0

1, Concentration (ppm), 2; Control, 3; Weeks
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(WHh 2 v &9 F7FE Aol g 274 71 34
D WA-CV-WA13B &

WA-CV-WA13B €98 #7138 Z+ZF YPG, YGC, NA, MNAY A ) x]ol] 10742] M-S HE3)
o] 24h XFEI%(30C, 170 rpm) ¥ 1.0x10°CFU/ml FE & E‘E]H‘S}O% 10ppm, 25ppm, 50ppm,
100ppm & Y= &do] H7tE 2+ A ujA o] =&ste] HES & 39 52 colony counting
= st RS A s¥S @ 23, B/ppmelx =& AAEFHE UEUTH
WA-CV-WA13B &89 %4 C-12 10ppmollA= A A a37F Yelsts, & AldolA
= 25ppmolA =2 IJA EHE YEPITE WA-CV-WA13BEH 10ppmdl A Controlel H] 3]
C-1& AYstae ¢ AR A4 axs yeldlg P29} P50 10ppmolA 13 &xr}
UElA] 925kTH(Table 8). WA-CV-13B-&d o] A2l d 2+ vj Ao A &) Aol 44 oA &z A3}
o] th(Fig. 2) 25ppmF-E & Aol tis] JA &7 JeRsth C-19] 10ppmdl A =2 JA| a3}
=R =

Table 8. In vitroinhibitory effects of nano-silver WA-CV-WA13B against various plant pathogenic

bacteria.
' Colony number/plate at 1.0x<10°CFU/ml

Bacteria

Control 10ppm 25ppm 50ppm 100ppm
C-1 51.0 9.0 0.0 0.0 0.0
E-1 1354.6 1149.3 0.0 0.0 0.0
P-1 1416.0 1054.3 0.0 0.0 0.0
pP-2 246.3 397.3 0.0 0.0 0.0
P-4 1472.0 1313.3 0.0 0.0 0.0
P-5 864.0 909.3 0.0 0.0 0.0
P-6 104.0 69.6 0.0 0.0 0.0
R—1 517.3 362.6 0.0 0.0 0.0
X-1 42.0 37.6 0.0 0.0 0.0
X-=2 75.0 61.6 0.0 0.0 0.0
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CTR 1ODDm 2Bppm  BOppm  100ppm

Fig. 2. In vitroinhibitory effects of nano-silver WA-CV-WA13R against various plant pathogenic
bacteria. C-1; Clavibacter michiganensis, P-1; Pseudomonas cichorii, P-6; Pseudomonas syringae R-1;
Ralstonia solanacearum, and X-1; Xanthomonas campestris.

2 WA-AT-WB13R &4

WA-AT-WB13R &0 Fx¥g H7lE zZt A ujxoA AF<e colonyS YEFHTE 10ppm
oA P-6oll ARt A3k AA GRS HAJTH 10ppmol A A o] o] Fo] AA &Y & A
TEL 25ppmoll A A JAE JeERHATE X-1& 10ppmol A F& JA| &35 B tH(Table
9). WA-AT-WB13R £ P-6o] t)3] 10ppmoll Al 32 55101, 25ppmo] A1 WA-CV-WA13B
&7 o] EE AT AES AASH AT (Fig. 3).

Table 9. In vitroinhibitory effects of nano-silver WA-AT-WB13R against various plant pathogenic

bacteria.
. Colony number/plate at 1.0x<10°CFU/ml

Bacteria

Control 10ppm 25ppm 50ppm 100ppm
C—-1 51.0 47.3 0.0 0.0 0.0
E-1 1354.6 962.6 0.0 0.0 0.0
P-1 1416.0 1153.0 0.0 0.0 0.0
P-2 246.3 203.3 0.0 0.0 0.0
P-4 1472.0 1067.0 0.0 0.0 0.0
P-5 864.0 899.3 0.0 0.0 0.0
P-6 104.0 0.0 0.0 0.0 0.0
R-1 517.3 408.0 0.0 0.0 0.0
X-1 42.0 16.3 0.0 0.0 0.0
X—2 75.0 64.6 0.0 0.0 0.0
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CTR 10ppm  2Bppm B0ppm 100ppm

P-4

Fig. 3. In vitroinhibitory effects of WA-AT-WA13R against various plant pathogenic bacteria. E-1;
Erwinia rhapontici, P-4; Pseudomonas marginalis, P-6; Pseudomonas syringae R-1; Ralstonia
solanacearum, and X-1; Xanthomonas campestris.

@ WA-PR-WB13R-&

WA-PR-WB13RE& o] 7} Fsx¥=E H7lE 2z aAufA]elA M9 colony Al Zio|tt
(Table 10). WA-PR-WB13RE€< 10ppmollA] P-5, P-6, X-2014 =& AAadE Rty T
Al A= 10ppmol A controlell HI3] A2 colony”} YETH WA-PR-WB13R & o] 3 71&
7} vl 2| 9] A o] th(Fig. 4). P-5, P-67 X200 =& I a2E YeEFH T 25ppmol A= EF 28
A ekt

Table 10. In vitroinhibitory effects of nano-silver WA-PR-WB13R against various plant pathogenic

bacteria.
_ Colony number/plate at 1.0x10°CFU/ml
Bacteria

Control 10ppm 25ppm 35ppm 50ppm
C—-1 51.0 44.3 0.0 0.0 0.0
E-1 1354.6 1008.0 0.0 0.0 0.0
P-1 1416.0 1088.0 0.0 0.0 0.0
P-2 246.3 192.0 0.0 0.0 0.0
P-4 1472.0 973.3 0.0 0.0 0.0
P-5 864.0 0.0 0.0 0.0 0.0
P-6 104.0 0.0 0.0 0.0 0.0
R—-1 517.3 304.0 0.0 0.0 0.0
X-1 42.0 39.0 0.0 0.0 0.0
X—2 750.0 0.0 0.0 0.0 0.0
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CTR 10ppm  25ppm 100ppm

E0ppm

Fig. 4. In vitroinhibitory effects of WA-PR-WB13R against various plant pathogenic bacteria. E-1;
Erwinia rhapontici, P-1; Pseudomonas cichorii, P-5; Pseudomonas viridiflava, P-6; Pseudomonas syringae

and X-2; Xanthomonas campestris.

@ & U= 89 BE A7 A Addd BHolo HFAA B3

(Oh e o] #Ee FAA oAl 94

BAEE 1H e B 2 XA 10ppm olste] FrolX EIE flojok stEZ 277) 9
H3olE ez & Y &d 10ppm FEANA 53 F(Monasporascus cannonballus, M-1,
Rhizoctonia solant. R-1, Sclerotinia minor, S-1, Sclerotinia sclerotiorumy, S-2, Stemphylium solani; S-4)7}
10ppm EEAA 253 o 653 Awrel AW Aolsl 2 Aol wolA ol A&H o
a7t = ALg Ho AW, o5 559 wFo thate] 10ppm ©]st F=olXA 9] HS 2
S Y T IS A a5 golr ] 93 60ppm, 70ppm, 80ppm, 0ppmo = 2
2 o R AFE AAAT. ZF PDA, MEA, CMA®| Aol A 1ppm, 3ppm, 5ppm, 7ppm A
% A3 60ppm, 70ppm, 80ppm, Vppm LEFEE AHS F7IHS=Z 3l AAE&ES 7315

o

WA-CV-WA13B& o] H7te Z+ wj Ao A7 JA &S Vbl ltk(Table 11). Z-2Ho] uj
Ao A AAHo 7 £ A &S YEIH AL PDAM A F 2, WA-CV-WA13BE A& M-19| A=
PDAR| Ao A 3ppmoll A 85%, Sppmol A= 100% AA&S E AR, MEAB] A o A= 7ppmeol A
82%AA &S HATH CMAA A= AAEZH7}E w9 wokrh R-12 PDAM] Aol A 5ppmell A
79%, MEAHB] ]l A 5ppmeall A 95%, CMA Hj A 9| A 5ppmeoll A 76% <Al &-2 YEF Tt S-1-& PDA
Hl #] 5ppmell A 91%, 3ppmoll A 71% & Al&-& Ve H, MEAR}A] 10ppmell A 72% A A&S 1

rl
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EbTh CMAUI Aol A= 10ppmel A 76% 21 Al &5 VERTh S-2= PDAHIA| 3ppmol A 75% <} A
&2 eI, MEAU) A 5ppmell 4] 82% 4] &S Lheb A th. CMAB]A] 5ppmol 4= 79% A1 &<
HERA T S-43= PDARIA| ol A 5ppmell A} 85% ©1Al&-& LFER 3L, MEA A] 3ppmel] A = 80% 1A
&5 vebih, CMAB A Sppmol A 82% 214 &-& ekt sl Awkeh A7 Al g o] Zjolv} gle.
W55} ol A4S 4% oAl &o] Holkor], PDAM AN A £} E £ Ao WA Qo) o
2} e 2po] 2 Bof 7tk WA-CV-WA13B 92 Z71ek ujx)¢] Ax}, PDA wj <o) A k2
Aol wla] F& A4 A4S Yebdth M-19] A9 CMARI Aol A E & i FRo & Brheta,
wre oA & 95 el t(Fig. 5).

Table 11. Effects of nano-silver WA-CV-WA13B on the fungal growth on different media in

vIitro
Inhibition rate (%)
Media PDA MEA CMA
ungi
M—-1R-1|S-1|S—-2|S—4|M—-1|/R-1|S-1|S—2|S—4|M—-1|R—-1|S-1|5—-2|S—4
Conc.
CTR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1ppm 8| 34| 31| 44| 15 0 0 1 0 73 0 0 0 o 52

3ppm 85 69| 71| 75 56| 28] 47 o 45| 80y 21| 41| 29| 52| 27

Sppm | 100, 79| 91| 81| 85 69 95 62| 82| 85 69| 76| 48] 79 82

7ppm | 100 78] 93| 81} 90| 78 91 89| 88 83| 75| 80 54| 86| 84

10ppm | 79| 71| 84| 91| 85| 82| 99| 72| 46| 84 48 74| 76| 92| 91

25ppm | 81} 71} 85 93| 85 86| 73] 74| 66| 85 84 76/ 84| 100] 95

50ppm | 89| 100| 88| 95/ 88| 89| 95 73] 65 86| 81| 81| 81| 95 99

60ppm [ 100, 93} 100 100| 100| 100| 87| 100{ 100f 91| 42} 93 82| 100] 88

70ppm | 100] 100| 100{ 100, 98] 100| 88 100] 100| 911} 53] 100] 95| 96| 96

80ppm [ 100, 92 100 100| 96| 96| 94| 100] 100 89| 60/ 82 98 100] 95

90ppm [ 100| 88 100/ 100 92| 96| 93] 100] 100 91| 80| &1} 100, 100| 100

100ppm| 96| 100| 100| 100{ 100| 92| 100 71} 62, 87 91| 82| 93| 100| 100

1; Concentration (ppm)
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CTR Tpprm 3ppm Sppm  7ppm  10ppm  25ppm 50ppm  BOppm  70ppm  $0ppm 90ppm  100pp,

Fig. 5. In vitroinhibitory effects of WA-CV-WA13B against various fungi on different media. a;
PDA media, b; MEA media, c; CMA media, M-1; Monosporascus cannonballus, R-1; Rhizofonia solani,
S-1; Sclerotinia minor, S-2; Sclerotinia sclerotiorum, and S-4; Stemphylium solani.

2 WA-AT-WB13R &

WA-AT-WB13R &N ol 53 F(Monasporascus cannonballus, M-1, Rhizoctonia solani R-1,
Sclerotinia minor; S-1, Sclerotinia sclerotioruny S-2, Stemphylium solani; S-4)° 3+ Z+ v x| 9] Fx= W
Al &5 YEF TH(Table 12).

WA-AT-WBI3R &M= MEAH|A| 9} CMAH|X|7} PDABjX|o] HI3] © & JA&S
Yelith 53] 1FE Hu Ao JAE&o] =A YElth M-1-2> PDAHIA| 10ppmol A
76%, MEA®] A 5ppmol A 86%, CMA® # 10ppmolA 91% A4S el R-1S PDAH)
Al 10ppmoll A 74%, MEAHIA|= 98%, CMA®|A] 5SppmelAl 78% <A&S UYERAS S12
PDAHB A 10ppmol| Al 88%, MEA 7ppmoll Al 88%, CMAH|A] 10ppmdl A 88% AA|&<S UEFIH
t}. S22 PDAHIA 10ppmell A 92%, MEA 7ppmell A 96%, CMA 5 ppmolx 85% <}A1&<
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UEL T S4+= PDAHIX|) A Sppmoll A 74%,
A 79% AAES HEFIT. WA-AT-WB13R&
(Fig. 6). MiAvitt &37F 924 yeuten, A H s 10ppmolA &37t Yels.

MEAB#]A] 5ppmoll A 86%, CMARIA] 7ppm?]

H7ber 2w AE A oAl Ads YERY

Table 12. Effects of nano-silver WA-AT-WBI13R on the fungal growth on different media in

vitro
Inhibition rate (%)
Media PDA MEA CMA
ungi
M-1|R—-1|S-1|{S-2|S=4 M—-1/R-1{S—-1|S-2|S—4|M—1|R-1|S-1|S-2|S—4
Conc.
CTR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
lppm | 8 3 0 | 15|22 |38 0 1 O (76 | 0 |12 0 0 0
3ppm | 60 | 33 | 19 | 55 | 62 | 39 | O 2 1 | 53 | 11 | 56 | 33 | 65 | 65
Sppm | 47 | 50 | 41 | 65 | 74 | 86 | 25 | 66 | 53 | 86 | 52 | 78 | 45 | 85 | 64
7ppm | 48 | 61 | 46 | 64 | 76 | 89 | 29 | 88 | 96 | 84 | 46 | 88 | 41 | 86 | 79
10ppm | 76 | 74 | 88 | 92 | 86 | 76 | 98 | 69 | 55 | 85 | 91 | 84 | 88 | 100 | 91
25ppm | 74 | 84 | 89 | 93 | 91 | 79 | 98 | 58 | 66 | 86 | 76 | 98 | 94 | 95 | 92
50ppm | 75 | 92 | 95 | 94 | 91 | 78 |100| 56 | 42 | 86 | 95 | 91 | 100|100 | 100
60ppm | 10 | 82 | 100 | 99 | 96 [ 100 | 81 |100| 95 {994 | 35 | 81 | 81 [100| 89
70ppm | 100 | 94 | 100 | 99 | 100|100 | 87 | 98 {100 | 95 | 40 | 78 | 75 | 99 | 91
80ppm | 100 | 95 | 100 | 99 | 100|100 | 84 | 99 [100| 94 | 40 | 73 | 78 | 98 | 94
90ppm | 100 | 93 | 100 | 92 | 98 [ 100 | 91 | 98 | 100| 89 | 58 | 76 | 80 [100| 95
100ppm| 100 | 95 | 93 | 95 | 100 | 79 | 100 | 67 | 60 | 86 | 99 | 93 | 100|100 | 100

1, Concentration (ppm)
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CTR Tppm Sppm Sppm Tppm 10ppm  25ppm  S0ppm  B0ppm  70ppm  80ppm  90ppm  100ppm

CTR Tppm 3ppm Sppm Tppm 10ppm  25ppm  BO0ppm  60ppm  7O0ppm  80ppm  90ppm 100ppm

. or/) -"/ ‘-\‘ -
"*K"* o *& k ( k

5;'0 ;)

CTR TppHn 3ppm 5ppm Tppm 10ppm  25ppm  50pprm  B0ppm  70ppm  80ppm  90ppm  100ppm

Fig. 6. In vitroinhibitory effects of WA-AT-WBI13R against various fungi on different media. a;
PDA media, b; MEA media, c; CMA media, M-1; Monosporascus cannonballus, R-1; Rhizofonia solani,
S-1; Sclerotinia minor, S-2;  Sclerotinia sclerotiorum, S-4; Stemphylium solani, and S-4; Stemphylium

solani.

3 WA-PR-WB13R &<

WA-PR-WB13R §-Ho] H7tgl 7+ wjx]oA 9] JA|&S el dth(Table 13). WA-PR-WBI3R £
Aol PDAHIA S} MEAH}A| A CMAR| Aol ®le} F& &35 Yedlth. M-12 PDAHIA|
7pmol A 87%, MEA®}A] 7ppmol A 71%, CMA® Aol A 10ppmolA 71% AA&S YebATh
R-1& PDA 7ppmolA 71%, MEASIA 82%, CMA 10ppmollA 85% A& el S-1&
7ppmoll A 71%, MEASIA 98%, CMA 10ppmolA 76%d <A&S et S2+= PDA
7ppmol A 76%, MEA 7ppmolA 75%, CMA®|A e 85% A& Yelith S49 3%
PDA 7ppmolA 76%, MEA 5ppmelA 82% CMA®BIA] 7ppmolA 78% <AA&S YelUTh
WA-PR-WB13R &Ho] H7tH 7} v A ax} Zrfo|th(Fig. 7). PDA vl X9} MEA WA=
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7ppmIF-EH E37F e, CMA Bl A= 10pmF-8 A &371 YElg o

Table 13. Effects of nano-silver WA-PR-WB13R on the fungal growth on different media in

vitro
Inhibition rate (%)
Media PDA MEA CMA
ungi
M—-1|R-1|S-1|S—-2|S—4|M—-1|R-1|S-1|S-2|S—4|M—-1|R—-1|S-1|S—-2|S—-4
Conc)t

CTR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
lppm | O 0 0 0 6 0 0 1 0 | 71 0 0 0 0 0
3ppm | 43 | 39 | 47 | 76 | 62 | 33 | O 7 4 |71 13| 6 | 31 | 32 | 39
Sppm | 29 | 22 | 61 | 60 | &7 | 56 | 12 | 36 | 27 | 82 | 46 | 27 | 40 | 42 | 58
7ppm | 87 | 71 | 71 | 76 | 76 | 71 | 82 | 98 | 75 | 86 | 12 | 32 | 60 | 85 | 78
10ppm | 73 | 86 | 72 | 80 | 86 | 74 | 92 | 67 | 88 | 85 | 71 | 85 | 76 | 84 | 89
25ppm | 78 | 100 | 79 | 86 | 87 | 84 | 76 | 71 | 84 | 85 | 88 | 87 | 81 | 92 | 92
S0ppm | 92 [100| 88 | 88 | 85 | 4 | 65 | 76 | 91 | 85 | 88 | 87 | 87 | 99 | 92
60ppm [ 100 | 100 | 100 | 94 | 93 | 95 [ 100|100 | 96 | 100 | 46 | 100 | 86 | 98 | 88
70ppm [ 100 | 92 | 100 | 94 | 95 | 93 | 94 | 100 | 99 | 99 | 42 | 95 | 89 | 100 | 92
80ppm [ 100 | 100 | 100 | 92 | 92 | 100 | 100 | 99 | 96 | 100 | 41 | 67 | 84 | 100 | 84
90ppm | 100 | 100 | 100 | 95 | 92 | 98 | 100 | 94 | 96 | 100 | 65 | 67 | 88 | 100 | 94
100ppm| 100 | 100 | 98 | 95 | 100 | 92 | 68 | 60 |100| 85 | 95 | 87 | 81 | 100 | 92

1, Concentration (ppm)
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CTR Tppm 3ppm Bppm Tppm 10ppm 2Bppm  E0ppm  B0ppm  70ppm  80ppm  90ppm T00ppm

a.
CTR ppm 3ppm Sppm  7ppm  10ppm 25ppm  50ppm 60ppm  70ppm  80ppm  90ppm  100ppm
() e
-
ot A o j ( )( )
52 LS * L ) C ( )( )( X
W NG e > &
b‘ X \ £ 4 £ \ \ \
\ ; F A AN 5 A A 7 Q '_ -. A
CTR lppm 3ppm Bppm Tppm 10ppm  25ppm  50ppm 60ppm  TOppm  80ppm  S0ppm  100ppm
C.

Fig. 7. In vitro inhibitory effects of WA-PR-WBI13R against various fungi on different media.
a; PDA media, b; MEA media, c; CMA media, M-1; Monosporascus cannonballus, R-1; Rhizotonia
solani, S-1; Sclerotinia minor, S-2; Sclerotinia sclerotiorum, and S-4; Stemphylium solani.

() e

aH
)

ol #F9 T A oA 1A

Nano-silverel AZH7} £ FF°| Monasporascus cannonballus, Rhizoctonia solani
Sclerotinia minor, Sclerotinia sclerotiorum, Stemphylium solaniz o\~ T3S ¥/d3sk=  Rhizoctonia
solani Sclerotinia minor, Sclerotinia sclerotiorums W42 2 3l Nano-silver7} &l A% A
BV YEgG=A gotR A AAEd 3744 & v §d 3 37EA] vjR 2 fjol] A|A|E

EE s=o el 435 stk

O WA-CV-WA13B &4
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A. Sclerotinia minor

WA-CV-WA13B & Y &4 H7}S PDA, MEA, CMAH|A] 3£ (87x15mm Petri dish)ol
S-19 #3& HEsAth 49 23 PDAHIAAAE 10pm¥F-E 94% AA&S H 3 100ppm
A 100% GAES UERAT MEAR|AAE @& JA &S YERI2H, 90ppmelA] 92%
AA LS YeEAT CMARI A A= 10ppmol A 94% A€ YEFR S 100ppmol A 100%
AA &S Ve TH(Table 14). MEAR] Ao A @& AAAHE e O™, PDAS MEAH] Ao
A= 3ppmiH A EFHE BATHFig. 8). HiAIvtT tE AA EHE YEUH & U= &
Ho| A FI = HA FHE HEITH

Table 14. Effects of nano-silver WA-CV-WA13B against sclerotium germination of Sclerotinia

minoron three different medium

Inhibition rate (%)

I
onc.

CTR 1 3 5 7 10 25 50 60 70 80 90 100
Medi
PDA 0 24 62 76 74 94 98 92 95 95 93 95 100
MEA 0 0 1 44 69 72 76 84 78 75 75 82 79
CMA 0 0 72 76 86 94 87 99 96 95 93 98 100

1; Concentration (ppm)

c. CMA media

Fig. 8. In vitro inhibitory effects of WA-CV-WAI13B against sclerotium germination of

Sclerotinia minor on different media.
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B. Rhizoctonia solani

WA-CV-WA13B & Y &4 H7}S PDA, MEA, CMAH|A] 3£ (87x15mm Petri dish)ol

R1¢] 73 FE3Ach 29 A7 PDAMANAE lppm*E Sppm 7AAE WUIE oA &
7 9ot} 7ppmel A 52%9] A &S JERA AT MEARANAE 3, 5, 7 ppmol A 717
60, 56, 62% ] 1A && EYo®, CMAM A AE 3, 5, 7 ppmol A 247} 73, 69, 76%¢] ©]

Al&E YERRUtH(Table 15). WAttt 2 oA &35 UEbdATE MEA #i A9 CMA 1j =]
A= 3ppm F2 L o]e] FEA T WoldA aHE YEAT (Fig. 9).

Table 15. Effects of nano-silver WA-CV-WA13B against sclerotium germination of K. solanion
three different medium.

Inhibition rate (%)

I
onc.
CTR 1 3 5 7 10 25 50 60 70 80 90 100
Medi
PDA 0 0 1 2 52 - - - - - - - -
MEA 0 0 60 56 62 - - - - - - - -
CMA 0 0 73 69 76 - - - - - - - —

1, Concentration (ppm)

CIR

PDA

Fig. 9. In vitro inhibitory effects of WA-CV-WA13B against sclerotium germination of
Rhizoctonia solani on different media.
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C. Sclerotinia sclerotiorum

WA-CV-WA13B & U= &

NS 7k PDA, MEA, CMAB|A] W (87x15mm Petri dish)°ll

Sclerotinia sclerotiorum®] T3S HEstAo A3 A7 PDAMANAE 1ppmFH Sppm 7h4]

far e

o o 93

Table 16. Effects of nano-silver WA-CV-WA13B against sclerotium

sclerotiorumon three different medium.

HuE oAl a3t ey 7ppmell A 91%9 w2 JAES YERH AT MEAR| A o] A
3, 5, 7 ppmol A EF 100%2] A &< e on, CMAMAME 5 7 ppmolA 24z}
, 79%2) A&E HERRSITH(Table 16). WiAIPhe The elAl EdE UERIAR MEA #A
A% 3,5 7 ppmol A S e AR LS 18T PDAS CMA HANAE 7ppmolA &
F3) wolelal E3E LT (Fig. 10).

germination of Sclerotinia

Inhibition rate (%)
onc.!
CTR 1 3 5 7 10 25 50 60 70 80 90 100
Med1
PDA 0 0 0 1 91 - — — — — — _ —
MEA 0 0 100 | 100 | 100 - — — — — — _ _
CMA 0 0 0 32 79 - — — — — _ _ _
1; Concentration (ppm)
CTR Ippm

Fig. 10. In vitro inhibitory effects of WA-CV-WA13B against sclerotium germination of

Sclerotinia sclerotiorumon different media.
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2 WA-AT-WB13R &H

A. Sclerotinia minor

WA-AT-WB13R & 0] H7}¥ PDA, MEA, CMAH X F3o] AF AAaxS el Q)
. PDAMjA A= 25ppmoll Al 80% AAE&S HEAIL 100ppmolA 98% AA&S HAth
MEAH] A o] A= 100ppel A 81%, CMAR} ]| A= 90ppmell Al 99% A&-& K TH(Table 17).
PDASH CMAH Ao A 3ppm¥F-H A &7} Ui, MEAE 7ppm Bl A&7 Vet
tH(Fig. 11).

Table 17. Effects of nano-silver WA-AT-WB13R against sclerotium germination of Sclerotinia

minor on three different medium.

Inhibition rate (%)

I

MZ“‘?' CTR| 1 3 5 7 110 | 25 | 50 | 60 | 70 | 80 | 90 | 100
PDA | 0 | 28 | 66 | 72 | 71 | 78 | 80 | 87 | 94 | 92 | 92 | 98 | 938
MEA | 0 | 4 | 9 | 53| 78 | 79 | 78 | 73 | 76 | 80 | 75 | 75 | 81
CMA | 0 | o | 54 | 78 | 82 | 87 | 89 | 78 | 96 | 93 | 94 | 99 | 94

1, Concentration (ppm)

c. CMA media

Fig. 11. In vitro inhibitory effects of WA-AT-WBI3R against sclerotium germination of

Sclerotinia minor on different media.
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B. Rhizoctonia solani

WA-AT-WA13B & vx &94& 7S PDA, MEA, CMAH]A] 3£ (87x15mm Petri dish)®l
R-19] #3S HE3AY 248 23 PDAvIA M= 1ppmH-E S5ppm 74HA= Ad ¢ o}
A4 A7 JRAeY 7ppmoll A 61%S] AAES e AT MEAW Aol A= 1ppm# 3ppm
A A T3] wolE Al A XIow 5 7 ppmelA 47 58, 71%S] HlwH w2 &
3 dol JA &S Uehdg. CMAM AN E 1ppmolA ¢ e A&S g 3, 5, 7
ppmol Al 717k 76, 88, 86%] % E& oA 8-S LERNITHTable 18). Wl Avhch okgha i
AA EHE YEPAAT PDA HiR| A= 7ppme] % XZ7o], MEA H]A| A= 5, 7ppmY
T2 o] 2¥a CMA HjAClM= 3, 5, 7ppm wEZXHC] 3 # HoldA s
YERA T (Fig. 12).

Table 18. Effects of nano-silver WA-AT-WBI13R against sclerotium germination of Rhizoctonia

solani on three different medium.

Inhibition rate (%)

1
Mce’“‘?' CTR| 1 3 5 7 110 | 25 | 50 | 60 | 70 | 80 | 90 | 100
PDA | 0 0 0 0 6l = - - - - - T - -
MEA | 0 8 |18 |58 | 71| = | = | = | = | = | = | = | =
CMA | o | 15| 76 |88 |86 | = | = | = | = | = | = | = | =

1, Concentration (ppm)

Fig. 12. In vitro inhibitory effects of WA-AT-WA13B against sclerotium germination of
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Rhizoctonia solani on different media.

C. Sclerotinia sclerotiorum

WA-AT-WA13B & U= &H4E 713 PDA, MEA, CMAH|A] 3£ (87x15mm Petri dish)®l
Sclerotinia sclerotiorum®] 32 FHFsAH. 43 23 PDARAAAM <= 1, 3ppm §& &
T WoldAo] g7l Ao 5 7ppm F& F70] BlwA =& 73 wol oA aRE
e Witk MEAR A€} CMA Bl A A= 1ppm F% Z1o] #3Y S A AA A
x3ou, 3, 5 7ppm =L 100% T3] wots At th(Table 19). ¥l A|vit}h <3+
g2 o4 a3E JelWAT PDA sjAdM = 5 7ppme FE o], MEA H|z|$} CMA
v 2| M= 3, 5, 7ppme] TE F70] 100%<2] w3 woldA &35 el (Fig. 13).

Table 19. Effects of nano-silver WA-AT-WB13R against sclerotium germination of Sclerotinia

sclerotiorum on three different medium.

Inhibition rate (%)

1
M(e’n‘?' CTR| 1 3 5 7 110 | 25 | 50 | 60 | 70 | 80 | 90 | 100
PDA | 0 01 0 | 551 691 = | =1 -1 - = = =<
MEA | o | 12 | 100 100|100 = | = | = | = | — | = | = | -
CcMA | o | 20 | 100100100 = | = | = | = | — | = | = | -

1, Concentration (ppm)

CTR lppm 3ppm S5ppm 7ppm

PDAR.
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Fig. 13. In wvitro inhibitory effects of WA-AT-WA13B against sclerotium germination of

Sclerotinia sclerotiorumon different media.

3 WA-PR-WB13R &<

A. Sclerotinia minor

WA-PR-WB13R &¢o] 37} PDA, MEA, CMAMIAd] 2z =¥ 73 A dAaxns v
el 9tk PDAMIAIE 80ppmeol A 95%, 100ppmolA 100% A4S YERA AT MEAH] A
ol = 100ppmel A 78%, 70ppm, 90ppmolA 81% AA&S E Atk CMAH]A A= 60ppm
N 93%, 100ppmolM = 66% JAE&S HJTHTable 20). PDAI XA 3ppmP-E B A
E37F YEPS T MEAH] A= 10ppm T8 A5 A 8371 UEbstth. CMAH] A 9| 4 = 5ppm-E
A5 A A7 GEbthEFig. 9). T3 ol A= 37HA] S Yol A B 2ol §lo v, PDASE CMAHY
Al A A H o &2 F& JA&S UEFH AL, MEAR| A o] A & oA &5 vEbile

Table 20. Effect of nano-silver WA-PR-WBI13R against sclerotium germination of Sclerotinia

minor on three different medium.

Inhibition rate (%)

1
Mznlc CTR| 1 3 5 7 010 | 25| 50 | 60 | 70 | 80 | 90 | 100
PDA | 0 | 26 | 61 | 69 | 62 | 81 | 84 | 95 | 89 | 86 | 87 | 85 | 100
MEA | 0 1 2 112 | 29| 75 | 80 | 79 | 79 | 81 | 79 | 81 | 78
CMA | o | o | 35 47 | 59 | 86 | 68 | 82 | 93 | 86 | 86 | 87 | 66

1, Concentration (ppm)

a. PDA media b. MEA media
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c. CMA media

Fig. 14. In vitro inhibitory effects of WA-PR-WB13R against sclerotium germination of
Sclerotinia minor on different media.

B. Rhizoctonia solani

WA-PR-WA13B 2 Y= &dS H7I3H PDA, MEA, CMAHRIA] 3EH(87x15mm Petri dish)ol]
19 23 PDAMjAlA = EE §% Xdo] w39
o, MEAHIA 9] - 1, 3ppm FEZZoA w5
TxAqE 4Ee dAeSs YEAAT. CMA B A
= AY AdAEA xZFed, 3, 5 7ppm FEXNA=
Al&e e AtH(Table 21). ¥iA|mtoh 314 & A
WAl E BE % Z3o] JAlaF7E filal, MEA A A=

A
7ppm FEZZI0] 283 CMA WACNE 3, 5 7ppme] FE Z7lo] HIH E& Fo wje

Table 21. Effect of nano-silver WA-PR-WB13R against sclerotium germination of Khizoctonia

solani on three different medium.

Inhibition rate (%)

1

Vg [CTR| 18 | 5 7 | 10| 25 | 50 | 60 | 70 | 80 | 90 | 100
PDA | 0 | 4 ] 0] 1|10 - -] -1 -1 -1 -1 -1~
MEA | 0 | 1 |18 |55 65| - | — | — | = | - | = | - | -
cMA [ 0 |17 |8 |89 |85 | - | - | - | = | - | - | - | -

1, Concentration (ppm)

CIR Ippm 3ppm
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Fig. 15. In vitro inhibitory effects of WA-PR-WAI13B against sclerotium germination of

Rhizoctonia solani on different media.
C. Sclerotinia sclerotiorum

WA-PR-WA13B & UXx &AE& FH7IgH PDA, MEA, CMA#BIA] 3™ (87x15mm Petri dish)°l
Sclerotinia sclerotiorum®] T3-S HZE3I9th A3 23 PDAA|AAME BE % o] o9
o wotdAe]l a7t IRNem, MEAMI A 9] 7% 3, 5ppm F=XHANA o=AHxe] H3
ol A EAE YU 7ppme FE 272 100% w3 ] wolE AT CMA v Aol
A€ 1ppm & =7 l T3 A Al JASA XP oY, 3, 5 7ppm FEXZANA=
100% 3o Wols A ATH(Table 22). #iA|mtth b4 b & oA &35 YErAA
PDA BRI M= ZE T Z7do] AdAaxr} g3, MEA Bl A| oAM= 7ppm FE=F7o] 1
23 CMA HjAAME 3, 5, 7ppme F% o] 100% T3qe ol xS el

)

Table 22. Effect of nano-silver WA-PR-WBI13R against sclerotium germination of Sclerotinia

sclerotiorumon three different medium.

Inhibition rate (%)

OI’lC.1

Medi
PDA 0 0 0 0 0 - - - - - - - -
MEA 0 0 41 86 | 100 - - - - - - - -
CMA 0 1 100 | 100 | 100 - - - - - - - -

CTR 1 3 5 7 10 25 50 60 70 80 90 100

1, Concentration (ppm)
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Fig. 16. In vitro inhibitory effects of WA-PR-WA13B against sclerotium germination of

Sclerotinia sclerotiorumon different media.

B2y 8 3 A A Add FFol AF A HA

(7h A Fgo] 7Y TAF AT A AA

ArE 53 (M-1; Monosporascus cannonballus, R-1; Rhizotonia solani, S-1; Sclerotinia minor, S-2;
Sclerotinia sclerotiorum, S-4; Stemphylium solani)& ™3 2.2 3o & Y &HS E39t3to
TAPY R oW J&Fe vIA=A, 223 AdE FF T 370e] wF R-1; Rhizotonia solan,
S-1; Sclerotinia minor, S-2; Sclerotinia sclerotioums W73 2.2 EE & Y= §Ho] 3]
Aol thate] owdk S mAE=A s Bkttt WA-CV-WA13B; CV, WA-AT-WBI3R;
AT, WA-PR-WB13R; PRE % © & CV+AT, CV+PR, AT+PR, CV+AT+PRE E33le] $]9} 2o

WHo R 37kA] iR e} FEHE APS HAAEATH
@D WA-CV-WA13BS} WA-AT-WB13R &34

577 tha] WA-CV-WA13BS} WA-AT-WBIBRE&H & FH7tete] Zb wjx]o] == X]/}3}
o A7 gAE&S YEPHtK(Table 23). M-1914 & PDA, CMA Hj A4 50ppmol A 100% <

A&S YEH AL, MEA HiA A& 10ppmol A 78% JA&S UElAT R-1S PDA, CMA Hj
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2] 60ppmol A 100%, 88% <AA&<S UEFHI MEA #iX oA 50ppmoll A 82% AAE&S e}
WAtk S-1& Sppmoll A &7 YElEa, S22 CMABIA|A 3ppmelA E#rF veERd o,
PDA, MEA x| X € 25ppm*-EH &7} Uelgtth S4E CMACIA 7ppmoll A 87% <414
S Yehdth. WA-CV-WA13B& 7 WA-AT-WBI3RE&HS £33 A3, /AEE AFLstaS
BT M-19] A9 CMAHIR M E o £& 5932 YW g, g2 s xdqay, g2 33
AM= mol HA FL2 Ede= ZIdsky] oEH it M-19] 435, WA-AT-WBI3BE-<4 ©]
WA-CV-13BL ot} M-19] ths]l CMA®|A|oA © & a3E Jeldlry] wFo &34,
CMAHMIAA o F&  &3HE Jed Aoz AZAEoHt. WA-CV-WA13BS}
WA-AT-WB13RE- o] H7ld Zhjx|ol A = AE AA&S Yela A okFig 17). PDA
Aok CMAHEA ol X MEARRA ol B8l =& AI&S etk wiArtt qA a7} 27
UEbsTh M-19] 739 PDARIAI 9 CMAR|A| A F& A &S YElth 512 3714 A
AN BF F& A EF}ES Uitk S2%= PDANAIS CMAM AN F& ERE ved,
S-4= MEA 8] 9} CMAH]A| A £& E34E Jelioh
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Table 23. Inhibitory effects of nano-silver WA-CV-WA13B and WA-AT-WB13B combination

against fungal growth on different media in vitro

Inhibition rate (%)

Media PDA MEA CMA

ungi

1
Conc:

CTR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ippm | O 0 9 0 0 0 0 0 0 | 56| O 0 | 65| 16 | 12

3ppm | 5 4 | 72 | 61 | 38 | 51 0 0 0 | 62| 28|59 | 79 | 84 | 78

oppm | 28 | 26 | 74 | 53 | 46 | 62 | 22 | 66 | 16 | 71 | 60 | 74 | 85 | 86 | 79

7ppm | 31 | 44 | 71 | 76 | 65 | 68 | 53 | 95 | 68 | 75 | 56 | 79 | 86 | 94 | 87

10ppm | 21 | 47 [ 100 | 65 | 49 | 78 | 52 | 98 | 66 | 82 | 53 | 78 | 84 | 88 | 85

25ppm | 52 | 18 [ 100|100 | 55 | 81 | 78 | 98 | 80 | 88 | 69 | 79 | 91 | 87 | 88

50ppm [ 100 | 33 | 100|100 | 80 | 81 | 84 | 98 | 80 | 92 [100| 76 | 91 | 88 | 93

60ppm [ 99 | 100 | 99 100 | 99 | 78 | 55 | 99 | 78 | 82 [ 100 | 88 | 87 | 91 | 92

70ppm [ 98 | 100 | 98 | 100 | 99 | 95 | 89 | 96 | 81 | 91 [ 100 | 89 | 85 | 93 | 91

80ppm | 96 | 100 | 100 | 100 | 100 | 100 | 88 | 95 | 86 | 95 | 100 | 87 | 86 | 96 | 86

90ppm | 99 | 100 | 100 | 100 | 100 | 94 | 55 | 96 | 81 | 88 | 100 | 86 | 84 | 98 | 96

100ppm| 100 | 100 | 100 | 100 | 73 | 79 | 69 | 95 | 82 | 87 | 100 | 73 | 95 | 89 | 95

1, Concentration (ppm)
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CTR Tppm 3ppm Sppm Fppm 10ppm  26ppm  50ppm  E60ppm 70ppm &0ppm 90ppm  100ppm

Tppm 3ppm Sppm Tppm 10ppm  25ppm 50ppm BO0ppm 7O0ppm 80ppm 90ppm 100ppm

S SS SEE S SEE,
OO0ROIODOBED
0000000000000

C*OO?QQOOOOOOOC

Fig. 17. In witro inhibitory effects of WA-CV-WA13B and WA-AT-WB13R combination

against various plant pathogenic fungi on different media. a; PDA media, b; MEA media, c;
CMA media, M-1; Monosporascus cannonballus, R-1; Rhizotonia solani, S-1; Sclerotinia minor, S-2;
Sclerotinia sclerotiorum, and S-4; Stemphylium solani.

2 WA-CV-WA13B9} WA-PR-WB13R &8}

WA-CV-WA13B¢} WA-PR-WB13R & o] H7be 2zt Aol gt A JALS dehla o
(Table 24). M-1-> PDA H] A | A 7ppmoll A 80% <A &S YEFWH AL, 10ppmolA] 87% < A&S
EFA T R-101 M= Al A o2 F2 A E3E UdERH A &34t PDACIA 50ppmell A 92% <Al &

< el th 512 PDA v Aol A 5ppmell A 86% A -&-& YEFH L, CMA Bl ] ol A= 25ppm ol A
85% A &S UeEbA . S-20 4= CMA Hi Aol A 5ppmol| A 82% & A &3 e 21}, MEA Hj A]
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ol 4= 25ppmell A 82% 1A &-& EFH T S-43= PDA Hl Ko A= 60ppmel A 100% 1A &-& 1
EFA O 1, MEA B Aol A 3ppmell A 81% <A &S el

WA-CV-WA13B$} WA-PR-WB13RE -2 M-13} R-1°] 10ppmo] 3ol A vr& A& e}
t}. WA-CV-WA13B9} WA-PR-WB13R& o] A ® 2z} vixol A yepd Aot dia=
< oA E3E Yl gtk M-19] A9 CMAHIRA] D EdAE A A7 e A
FHEAT R1E AR we A aHRE el TH(Fig. 18)

PV )

A

=

S

Table 24. Inhibitory effects of nano-silver WA-CV-WA13B and WA-PR-WB13R combination

against fungal growth on PDA in wvitro

Inhibition rate (%)

Media PDA MEA CMA

ungi
M-1|R-1|S-1|S-2|S—-4|M—-1|R-1|S-1|S—-2|S—4|M—-1|R—-1|S-1|S—-2|S—4
Conc)!
CTR 0 0 0 0 0 0

0

Ippm | O 0 0 0 0 | 51 0 0
6
9

54 | 0 | 61 0 0 | 28

3ppm | 16 | 28 | 73 | 81 | 44 | 58
7ppm | 45 | 36 | 86 | 52 | 52 | 59 14 82 | 32 | 72 | 65 | 82 | 82
7ppm | 80 | 55 | 66 | 61 | 60 | 73 | 64 | 58 87 | 41 | 79 | 66 | 81 | 86
10ppm | 54 | 46 | 99 | 100| 52 | 68 | 19 | 80 | 71 | 89 | 41 | 74 | 75 | 81 | 85
25ppm | 88 | 76 | 95 | 98 | 52 | 87 | 85 | 95 | 82 | 91 | 41 | 73 | 85 | 88 | 93
SOppm | 88 | 92 [ 100 | 94 | 76 | 99 | 47 | 84 | 34 | 84 | 44 | 75 | 98 | 84 | 91
60ppm | 87 | 100 | 100 | 100 | 100 | 47 | 75 | 100 | 100|100 | 64 | 53 | 87 | 100 | 89
70ppm | 91 | 84 | 100|100 | 96 | 56 | 69 |100| 98 | 92 | 68 | 59 | 84 | 99 | 91
80ppm | 94 | 75 | 100 | 100|100 | 52 | 74 | 100 | 96 | 88 | 71 | 54 | 86 | 99 | 88
90ppm | 92 | 72 | 100|100 | 92 | 45 | 72 | 100|100 | 88 | 62 | 51 | 86 | 100 | 88
100ppm| 100 | 100 | 100 | 100 | 100 | 100 | 88 | 94 | 94 | 92 | 47 | 73 | 95 | 92 | 95

1, Concentration (ppm)
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CTR 1ppm 3ppm Sppm Tppm 10ppm  25ppm  50ppm B0ppm  7Oppm  80ppm  90ppm  100ppm

CTR Tppm 3ppm Bppm Topm 10ppm  25ppm  50ppm 60ppm  7Oppm  80ppm  90ppm  100ppm

Fig. 18. In vitro inhibitory effects of WA-CV-WA13B and WA-PR-WBI13R combination
against various plant pathogenic fungi on different media. a; PDA media, b; MEA media, c;
CMA media, M-1; Monosporascus cannonballus, R-1; Rhizotonia solani, S-1; Sclerotinia minor, S-2;
Sclerotinia sclerotiorum, and S-4; Stemphylium solani.

@ WA-AT-WB13R$} WA-PR-WB13R & 3-8

WA-AT-WB13R2} WA-PR-WB13RE- o] H7IE ZF wixlo] s=d A JAE&S Jehddn
(Table 25). M-1> PDA ¥} A 50ppm¥-E 100% A& X3, MEA ¥|A 25ppmoll A 87%
AA &S UERTE R-12 70, 80ppmol 4] 88% <A &S UEFI MEA #lA 25ppmell Al 96%
J A4 &S Ueld. S-12 PDA #lA] S5ppmolA 85% A& UElWil, MEA HiA| 25ppmol
A 100% AAE&S YErH T S2= PDA HIA| 10ppmelA 100% JA&S YERHI, CMA Hj
A ME 7ppmEE 80% 14 JA&LS Uehdth S4E PDA HHX]6Oppm°ﬂ*‘1 91% AAES
B33, MEA wjA ¢} CMAHIA A€ 5ppmFEl HI=g JAE&S JEdth WA-AT-WBI3R
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9} WA-PR-WB13RE o] A2Jd z+ vjx¥ <2 &3 Z}o|th(Fig. 19). PDA X7} t}E uj
Aol Ee AAERE YEP) T o}, M1F RIS AAHOE F& ARE UEAE
=t M-19] 3% CMAHIAA de® fdo= =7sa %2 A4AEs el R1=

o
se oAlg e Hola 9l

Table 25. Inhibitory effects of nano-silver WA-AT-WB13R and WA-PR-WB13R combination

against fungal growth on different media in vitro

Inhibition rate (%)

Media PDA MEA CMA

ungi

1
Conc:

CTR 0 0 0 0 0 0

lppm | O 0 13 ] O 1 5 0 | 73| O 0 0 0 5

3ppm | 28 | 25 | 74 | 24 | 53 | 33 1 |76 | 4 | 40 | 56 | 71 | 60

SO O O

Sppm | 40 | 27 | 85 | 40 | 49 | 54

© | O | DN | O O

7ppm | 68 | 38 | 85 | 71 | 52 | 59 40 | 7 | 81 | 44 | 67 | 69 | 86 | 80

10ppm | 22 | 29 | 100 |100| 51 | 67 | 15 | 60 | 21 | 81 | 46 | 69 | 76 | 85 | 88

25ppm | 61 | 26 | 94 | 100 | 68 | 87 | 96 |100| 89 | 88 | 46 | 75 | 84 | 87 | 91

S50ppm [ 100 | 34 | 99 |100| 65 | 89 | 81 | 94 | 91 | 85 | 44 | 73 | 91 | 86 | &9

60ppm [ 100 | 73 | 100|100 | 91 | 48 | 73 | 81 | 92 | 88 | 71 | 51 | 79 | 85 | 88

70ppm | 100 | 88 | 100|100 | 96 | 53 | 71 | 80 | 88 | 93 | 72 | 55 | 76 | 81 | 93

80ppm [ 100 | 88 | 100|100 | 96 | 47 | 73 | 76 | 95 | 89 | 67 | 51 | 74 | 85 | 89

90ppm [ 100 | 79 | 100 {100 | 98 | 51 | 64 | 78 | 93 | 89 | 67 | 49 | 69 | 80 | 89

100ppm| 100 | 87 | 100 | 100 | 100 | 100 | 86 | 93 | 86 | 87 | 65 | 73 | 94 | 82 | 91

1; Concentration (ppm)
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CTR Tppim 3ppm Sppm Tppm 10ppm  25ppm  50ppm B60ppm  7O0ppm  80ppm  90ppm  100ppm

CTR Tppm 3ppm Sppm  7ppm  10ppm  25ppm  50ppm  60ppm  FOppm  80ppm  80ppm  100ppm

CTR Tppm 3ppm Bppm Topm 10ppm  25ppm 50ppm 60ppm  7Oppm  80ppm  S0ppm  100ppm

L/“ '

C. P }( .\( ,( \(
Fig. 19. In vitro inhibitory effects of WA-AT-WB13R and WA-PR-WB13R combination against
various plant pathogenic fungi on different media. a; PDA media. b; MEA media, c; CMA
media, M-1; Monasporascus cannonballus, R-1; Rhizotonia solani, S-1; Sclerotinia minor, S-2; Sclerotinia
sclerotiorum, and S-4; Stemphylium solani.

@ WA-CV-WA13B, WA-AT-WB13R$} WA-PR-WB13R &8}

WA-CV-WA13B, WA-AT-WB13R¢} WA-PR-WBI3R& S H7tE z+ wjA|oA & Y= FEd
S AASS YeE L AtH(Table 26). M-1S PDARjA| ] 7ppmol A 88% A& el
th. &A% MEAHI AU CMAHI A A E e JA8-S YEYTE R1E PDAHIA Sppmol A
100% AA&S YERAIL, 25ppmolA 82% JAIE&S YEPHTE 3HA T MEAB] A2} CMAH]A|
AqMe e 7S Btk S1& PDAHIA 10ppmol A 82% A &S UEH 1, MEAR A=
25ppmol A 86% A &S UEMTE S2%& 10ppmolA 92% A&, CMAH]A] Sppmeol A 92%
AAE&S YEPAT S4= MEARIA| 5ppmel A 80% JAIE&% CMABIA 5ppmoll A 79% <A
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o
N

£S5 Yehdg. WA-CV-WA13B, WA-AT-WB13R$} WA-PR-WBI3R& ¥ o] &3H 7t
vehd A3 A Ayo|th(Fig. 20). M-1, R-13 S-12 PDAHIA| A £& JAEHE
i1, S22 PDAHIX| 9} CMAM| A £ &35 YelWyth S-4= MEAH| A<}

T2 235 el £3E &0 /jHEE 2(s W Hu a3 HojA=
o & U §do] TFPHWA FuAS oA AR AAE o

N

R =]l

@)

<

>

=

N T
o
E x

]l

Z

X

Ao

HU
ry
i)

of

9

Table 26. Inhibitory effects of mnano-silver WA-CV-WA13B, WA-AT-WBI13R and
WA-PR-WBI13R combination against fungal growth on different media in vitro

Inhibition rate (%)

Media PDA MEA CMA

ungi
M—-1|R-1|S-1|S—-2|S—-4|M—-1|R—-1|S-1|S-2|S—4|M—-1|R—-1|S-1|S—-2|S—-4
Conc)

CTR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ippm | O 0 |28 9 |11 0 0 0 1 1751 0 0 0 0 5

3ppm | 25 | 68 | 54 | 52 | 48 | 41 | 4 4 1 | 791 9 | 49 | 62 | 74 | 59

Sppm | 52 | 100 | 55 | 65 | 46 | 60 | 12 9 1 80 | 41 | 66 | 68 | 92 | 79

7ppm | 88 | 36 | 62 | 59 | 67 | 66 | O 7 53 | 80 | 40 | 67 | 67 | 95 | 78

10ppm | 80 | 72 | 82 | 92 | 54 | 76 | 20 | 51 | 29 | 76 | 44 | 71 | 68 | 92 | 87

25ppm | 64 | 82 | 100| 80 | 51 | 85 | 78 | 86 | 71 | 88 | 41 | 71 | 64 | 88 | 91

S50ppm | 56 | 100 | 96 | 78 | 64 | 73 | 46 | 71 | 76 | 88 | 46 | 75 | 96 | 100 | 86

60ppm | 100 | 100 | 100 | 100 | 100 | 48 | 73 | 81 | 92 | 88 | 51 | 69 | 85 | 99 | 91

70ppm [ 100 | 100 | 100 | 100 | 96 | 53 | 72 | 80 | 88 | 93 | 45 | 71 | 98 | 100 | 94

80ppm | 100 | 100 | 100 | 100 | 95 | 47 | 73 | 76 | 96 | 89 | 55 | 75 | 100 | 98 | 96

90ppm | 100 | 100 | 100 | 100 | 100 | 51 | 66 | 78 | 94 | 89 | 48 | 67 | 100 | 99 | 99
100ppm| 100 | 100 | 96 | 67 | 78 | 75 | 46 | 73 | 74 | 92 | 42 | 58 | 82 | 100 | 94

1, Concentration (ppm)
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CTR Tppim 3ppm Sppm Tppm 10ppm  25ppm  50ppm B60ppm  7O0ppm  80ppm  90ppm  100ppm

CTR 1ppm 3ppm 5ppm 7ppm 10ppm  28ppm  50ppm 60ppm  7Oppm 80pprm 90ppm  100ppm

Fig. 20. In wvitro inhibitory effects of WA-CV-WA13B, WA-AT-WB13R and WA-PR-WBI13R
combination against various plant pathogenic fungi on different media. a; PDA media, b;
MEA media, ¢; CMA media, M-1; Monosporascus cannonballus, R-1; Rhizotonia solani, S-1;
Sclerotinia minor, S-2; Sclerotinia sclerotiorum, and S-4; Stemphylium solani.

(W) A2d 53] F9 73 AF A HA

D WA-CV-WA13B2} WA-AT-WB13R &8 oH

A. Sclerotinia minor

WA-CV-WA13B2} WA-AT-WB13R&Ho] H7ldE Z vjxdE o A4 AdAeS ey
At PDAHIA] 25ppmoll A 82% A1&-5 E31aL, 100ppmell A 91% <Al&<S et MEA
vl Al 50ppmoll A 80% AES YElH I, 90ppmolA 82% AASS UEhdT. CMAMI A=
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50ppmell A 81% HAES YEbHaL, 100ppmellA  84% AAES YELWTHTable 27).
WA-CV-WA13B9} WA-AT-WB13R-& o] 7lE 7z} wjx|9} s=d8 A JAaHRE BAF
ATHFig. 21). A&F=A PDAv]AI S} CMAWI A7} MEAH]A] Bttt o £ A&

=

Table 27. Effects of nano-silver WA-CV-WA13B and WA-AT-WB13R combination against

sclerotium germination of Sclerotinia minor on three different medium.

Inhibition rate (%)

nc.
Medi

PDA 0 ) 64 64 65 79 82 73 74 88 85 85 91
MEA 0 1 1 46 | 45 71 75 80 79 78 75 82 74
CMA 0 0 18 76 73 74 | 58 81 82 58 78 78 84

CTR| 1 3 5 7 10 25 50 60 70 80 90 | 100

1, Concentration (ppm)

c. CMA media
Fig. 21. In vitro inhibitory effects of WA-CV-WA13B and WA-AT-WB13R combination

against sclerotium germination of Sclerotinia minoron different media.
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@ WA-CV-WA13B2} WA-PR-WB13R &8l

A. Sclerotinia minor

WA-CV-WA13B$} WA-PR-WBI3REH-S 7} wix|e] FH7F & AA &S Yepfia TH(Table
28). PDAHIA| 25ppmell A 80% <AI&S EWil 100ppmelA 91% A A &< UEFATE MEAH)
2l = 25ppmol A 73% A&S YEI e FRAE =& AA&S YehlA it
CMAH} A 9] Z-¢ 10ppmolX 82% &S YEtHaL, 90ppmelA 91% A&S e
WA-CV-WA13B$} WA-PR-WBI3R& 0] 3719 2z} s A ¢} = A4 JA 2345 Jeha )

T (Fig. 22). PDAY %] o} CMAU] Aol 4] T £-& o) 4] & 345 YEpi T,

Table 28. Effects of nano-silver WA-CV-WA13B and WA-PR-WBI13R combination against

sclerotium germination of Sclerotinia minor on three different medium.

Inhibition rate (%)

1
nc.

Medi
PDA 0 15 | 59 | 74 | 68 | 72 | 80 | 79 | 8 | 80 | 81 | 76 | 91
MEA 0 1 1 21 15 | 67 | 73 | 72 | 74 | 74 | 67 | 73 | 60
CMA 0 0 47 62 | 74 0 82 | 79 | 8 | 82 | 81 | 88 | 91 | 89

CIR| 1 3 5 7 10 | 25 50 | 60 | 70 30 90 | 100

1, Concentration (ppm)

a. PDA media b. MEA media

c. CMA media
Fig. 22. In vitro inhibitory effects of WA-CV-WA13B and WA-PR-WB13R combination against

sclerotium germination of Sclerotinia minor on different media.
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@) WA-AT-WB13R$} WA-PR-WB13R & &8

A. Sclerotinia minor

T3] gz 2ue B8 dia AFs AASAT HS TAE A @G A
23 Wiy U3 A AU WA-AT-WB13RSF WA-PR-WB13RE& < H 719 vl R oA 5%
W oA &S el Qltk(Table 29). PDAH A 25ppmol A 81% < A|&-S UEl i, MEAH] X
50ppmol A 81% <A&S Ut CMA®RA|  25ppmeolA  80% Al&S  ERTH
WA-AT-WB13R %} WA-PR-WB13R&- <} o] 7} wj Ao X o] A7 AA &3 AAE BT ot
(Fig. 23). 5ppm**E] 25ppm7H &= PDAR Aol A £ 4] 72 B F},

Table 29. Effects of nano-silver WA-AT-WB13R and WA-PR-WB13R combination against

sclerotium germination of Sclerotinia minoron three different medium

Inhibition rate (%)

nc.
Medi

PDA 0 35 64 | 78 78 76 81 85 80 82 93 92 88
MEA 0 0 2 26 49 67 68 81 73 82 79 76 78
CMA 0 0 52 66 78 75 80 82 76 80 80 82 89

CIR| 1 3 5 7 10 | 25 | 50 | 60 | 70 | &0 | 90 | 100

1, Concentration (ppm)

c. CMA media
Fig. 23. In vitro inhibitory effects of WA-AT-WB13R and WA-PR-WBI13R combination against

sclerotium germination of Sclerotinia minor on different media.
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@ WA-CV-WA13B, WA-AT-WB13R 9} WA-PR-WB13R & &8

A. Sclerotinia minor
T3] gz 2ue B8 dia AFs AASAT HS TAE A @G A
3 W YA FBsEPAT. WA-CV-WA13B, WA-AT-WB13R2} WA-PR-WB13R &<
713 2+ v R 9} T A A &S YEFH 3L 3l t(Table 30). PDAR] 2] 10ppmell A 80% A&
e AL, MEAR] A= 50ppmoll A 81% A& YEFA T CMAR A= 25ppmol A 80% A A&
el th. WA-CV-WA13B, WA-AT-WB13R 9} WA-PR-WB13R-& % o] 7}H Hj x]of| A 2] A
3} A 3}o] th(Fig. 24). PDAH] A ol A &} 2] & 2} 7} MEAHH A ¢k CMAH| A Bt} F-& A & 32 e}
o} 7 AP E3HEN FoA WA-CV-WA13B, WA-AT-WB13R <} WA-PR-WB13R-& 2} o]
T E
Ho] o

Bt

22

N

} A48 e o, BhE §93) 3ol & Bol uhA] ekteh. AE o] vs) E38

0
o] Wot Aow FAHAT

[e)

T2 Yx
o]
E

Table 30. Effects of nano-silver WA-CV-WA13B, WA-AT-WB13R and WA-PR-WB13R

combination against sclerotium germination of Sclerofinia minor on three different medium.

Inhibition rate (%)

1
M(;“f CTR| 1 3 5 7 010 | 25 | 50 | 60 | 70 | 80 | 90 | 100
PDA 0 | 20 | 68 | 76 | 76 | 80 | 86 | 86 | 84 | 85 | 85 | 92 | 96
MEA | o | o | o | 46 | 58 | 75 | 73 | 81 | 80 | 79 | 78 | 74 | 76
CMA | o0 | 0 | 48 | 72 | 78 | 79 | 80 | 87 | 81 | 80 | 87 | 79 | 92

1, Concentration (ppm)

c. CMA media
Fig. 24. In vitro inhibitory effects of WA-CV-WA13B, WA-AT-WB13R and WA-PR-WB13R

combination against sclerotium germination of Sclerotinia minor on different media.
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4) FHAAAERH(TEM) B F

U 2 f4Al s EZAdstE vdE 5A4e #FES] As & vl & F3o
Rhizoctonia solani®t AT Pseudomonas marginalise- 4 A wj&Fste] TEMO. = #23} % o} (Fig.
25). SEMO. 2= #3830, 25ppm e 2 A Estie W, A AA7E v =opx @Eo] =7t
St AFER Agste] dFSAoY Ui Alo]z dAo]l7] WiEo] SEMAAME vi=
UA7E BFo] Brbssta, Ad 2yl dAke] b Homg gelo] ool uhebA
Azl FAg ek vustls W ol He 5A°] UeuA &skth TEMS 32 23
AF 7~25nm Y= & JATE Al FFo]o Alxete] 2R ol e, # AAEL Al
EZa7|BNAE BEo] Hiloy, o5 HalMe Xray 2GS ok str] wol F<le] HA
&3ttt

Fig. 25. TEM images of Rhizoctonia solani and Pseudomonas marginalis treated with NanoverTM . @,
@), @; Rhizoctonia solani, @, ), ®; Pseudomonas marginalis. Arrows indicate the area where the

NanoverTM particles are aggregated.

FFolok Mo FHAg 2 Uri A7 BHEE=E A

S B2 AAUHFig. 25 @, @). Y=
o Qs wASY BHA Qa, A Eu °P°ﬂ JE & Y
4

A= #F HAHFig. @, O,

1oz #F & 4 YU wEbA,

= 2 A= 17<Pi1°i A Ee] Ao WR st AMEES EGAI7|A, 23 02 A
o

2 AT AxL7BS &M EA MAdES B84 ATe Aeg #FFH

F
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(5) FAFEA ¥ % (SEM) #%

Sy A7t Fgo] dAke] Aol A= dFS &2l st AsEelA ¢ Az gk

&< Bo|= AgE F3Fo] ¥ 7Fe-ul Sclerotinia sclerotiorum(S-2)& ‘A3 8t U= A& 7ppm ]

LR ALl sprayer® 10ml# AL 2 28t Atk 7ppm ] FE 2 A2 th3 A€ 1,3,5 74 ¥

Sclerotinia sclerotiorum(S-2) ¢ TAME 1 Al7]al FAMER Ao 2 #ES AASIAT 1 A
HA o

7ppme] HE 2 AL A 83119 A3} FHE FA] AL o] A E P
9,59, 12279 ARG A ZF 795 Fe] ek A2 @ F vIzke] g 55 el
AEE US A8 Ak 2el 3 A9 F 50979 o] B B AEH o] Eao] FA AP

ghAS A3 sl h(Fig. 26).

Fig. 26. SEM images of Sclerotinia sclerotiorumtreated with NanoverTM at 7ppm, and observed 1,
3, 5, and 7 days after the treatment(A: F* €] Control, B: A8] & 14 A%, C A ¥ 39 47, D:
28] & 59 A7, E: 28] & 79 Z3). Note the increase of damages and whitening of hyphae as

the days of exposure increased from 1 through 7.
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6) & Ux & F|LdF

Zhdstn QoA EntE, 0], 1%, 35 WFeE & vk &9 371A¢ 10ppm,
25ppm, 50ppm, 100ppm, 200ppm, 300ppm, 500ppm, 1000ppm FE=E=Z ofaf] AP 2 A3}
Ath(Fig. 27).

Fig. 27. Phytotoxicity tests of Nano-silver liquid on tomato, cucumber, pepper and spring

green onion.

A2 -2k Hlalsle{10ppm, 25ppm, 50ppm, 100ppmel A<= ofsl7p A shA] edgkon, &

o7 A3 WAL UrE]r‘JrZ] @Sttt 200ppm ©]e] B¢ & v dAE dd o == 707
Aoz WAl He Ao #EHAH. 10000ppm= AT FF- A=A7E & A= AL
45 At} 10ppm, 25ppm, 50ppm, 100ppmol A= <Fal| 7} A3 A] Egron, da® 1

e e

7) 3 SARSTAY LT WP 2 U= &4 57 43

AT ¥ DAEA 3 ool Beld 9 SAMSwN W QT (Sclerotium cepivorun) S
olgdted ARgon, Belg #eor & Y g A% oA BHL AYelH ANFYT
TAREE 59 FY
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(V) In wvitro test

& = £ WA-CV-WA13B, WA-AT-WBI3R, WA-PR-WB13RE&< A}4-3t4] 1ppm, 3ppm.
5ppm, 7ppm, 10ppm, 25ppm, 50ppm, 100ppm &%EZ PDA, MEA, CMAH| Ao X]4J3le] &+

Aok & e §92 EFS] 2L B} WAE Aol B
O WA-CV-WA13B &4

WA-CV-WA13B &do] H7lE Z wjxlolq s A4 JAE&S el tHTable 31).
CMAHj Aol A A &o] 7 =4 Uetst o™, PDAMA] 7ppmel A 82% A&S WEtlaL,
CMAH}A] 3ppmoll A 89% <Al&-5 WEllth. MEARIA] 7% 10ppmol/dolA oAl a7t v
Elytth WA-CV-WA13B &do] thdlt z+ wjxere] oA as} Ax}olth(Fig. 28). CMAH]A] ol
A Mg FL A3E YEE, MEA HiA A 2 Al aRE B

Table 31. Effects of nano-silver WA-CV-WA13B against Sclerotium cepivorum on three

different media.

Inhibition rate (%)

1
Qe cTR 1 3 5 7 10 25 50 100
Medi
PDA 0 1 69 63 82 87 93 100 100
MEA 0 0 0 1 0 68 78 84 87
CMA 0 46 89 92 89 100 100 100 100

1, Concentration
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1Gpom 25ppm BOppm 100ppT 10oom 2500m BOpPM

a. PDA media b. MEA media

109pom

CTR Toom 3ppm Sopm foom

1 DDI'I'- 2500 SODm | nnm
c. CMA media
Fig. 28. In vitro inhibitory effects of WA-CV-WA13B, WA-AT-WB13R and WA-PR-WB13R

combination against Sclerotium cepivorum on different media.

2 WA-AT-WB13R &<

WA-AT-WB13R &4o] H7tel 7} uiAd & Y Fxo & A7 AA4&S el

A tHTable 32). WA-CV-WA13BEHKH T} ¥ £& G3S Ho|H, S5ppm PDAH| Al A 86%,
CMAH}A] 3ppmoll Al 93% AAE&S Ul th PDAR|A 9} CMAB| A A & JA&S
UEebd o, MEAB| Ao A= 25ppmel A 81% AAE&S YEFHTE WA-AT-WB13RE < o]
71 iRl A A& Ao th(Fig. 29). CMAH A oA F& JAEHE Yelon,
MEA HjA M= @& AAEHE Yeplth

Table 32. Effects of nano-silver WA-AT-WB13R against Sclerotium cepivorum on three

different media.

Inhibition rate (%)

1
21 oTR 1 3 5 7 10 25 50 100
Me
PDA 0 0 66 36 36 98 98 100 100
MEA 0 0 0 4 19 54 81 85 85
CMA 0 26 93 94 95 100 99 99 100

1, Concentration
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Ippm Sppm Sppim Topm

1G|:|prn 25m:m S0pprm 10apom 10ppm oo BOppm 1000pm

a. PDA media b. MEA media

CTR 1ppm Ipprm Bpprm Topem

10ppm 28ppm BOpom 100pom

c. CMA media
Fig. 29. In vitro inhibitory effects of WA-AT-WBI13R against Sclerotium cepivorum on different

media.

3 WA-PR-WB13R &<

WA-PR-WB13R §do] H7l® Z} mjxd Fx9o AF AA&S dehila ich(Table 33).
PDAHI A1 A 7ppmell A 81% AA&S HPa, CMAMA 10ppmol A 84% AAES Ve
. MEAMI A= 25ppmellA 81% A1&S el WA-PR-WB13RE-Ho] H7tE ul =] o A]
oAl &3E Yetllth(Fig. 30). PDAR}A A F& A &35 yetdllth PDA #f #|ol A 37}
A e U= &4 7 Ao WA-CV-WAL3BE o] 71 £2 dA&S Yellth wiA
o & A Aol wiAY Aol TARY A TS mA= AR BHATh
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Table 33. Effects

different media.

of nano-silver WA-PR-WB13R against Sclerotium cepivorum

on three

Inhibition rate (%)

16 orR 1 3 5 7 10 925 50 100
Medi
PDA 0 0 39 75 81 79 96 100 100
MEA | 0 0 0 0 0 71 81 82 88
CMA | o0 20 58 56 79 84 72 78 87

1; Concentration

10ppm 28ppm S0ppm

a. PDA media b. MEA media

CTR 1pom ippm Gppm ‘opm

10pom 2Eppm SOppm 100pEm

c. CMA media
Fig. 30. In vitro inhibitory effects of WA-PR-WB13R against Sclerotium cepivorum on different

media.

@ WA-CV-WA13B2} WA-AT-WB13R &

WA-CV-WA13B$} WA-AT-WB13R & o] H7be 2zt sjAE AR JA&S dehla 3l
(Table 34). CMAU|A] 3ppmoll A 83% AA&S YEWil, PDAMIA] 7ppmol A 82% A&
H Ao MEAH|A] 25ppmell A 85% <Al&S UELHTh WA-CV-WA13B2} WA-AT-WB13R-&-
ol 7t WA Al &3 Ao|thFig. 31). CMAH|A A B MiART F& oA a3
£ UEth
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Table 34. Effects of nano-silver WA-CV-WA13B and WA-AT-WB13R combination against

Sclerotium cepivorum on three different media.

Inhibition rate (%)

onc.
CTR 1 3 5 7 10 25 50 100
Medi
PDA 0 0 75 79 82 36 92 66 82
MEA 0 0 0 2 13 76 85 34 85
CMA 0 52 82 84 87 84 93 95 96
1, Concentration
CTR 1Lr|n Jopm 'SD:':l fpom CTR lppm Jopm Sppm fopm
4 ..ﬁr:"-'i-‘-::I 1

10opm 2Bppm S0pom 1000am 10gpm 25pom Z0ppm 1GGoom

b. MEA media

ppm

=

10oom 23ppm S0pom 10006
c. CMA media
Fig. 31. In wvitro inhibitory effects of WA-CV-WA13B and WA-AT-WBI13R against Sclerotium

cepivorum on different media.

% WA-CV-WA13B$} WA-PR-WB13R &<}

WA-CV-WA13B9} WA-PR-WBI13R& o] H7lE ZF wjxlol A F3 9 A A4S Yehyx
A THTable 35). PDARIA] 10ppmol A 78% A A &S YEFH O™, CMAB A 3ppmel A 80% & A

£S5 Ut WA-CV-WA13BS WA-AT-WB13R &40o] H7ld wix¢e] oA &3 Aot}
(Fig. 32). CMAH| Al A =2 A&S Yetdloh
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Table 35. Effects of nano-silver WA-CV-WA13B and WA-PR-WBI13R combination against

Sclerotium cepivorum on three different media.

Inhibition rate (%)

onc.’
CTR 1 3 5 7 10 25 50 100
Medi
PDA 0 15 62 71 74 78 76 100 100
MEA 0 0 0 6 8 67 85 84 85
CMA 0 6 80 82 85 85 95 98 96

1, Concentration

Topm Sppim topm Appm Sppim

a. PDA media b. MEA media

CTR ippm 3ppm Spnm fopm

| Oppm 23pom S0ppm 100ppm

c. CMA media
Fig. 32. In wvitro inhibitory effects of WA-CV-WA13B and WA-AT-WB13R combination

against Sclerotium cepivorum on different media.

® WA-AT-WB13R$} WA-PR-WB13R & ¥

WA-AT-WB13R$} WA-PR-WB13RE& o] 7t Z} v #3o] A AA&S Yep 9l
TH(Table 36). PDARI A S5ppmell Al 80% A& UEIRIL, CMARIA] 3ppmdll A 80% A&
Vel T WA-AT-WB13R$+ WA-PR-WB13R-& 0] H7td wjR oA A &3} 2F}o|thFig.
33). PDA Hjx]¢} CMA HiA|= HIzg oA &35 et
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Table 36. Effects of nano-silver WA-AT-WBI13R and WA-PR-WB13R combination against

Sclerotium cepivorum on three different media.

Inhibition rate (%)

21 CoTR 1 3 5 7 10 25 50 100
Medi
PDA 0 0 78 80 80 71 7 98 100
MEA 0 0 0 0 18 52 81 82 85
CMA 0 41 80 84 84 89 88 99 100
1; Concentration
CTR lopm appm Sopm fpom CTF 1ppm

B0pEm 100pom 1opm 25nom S0ppm 10koom

b. MEA media

10ppm 250pm

a. PDA media

CTR

ppm appm sSppm

L)

fppm

‘.{luul 2500 S0porm 100oom
c. CMA media
Fig. 33. In vitro inhibitory effects of WA-AT-WB13R and WA-PR-WB13R combination against

Sclerotium cepivorum on different media.

@ WA-CV-WA13B, WA-AT-WB13R$} WA-PR-WB13R &4

WA-CV-WA13B, WA-AT-WBI13R$} WA-PR-WB13R §9%o] H7l® Z mjx¥ G JA&S
el th(Table 37). PDAHIA] 25ppmel A 80% SA&S UERNI, CMABIAE 1ppmolA=
68% A &S eI, 3ppmolA  81% =& JAES  YEHTE WA-CV-WAI13B,
WA-AT-WB13R2} WA-PR-WB13RE- o] H71e sx|ol e A&} Az}o]th(Fig. 34). PDA
Hi 2] 2F CMAR| A A =& AAEHE Yo MEAR Ao A= w2 oA 835 Yehdl
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e

Table 37. Effects

of nano-silver

WA-AT-WB13R% WA-PR-WB13R& o] £
PDA 3ppmol A 66%, CMA®| XA 93%= 7}

o
=0
s A B

=

ays
A &S

combination against Sclerotium cepivorum on three different media.

WA-CV-WA13B, WA-AT-WB13R and WA-PR-WB13R

Inhibition rate (%)

Men?'l CTR 1 3 5 7 10 25 50 100
PDA 0 0 71 73 78 62 80 94 96
MEA 0 0 11 12 29 79 81 82 80
CMA 0 68 81 81 82 82 91 94 95

1; Concentration

CTR

Hopm 25pom 20ppm 10Goom

b. MEA media

1oppm 28ppm

a. PDA media

Sopm

TR I ppm

10ppm
c. CMA media
Fig. 34. In wvitro inhibitory effects of WA-CV-WA13B, WA-AT-WB13R and WA-PR-WBI13R

28ppm

combination against Sclerotium cepivorum on different media.

(W) =ZAE

= g9 A F £HF stol o YAFH ARFS AT Table 38). A7k
F 2N AGH 23 98 TR T AT 4R ] ARES
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ol

}ﬂ, 80C W=zl Hzx3te NEFS S43HAh TX%FHLOH Hla] A2 el A A F
T Z71edt A AP E WA-CV-WA13Be| 714 & a3S ey on,
HoAME 2 Ao vla) £ A=z

28 oo AAFS e 4 & U &9 w2 XHYF FES 3E HAFA

Ath(Fig. 35).

Kl

A\
o, M oX
O{N

mz

Table 38. Results of treatment of nano-silver on sping green onion.

Nano—siver WA-CV—-WA13B WA—-AT-WBI13R WA—-PR-—WB13R

Concentration| CTR | 10 | 25 | 50 | 100 | 10 | 25 | 50 | 100 | 10 | 25 | 50 | 100

Weight(g) |11.5]28.3|16.8|22.3|21.2|16.1|17.0/18.3|22.4/19.2|19.0|19.0|18.2

Dry 0.96/1.99]1.341.84|1.66|1.29|1.32|1.56|1.16[1.39|1.10|1.15|1.37
weight(g) 5 38 6 9 6 5 3 4 2 1 2 2 8

CTR 10ppm 2b5ppm 50DDm 100ppm

100ppmM

S0ppm

100ppmMCTR 10ppm 2%ppm

CTR 10ppm 25ppm  50ppm

Fig. 35. Results of nano-silver treatment on spring green onion.

CTR; untreated, A; WA-CV-WA13B, B; WA-AT-WB13R, C; WA-PR-WB13R
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@) & U= £9& X3 v An ELY vAE #F L EG AR B2

h E4 nde B

Table 39. Changes of population of various bacteria from green onion cultivated greenhouse soil.

1

one. Colony number/plate at 1.0x10*CFU/ml
Bacteri
4 CTR?| A®10| A25 | A50 |A100| B*10 | B25 | B50 |B100| C°10 | C25 | C50 |C100
BeﬂweZ&Bi&227i43L3i55L3i7320i2207i&357i42&7i&2&7i4223i5227i9247i7490iL

1 2 5 4 6 4 5 5 2 5 5 2 0

23.0£4,16.0£8.16.3+1.]17.0+£1.13.7£2.22.0+2.14.3+2.15.0£4.18.7%£6.19.3£5.12.7£3.|15.7£7.]12.7£2.

After |7 7 5 0 1 0 5 0 7 0 1 2 5

1, Concentration(ppm), 2; Untreated, 3; WA-CV-WA13B, 4, WA-AT-WB13R, 5; WA-PR-WB13R

Table 40. Changes of population of various fungi from green onion cultivated greenhouse soil.

ne.t Colony number/plate at 1.0x10*CFU/ml

Fungh |CTR?| A®10 | A25 | A50 |[A100| B*10 | B25 | B50 |B100| C°10 | C25 | C50 | C100

7.7%£0./3.0£1./4.0£1./0.7%£0.]12.3+1./12.3£1./0.7%£0./1.0£1.{1.3£0./0.7%£0./2.3+0./0.7£0.|1.3£1.

Before | "¢ 7 0 6 2 5 6 0 6 6 6 6 5
After |7-7E043%1.6.0+1.1.3%1,3.3%0,/0.7+0. 1.0%1.2.01. 4.3+ 1| 1.3%0. 1.7£0. 0.3+0. | 1.7+0,
er 6 2 0 5 6 6 0 7 5 6 6 6 6

1, Concentration(ppm), 2; Untreated, 3; WA-CV-WA13B, 4, WA-AT-WB13R, 5, WA-PR-WB13R
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g 2719 & 2FA zol7F JElGTh ECE AT A 334.6000A4 HIFE Hu 443.00, HA
289.50 #= YEHlom, X 2704d Fol= 228500 = ﬂi—zs}wu}. e Ake FAHET
905.550 Bla] HFolA ta Frtetg oy, X8 20YE ¥ 646118 743}

FE 594904 209 F 4072 FojArh AdE Aie Txm%ts& 7] Apol7h YEhA ¢
9%2‘11, £ Ca, Mg@%% ORHY Fashs AFS BAoH, K, Nad A5 o1t F71er
& U 2AE 100ge] RAdhe B dolee] FHE mgdFoR

o,
£
o0
L
(s
3
@)
~
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(e}
(e}
(0)°]
Fté
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&Y
1.]1 d
i
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\O
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=

Table 41. Analysis of soil treated with various concentrations of nano-silver.

pH i Organic | T— | Exc. Cation(cmol(+)/kg) CEC
_|EC(1:5)| P2os

Sample (1:5 (uS/em) compounds | N K Ca Mg Na (cmol(+
) M ko) | (q) | (%) )/kg)
Az—loppm 6.53 3651'1 987.10 4.42 0.23 1i1 668 Sél 053 14.06
A—25ppm |6.46 42(?'0 10772'1 4.31 0.22 124 696 3i7 Oég 15.29
A—50ppm |6.56 3153'0 938.06 4.68 0.23 19')1 7;) Sél 054 14.87
A—100ppm |6.75 28(?'5 930.07 4.79 0.25 0%8 6; 2('36 0%2 13.66
B*-10[[m |6.76 3151'0 10i7'8 4.96 0.24 1; 6%5 246 Oég 14.15
B—25ppm [6.83 41(())'0 10%4'6 6.23 0.25 1é4 8i8 3; Oé4 17.05
B—50ppm |6.60 355'0 975.77 4.68 0.35 Oég 92')7 32'91 065 17.17
B—100ppm |6.34 3381'6 905.55 4.53 0.25 0%8 7:'32 258 023 14.12
C4—10ppm 6.40 315.0 11(;3'5 5.59 0.27 125 16(; 2i5 Oég 18.11
C—25ppm |6.58 265'1 987.84 4.92 0.22 153 8:'))6 256 Of 15.97
C—50ppm |6.55 44(:)3'0 920.23 4.82 0.24 1%0 6%7 2(.30 Oéz 14.09
C—100ppm |[6.53 355'9 839.61 4.93 0.23 151 6%6 2%4 Oéz 14.69
CTR! 6.65 3351'6 905.55 5.94 0.25 1%2 7é6 256 Oig 15.86
after 2 months|6.88 225'5 646.11 4.07 0.21 143 5é3 ZiZ 0%8 12.88

1; Untreated, 2, WA-CV-WA13B, 3; WA-AT-WB13R, 4, WA-PR-WB13R
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©) & e $42 4P TFANA £33 F2HH 9 A5 £

B2 A T 2 Uk F95 AlS F el HEE d 2 75 4 Z3K(Table 42),
25ppm A Fol A AujE FhollA 048mge] 7HF Be & o] HE HAeH, 50ppm, 100pm
283 10ppm 2T ol X Z2zF 0.33mg, 0.23mg, 223l 0.11mge] AZ At 3} A
E A& = U &9 Tt S7Hl weEl dold HAEE 29 FRUF Hag Hoe

E Hol & Yk §4 A§ s=o 2 9o HEI= whHlE st BA 91% Aoz +74

ofol thgk 71 <l ddo] 3d Farl e Ao=w AddEn.

Table 42. 3} Al Ego| A & Y= & AlE & FoA I+ | & v £4 27
A5 =4 % (mg/l) 25 % (mg/kg)
Control—1 0.00 0.00
Control—2 0.00 0.00
Control—3 0.00 0.00
Control 3+t 0.00 0.00
10ppm AT 1 0.04 0.19
10ppm 2] T 2 0.04 0.20
10ppm A& F 3 0.03 0.14
10ppm A & H 0.04 0.11
25ppm AT 1 0.09 0.47
25ppm AT 2 0.08 0.38
25ppm AT+ 3 0.12 0.61
25ppm AT Fo 0.10 0.49
50 ppm A F 1 0.09 0.43
50 ppm AT 2 0.05 0.25
50 ppm A&+ 3 0.06 0.31
50ppm AT Hd 0.07 0.33
100 ppm A&+ 1 0.06 0.29
100 ppm A&+ 1 0.05 0.24
100 ppm A&+ 1 0.04 0.20
100ppm AT+ Ho 0.05 0.24
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(10) NAANA EF & the §9 A A7E EFRY
h EFRA(@AY) B

A AR Bkl A7 EY B4 A3, pHE 6.6~69 502 B dutzosw
g0 dgre 2 pH WY 6.0~65 Bt} =4 EAHAT ol S 3l
717 Be Y HIRE FYstd EYY @712sE0] sobily] W E AdET pHE =
AA7IE R B E =
W pHell WA=

B QIth(Fig. 37). ol& &
2%t Ao E HoHET
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A2 B4 A3 TFNAE NHNETD NOsN7H o Be 3% Jenfaich NHNe 7
Fastn 9o, NOsNe| A% wEe +22 #7439 rhFigs
$ 79 219X E PBasT Al Z7hska o H (Figs 42, 43).
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Fig. 40. NH,-N 3+ ¥3} Fig. 41. NOs-N & W3}
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Fig. 46. ol 22hg-=F W3}

() NANA EFY & FE BA A

S =AY A9 71H G800 2L Ao E FdEE OM-HCES AN AH3 ESAE 9
1:5 B &2 335l 30%7F 28 & Whatman No. 42 X2 st 1 oBE [CP-AES
(Perkinelmer 3100XL, USA)E ©]-&3t &9 & {43} THTable 43).

Table 43. & &% R A

A 8T 79 294 8Y 49 8 259
———————— mg kg ————————
CTR 1 N.D.” N.D. —
CTR 3 N.D. N.D. ND
CTR 2 23.30 4.49 14.15
CTR 4 0.16 0.19 0.15
NV-A 1 0.35 1.31 1.08
NV-A 2 0.06 0.80 1.14
NV—-A 3 1.42 1.64 0.05
NV—-A 4 1.63 2.79 TR
NV—A Average 0.86 £ 0.78 1.64 + 0.84 1.07 £ 0.61
NV-B 1 1.56 4.42 0.23
NV-B 2 2.56 1.56 1.44
NV-B 3 2.09 6.75 0.14
NV-B 4 1.29 4.17 0.14
NV—B Average 1.88 + 0.56 422 + 2.12 0.49 + 0.64

Y 'N.D. = Not Detected

2 TR= Trace
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AT vlusted & & 5 2HE AL AY AN EYCR FYo=z Q3 Ao=w
Ao EAzke] o P

AHA7E o8 7] UH—Ergi Atz Hoh

ANe 2o A=
23.3

(1) € U= 93} 722 3 FAHSFAE) R FAEH Wz

601'&/\3 %@(ﬂ 7]E/1\_]."% 0] O]‘oq J}‘ E]/Y\j,gl:goﬂ EH H 04;(1]3_,,]_9,]_ ]’}—17— ‘%‘@13”} Q;"ﬂ]ﬁ‘_ﬂ]-
g vus) By 98 249 NIt IR A, B 2 U &9 WAPR-WBISR &%
e st d9S AAstad 489 A#, & e §0E S0ppmtH A Sa7 LEhy
7] AFgPon, 7 EA AE 2,000ppmold AAEZRE U, 71EA BE 1,000ppmol A <
AEHE JehithFig 47). & Ux fd0] ArEoM EHES Yegon, JEANS
1,000ppmo]/de] ¥ FxolM E%E Yeith

Control Inoculation control

WA-PR-
WBI3R

Chitosan A

Chitozan B

Fig. 47. Comparison of results of nano-silver WA-PR-WBI13R, chitosan A, and chitosan B

treatments on spring green onion.

- 188 -



(12) 25324 B TFZA Y

20083 ZAAHY A$, ¥4 (Control 1)E 8413%¢] #AFES Yelhda, 2 Ao
A, ZFAELS DAY 2= X 2] (Control 2)ol 4 35.39% <} DALY FeFA]| iiE](Control 3) el A
2461%2 R 3L, Nanover™ 10ppmolA 1341%, 30ppmolX 20.55%, 50ppmelA 9.71%,
100ppmoll Al 16.66%5 R ATt LHE A FAES DAY 4= X g](Control 2)ol A
72.14% %} DAFS] FebAl A 2] (Control 3)914 63.15%2 ¥ 3L, Nanover © 10ppmeoll A 50.32%,
30ppmell A 36.48%, 50ppmol A 67.56%, 100ppmol A 54.63%E5 E th(Fig.s 48, 49). &
AeTFEY B¢ A X F zre R Sart ARt Hde agss, gA
ol & NanoverTM-"J HEA Arr @48 F ARy 2 258 F2 9o
£ AFoIA Nanover™e] @1 A 50ppm Helzh thE Aol wiste] g Fo
i1, Nanover & W Fol 323 A B} ZE FroA ¥y do] A2)stdS w oh
o ER7} ASS I AT

ok T
=)
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i
h
r
Y
o
fru

i for
i
i
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Fig. 48. 9 A ¥ & Y= §(Nanover' ) 2|7} 215 &A1 WA o v &
1 (53 2), Control 2 (DA}S] & vz &), Control 3 (DARS] FokA] )9} & vhie &oll( NanoverTM)
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B. Treatment after the disease outbreak

A Aol v A= I 2t

A. Treatment before the disease outbreak

AF 2 e 89 (Nanover ™) H 2|7} 315

Fig. 49. ¥H4

2009 £ A1 8] 44, Nanover™ 13 A8 3%S W& 30ppmel A 1647%9] FEEE &Y
o gyt 7B E9ka, 28] AE H9E wWe S0ppmolA 21.16% = #E A a3t
Zott) 33 A7 39S WE 10ppmol A 21.27% = Z@A-&o] ¥gton, Ty o] Hlste] A
Ao 2 e WSS YehH Ath(Table 44). & A3 A3y} g-x®o] @8 Hof 10, 30, 50,

2y dSs X F9rF 3 F 100ppm FEE A3} B¢y FA T
L3 100ppme FEE X238 % Control Rt} Haj & "3‘”

Al &RE EAAR Su=d S B dol A B Euy Al ade 2ot deHes
WA-PR-WBI3R &-9lo] 315 &xHl diste] 2w A AE g BalEd <A JJr% A
= F S Ao 2 FHdEt(Fig. 50)
Table 44. Infection rate(%) of pepper treated with different concentrations of
nano-silver in field tests.
0y F
control 10ppm 30ppm 50ppm 100ppm 100ppm
134 - 20.01 16.47 16.33 18.33 -
23] 2 ¢ - 40.95 37.82 21.16 29.33 -
334 g 63.06 21.27 40.82 21.84 30.35 44.53
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Fig. 50. Infection rate(%) of pepper treated and non-treated with nano-silver before and

after the outbreak of the anthracnose on pepper.

(13) Controlled release’} 7153+ Al AL Al

2008 Al 1 5 AF7IEA YA A 7| EAS ZE I AtA Difenoconazole
01%<t 0.3%7F 2o] B T 2A7LFH Wewde] st sl & AA7IHAM A a5 A
207 YA AFE FHAFS Tl & & dAHoln, = wE JEAN A' Al
£ o]|83t 15 gAY WHAdTS S E Controlled release’} 73t 2HE HSAE A
g F A=A AFRE ZFAES 7 SRt 1 A, 1F AW a2t e AeE &
AR 2 AQl Tebuconazoles ZHzF 3,000Da, 30,000Da2] chitosan®o. & FE 3] 11 FEFAH
W ol 7oA 133 HPste] THES BESIAY. ZWS oA @ Ad aF ©@A
ol ol &L 4282%F YENGTE A Al 3,000Das 1000311 323 Ao 13 g o

WS 3481%, 23] e 53.92%, 33 A7 FAS W= 39.91%E e 3,000DaZ 1,500
v 3] A% Aol olE&S 13 Ay 37.18%, 23] A 51.73%, 33 AHE 31.11%E e
t}. 30,000Da$] 1,0008] 3]At Aol oW &L 13] A& 33.77%, 23] ] 56.94%, 33] A

= 2980% = 7HE WA WEsth 30,000Das 1,5008] 3] A g Ao olH&e 13 A
39.97%, 23] g 47.93%, 33] At 38.89%E UElth ZEI AFAe whg Ao ay
¥ 3 30,000Dag] Tebuconazoles 1,0008] 3|43sle] 33 Aestds o 7 £ E94&
gkel & 4= ASATH(Table 45, Fig. 51).

ot r{r
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Table 45. Infection rate(%) of pepper treated with different concentrations of various

molecular weight kitosan-coated fungicide Tebuconazole in field tests.

: 3,000Da, 3,000Da, 30,000Da, 30,000Da,
non=coating 4 50y 1,500} 1,000%H 1,5000H
1322 - 34.81 37.18 33.77 39.97
234 g - 53.92 51.73 56.94 47.93
385 42.82 39.91 31.11 29.8 38.89
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= . o135 Azl
& m23lHel
£ m3siHel
QD

2

=

30

20

non coating 3,000Da-1,0006H 3.000Da-1,50081 30,000Da-1,0008f 30,000Da-1,5008H

Fig.. 51. Effects of chitosan-coated Tebuconazoleon on the infection rate of pepper

anthracnose disease caused by Collefotrichum sp.

(14) 4= H7F 4249 #F42 2@ A= 9F AR U= §9& AT Ev
E 29 RNAEA)

TIPAI= RNAES A& 3 21& vehd 3]tk Controloll W3] &ui=s Hestdls W 34tg)

HH FHAA LSOD29t LeAPX2= St A e} Aagle] BF 2HdS

g & 1937 34 7R o] 9l9lal LeAPX2% 9GA] 2uio] 33
Z

28 2 w9
T AL YAW 53 A F 1A 347, 59 Fol 4 AshA B@HU HAT @

>

TC
-T-
-
._[46

1
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& §-AA LePR1L controle] 3mstA g 2% W8 31901, LePR1 9A] &y X g o A

glol ek $9L A2l Fol Flehe P4 molth 19 olF o) ThA) asted 5Yo) =)
2 S oA Eel=e AR BT EviEe) FusR fAAs 39T Bd f4
e Subeo] 4TS WA Gw BF YHoR BEE AL 49 T 5 DA 52)

LasS002

LaPRT

LeAFPXxZ2

TIP4l

Fig.. 52. Expression of genes encoding enzymes involved in plant defense and ROS

metabolism in tomato plants treated with nano-silver.

(15) Y= I "3 Difenoconazole®] 20|71 HA 72 A+

(7hH Y= =" 3 Difenoconazole %27} 20|31 7}F(powdery mildew)e] wAF & 3x21] A
97 &3 #F

U FE3 Difenoconazole®] 2.0] 7IFH WAT9 TA @ ¥x219] ASo vxE JTF
o olr ] Qs AHv]e] WHoz e o8 o] Qe SEMO =z BAEYPTh = 3l
A9 HALSY ¥ Ao EHo] mnny S AR AL 5

Difenoconazole %S &3 ALt EAFe] 5 qrAReE EAke] RHOZ 3518 FA7F 2=
Fo] Zol A Zof e EES AT 5 A0 £, A 535 oAl =Y o] )
A geArt Yyl e EEE #F & 5 3G (Fig 54). AP F Azko] ALEE Y
F¥3 Difenoconazole?] &E#}E #ZF & < Utk SEMES x300, x1,0002 #HZ3 A3

3,000Das 1,0008 343t A3t A7HFo] FA= A

109, 159)0] ABT5= FALS TA7} e b= A B2 319 cHFig. 55). 3,000Da]
g3l Difenoconazoles 1,5008] 3]23le] A 2]k

T Aol vls) wEgk Zpolzb JAAT 59 F FEHE dARE AT FA5H AbE e
S A T 5 AATh(Fig. 56). 30,000Dae] ZE S DifenoconazoleS 1,0008] 3|43} %]
8-+ powdery mildew®] Zze} FALZE A2 19 FHH dALeE A7 AbEste S &9
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AAT (Fig. 57). ¥ 3 Difenoconazoles 30,000Da®] 1,5008) 3]4] Mgt Ax} g

Aot FA B FAS APt AL BF & 4 AUcHFig. 59).

KBSI WD16.6mm 10.0kV x15k
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KBSI  WD16.6mm 10.0kV x15k KBESI WD16.6mm 10.0kV x10k

Fig. 54. SEM images of kitosan-coated Difenoconazole on the hyphae and spores of

powdery mildews.

<300  100um
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Fig. 55. SEM images of spores and mycelia of powdery mildews treated with 3,000Da
kitosan-coated Difenoconazole at x1,000 dilution. 1(1), 3(2) 5(3), 7(4), 10(5), and 15(6) days,

respectively, after the treatment.
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KBS WD16.2mm 10.0kV x1.0k S50um

Fig. 56. SEM images of spores and mycelia of powdery mildews treated with 3,000Da
kitosan-coated Difenoconazole at x1,500 dilution. 1(1), 3(2), 5(3), 7(4), 10(5), and 15(6) days,

respectively, after the treatment.
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WD16.1lmm 10 .0kV x1.0k 50v

Fig. 57. SEM images of spores and mycelia of powdery mildews treated with 30,000Da
kitosan-coated Difenoconazole at x1,000 dilution. 1(1), 3(2), 5(3), 7(4), 10(5), and 15(6) days,

respectively, after the treatment.
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Fig. 58. SEM images of spores and mycelia of powdery mildews treated with 30,000Da
kitosan-coated Difenoconazole at x1,500 dilution. 1(1), 3(2), 5(3), 7(4), 10(5), and 15(6) days,

respectively, after the treatment.

(16) Y= I ¥ 3+ Tebuconazoled X FEAW AT WAl 717 A+

kv

X FE¥3t Tebuconazole®] 15 ©-AH W9 ﬁ-/\]-gl Ao HxE JTFS dolr v

{0

O

Il Colletotrichum gloeosporioides®| ZB A S A 2gt & dAMY S SEMez #as4).

FAe gk A9 wAF EWo] iy ew 1AsE gAY AFS &0 T 4 ATh(Fig. 59). HHH
o] # 83t Tebuconazole AE Az & A|7to] AE+E Y FE S Tebuconazoled &=



7 & F AdAT(1Y, 39, 59, 109, 159). SEMS x300, x1,000& 23 A3} 3,000Das
1,0008) 3 Aste] 223 Colletotrichum gloeosporioides T = oFA] 28] 39 5 FE A]7ko]
BAHEFE dAE 2ed 2 ste AL #E SIAThFig. 60).  3,000Dae] HE S
TebuconazoleS 1,5008] 3]43ted A&t A-olle g & 1~3Y¥ A 39S W F Ao
Hs) vu)dk 2pol7k AR 54 F HE = #FAE FHEA AldEe A FA & F A
th(Fig. 61). 30,000Da®] FE S Tebuconazoles 1,0008] 3|43t xgd AH-§ Collefotrichum
gloeosporioides 7147} A7l 39 $HE ZEprte S B @ 5 A}T (Fig. 62). ZET
30,000Da®] 1,5008] &4 Xt A A 59 FHEH dAE FEHSA AR
& = AATH(Fig. 63).

o

Tebuconazole

e e @

of
i
filo
e

Fig. 59. SEM images of myclia of Colletotrichum gloeosporioides
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Fig. 60. SEM image of Colletotrichum gloeosporioides mycelia trreated with 3,000Da
kitosan-coated Tebuconazole at x1,000 dilution. One day(1), 3 days(2), 5 days(3), 10 days(4),
and 15 days(5) after the treatment, respectively.

Fig. 61. SEM image of Colletotrichum gloeosporioides mycelia trreated with 3,000Da
kitosan-coated Tebuconazole at x1,500 dilution. One day(1), 3 days(2), 5 days(3), 10 days(4),
and 15 days(5) after the treatment, respectively.
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Fig. 62. SEM image of Collefotrichum gloeosporioides mycelia trreated with 30,000Da
kitosan-coated Tebuconazole at x1,000 dilution. One day(1), 3 days(2), 5 days(3), 10 days(4),
and 15 days(5) after the treatment, respectively.

Fig. 63. SEM image of Collefotrichum gloeosporioides mycelia trreated with 30,000Da
kitosan-coated Tebuconazole at x1,500 dilution. One day(1), 3 days(2), 5 days(3), 10 days(4),
and 15 days(5) after the treatment, respectively.
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(17) €= go9 n3BAY HAF PAAD A7

SHE= &Y (WA-CV-WA13B)°] 15 ©AY At dA A5 FEFS Lotr 7] ¢
3l Colletotrichum gloeosporioides®l] nano-silver &8-S 2] & #AF Ao WS SEMOZE &
23ttt nano-silver & %2 F%H (30ppm, 50ppm, 100ppm), Mg ¥ A|ZH1Y, 3Y, 5¢, 10
d, 15¥)0 M2 5745 #F T F AT SEMS x300, x1,0002 ##3F A7 30ppm<
nano-silver &8 2|3 Colletotrichum glocosporioides A= 2FAl 2] 54 ¥ FE A]7to]
ARgrE A 254 D 7he AE #F A tH(Fig. 64). 50ppme] nano-silver &4
A8 g Colletotrichum gloeosporioides ALY AZAA g e 54 Fof mn|gt &35 Ho]
T7F AlZko] A3t D% 109, 15€0] A3 d% JAadE H AT (Fig. 65). 100ppme| 7

3}
94 Ael 59 FRE FAE 2 b A2 B F 5 AAW O FEe] ws A
o) =

109 Fd A e wAE 22 3l

Fig. 64. SEM image of Colletotrichum gloecsporioides mycelia treated with 30ppm nano-silver
liquid. One day(1), 3 days(2), 5 days(3), 10 days(4), and 15 days(5) after the treatment,

respectively.
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Fig. 65. SEM image of Colletotrichum gloeosporioides mycelia treated with 50ppm nano-silver
liquid. One day(1), 3 days(2), 5 days(3), 10 days(4), and 15 days(5) after the treatment,

respectively.

Fig. 66. SEM image of Colletotrichum gloeosporioides mycelia treated with 100ppm nano-silver
liquid. One day(1), 3 days(2), 5 days(3), 10 days(4), and 15 days(5) after the treatment,

respectively.
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