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particles in soil. Environmental Pollution.



SUMMARY
(FELFE)

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-WB13R and WA—-PR—WBI13R were provided from Bioplus Co. and used for mn vitro
tests and field tests. As a result of 7n 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. /n 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 the fungal cell walls were
observed. Five days or longer exposure after the treatment resulted in the death of hyphae.

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.

Other than the tests for antagonism of various nano—silver against various plant

pathogenic fungi and bacteria, we tried to select nano-—silver resistant beneficial



microbes(antagonistic and/or plant growth promoting) so that we can build up the antagonistic
effects of nano—silver through the combination of nano—silver and the nano—silver resistant
beneficial microbes. As a result, beneficial bacteria Bacillus sp. and Pseudomonas koreansis
showed resistance against nano—silver WA—CV—WA13B at 20ppm and 30ppm, respectively.
Bacillus sp. and Pseudomonas koreansis showed resistance against nano—silver WA—AT—-WBI13R
at 35ppm and 45ppm, respectively. Bacillus sp. and Pseudomonas koreansis showed resistance
against nano—silver WA—PR—WA13B at 12ppm and 50ppm, respectively. These results lead to
the conclusion that beneficial microbes could not be combined with nano—silver for the build
up of antagonistic effects of nano—silver because the beneficial microbes would not be
survived at concentration of 50ppm or higher which is the limit for antagonistic effect.

In vitro tests with S. cepivorum, 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 S. cepivorum decreased compared to the
population of other soil fungi and bacteria. In an analysis of soil planted with spring green
onion and treated with nano—silver, there were not much of differences in values of chemical
indicators such as soil pH, EC, P,Os5 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.

In a greenhouse experiment to compare the control effects of nano—silver and kitosan
against spring green onion stem and root rots, kitosan showed control effect from 1,000ppm
or higher concentrations and nano—silver WA—PR—WB13R showed control effect from 50ppm
or higher concentrations. These results indicated the nano—silver is effective at lower
concentrations compare to that of kitosan.

In field tests to control the powdery mildews of cucumber and pumpkin, control
effects started to show at a concentration of 100ppm or above when the nano—silver was
treated after the outbreak of the disease for both cucumber and pumpkin. When the
nano—silver was treated before the outbreak of the disease, control effects started to show at
a concentration of 30—50ppm for both cucumber and pumpkin. These results indicated that
treatment of nano—silver before the outbreak of the disease increased the chance of control
of the disease at lower concentrations.

Nano—silver materials have been used 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 is 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
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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 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 KCI 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 1s 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.
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(h) & A A7t Bt S4ol glonl, MAE A AL AL AR 15§ A
aFod 6500 7FRQ 3] AMS Fole Ao=E dHAd 9

b f ATl A= Az o]l B2 3744 Nano—silver 11qu1d Abgate] zhzhe] i
& olg3te] O Wal BAVL 7bed A e A, O & vhedAe] WalgAl 28 b

4 81,0 A A AE} Subxedie] £88 gk HaEe WA, O & Ux=aAvt E
| B3} EoRAEo] n = ok 2Ab, O & iAo WeuA e AUy A S

(1) Nano—silver &

¥ Agel AHEF Nanover §9& Az W¥ol thE WA-CV-WALSB(CV), WA-AT-
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Table 1. Three different types of Nano—silver used for the experiments.

. Average .
Physical . . Silver contents
Type particle size Solvent
form (ug/ml)
(nm)
Dark brown

WA-CV-WA13B ) 7~25 50,000 Pure water
Colloid
Colorless

WA—-AT-WB13R ] 7~25 10,000 Pure water
Colloid
Colorless

WA-PR-WB13R ) 7~25 10,000 Pure water
Colloid

(2) AT 2 v FHlA]

7l Aol ARES dF e A Ak AEel WE of7] A7l w80 29, Al 105
Abgelglom, I FEXSTH As7I#] w8 AE HEAE (Korean Agricultural Culture
Collection, KACC)ZH-5 #-& W 755 Ao AV 281 oW, Alternaria alternatas X33}
o] 29%9] #Fsgo| o9}, Clavibacter michiganensis subsp. michiganensise E3+dte] 10714
A+t 55 Table 29 Table 33 &t} 30| u]dol] A8t u]x]= PDA(Potato Dextrose
Agar), MEA(Malt Extract Agar), CMA(Corn Meal Agar)E A}&3le] A&t Al wiA 2+
YPG(Yeast Peptone Glucose), YGC(Yeast Extract Glucose Carbonate), NA(Nutrient Agar),
MNA(Nutrient OXOID CM3 with Phosphate) & AH&3FSith. F7k=2 7oA A5 2E&¢ 3 =
AR Sl WA (Sclerotium cepivorum)®] 7%+ dAFI A 71WA S A S
3 SFTh Tk el A wiFE R ke Ay Aol 3UMEE HYdd(se 9 Qo

FH)el g Al 7l Alde 3 sk R A4 wAESE 2AANPE Skl 2l
= X slo] AgelA g 2 2 A ol

ek webd J0 % EAE

= = =1
TS 317HA] 3o 455 o R A7 A E AT}
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Table 2. Plant pathogenic fungi tested.

The name of a disease and host plant

Alternaria leaf spot,

KACC
Species accession
number The name of a
disease Host plant
] Alternaria leaf blight,
Alternaria A—1| 40019 [Black spot, Brown [Burdock, Apple tree, Aloe,
alternata leaf spot, Black mold,|Strawberry, Pepper, Tomato
Stem canker

Alternaria _ Cauliflower, Radish, Cabbage, Mustard
brassicicola A—2| 40857 | Black spot free. Kale
Alternaria solan)A—3| 40570 Early blight, Pepper, Tomato, Eggplant, Potato

Eggplant, Onion, Tomato, Potato,
Pepper, Strawberry, Perilla, buck

Botrytis cinereaB—1| 40574 | Gray mold wheat, Sweet potato, Pear tree, Apple
tree, Lettuce, Bean, Cucumber,
Pumpkin
Cladosporium _ Eggplant, Cucumber, Pumpkin, Melon,
cuUCLmerinum C—1| 40576 | Scab Watermelon, Horse bean
Colletotrichum C—3| 40042 | Anthracnose Mung bean, Pepper, Apple tree
acutatum
Co/]etqtnc]zum C—4| 40013 | Anthracnose Bean, Pepper, Cabbage
dematium
Colletotrichum | . Bean, Apple tree, Pear tree, Aloe,
gloeosporioides 5| 40003 |Anthracnose Pepper, Strawberry, Perilla,
Cg/]gta{nchum C—6| 40807 |Anthracnose Radish, Cabbage, Mustard tree
higginsianum
Cg/]etatnchum C—7| 40973 |Anthracnose Pepper
nigrum
Co/{etotn'c/zum c—8| 40808 |Anthracnose Cucumber, Pumpkin, Watermelon,
orbiculare Melon
Corynespora leaf
COFY7€SDOFQ C—9| 40964 |spot, Leaf spot, Leaf Pepper, Cucumber, Bean, Tomato,
cassiicola blight, Brown spot Sesame
Cylindrocarpon C-10| 41077 Root rot, Black root Strawberry, Ginseng, Peony
destructans rot
Didymella D—1| 10938 |Black rot, Gummy Cucumber, Pumpkin, Watermelon,
bryoniae stem rot Melon
Fusarium.
Z;(yspOrum L F—1| 40525 |Fusarium wilt Cucumber
cucumerinum
£ oxysporum Ll ol 40039 |Fusarium wilt Tomato
sp. lycopersici
F. oxysporum |F—3| 40052 |Fusarium wilt Tomato
. _ Fusarium wilt, Dry |Potato, Sweet potato, Mung bean,
. solani F 41643 rot, Root rot, Ginger, Perilla, Foxglove, Ginseng
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Table 2. Plant pathogenic fungi tested (Cont.).

KACC The name of a disease and host plant
Species accession
number The name of a
disease Host plant
gﬁggriruomt’ E)l;y rot, Potato, Sweet potato, Pepper,
F. sp. F-5| 40050 Y Strawberry, Pear tree, Apple tree,
Damping—off, Stem Grapevine, Carrot
rot, Blight, ’
Glomerella _ Pepper, Strawberry, Pear tree, Apple
cingulata G—1| 40895 |Anthracnose tree, Grapevine
Monosporascus M=1| 40940 Black root rot, Root |Cucumber, Pumpkin, Watermelon,
cannonballus rot Melon
Pythi ) ) ) )
aﬁa;izrmatumP_S 40156 |Damping—off, Blight |Tomato, Tobacco, Spinage, Radish
Pythi i )
y%‘ um P—-9| 41060 Mottle necrosis, Root Sweet potato, Pumpkin, Cabbage
spinosum rot, Dry rot
Black scurf .

] ] Y Eggplant, Onion, Tomato, Potato,
Rhizoctonia rR—1| 40145 ?ffﬁglrngu%fwf’nsrt&m Pepper, Strawberry, Perilla, Sweet
solanr Leaf aﬁd stem rot’ potato, Melon, Watermelon, Bean,

Root rot Corn, Radish, Cabbage
Sclerotinia s—1| 41066 Sclerotinia rot, Small [Cauliflower, Kale, Lettuce, Peanut,
minor sclerotinia rot Tomato. Date
Sclerotinia s—2| 41065 Sclerotinia rot, Small |Cauliflower, Kale, Lettuce, Peanut,
sclerotiorum sclerotinia rot Date, Tomato
St Ayl :
/yf;ff; rfl Z’m s—3| 40967 Igggtf spot, White leaf|p, . 1ant, Tomato, Pepper,
St Ayl :
soiamnf YHEIE 54 40966 Iggstf spot, White leaf Eggplant, Tomato, Pepper,
Sclerotium . .
cepivorum - - stem and root rots [Spring green onion
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Table 3. Plant pathogenic bacteria tested.

KACC The name of a disease and host plant
Species accession
number | The name of a disease Host plant
Clavibacter _ .
michiganensis C—1| 20122 |Bacterial canker Pepper
Erwinia tracheiphilalE—2| 10084 |Bacterial wilt Cucumber
Bacterial leaf blight,
Pseudomonas p—1| 10137 Bacteria root rot, Cabbage, Garlic, Banana,
cichorii Bacterial rot, Bacterial Foxglove
soft rot
Pseudomonas _ . .
corrugata P—2| 10141 |Pith necrosis Tomato

Bacterial rot, Sheath rot,

Pseudomonas p—4| 10466 Bacterial soft rot, Bacterial Onion, Tomato, Pepper,

Lettuce, Cucumber, Ginger,

marginalis rhizome rot, Bacterial bulb :
rot, Bacterial leaf spot Cabbage, Garlic, Carrot, Kale
Soft rot, Bacterial leaf

Pocudomonaslp—s| 10387 |lght Hocteril brown [EZEPIant: Peprer, Carot,
streak, Bacterial rot ’ ’
Bacterial canker, Bacterial

Pseudomonas _ ’ .

syringae P—6] 10396 |leaf spot, Angular leaf spot|Eggplant, Pumpkin

Ralstonia rR=1| 10220 Bacterial wilt, Bacterial Eggplant, Potato, Pepper,

solanacearum rhizome rot Tomato, Ginger, Perilla

Xanthomonas : :

campestris pv. X—=1| 10377 Igagtte%?éciar;léfr, Bacterial Cabbage, Kale, Radish

campestris pot,

Xanthomonas

campestris pv. X—2| 10563 |Bacterial spot Pepper

vesicatoria

Ay

B g4 ARG Yeto] AurE 28F] Fgo] #F % 1059 A 7FE 27t A
o 71z} Az WHo] thE 3714 £ Nano-—silverS AM&31SIT)

WL wFolo] A, A PDA Al ¥l ¥ & Y &S 10ppm, 25ppm,
50ppm, 100ppm?] F% 2 H7F3le] wjx(PDA, MEA, CMA)E A3k 3 vjok3l gA] 52 T
9] cork borer (A7: 0.8cm)& °]-&3F] €Ak A7]9] agar plugE Nano—silverZ} 71 Hj
A Fo}o] HE 3 3 27Co A wdsle] HZx 257 widksle] FxE]te] A A o] 8.5cm7) H
TE ouet T 25U A FRE 7Y 7HA o 28U T4 Adke] AAS AL 715
TGS Al 2 N wiAe HE = i1 (30T, 170rpm) el 2441 7F &<t
Fch vidE Alite] HEE 1.0x10° CFU/mIO. 2 Ax3ste] Ab&akqith zF A<k Hl
S U 89S 10ppm, 25ppm, 50ppm, 100ppme] HFE== 7'“7]-‘3}04 WX & ZA|3F3 o)
H AltE 10uA Zhzke] A wfA|o] 4 F st ‘:ULO}Oﬂ'ﬂr HEF 3 5 30T A 1~343¢F

=
o2
ol

H

)

X 2

fou
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aRAUA AT F2Y FF ASt] ) SsYch

(2) & the 9 B A A dua Fgolel el 0A

28709 ol 7 7A7hel WA & the golo] tal EAAF oA BaIL £ 5] BB
o] Monosporascus cannonballus(M—1), Rhizotonia solani R—1), Sclerotinia mino{S—1), Sclerotinia
sclerotiorum(S—2), Stemphylium solani(S—4)5 A1938}e] 1ppm, 3ppm, 5ppm, 7ppml = A &%
A& 3 60ppm, 70ppm, 80ppm, 90ppmO. 2 1% 23S 2A &t}

W3l Rhizoctonia solani, Sclerotinia minor, Sclerotinia sclerotiorumol A @A ¥+ w3l
< o]&ste], ] figh & v 4 AYS AAGSIT fef B WHeRE & v 37

A gNe AxEs mEEdM 2P 4 sgom, PDA, MEA, CMA WAE g3t
e WAL ol gdte] ARE FAL o st HAE WA Bl BF & F, 27C )
Fso] Hz 277 WiYste] T ol 8.5cm7k HES WFF F 257k A TR

79 AR 43 FAMUY PolF sl FTS W F, obd) FAS olgde] A

X100 = Inhibition rate (%)

(3) & Ui & 23 A2 Al Anrel wgole] 4 oA H74

< e £ 371%](o]3F WA-CV—WA13B; CV, WA—AT—-WB13R; AT, WA—PR—WB13R; PR)&%&
s} 47}%1 Z3H(CV+AT, CV+PR, AT+PR, CV+AT+PR) 8918 WHE 5 9o} e o)A
W 595 Monosporascus cannonballus(M—1), Rhizotonia solani{R—1), Sclerotinia minor(S—1),
Sclerotinia sclerotiorum(S—2), Stemphylium solaniS—4)5 4o 2 3} & L 8NS5 o35}
of HAMAA ] ot JFS mx=x] Bl STt w8 Sclerotinia minoS—1) W57} 84
she #elol sl e B3 golo] o= AE WAL el A s Aww
57 w2 AR ¥ A Al dAS Esl WA TheAdS g9l st AYS 9 5k

.

r* PN rlo

(4) Fadx&r 4 (TEM) @2

< v Ao A FEe e dAUSES #Estax & v A ®@ Al
Pseudomonas marginalis 3} 33| Rhizoctonia solanis W02 &fo] o Ux] of 3} F3} =}
)4 (EF—TEM, Energy Filtering— Transmission Electron Microscope, LEO—912AB, OMEGA,
LEO) o2 AdE 8 st} A+t Pseudomonas marginalis 3 89| Rhizoctonia solanis
WeE WA 77t W @ F S eolg Sppm oA S0ppm A TREE R AR
sprayer® w-AF A 2@ §- 4 sho] AEE3iT
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(5) A 4 (SEM) ¥z

Sy A2 7b Aol Al wX= FEFE G2 str9ske] 25ppme] =2 A
SEMeo 2%k gasiolrh. ®et, 2uee) A7t 5o wAke] Aol mA= 9dFs &<
719)8ke] A moA] w9 wWzke weS pol:= Ao HF 7Yl Sclerotinia
sclerotiorum(S—2)< A4 st & Wimols 7ppmo| EXEE Al sprayer® 10ml¥ EAF A 2]
3ttt 7Tppmel FEE A sk vt AY| 1, 3, 5, 79 F Sclerotinia sclerotiorum(S—2) 2
e 1A A7 AFE AR (Low Vacuum — Scanning Electron Microscope
S—3500N, Hitchi Science Systems, Ltd., Japan) & & #Z-& 2 A &9t}

f
o 4

(6) & b o) oFs) 2

Evte, 315, 20|, 35 o R ko] & v 374 & 747t 10ppm, 25ppm, 50ppm,
100ppm =2 o ddS AAein. ofs) AP EvtE, 15, 20], 35 4-653F HHT
T FEF AHEA 7 wrEEE GuAb 2 A5 AYE 33 AA] sha A 3d F oF

a7 A=A BRI

AE ABA% F07 2 AT hed evhedel date] WAL AUs #FE Ak
of evjicols} £8 Eal Suwole] ARENE Fu A7 AY L Sveoe AFAol
WAERAR] ABAGED DS REHow A A 4 Nano—silverst Ego] 7h53

dof sl WS Al UAdTS ddstr] f1s 48S 79 st
= = 4 HA Pseudomonas koreansis 2F 8

Bacillus sp. 2055 AFg3slslom, Z;

Hj =]l WA—CV-WA13B, WA—AT—-WB13R, WA-PR-WB13R-& 45 H7}eke] % 10ppmo

Azt wjAd HE g = 25TCoA 3-7L7F wjdste] A WS ddste] HA}
5

o
)
-%N
S
o
rie i

(8) 3 S Sy Welael e & Y &

2

o el A

4

2

fol

v SAReFay HAAS o r 2 yn gdo ZAeA vy AL AAFAT
WA—CV-—WA13B, WA—AT—-WB13R, WA—PR—WB13R 37} &N 7} o]= 37}#] &ME 233l 47}
Al 3t & NS 1ppm, 3ppm, 5ppm, 7ppm, 10ppm, 25ppm, 50ppm, 100ppm FE=Z PDA, MEA,
CMA HjAo] XAate] FARAER AA|asts Basnh. 3480 F49 & Y 98 7}
SN2 10ppm, 25ppm, 50ppm, 100ppm .2 A|Zke] 2=o] 7] Ao 200ml¥ w5 v}
132 & 43 AF A3} 43 dF A 509 T S8 ve] BeE BAeEda, 23

3k vlo] AAFS S438aL 80T Hx7]ol A% 5 AxFT e S48
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(9) & U= s A3t 3 Al =] vAdE population M3 B = 24

A PAo R 43] Agd X AYEA F(FAE)

Ho] EYS MEH ot mAE MAGY WHstE ZAESIY. & Ur‘*"”"] Aed =2 A
HA &2 I EGS AFSt FFol ZEHe XA AxgT F 2mmo] A= NS,
AL 1.0x10°CFU/ml ¥ =2 #F3o]= 1.0x10° CFU/mIZ 34 3}o] M-S TSAH]A 9 %%
o]+= A A (streptomycin sulfate salt: 0.3g, Tergitol: 500nl, Tetracycline: 0.3g)& #7}3F PD
HjAlo] 10pl¥ =ate] Algstgitt.

EG AW 34 AAE 3 An 2FelA & vy & ATt EG Aol Wt o
TS FA dolry] fste] AAjsdlon, & yimdo] AHEH AU ESE AFHSIY F
ol #Aye= A A AxF F 2mme] A= A F EGYRE FA4S A

TEEE 2y &0 Agd 3 AN 35 FFete] FxrEr o] AlFHS. Al
2 G5 FAdA A A=A F F718 FE 5 A EA 5g5 =7l ¥ar 550TelA
5] 8} § Y44 (HCLHNO3=3:1)& Ag3ste] E H39 5 26mlz 2ot} ol g A Fuje A=
T 895 ICPE AMESte] 29 A= =5 SASUY. 25 HE st #AAolA standard
W= 0.05 — lppml @ Almel A HER2 G55 7} st 54350

(11) & i g3t 7| EAke) v} S S-S gol e WA &) vl

WA—-PR—WA13B &
AR&3FS1aL, 100ppm, 250ppm,

7)1 EAqte] 3} S S d ol dis] Al art A=A
MNP 1 FHE ¥uIHERYT}. NENS A B T
500ppm, 1,000ppm, 2,000ppm %Ei Agstgla, &
100ppm o2 ATt 4—67F ¢ FH =, =
431 ( 45) AR oL, A8 $5 10 & 2395 #2359

e
i
_0|L
Rl
rlo
v
b

N
L
B

[t

€2 10ppm, 25ppm, 50ppm,
AHE B F2 = w5 13, &

(12) =} Qo] AVpFH ol thdh & v 4] WAl a3 AA

2 e
o & o

H

8 57h7 gl
Sl ke 14 ARAA W F Aeel A9 5 o)) ol
ZF

A]
U 37FA] €995 10ppm, 25ppm, 50ppm, 100ppm X2 A|Z3e], 2k 2L 4 43] ¢ A g
H 3}

stol WAEIHF QA aga & vheol Atold] WAIEIE] Aol7k YA s 2o
Lo v g9l YETE Fenarl F4E $7 Ak 23 A@elAE PREY A A
Y F AR B fasel WY AR WARNE W sl 2 YA

Nanover™ WA-CV-WA13B &S A&3te] 51t 7} Qo] F A9 S Control 1 (F#49]),
Control 2 (Dongbang Agro Co.¢] NSS—F), Control 3 (‘41 & NanoverT 100ppm A 2]), Control
4 (Dongbu High—Teck.2] 3vta])e} @ A 10, 30, 50, 100ppm 18] 3 ¥ & 100ppm O.=
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879 (Powdery mildew)ol] tigh &b = o] gt g o5 zstr] fshe], shde] EukA)
v 7kl A S7FEHe e sEklES Fete], 9F Semxbem A7|E TSt Petri
Dish(90X15mm) ¢kl A =& t}e ntz2 z}7+o] FX(10, 30, 50, 100ppm)e] Nano—silver &8
(WA-CV-WAI13B)S &3] AEstal, dxTv SHFS Aok ol % 14, 29, 3434
490] sk sukel S AL W e HA Smxsme] A7) 2 dwsle] SEMS #EeEr] 93 A

(7F) WA-CV-WA13B &<

WA-CV—WA13B &8-S H7}stk 2z PDA, MEA, CMA 8] 2] £ (87X<15mm Petri dish)oll 28711 <]
o

+3Fo] agar plugE TUol HT T S A FHS s A3}, 3714 wlA] controlol A
= 25 whol| Petri dishe] @k 74x] 2% 4374 849lon, Nano—silver’} d7be wjxlo] M= 2
£ wiHe]q FEE0] 10ppmiE oAl AFE Uehdom, gye] F37h 100ppmel A
2 A gA 235 HolFa k. I 657 A Ay} g g5 Akl A
mep A EH o7 S Hlom, 37k wjAeA FEE S B AAES 18 ds

785 el AEA] 10ppm ©]3He] FEelA &7t glofof st =R 10ppm F =4 M—1, R—1,
S—1, S—2, S—4 = 253} 9} 65} Atre] A7 Zol7l & 3Jo]= Ho]x| oo} xL=7 el o
B7F de Ao B AW, #A o]F 5% ATl dste 10ppm °]8F F=elA ] AS
195 F3ith. Table 5% ZF vix™E FFol 59 Aolg 5HHEte] Htghs YERT

WA-CV-WAL3B &5 H7FE PDAMIA| 9 A3= 100ppmol 4 C—4, C—6, F~1& A|9]s}aL
= R 23R4 A Hh A-3, C-3, C—10, F-5, M—1, P—8, P—9, R—1, S—1, S—2, S—42] 7
$- 100ppmel A 6F <k X &2 A AAE HATE 50ppmol %= R—13 S—2+& A&7
AA| FS HAtH(Table 4A). MEAH|A| 2] 79 PDAu|=]o] H]&] AAHo=z A5 A7 2
el A= ko) M—1, R—1, S—1, S—2, S—4°4= A8 JAE YEFATH(Table 4B). CMAH|A]
M= S—29F S—4elA w2 AS A £3E HEFITH Table 4C).

>
o
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Table 4. Inhibitory effects of nano—silver WA—CV—WA13B against various plant pathogenic

fungi on different media n vitro.

A. PDA media (cm/plate)
onc.! 10ppm 25ppm 50ppm 100ppm
CTR’
ow’| 3w 4w | 5w | 6w | 2w | 3w [4w | 5w | 6w | 2w 3w |4w|5w | 6w |2w 3w |4w|5w | 6w

Fungi

A—-1 | 8.5 [3.4]|3.5(5.1(5.5]|5.7|3.0(4.0|4.714.9|5.1|2.6|3.6(4.2|14.5{4.5[0.010.0|1.3[2.8 (3.5
A-2 | 8.5 [1.912.7(2.9(3.2|3.7|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
A-3 | 8.5 [1.9|2.5(2.1(2.4|2.6|1.4(2.2|12.0|2.8|3.0|0.6]1.5(1.4]1.8{2.3[0.0/0.0]0.0{0.0{0.0
B—-1 | 85 |3.1|3.8(4.3(4.6]|4.6|2.83.4|4.2|14.5|14.5(2.1{2.9(3.5(3.814.010.7]10.9(2.1[1.9|2.6
C—-1 | 85 |1.5(2.7|13.1|4.014.7(1.7]12.7|3.2|4.0|4.6]1.6(2.5|2.9(3.6(3.810.0]0.6]0.6|1.0]|1.6
C-3 | 85 12.4(3.4|13.9|3.4|4.2(1.812.1{3.1|2.9|3.4]0.8({1.1|1.6(1.8{2.0/0.0{0.0]0.0/0.0]0.0
C—4 | 85 |4.8(5.7|16.216.8|6.9(4.014.7|5.6|6.3|6.5|2.4(3.1|4.2(14.8(5.2|1.8]2.4]3.6|3.8|4.3
C-5 | 85 13.2(4.1|14.6|4.8|4.8(2.5|3.3|4.2|4.4|4.6(2.1(2.8|3.5(3.8(4.110.0{0.0{0.0]0.3]1.2
C—6 | 85 |5.8|7.1|7.1(7.4|7.9|4.9|16.5(6.8|7.3|7.3|4.5|6.0|6.6|6.9(6.9{4.0|5.6(6.2]6.5|6.4
C—-7 | 85 |4.1(5.6|6.9|7.4|8.0(2.814.2|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
C—8 | 85 12.6[4.8|6.2|8.5|8.5(3.2|14.6(6.0(7.1{7.9]12.1{3.0|4.1{4.8(5.810.210.5]0.9/1.1|1.8
C—9 | 85 12.8(4.114.715.5|6.0(2.2]13.0(3.9(4.3]|5.2|2.2(3.0|3.7(4.4(5.210.3]0.5]1.2|2.5|2.7
C—10 | 8.5 13.0(3.8|4.3]|4.7|5.3(2.3]12.9|3.3|3.7{4.1|1.5(2.2|2.5(2.9(3.3|0.0]0.0{0.0]0.0]0.0
D—-1 | 85 (2.1(3.2(4.4|4.6|4.6|2.1|13.1|4.2|14.4|14.6(1.8|3.0{3.8{4.114.410.010.0({0.0(0.5|1.5
F-1 8.5 14.213.816.1(6.3(6.5(3.0(3.8{4.6]5.0{5.5|2.3|3.0(3.6(3.8(4.3(2.112.9|3.7|4.1(4.4
F-2 | 8.5 (3.013.7|14.3|4.4(4.6(2.1{3.1|3.2|3.3|3.6|1.5(2.0(2.4(2.5(2.9(0.2]{0.3|1.0|1.4(1.5
F-3 | 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
F—-4 | 8.5 12.2|12.5|3.0(13.3(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
F-5 | 8.5 12.8|3.5|4.2|4.5(4.8(2.6(3.0{4.1{4.5|4.8|1.7(2.1(2.4(2.9(3.1{0.0]0.0]0.0]0.0(0.0
G—-1 | 8.5 |5.6|7.3|7.2|8.5|8.5(3.3|4.6]|5.1(5.8|6.5|2.7|3.7(4.114.8{5.5(0.0|0.3]0.6(1.1|1.6
M-1 | 8.5 (1.9(2.1|2.0|12.4|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
P-8 | 8.5 13.9|4.6|4.5|5.1(5.5(2.6(3.4|3.8{4.0{4.3|1.4(1.7(1.7(1.7(1.5{0.0]{0.0]0.0]0.0(0.0
P-9 | 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
R—-1 | 85 |2.5(2.1(2.9(3.6|3.8]2.712.8|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
S-1 8.5 11.411.8|11.5(11.4(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
S—-2 | 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
S—-3 | 8.5 (2.2(3.1{4.4|5.3(5.9|2.1(2.8(3.9|4.9(5.1|1.812.94.3|5.0|5.4]0.9(1.7(2.9]|3.4|4.0
S—-4 | 85 |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

1; Concentration (ppm), 2; Control, 3; Weeks
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B. MEA media (cm/plate)
onc' 10ppm 25ppm 50ppm 100ppm
CTR*|
Fung 2wW7| 3w | 4w | SW | 6w [ 2w [ 3w [4w [Sw | 6w [2w [ 3w [4w |Sw | 6w | 2w | 3w |4w | dW | 6w
A-1 8.5 12.814.715.8|7.2(8.5(2.1(3.3]4.0|5.1|6.1| 2 |3.0|3.5[4.0(5.1{1.9[2.5]2.9|3.4]|4.0
A-2 8.5 [1.6|2.813.6(4.7(5.9]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
A-3 | 85 |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
B-1 8.5 14.816.9|7.017.0(7.3|3.9(5.8(6.3]6.6(6.9|3.5|5.4|5.7|5.9(6.3(2.6[4.0{4.5|5.5]6.0
Cc-1 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
Cc-3 8.5 [6.5]8.018.5|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(7.47.9|8.5|8.5
C—14 8.5 14.116.8|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
C-5 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
C-6 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|5.4
C-=7 8.5 [6.1]8.3|8.5|8.5(8.5(3.5(5.2(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
C-38 8.5 |7.5]18.5|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| 7 [8.58.5]|8.5|8.5
C-9 8.5 13.215.015.8|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
C—-10| 8.5 |0.0]1.2|2.415.8(8.5(0.0(0.2]3.3]6.2|8.5|0.010.3|2.3(5.1{7.2{0.0({1.4{1.9]|5.6|6.8
D-1 8.5 [1.6|2.212.8(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
F-1 8.5 |[5.6(7.117.2]17.9|8.4|4.415.816.4(7.1|7.5( 4 |5.5|6.3(7.1|7.8|3.4|5.3|5.7(6.8]|7.4
F-2 8.5 |6.6]|8.5|8.5|8.5(8.5| 5 [6.7(7.0|7.8|8.5| 5 |6.2|6.4|7.8(8.5| 4 [5.7|6.2|6.5|8.5
F-3 8.5 | 617.3|8.0|18.5(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
F-4 8.5 14.916.416.7|7.3(8.3|3.9(5.2(5.3|5.9]6.3| 4 |5.3|5.6(6.0(6.3(2.9[3.9]4.1{4.8|5.1
F-5 8.5 | 415.9]|6.5|6.9(8.0(4.5(6.2]16.6]7.0{7.013.3|4.5|4.3|5.3(5.6(2.7|3.2|3.8|4.5|5.4
G-1 8.5 |3.616.4|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
M-1 | 85 |1.4(1.2|1.9]/2.0{2.7|/0.5|1.0{1.6(1.6|2.7| 0 |1.0(1.2|1.6]1.8| 0 |0.6]0.7|1.4(1.7
pP-8 8.5 12.713.4|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|5.5|6.6/6.5|5.4
P-9 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
R—-1 8.5 10.010.010.010.0(0.5/0.9(2.4(2.84.2|3.6|0.0/0.0/0.0[0.5{1.8{0.0[0.0{0.0]0.0]0.0
S—1 8.5 [1.5|2.013.0(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
S—2 8.5 |1.715.116.2|6.6(8.0(0.4(2.4(3.7|4.5|6.2|0.6|3.4|3.8(4.3|5.7(1.3[3.9]4.3|3.8|6.1
S-3 8.5 12.813.9|4.815.3(6.9(2.8(4.8(6.1|7.4|8.3|3.2|5.7|6.7|7.5(8.5(3.3(6.2|7.5|8.5|8.5
S—4 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)
Conc.’ 10ppm 25ppm 50ppm 100ppm
CTR*|
2w°| 3w [4w |Sw 6w | 2w 3w [4w |[Sw | 6w | 2w [3w [4w | Sw [ 6w |2w|3w [4w [SwW | bW
Fungi
A-1 8.5 [2.313.0(4.114.6(5.011.3]|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 8.5 10.5{1.001.1{1.3{1.5{0.0]0.6(0.9{0.911.3]0.0{0.0|1.1|1.2|1.6(0.0{0.8]1.2(1.3|1.6
A-3 8.5 [1.3|1.6(1.6/2.0(1.7]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 12.012.6(2.713.0(3.012.012.4|2.5|2.9|2.9|1.4|2.0(2.2|2.4|2.3|1.3{0.8[1.9(2.1|2.0
Cc-1 8.5 11.2]1.8(2.212.6{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 8.5 12.313.014.3|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 8.5 12.4]12.813.013.4|3.6(2.813.2(3.3|3.713.712.6(3.1|3.1|3.3|3.5(1.6{2.3|2.9(3.2|3.1
C-5 8.5 [1.8]|2.3(2.5]|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 8.5 [1.4]2.012.5]|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
Cc—7 8.5 10.011.2(1.72.0{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 8.5 12.4]13.5]15.4(6.0]5.8(2.213.1(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-10 | 85 |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 8.5 12.113.013.2|3.3|3.3[1.812.6(2.8]3.013.0{1.7]2.3|2.8|4.4|2.8(1.0{1.4|2.0(2.2|2.1
F-1 8.5 11.6(2.012.212.6(2.9(1.5|1.9(2.2|2.4|12.5|1.3|1.7|2.0|12.1|2.0(1.4({1.7]1.8(2.1|2.0
F-2 85 [1.4]1.7(1.9|2.3(2.411.3|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 8.5 11.6]2.1]12.5(2.7]2.8(1.6]2.2(2.5|2.9|3.011.6(2.1|2.5|2.8|12.9(1.6(1.9]2.5(2.8|2.7
F-4 8.5 10.4/1.0(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 8.5 (0.6|1.6(1.9/2.1(2.1]10.4|1.5|1.5|1.7|1.7|1.3|1.8(1.7|2.0]|2.0|1.1{1.7(1.8(2.1|2.0
G-1 8.5 [1.3]1.8(2.312.6(2.8|1.8]|2.1|2.3|2.6|2.6|1.8|2.1(2.2|2.2|2.3|1.3{1.7(2.0({0.6(2.0
M-1 | 85 |2.0(3.6|6.6(6.8|7.3[0.7(1.3]1.8(2.3[2.4{0.8(2.1]|2.3]2.3(2.0(0.2/0.6/0.6|0.6|0.6
pP-38 8.5 10.013.0/4.014.0(4.111.9]|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 8.5 12.6(3.714.214.9(5.3(1.712.1(2.6(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 8.5 [2.4]12.8(2.213.0(3.0]12.2|2.2|12.6|2.4|2.5|1.8{1.9(1.9/1.9]1.9{1.6{1.8(1.8[1.8(1.8
S—1 8.5 [1.6|1.6(/2.813.0(3.0/1.6/1.5|1.7|1.8|1.9|1.2|1.7(2.0|2.4]2.4|0.0{0.0(0.7[1.5[1.5
S-2 8.5 (0.0/0.4(1.111.3{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 8.5 [1.9]|2.3(3.013.4(3.512.012.5|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 8.5 10.010.6(1.211.3(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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(t}) WA-AT-WBI3R &

< Y 89 WA-AT-WBI13Rell tigt 7z wix]*H (PDA, MEA, CMA) A7 A &3& Yeb
(Table 5). WA—-CV—=WA13B & n]a| A A 77} @ o= F X5k PDARIA] 4
A A—3, F—3, F=5, M—1, P=9, R—1, S—1, S—2, S—40l|A] =& x| §3= veblith(Table 5A).
WA—AT—-WB13R &A% PDAB Ao H]8] MEAW|A| o] A= oA @37} dolx|= Ao g 1}
EFATH(Table 5B). WA—AT—-WBI13R & o] *2]¥ CMAH|A| A= S—1, S—2, S—40|4] =2 x|
w2395 YETH(Table 50).

Table 5. Inhibitory effects of nano—silver WA—AT—WB3R against various plant pathogenic

fungi on different media n vitro.

A. PDA media (cm/plate)
onc.! 10ppm 25ppm 50ppm 100ppm
CTR®
2w’ 3w | 4w | 5w | 6w | 2w | 3w [4w | 5w |6w|2w|3w 4w |5w|6w]|2w|3w]|4w |5w|6w

=)
=
=
0Q

|
—_

8.5 |3.114.3|14.8(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 12.013.4|13.6(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 |1.7]11.812.0(2.2(2.4]11.6|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 |3.3]4.3|14.8(4.8[(4.912.5|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 |1.5]2.813.3[{4.1[4.7]1.312.5[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 13.014.014.2(4.4(4.6]1.912.3[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]12.8|3.2(3.8]4.0
8.5 |3.4|4.2|14.6(5.3[4.712.6|3.4(3.9(4.2(4.212.1{2.8|3.6|3.9/3.9[1.1[1.9]2.8]3.3]3.5
8.5 |5.8|6.7|7.1|7.5|7.1|4.216.1]|6.8|6.9|6.6{4.0/4.9(5.5|6.3[5.9[3.014.1[{4.8[5.3]5.5
8.5 [4.8|6.4]8.5]8.5|5.2|2.6]4.0]5.9]6.9]5.6]1.8[2.9[4.3]5.4[5.2|0.0]1.8|3.6[4.114.7
8.5 |3.3]5.016.1{6.9[6.8]12.7|3.9[5.8(6.3[6.912.4]3.4|4.2|5.2|5.4[0.0{0.6]0.7]1.2]1.3
8.5 |3.5]3.915.2(6.1[5.5]2.0|2.8(3.5(4.3[4.4]1.8]2.5|3.4]3.9[4.1{0.0[1.4]2.2]12.2]|2.6
8.5 |2.8|4.7|5.2(5.8[6.6]2.3|3.6[4.0({4.6(5.2]1.6]2.8|3.2|3.6/4.4[0.2[{0.5]0.5]0.7]0.9
8.5 |2.214.015.1{4.6[4.4]16.2|13.5[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 |3.3|5.7|2.7({7.1{7.4]12.1|3.9[3.0(5.3[7.212.6]2.8|4.6|3.7]6.7[0.0[0.9]6.2]12.3]6.5
8.5 |4.816.1|6.8(7.4(7.117.0/3.3[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
8.5 [3.3]4.314.9(5.1|4.9(2.112.7]|3.1(3.4|3.4]1.7[2.3[2.6]2.9]2.9[0.0]11.3]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(5.212.4]3.1|3.9[4.1[4.3[0.0{0.0{0.0]0.0]0.0
8.5 12.3]3.0]13.3]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|14.2(4.9(4.6]11.8|2.2(2.7(3.2{3.212.0{2.6|3.5|4.3|4.3[0.0(1.4]2.4]3.1]3.5
8.5 12.012.2]12.5]2.7]12.8|0.012.2]12.2|4.114.6]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]6.316.4|6.4|3.8]4.7]5.0]5.115.1{1.5[2.8(2.9]3.0{3.0[0.3]10.4]0.4(0.4]0.4
8.5 [1.3]1.7]1.8]2.1]12.4|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
8.5 10.0/0.0]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 |2.8]3.9]5.6(5.9(6.112.2|12.8(4.4(5.1[{5.3]1.8]3.0/3.9]5.2|5.3[0.3[2.2]3.114.3]4.8
8.5 |10.4|1.4|1.6(1.8{1.9]0.0|1.0f1.1{1.2{1.4]0.3]1.0/1.0/1.0/1.4{0.0{0.0]{0.0]0.0]0.0
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B. MEA media (cm/plate)

Conc.! 10ppm 25ppm 50ppm 100ppm

CTR*|
Fune) 2w’ | 3w | 4w | 5w | 6w | 2w | 3w [4w | 5w | 6w | 2w | 3w | 4w | 5w | 6w | 2w | 3w | 4w | 5w | 6w
ungi

A-1 8.5 13.414.9]15.8(7.518.0|3.1|4.3|5.2|6.0|6.4(2.4|3.1{3.6|3.7|4.7(2.713.0({3.5|3.6|3.8

A-2 8.5 |1.812.5]3.0(3.4|3.6|1.7|12.212.8|3.3|3.6(1.8|2.32.8|3.2|3.5(2.1|2.4({2.9]|3.2|3.6

A-3 8.5 12.0(13.3|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

B-1 8.5 |4.7|6.716.916.97.414.0/5.5(6.3|5.8|6.4]3.9|4.8|5.1(5.3|5.5|2.7|3.5|3.7(4.0(4.3

C-1 8.5 11.6(2.012.4(2.8]13.3|1.3|1.72.0|2.212.8(1.3|1.7]1.912.0|2.5(3.9|1.7({1.9|1.9|2.4

C-3 8.5 10.0[8.5]8.5|8.5(8.5|0.0(8.5(3.5(7.9|8.510.0]8.4|8.4(3.5|8.4]{0.0]8.5]|8.4(8.5|3.5

C—4 8.5 |5.5(7.3]7.9|7.6(8.015.1|6.8(7.3|7.3|7.814.416.4|7.2|7.4|7.413.6]5.1|6.2(6.6|7.0

C=5 8.5 15.2|7.216.6(7.017.714.716.1|6.5|6.4]6.8(4.215.4]15.9|6.0]6.2(3.1|4.0({4.6]|5.2|5.4

C—-6 8.5 |5.2(6.77.1|7.1|7.2|14.5|5.5(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

C=7 8.5 |4.7|5.6]7.6|8.0(8.5|3.9/5.5(6.4|6.9|7.6]3.5|5.0(5.8(6.3|6.7|1.812.6|3.0(3.2|3.5

C-8 8.5 |8.5[3.5]8.5|8.5(8.5|8.1|8.5(3.5(8.5|8.5(8.5]8.2|8.5(8.5|8.5|8.5|7.9]|8.5[8.5|8.5

C-9 8.5 |3.6(5.816.87.317.912.9/4.6(5.9(6.5|7.413.014.9(5.7(6.2|6.3|1.4]|2.7|3.4|3.8|3.8

C—-10 8.5 |3.4(7.418.5|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

D—-1 8.5 |1.8(3.114.9|5.716.6|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

G-1 8.5 16.2|7.5]7.8|8.18.5|6.8|7.8(8.1|7.8|8.1{6.1|7.1|7.4(7.2|7.4|5.016.5|7.2|7.2|7.6

F-1 8.5 |7.6(3.5]8.5|8.5(8.5|7.9/8.1(3.5(8.5|8.5|6.8]|7.8(8.1(8.2{8.5{4.916.9|7.1|7.0(7.0

F-2 8.5 |7.0(8.218.2|8.2(8.5|5.1|7.3|7.3|7.7|7.915.7|7.3|7.7|7.5|7.6|5.7|6.2|7.2|7.0|7.4

F-3 8.5 |6.016.7]|7.2(7.518.414.415.1{5.9|6.4]16.5(4.3|4.6]5.6|5.7]5.9(3.0|3.6(4.2|4.4]4.8

F—-4 8.5 16.1|7.2|7.6|7.5|7.9|14.9|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

F-5 8.5 |8.1|8.5]8.3|8.5(8.5|5.4|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

M-1 8.5 10.012.412.5(3.013.9]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

P-8 8.5 |8.1[3.5]8.5|8.5(8.5|2.2|2.7(3.1|3.4|3.410.0/0.0(0.0{0.0{0.0{0.0]0.0]0.0(0.0{0.0

P-9 8.5 |3.3|3.4]3.4|3.43.4|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

R—-1 8.5 10.0(0.0]0.0{0.5]{0.610.0/0.0({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

S-1 8.5 12.6(2.2|3.4(3.3|4.1|3.4|3.4|4.6|5.015.2(3.6|4.1{4.3|5.2|4.9(2.812.9(3.6|3.7|3.6

S-2 8.5 13.613.715.0(4.715.9]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

S-3 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{4.916.6|7.2|7.8|7.9

S—4 8.5 |1.0(1.5]1.7{1.812.0{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)
Conc.' 10ppm 25ppm 50ppm 100ppm
CTR*|

Fungi 2w 3w | 4w | 5w | 6w | 2w | 3w | 4w | 5w | 6w | 2w | 3w | 4w | 5w | 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 | 85 |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|12.5(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(3.112.0(2.112.5(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 | 85 |2.5|3.3(3.9|4.8(5.012.2]12.5|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 | 85 |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 | 85 [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 | 85 |1.5|1.6(2.0|2.1{2.2|0.6(1.2|11.2{1.4|1.5/0.0{0.0(0.0]0.0{1.0/0.0{0.010.0{0.0(1.1
C—=7 | 85 10.5|1.8(2.7]|3.8(4.210.2]1.3|2.012.6(3.010.0|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|12.9|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 | 85 |1.7|2.5(3.2|14.1{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(2.012.1{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 12.1|12.9|3.9|3.7|14.5|1.812.5]|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 | 85 |1.8(2.212.9|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 12.2(2.8]13.0(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 | 85 [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 | 85 10.0{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 | 85 10.9|1.4(1.8|2.5(2.8|10.6]1.2|1.4]1.6(2.3|10.4]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]12.0{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 | 85 |3.2|4.6(4.9|5.1(5.4|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 | 85 [2.1(3.4(3.8(4.4(5.1|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(1.210.0(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 10.0(0.010.0{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(2.012.1{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

39




(t}) WA—PR-WB13R &

WA—-PR-WB13R &o] H7}H PDA, MEA, CMA A Fdo] A& oA 532 e
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Table 6. Inhibitory effect of nano—silver WA—PR—WB13R against various plant pathogenic

fungi on different media iz vitro

A. PDA media (cm/plate)
one.! 10ppm 25ppm 50ppm 100ppm
CTR’|
Fung 2w 3w | 4w | 5w | 6w | 2w | 3w | 4w | 5w | 6w | 2w | 3w | 4w | 5w | 6w | 2w | 3w | 4w | 5w | 6w

8.512.9(4.314.9(5.3|5.4]12.3[3.6[4.314.7]|5.0]2.0]13.2({3.8|4.114.6(0.1]0.2]0.4]1.2|2.1
8.511.512.613.5|3.7{4.0({1.1{1.9]2.7{3.013.4]1.0]1.5]2.3]2.7]3.010.0[0.0{0.0]0.2]0.8
8.5 [1.5]1.812.3[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 12.813.914.5|14.6(4.8(2.3[3.313.914.3]4.5]1.9]2.8]3.313.814.110.0(0.0[0.0]0.0]0.0
8.5 11.5]1.111.112.5(3.0{1.1{0.6]1.4]1.7]2.3]1.011.2]1.7]2.112.5]0.0[0.0{0.0]0.0]0.0
8.5 11.9(2.8]13.3[3.7|4.2]1.2(1.6|2.0{2.5[2.9]10.8]|1.3|1.6]1.9{2.4|0.0]0.0]{0.0{0.0]0.0
8.5 15.016.216.9|7.4[7.6(3.6[/4.6]/5.4]5.916.212.4]13.714.214.815.2|10.6[1.2|1.7]2.7]3.5
8.5 12.813.914.3|14.5[4.7]2.3]3.2]3.814.214.3]12.012.7]13.3]13.714.010.0[0.0[0.0]0.0]0.0
8.5 14.616.7|17.0|17.6(8.4(4.5[6.3]6.7{7.218.014.216.116.6]16.918.112.1[3.8[4.5]5.1]4.7
8.5 13.8|5.716.7[7.1|8.312.7(4.4|5.5|6.4|7.4|12.2|3.6|4.7]5.6]6.6/0.0]/0.0]{0.4[0.7]1.2
8.5 13.7]7.218.1[8.5|8.513.6[5.9|6.7]8.2]8.312.7{4.3|5.5]6.9]7.8|0.0]0.2]0.3[{0.4]0.6
8.5 12.9|4.215.216.1(6.7(2.2|3.3]4.1{5.0]5.8]1.8]12.6]13.414.114.810.0[0.0[0.0]0.0]0.0
8.5 11.9]2.6]13.3[3.7]4.111.6[2.2|12.6]2.9]3.211.8]2.6|3.5]3.7{3.9/0.0]0.0]0.0{0.0]0.0
8.512.013.214.215.0(5.5[2.2|3.3]4.0]5.0]5.3]1.9]12.9]3.514.014.410.0(0.0[0.2]0.5]0.8
8.5 13.6(5.016.0(6.4|6.712.5[3.3|4.1{4.7]5.112.0{2.6|3.213.6[{4.0/0.0]0.0]{0.0{0.0]0.0
8.513.014.014.6|14.9(5.1{2.1{2.7]3.013.3]3.5]1.712.212.412.713.010.2]0.3[0.4]0.7]0.8
8.5 13.2|14.615.4|15.8(6.1[2.5(3.4]4.1{4.6]5.112.112.813.414.214.710.0{0.0[0.0]0.0]0.0
8.5 11.9(2.7]13.2(3.3|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
8.512.413.113.814.3[{4.6(2.0[(2.5]3.0{3.4]3.8]1.8]12.4]12.913.213.6/0.0[{0.0[{0.0]0.0]0.0
8.5 13.4(5.016.2(6.5|6.8]|3.0(4.2|5.2|5.5]5.912.2|3.3|4.214.6(5.1|0.0]0.0]{0.0{0.0]0.0
8.5 10.0(2.8]13.3[3.6/3.9]0.5(1.7|2.8|3.1{3.3]10.0{0.2|1.1)1.5]|1.5/0.0]0.0]{0.0{0.0]0.0
8.5 15.2|6.016.7[6.9|6.913.7(4.4|4.9]5.0(5.112.7|3.5[4.014.0{4.0/0.0]0.0]0.0{0.0]0.0
8.5 11.4(2.012.5(2.7/2.9]0.8(1.1|1.5]1.7]1.810.4]0.4]0.4]0.5]0.6/0.0]0.0]{0.0{0.0]0.0
8.5 10.7]1.111.5{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
8.5 12.2(2.212.5(3.3|3.9]1.8(1.9|1.7]2.2|3.0|1.2|1.2|1.0)1.2]1.7/0.2]10.2]0.2[0.4]0.4
8.510.6]11.6]1.6|2.7({3.4{0.0{1.5]|1.6]1.7]2.3]0.011.4]1.4]11.4]1.5]0.0(0.2]0.4]0.8]0.8
8.5 [1.8(2.713.6[4.2|4.8]1.7[2.5|3.3|4.0{4.5]11.6]2.5|3.313.9{4.3/0.2]0.2]0.2[0.5]0.6
8.511.0]11.2)1.5]1.6(1.9(/1.0{1.0/1.3]1.6]1.8]1.0]1.1]1.6]1.8]2.110.0[0.0{0.0]0.0]0.0
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B. MEA media (cm/plate)
Conc.' 10ppm 25ppm 50ppm 100ppm
Fungi CTR' 3

2w 3w 4w |dw[b6w|2w ([3w |4w |[bw | 6w |2w 3w |4w |[Ddw | 6w |2w |3w |4w|Ow |Bw

-1 8.5 |3.7(5.9(7.4]18.3|8.5|2.5|3.9(4.9|5.816.4]12.3|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 12.0(2.7(3.6|14.114.711.8]|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 |5.7|7.7|7.818.4|8.2|3.5(5.7|6.5|6.7(6.712.9(4.7|5.716.1(6.1|2.6(6.7|7.1|7.4|7.4
Cc-1 8.5 |1.0(1.3(2.3|3.0|4.1|1.0|1.3|1.8|2.413.0|1.1|1.4|1.8|2.1|2.4]|1.1|1.5|1.9|2.1|2.6
C-3 8.5 16.8(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(8.118.3|8.1|3.2|5.8(7.1|7.4|7.412.6|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|8.118.1(8.3|3.4|5.7|6.416.6(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 |4.418.2|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|5.2|6.0|16.6(6.7]1.9(3.5|4.4|14.9(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{8.515.0|7.8|8.5|8.5]8.5
C-9 8.5 |3.8(6.8(7.718.1|8.3|2.5|4.7|6.016.7|7.212.1|3.7|4.7|5.4|5.812.015.9|6.7|7.2|7.5
C—10 8.5 |1.1|4.7|7.618.418.5|0.0(3.016.7|7.7(8.4]10.6(2.314.9|6.4(7.2]0.7|3.2|5.7|6.3(6.5
D-1 8.5 |1.6(3.1{5.116.7(7.1|1.5(2.212.8|3.0(3.4|1.3(2.012.4|2.7(2.9]|1.4|4.014.7|5.2(5.5
G—-1 8.5 [6.2|7.2|8.5|8.5(8.5|4.1|5.416.3|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 16.6(8.5(8.5|8.5|8.5|5.5|6.7(7.918.018.114.5|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|5.8(6.9|7.217.414.015.9|7.1|7.3|7.413.0|7.2|7.7|7.9]8.0
F-3 8.5 |4.416.8|7.218.118.0|3.3|5.6|6.1|6.5(6.6]2.5(4.8|5.5|5.7(5.8]1.9(6.4|6.8|7.2(7.2
F—4 8.5 |4.816.7]6.816.9(7.013.5(5.2|6.1|6.6(6.7]2.1|3.1{3.9|4.7(5.212.0(5.9]6.3|6.7(6.9
F-5 8.5 13.9(6.5(7.5|8.0|8.4|2.1|3.8(5.4|6.116.5|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(3.013.3|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|5.1|5.1|5.1|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 10.8(1.7(0.813.4]10.8|0.0/0.0{0.0]5.110.0]0.0]0.0|0.0]3.4]{0.0]0.0]0.0]0.0]3.4]0.0
R—-1 8.5 10.0(0.0({0.6/0.8|2.5|1.0|2.0(2.813.113.3|2.0|3.3|4.1|4.2{4.6]1.912.9|3.6|3.8]4.0
S-1 8.5 |1.2(1.6(4.2|14.814.9|1.3|1.7|3.8|4.014.4]|1.2|11.5|2.9]|3.4|3.4]1.3|3.3|4.9|5.3]5.3
S—2 8.5 10.0(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(7.011.1|8.5|2.7|5.0(6.6|2.9]|8.2|2.3|6.4|7.6|4.2|8.212.4|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]|1.812.1|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)
onc.! 10ppm 25ppm 50ppm 100ppm
CTR?

Fungi 2w’ 3w | 4w | 5w | 6w | 2w | 3w [ 4w | 5w | 6w | 2w [ 3w | 4w | 5w | 6w | 2w | 3w [4w | 5w |6w
-1 8.5 |1.5(2.2(2.8|3.5|3.9|1.2|1.6(1.7|2.012.1|1.0|1.2|1.3|1.4|1.6]0.8]3.4|3.6|3.84.0
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|12.5|2.8|1.1|1.4(1.7|1.8|12.0|1.1|1.2|1.4|1.5|1.7]|1.2|1.4|1.5|1.5|1.5
B-1 8.5 [1.912.312.5|12.6(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
Cc-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 12.4(3.2(3.6(4.1|4.5|1.7|2.3|2.7|13.1|13.1|1.4|1.7|11.8|2.1{2.2|0.6]|3.9|4.2|4.5]|4.6
C—-4 8.5 12.6(3.1(3.5|3.6(3.7|12.6|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 12.0(2.4(2.6(2.7|2.8|1.6|1.8(2.012.212.3|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|12.412.6|1.2|1.6(2.012.312.5|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(2.212.5|2.7|11.2|1.5(1.6|1.811.9|0.4]1.0|1.1]3.5|3.8]0.0]0.0|0.6|1.0]1.0
C-8 8.5 12.3(3.4(3.9(14.414.8|2.0|2.9(3.4|3.813.9|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(2.913.4|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(2.112.3|2.5|1.4|1.6(1.7|11.912.0|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|12.5]|2.7|1.3|1.6(1.7|1.812.0|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|12.4|2.5|1.7|2.0(2.1|2.4|12.4|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|11.4|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 12.3(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 10.8(2.2(3.3|14.0|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|14.715.0|11.7|2.4(2.9|3.213.4|1.3|1.8|2.1|2.3|2.4]|1.0|1.4|1.5|1.6|1.6
P-9 8.5 1.011.4]2.012.1(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|12.6|2.6|1.4|1.8(2.112.212.2|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]0.811.0]0.010.010.2]0.2{0.2]10.0]0.0]0.0|0.0]0.0
S-3 8.5 |1.4(1.7(2.012.3|2.6|1.2|1.5(1.7|2.0|12.2|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(1.21.3]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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(2) & the g9 E59 Aol g3t AZ2A 7)) 14
(7}) WA-CV-WA13B &4

WA—-CV-WA13B &9 H7Is Z+7F YPG, YGC, NA, MNAN A v x| o] 107]2] M-S HE 3]
24h ZEHIF(30TC, 170 r m) % 1.0X10°CFU/ml %= 3]41%}] 10ppm, 25ppm, 50ppm,
100ppm <& Y= gdo] H7tE ZF A ujx] o Z=gste] HEs $ 39 52 colony counting
S st AF oAl sEs g A, 25ppmelA w2 dAlgdE UElth
WA-CV-WAI13B &9 4 C-12 10ppmel M= A o2l asbrk vebar, tE Aol A
= 25ppmoll A H& A a3E yERW Y. WA-CV-WA13B& 10ppmell 4 Controlel H|&|
C—1<& Aelstares w2 A JA a3E Yebdvh P-29F P-5914 = 10ppmell A d& a7t
UEbA] eE9th(Table 7). WA—CV-—WA13B& o] & Z v x|o| A ] Al¢e] BA o4 &
3} A3poltk(Fig 1) 25ppm¥-E & Algtol] thal] oAl &7t vebtr. C—1¢] 10ppmollA =
= A a3E Bl

Table 7. In vitro inhibitory effects of nano—silver WA—CV—-WA13B against various plant

[e)
=

pathogenic bacteria.

Bacteria Colony number/plate at 1.0><10°CFU/ml
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
P-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

CTR 10ppm 25ppm BOppm 100ppm

Fig 1. In wvitro inhibitory effects of nano—silver WA—CV—WAI13B 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.
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(t}) WA-AT-WBI3R &

WA—AT—WBI13R &Mo] xx¥Hz H7le ZF A ufA A A9 colonyS YEFHTE 10ppmoll
’\1 P—6ol At 23 AAEIE Bt 10ppmel A A& o] o] Fof AA| ki vhE At

& 25ppmol Al A JAE deERATh X—12 10ppmol Al AL oA &35 HtH(Table
8). WA—-AT-WB13R £&H& pP—6o] sl 10ppmolA =&FHE HIow, 25ppmolA
WA-CV-WA13B €97} o] BE A9 S oAkt (Figure 2).

Table 8. In vitro inhibitory effects of nano—silver WA—AT—-WB13R against various plant

pathogenic bacteria.

. Colony number/plate at 1.0x10°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

CTR 10ppm 25ppm B0ppm 100ppm

Fig 2. In vitro inhibitory effects of WA—AT—-WB13R 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.
(t}) WA—PR—WB13R& !

WA—-PR-WB13R&No] 7 sx=HZ H7te z ma|ufx|o| A A2l colony Alg~ ZA3fo|t}
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(Table 9). WA—PR—WB13R& 10ppmoll Al P—5, P—6, X—294 & JdAga3}E BT g2
Mol %= 10ppmoll A controlel]l H&] A2 colony’} YEFS T, WA—PR-WB13R &<o] H7}H
Z} v =) o] Aol th(Figd). P—5, P—63 X—20A] & S &35 e 25ppmell A= 7
ApebA] e skt

Table 9. In wvitro inhibitory 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

10ppm  25ppm B0ppm 100ppm

Fig 3. In vitro inhibitory 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.
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AARES 18P A THo] AEA 10ppm ©]3te] FZolA w37} ojof = 27719
FHolE o r & Y 89 10ppm FEoNA 5F(Monosporascus cannonballus; M—1,
Rhizoctonia solani: R—1, Sclerotinia minor; S—1, Sclerotinia sclerotiorum;, S—2, Stemphylium

FEolA 2FAF oF 657AF Ao A4 Aol7t & AolE HolA| o} A
S22 Al aart = Ao EO% AW, olF 55 ¥l skl 10ppm ]t F =l A
o AT A¥e shlvh. =3 AEd oA mdE dotrr] s 60ppm, 70ppm, 80ppm,
90ppmol A &= E‘% How 4 3 AAlskedt. ZF PDA, MEA, CMAWIAIol A 1ppm, 3ppm,
Sppm, 7ppm A5 A9 60ppm, 70ppm, 80ppm, 90ppm ILEE S FI7HH OR S o
A&S T8k

WA-CV-WA13B& o] 37} ajx o) A AAES YER Al le(Table 10). 2
o wiA e AMH R B AAES YA AL PDAMAG oA, WA—CV—WAIBB%O—‘,‘
M—16l 4= PDAM Aol A 3ppmel A 85%, 5ppmell A= 100% o Al &< 8.9 51, MEABIA o] A
7ppmol A 82% A A&S HATE CMABIA oAM= A &7} v §- kel R—1-2 PDAH|A] o
5ppmOl A 79%, MEA® Ao A 5ppmel A 95%, CMA Aol A 5ppmolA 76% A &S YEFY
T} S—1- PDA ®l%#] 5ppmol Al 91%, 3ppmell A 71% <A1 &S Yelllen], MEAu A 10ppmel
M 72% AAES HERRleh. CMAR A ol A<= 10ppmell A 76% 4 Al-&-& WEFAT. S—2+= PDAMY
A 3ppmol A 75% AAES HEFRaL, MEARIA] Sppmell A 82% }Al&-& WERH T CMAWA]
Sppmol A= 79% A &S UEHATE S—4%= PDAMIAI O A Sppmell A 85% A AIE&S vrERd L
MEAWI#] 3ppmol M= 80% A& veEbATE CMA®IA] Sppmoll A 82% < Al &2 vrepiT). ul
Aupel A Aol Apol7t dovt Tt Fobd R A A&l Solwow, PDAMA
AM &A7F B F2 AL WA AR mel ey Afol2 Heo] Wtk WA-CV-WAIL3B
oS H7b WA e A3, PDA wjAelA trE Al HlE] T2 Al &3%E yEhlth
M-19] 49 CMABA oA & & Yl Foll e 78t w2 Al asE Yebllvh(Fig 4).

solani; S—4 )7} 10ppm
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%
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Table 10. Effects of nano—silver WA—CV—WA13B on the fungal growth on different media n

vitro.

Inhibition rate (%)
Media PDA MEA CMA
Fungi

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
1ppm 8 34 | 31 | 44 | 15 0 0 1 0 73 0 0 0 5 52
3ppm | 85 [ 69 | 71 | 75 | 56 | 28 | 47 5 45 | 80 | 21 | 41 | 29 | 52 | 27
S5ppm [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 | 88 | 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 [100| 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 | 81 | 100|100 100
100ppm| 96 | 100 | 100 | 100 [ 100 | 92 |100| 71 | 62 | 87 | 91 | 82 | 93 | 100 | 100

1; Concentration (ppm)

CTR Tppm 3ppm Sppm Topm 10ppm  25ppm 50ppm B0ppm  70ppm  S0ppm  90ppm  100ppm

TR Tppm 3ppm Bppm Tppm 10ppm  2Bppm  B0ppm  60ppm  70ppm  &0ppm  S0ppm  100pp.

Fig 4. In vitro inhibitory effects of WA CV—-WA1 3B agamst various fungl o;dlfferent 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.
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(t}) WA-AT-WBI3R &

WA—-AT—-WB13R &M A 54 F(Monosporascus cannonballus; M—1, Rhizoctonia solani: R—1,
Sclerotinia minor; S—1, Sclerotinia sclerotiorum; S—2, Stemphylium solani; S—4 )l g+ Z} v %]
o] ww= A &S VeI TH Table 11). WA-AT—-WB13R &A= MEAR] A & CMA®R] A 7}
PDAHIA|o H&l] ¥ £ AAES UEHY. 53] % Bl AFEdA] Aol A 1
Ebyttl. M—1-2 PDAHA] 10ppmoll Al 76%, MEABIA] 5ppmoll Al 86%, CMABI A 10ppmoll Al 91%
A &S e R—1 PDAMIA 10ppmoll Al 74%, MEA®I A= 98%, CMA®]A] 5ppmell A
78% JAE&S YEFATE S—12 PDAHIA! 10ppmel A 88%, MEA 7ppmolA 88%, CMAR]A|
10ppmoll Al 88% &S vELW Y S—2% PDAHIA 10ppmoll Al 92%, MEA 7ppmoll Al 96%,
CMA 5 ppmoll A 85% A&S e}t S—4= PDABIA oA S5ppmoll A 74%, MEAW A] 5ppm
oA 86%, CMABIA] 7ppmoll A 79% A &S YeEFATE WA-AT-WB13RS 37k 7z} v d
A A AxE GeERATH(Fig 5). wiAvith 237 24 vebgied, tAH o2 10ppmeoll
A a37F JERs

Table 11. Effects of nano—silver WA—AT—WBI13R on the fungal growth on different media

in vitro.

Inhibition rate (%)

Media PDA MEA CMA

Fungi
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
ConcX}

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

1ppm 8 3 0 15| 22 | 38 0 1 0 76 0 12 0 0 0

3ppm | 60 [ 33 | 19 | 55 | 62 | 39 0 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

SO0ppm | 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| &9

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 3ppm 5ppm Tppm 10ppm  25ppm  B0ppm  60ppm  70ppm  80ppm  90ppm  100ppm

CTR Tppm 3ppm Sppm Tppm 10ppm  25ppm  50ppm  60ppm  70ppm  80ppm  90ppm 100ppm

€TR  1ppm  Sppm  Sppm  7ppm  10ppm 25ppm §0ppm  60ppm 70ppm 80ppm  90ppm  100ppm

Fig 5. In vitro inhibitory effects of WA—AT—WBI13R against various 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, S—4;
Stemphylium solani, and S—4,; Stemphylium solani.

(t}) WA-PR—WBI13R &

WA—PR-WBI3R &40] H7e 7} wjxefl 2] Al && Hebdleh(Table 12). WA-PR-WBI13R
golo] A PDAB|X 9} MEAH|A] oA CMA®|X]el] v]&| F£& a7E5 YERth. M—12 PDAU|A|
7pmol A 87%, MEA®IA] 7ppmoll A 71%, CMA¥ Aol 10ppmoll A 71% < A|&S el
R—1< PDA 7ppmoll A 71%, MEASIA 82%, CMA 10ppmel A 85% A& < el S—12
7ppmol Al 71%, MEASI A 98%, CMA 10ppmel A 76%d #4185 YERth S—23= PDA 7ppmeol
1 76%, MEA 7ppmol A 75%, CMABI A | A= 85% A Al &S YFEFATE S—49] 7-$- PDA 7ppm
N 76%, MEA Sppmol A 82% CMA¥IA] 7ppmol A 78% < A1&-S LteEFW T WA—PR—WBI13R
gfol A te 7h x| E A &ant Aotk (Fig 6). PDA vlx|¢} MEA ¥]X|&= 7ppm*-H &3}
7} WEbsaL, CMA B A= 10pm -8 A &37} el
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Table 12. Effects of nano—silver WA—PR—WB13R on the fungal growth on different media in

vitro.

Inhibition rate (%)
Media PDA MEA CMA
Fungi

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
1ppm 0 0 0 0 6 0 0 1 0 71 0 0 0 0 0
3ppm | 43 | 39 | 47 | 76 | 62 | 33 0 7 4 71 | 13 6 31 | 32 | 39
S5ppm | 29 | 22 | 61 | 60 | 57 | 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
50ppm | 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)

CTR Tppm Sppm Sppm Tppm 10ppm  2%ppm 50ppm  B0ppm  7O0ppm  S0ppm  90ppm 100ppm

CTR Tppm Sppm Sppm  Tppm  10ppm  25ppm  S0ppm 60ppm  70ppm  80ppm  80ppm  100ppm

, (2O
)er()QH(\)e

CTR Tppm 3ppm Sppm Tppm 10ppm  25ppm  50ppm B0ppm  7Oppm  80ppm  90ppm  100ppm

Fig 6. In vitro 1nh1b1tory effects of WA—PR— WB13R agamst various fungl 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.
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(2) A Bgol wFel 7 4

f
12

Al 27

Nano—silverell AE&F}7t £ FF°| Monosporascus cannonballus, Rhizoctonia solani
Sclerotinia minor, Sclerotinia sclerotiorum, Stemphylium solanisolx ;S A=
Rhizoctonia solani Sclerotinia minor, Sclerotinia sclerotioruma 2.2 314 Nano—silver”}
o] A A w7 yEheAl gotR Al AASEI 37FA] & v §ol3 37HA]
Az 9ol AANE BE s s A3 ST

(7h) WA-CV—WA13B &<
@ Sclerotinia minor

WA-CV-WAI13B & 1} £9S H7}slk PDA, MEA, CMABIA] 3EH(87x15mm Petri dish)¢ll S—1
o] 73S HEs3h A8 A} PDARIA| A= 10pmF-E 94% A& B3 100ppmeol| A
100% 2AES YeElT MEARIA A & W2 AA1&S YEF o™, 90ppmoll Al 92% A&
< e CMAB|A ol A= 10ppmoll Al 94% A &S HEFHS™ 100ppmoll Al 100% A&
< YERE T (Table 13). MEAW A4 @& AAaxE e om, PDASF MEAv|A| oA &=
3ppmi-E] A& INE BYH(Fig 7). wiAvitt & A &35 yERATh & v 8§94
A= IA4 F3=2 e

Table 13. Effects of nano—silver WA—-CV—-WA13B against sclerotium germination of

Sclerotinia minor on three different medium.

Inhibition rate (%)

1
onc.

CTR 1 3 5 7 10 25 50 60 70 80 90 | 100
Med1

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)
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a. PDA media

Fig 7. In wvitro inhibitory effects of WA—CV—WA13B against sclerotium germination of
Sclerotinia minor on different media.

@ Rhizoctonia solani

WA-CV-WAI13B & U= 89S #H7}8 PDA, MEA, CMA®|A] W (87x15mm Petri dish)ol
R-19 #3S A3, A3 23 PDAMA| M= 1ppmHF-E Sppm 7HAl & HUYE A &
H7F FA o} Tppmoll A 52% 9] A ES HEFHSITE. MEAR A A= 3, 5, 7 ppmol A 747}
60, 56, 62%2] JA &S YeElH o™, CMARIA| A= 3, 5, 7 ppmoll Al ZVZ}F 73, 69, 76%2] <
A&S YEFH AT (Table 14). wjA|nitt th2 A a3E YEFUAI R MEA s x] 9} CMA #ij A
N 3ppm £ 1 o] 9] koA w3 wololA aE el (Figure 8).

Table 14. Effects of nano—silver WA—CV—WA13B against sclerotium germination of X. solan/
on three different medium.

Inhibition rate (%)

1
Coge. CTR 1 3 5 7 10 25 50 60 70 80 90 | 100
Media
PDA 0 0 1 2 52 — — — — — — _ _

MEA 0 0 60 56 62 - - - - — - — _

CMA 0 0 73 69 76 - - - - — - - —

1; Concentration (ppm)
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PDA

MEA

CMA

Fig 8. In witro inhibitory effects of WA—CV—WA13B against sclerotium germination of
Rhizoctonia solani on different media.
@ Sclerotinia sclerotiorum

WA-CV-WA13B & Uxw &

Sclerotinia sclerotiorum® 3

0

oS- 7138k PDA, MEA, CMAWIA] %W (87x15mm Petri dish)9l

= AFstd. A3 23 PDAu|A ol A= 1ppmHF-E] S5ppm 7HA]
= EgE A4 anrk ey 7ppmol A 91%9] ¥ AAES YERATE MEAB| A oA &=
3, 5, 7 ppmelA EF 100%2] AE&S el or, CMARIX| A= 5, 7 ppmoll A Z+7} 32,
79%°] AA &S YEFHSATH(Table 15). A vpth th& oA &35 e A RF MEA B+ 9] 74
93,5, 7 ppmell Al mj$- =S JA&S 1E]al PDASE CMA #j Aol A& 7ppmoll A =& 3]
ol A a3E yeERllth (Fig 9).

m

Table 15. Effects of nano—silver WA—CV—WA13B against sclerotium germination of
Sclerotinia sclerotiorum on three different medium.

Inhibition rate (%)
onc.'
CTR 1 3 5 7 10 25 50 60 70 80 90 100
Medi
PDA 0 0 0 1 91 - — - - — - — —
MEA 0 0 100 [ 100 | 100 - - - - - - - -
CMA 0 0 0 32 79 - — - - — - — —

1; Concentration (ppm)
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Fig 9. In witro inhibitory effects of WA—CV—WA13B against sclerotium germination of
Sclerotinia sclerotiorum on different media.

(}) WA-AT-WB13R &
D Sclerotinia minor

WA—-AT-WB13R &o] H7tel PDA, MEA, CMAW A 3o A A adS Jelfar
t}. PDAB] Aol A += 25ppmoll Al 80% A S-S B3l 100ppmolA] 98% 2 A&S H k. MEA
v 2] o] A= 100ppoll A 81%, CMABIA ol A= 90ppmoll A 99% < Al-&-S B TH(Table 16). PDA
oF CMAHB Aol A 3ppmHF-E] A Z¥7F el MEAS 7ppm-B] A 237} el (Fig
10).

Table 16. Effects of nano—silver WA—AT-WB13R against sclerotium germination of

Sclerotinia minor on three different medium.

Inhibition rate (%)

MZ“?' CTR| 1 3 5 7 | 10| 25 | 50 | 60 | 70 | 80 | 90 | 100
PDA | 0 | 28 | 66 | 72 | 71 | 78 | 80 | 87 | 94 | 92 | 92 | 98 | 98
MEA | 0 9 | 53 | 78 | 79 | 78 | 73 | 76 | 80 | 75 | 75 | 81
CMA | 0 0 | 54 | 78 | 82 | 87 | 89 | 78 | 96 | 93 | 94 | 99 | 94

e

1; Concentration (ppm)
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c. CMA media

Fig 10. [n vitro inhibitory effects of WA—AT—-WBI13R against sclerotium germination of
Sclerotinia minor on different media.

@ Rhizoctonia solani

WA—-AT-WBI3R & Y §8& H7lsk PDA, MEA, CMAW #] 3% (87x15mm Petri dish)9ll
R—19] #3& HFatqth. 43 23 PDAMA A= 1ppmF-H 5Sppm 7HA|= 3] 3] o}
AA 237 ey 7ppmoll A 61%9] S AlE S HEFHAT. MEAW Ao A= 1ppm*} 3ppmO]
M ALl o) wots oA &x XFoew 5, 7 ppmolM ZH2} 58, 7T1%°] WA xS 9]
ol A &8 YERW Y. CMABI Aol A& 1ppmol A w$- ©& oA &S Z18]a 3, 5, 7 ppml
A Zkzt 76, 88, 86%°] Wit w2 AAES YERHATH(Table 17). A utr} oF7HA th & o) A
9= el A gk PDA v ®|o] A= 7ppme] = ZAo], MEA iAo A& 5, 7ppme] &% F
Aol glal CMA WAl A= 3, 5, 7ppm FEFz71o] -8 73 WoldA gi& e
(Fig 11).

Table 17. Effects of nano—silver WA—AT-WB13R against sclerotium germination of
Rhizoctonia solani on three different medium.

Inhibition rate (%)

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

Medi
PDA 0 0 0 0 61 - — - — — — _ _
MEA 0 8 18 58 71 - — - — — — _ _

CMA 0 15 76 88 86 - - - - - - —

1; Concentration (ppm)
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Fig 11. [n vitro inhibitory effects of WA—AT—-—WBI13R against sclerotium germination of
Rhizoctonia solani on different media.

@) Sclerotinia sclerotiorum

WA—AT-WB13R & = &S H7}3s PDA, MEA, CMAW %] %W (87x15mm Petri dish)
Sclerotinia sclerotiorum®] 32 A& Ad A3 PDAuA| A= 1, 3ppm &% =31
o] WolAAe] gt gl o™ 5, 7ppm wE F7o] HluA & 3 ol oA &}
el yglth MEARIA ) CMA vl ol A= 1ppm % F7do] #3le] S 7o) oA a1
o}, 3,5, 7ppm FEZXZL 100% w3 e] wolE AT Table 18). wixwic} oF7H4
2 oA §32 yeldA s PDA A = 5, 7ppme] FE ZZ o], MEA #Wix$} CMA #j~|

o X+= 3, 5, 7ppme] FE o] 100%2] 3] ToldA ga3E YeEY (Fig 12).

0ok e 2

Table 18. Effects of nano-—silver WA—AT—-WB13R against sclerotium germination of
Sclerotinia sclerotiorum on three different medium.

Inhibition rate (%)

Conc.! | CTR 1 3 5 7 10 25 50 60 70 80 90 | 100
Medi

PDA 0 0 0 55 69 | — — — - _
MEA 0 12 | 100 | 100 | 100 - — - — - —
CMA 0 20 | 100 | 100 | 100 - - - - -

1; Concentration (ppm)
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PDA K

Fig 12. [n wvitro inhibitory effects of WA—AT—-WBI13R against sclerotium germination of

Sclerotinia sclerotiorum on different media.

(t}) WA-PR-WB13R &
D Sclerotinia minor

WA-PR-WBI13R &9o] 37}d PDA, MEA, CMA®IA ol 2+ 528 3] A% oA a35 e
WL itk PDARIA] = 80ppmoll A 95%, 100ppmell A 100% & A1&S WERH T MEAR]A] < A
= 100ppmol Al 78%, 70ppm, 90ppmeol A 81% A &S HAtE CMABIA A= 60ppmell A
93%, 100ppmol A= 66% A &S H At (Table 19). PDAB|A] o] 4 3ppmF-E S A &3}7}
YUERS T MEAWA] &= 10ppm*-E] A5 A @371 Yelsith. CMAB|A| o A= S5ppmF-E A=
AA &H7F YESTH(Fig 13). o3 oA = 37FA] &delA W2 Aol glou, PDAS
CMABjAJ ol A A 4 .82 £ A& HeEbllar, MEA Aol A W& oA &5 Vet
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Table 19. Effect of nano—silver WA—PR—WB13R against sclerotium germination of

Sclerotinia minor on three different medium.

Inhibition rate (%)
Conc.’
Modi CTR 1 3 5 7 10 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 12 29 75 80 79 79 81 79 81 78
CMA 0 35 47 59 86 68 82 93 86 86 87 66

1; Concentration (ppm)

c. CMA media

Fig 13. In vitro inhibitory effects of WA—PR—WB13R against sclerotium germination of
Sclerotinia mimnor on different media.

@ Rhizoctonia solani

WA—-PR-WB13R & v &84S 715 PDA, MEA, CMAM|X] 9 (87x15mm Petri dish)ol
Rhizoctonia solani®] w3S HE3IAT. Ael A3} PDAMAIAME EE 5% F7o] #39
ot Ao a7t A gAY da Ao, MEAWA ] A5 1, 3ppm s=Fdo)A 15
WG A @35 1ear 5, Tppm sEXAAME AET AAES YERAATE CMA HjA ol
A& lppm % o] #A AGS AL AASHA Xy, 3, 5, 7Tppm FEZAAE
85%°17%el w9 =& o Tol AAE&S YEh At (Table 20). wix[wir} ofH4 th & A
2IE YERAAIT PDA #iAe = B s 3ol JAladrt gllal, MEA HiA|oll A=
7ppm X710l 12]al CMA wiAelA = 3, 5, 7ppmo] % X7o] HlwH FL& Z2 v
2 7o oA aiE YERtH(Figure 14).
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Table 20. Effect of nano—silver WA—PR—WB13R against

sclerotium germination of
Rhizoctonia solanion three different medium.

Inhibition rate (%)

T
Miorllc' CTR| 1 | 3 | 5| 7 | 10| 25|50 |60 |70 |80 | 90 | 100

PDA 0 4 0 1 10 - — — — — — _ —
MEA 0 1 18 55 65 - — — - — — _ —
CMA 0 17 85 89 85 - - - —

1; Concentration (ppm)

CTR 1ppm 3ppm 5ppm

Fig. 14. [n vitro inhibitory effects of WA—PR—WBI13R against sclerotium germination of
Rhizoctonia solani on different media.

) Sclerotinia sclerotiorum

_I%

WA—-PR-WBI13R & Ux & 7}sk PDA, MEA, CMAW| A 31 (87<15mm Petri dish) el
Sclerotinia sclerotiorum®] %) ottt A8 Ay PDAMIAANA = ZE v FHo]
gle] drotol Aol g 37k iAo, MEARIA 9] 4¢3, bppm FZ=FoA o =AH =9 3t
o A a3E Yulal 7ppme % 272 100% T o] WolE AAs Y. CMA Hj X9
M= lppm % F7do] #d S A AAleHA X O, 3, 5, 7ppm FEFdolA =
100% 3] wolE AAstth(Table 21). wWiA|mit}; o of& oA &35 vepllA| v
PDA HiA A= BE 5% o] A&7 /1AL, MEA #iAl A= 7ppm sEx7o] 1

o -
2]3L CMA HiA|o A= 3, 5, 7ppme] % 7o) 100% w3e] wolodA gx= et (Fig
15).

EZi Uéi’

o
=
o
=

™

il
o
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Table 21. Effect of nano—silver WA—PR—WBI13R against sclerotium germination of

Sclerotinia sclerotiorum on three different medium.

Inhibition rate (%)

Conc.
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)
CTR 1ppm

Fig. 15. [n wvitro inhibitory effects of WA—PR—WA13B against sclerotium germination of

Sclerotinia sclerotiorum on different media.

Adbel 53 5(M—1; Monosporascus cannonballus, R—1; Rhizotonia solani, S—1; Sclerotinia
minor, S—2; Sclerotinia sclerotiorum, S—4; Stemphylium solani)E& N4 o2 o] & Y= 8o
& &35t dA A owg S mx=A, g AdE 7 F 39 75 R-1
Rhizotonia solani, S—1; Sclerotinia minor, S—2; Sclerotinia sclerotiorums W42 E3teE &
L gofo] o] Ao thasto] oju gk JFS W A=A el Hokth WA-CV-WA13B;
CV, WA—AT-WBI13R; AT, WA—-PR—WBI13R; PR& 2 CV+AT, CV+PR, AT+PR, CV+AT+PRZE
=3tsto] flef e WMo R 37FA] Wi of FEEE AFEES AASIT



(7}) WA-CV—WA13B¢ WA—AT-WB13R &3&H

5t thal WA-CV-WA13B9} WA—-AT-WBI13RE NS H7lste] ZF wxo)] s =d 2 X738}
37 oAl &S YEFATH(Table 22). M—1914% PDA, CMA 8]l A 50ppmell A 100% 9 Al&<
eI, MEA viA] o A= 10ppmol Al 78% Al &S YERIth R—12 PDA, CMA ¥4 60ppm
oA 100%, 88% JA-&S YEFHA MEA #lx]o 4] 50ppmoll A 82% A& S el S—12
Sppmel A &3H7F WEREaL, S—2= CMAR Al A 3ppmell M &37F vebf o, PDA, MEA Hj
Ao A= 25ppmHF-E A7 YERRT S—4% CMACIA 7ppmell A 87% <1A1&S YERAL
WA-CV-WA13B& 43 WA-AT-WBI3RE & T3 23, /EE ARE6lS Huy M—19]
45 CMAMA A = o 2 235 Yeld AR, b8 wAdxY, gE dFdA s ool o
Al F2 ad= 71geh] ofE itk M—19] 3%, WA-AT-WB13B-& o] WA-CV-WA13B &}
Bk M-l tisll CMAMA A v F& &35 Geplly] we £34], CMAs A A o %
S 2= Yehd 2o g A7t T WA-CV-WA13BS WA-AT-WB13R &9o] H7}H 7}
Ao A s S AlES UEbar lvk(Fig 16). PDARIAI2F CMAR|A] o] A MEAH]A] ]
Hlal] 2 gAES el A eie AAladrh v2A yebstth. M—19] 75 PDAR|A ¢}
CMAH| A A E AAEI}E Epllth S—12 374 wjA oA 25 £& A LIS e
T} S—2% PDAWIA| ¢} CMAB| Aol A £ &35 Yebslal, S—4+= MEA vl %]} CMAW] =] o A]
T2 245 vEth

>

Table 22. Inhibitory effects of nano—silver WA—-CV—-WA13B and WA—-AT-WBI13R

combination against fungal growth on different media 7n vitro.

Inhibition rate (%)
Media PDA MEA CMA
Fungi

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
1ppm 0 0 9 0 0 0 0 0 0 56 0 0 65 | 16 | 12
3ppm 5 4 72 | 61 | 38 | 51 0 0 0 62 | 28 [ B9 | 79 | 84 | 78
S5ppm | 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 | 56 | 82 | 53 | 78 | 84 | 83 | 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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Fig 16. In vitro 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, ¢; CMA

media, M—1; Monosporascus cannonballus, R—1; Rhizotonia solani, S—1; Sclerotinia minor, S—2;

Sclerotinia sclerotiorum, and S—4; Stemphylium solani.

(Y}) WA-CV-WA13B¢ WA—PR—WB13R &3& ¥

WA-CV-WA13B¢ WA—PR-—WBI13R &o] H7}d 2} vl gt A4 A& bl 9
t}(Table 23). M—12 PDA uj#]o| A 7ppmoll A 80% A2 YEFAL, 10ppmolA] 87% < A
5 UET R-194 = tiAld o2 22 JAaasE el A ektvh. PDAA 50ppmeol A
92% A &S YR S—12 PDA iAol A S5ppmoll Al 86% & Al&-S YEFNAL, CMA 1l A9
A= 25ppmoll Al 85% A &S YERITE S—2914%= CMA vlA| oA 5ppmoll A 82% < Al &<
el ou, MEA #iA el A= 25ppmeol A 82% A &S YEWTE S—4% PDA Ao A&
60ppmoll A 100% & A1&S VERH o U MEA Aol A 3ppmol A 81% A4S vhebWL

WA—-CV-WA13B2} WA—PR—WBI13R-&-& M—13} R—10] 10ppmo]atell A s+-& &} A &S el
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. WA-CV—-WA13B¢} WA—PR—WB13R& o] gl 7} ujA|o| A YeEld Abfo|t) A= ot
AA F3= Yepa gk M—12 39 CMAH|A|
A5 R—-1% A= @2 A a3E Yeplloh(Fig 1

Table 23. Inhibitory effects of nano—silver WA-CV-WA1l3B and WA-PR—WB13R
combination against fungal growth on PDA in witro
Inhibition rate (%)
Media PDA MEA CMA
ungi

M—-1|R-1|5-1|S-2|S—-4|M—-1|R—-1|S-1[S—2|S—4|M—-1|R-1|5—-1|S—-2(5—-4
Concy
CTR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
lppm 0 0 0 0 0 51 0 0 0 54 0 61 0 0 28
3ppm | 16 | 28 | 73 | 81 | 44 | 58 6 1 0 81 | 21 | 73 | 60 | 78 | 55
7ppm | 45 | 36 | 86 | 52 | 52 [ 59 9 14 2 82 | 32 | 72 | 65 | 82 | 82
7ppm | 80 | 55 | 66 | 61 [ 60 | 73 | 64 | 58 5 87 | 41 [ 79 | 66 | 81 | 86
10ppm | 54 | 46 | 99 [100| 52 | 68 | 19 | 80 | 71 | 89 | 41 | 74 | 75 | 81 | 85
26ppm | 88 | 76 | 95 | 98 [ 52 | 87 | 85 | 95 | 82 | 91 | 41 | 73 | 85 | 88 | 93
S50ppm | 88 | 92 | 100 94 | 75 | 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 [ 100100 | 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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Fig 17. In vitro inhibitory effects of WA—CV—WA13B and WA—PR—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.
(th) WA-AT-WB13R®} WA-PR—WB13R =3}&

WA—AT-WBI13R$} WA-PR-WBI13R&H o] H7te 7} o] w5 G A &S e At
(Table 24). M—1< PDA vl#] 50ppm¥-E] 100% AA|&S B3, MEA ¥lA] 25ppmol A 87% <
A &S YeEPAT R—12 70, 80ppmoll A 88% AA1E&S YEFWI MEA 1A 25ppmoll Al 96% <
A& YR Y. S—12 PDA Hi#] Sppmoll A 85% o A1&S WEl i, MEA #i%] 25ppmol A
100% A< YEWth S—23% PDA #1A 10ppmolA 100% & A1&-S Ve AL, CMA H#] <l
A= 7TppmtE 80% o] AAE&S YEbH T S—43% PDA #lA60ppmollA 91% A&S B
3, MEA wjx ¢} CMA®IA A= 5ppmE-E H]Se oJA&S Yeblith,. WA-AT-WB13R%}
WA—-PR-WBI13RE& o] A2jd zt vix|*H oA a3 ZA3}o]th(Fig 18). PDA Hi#|7} t}& nj =0
A EFE qAERE YERd L oy, M-1¥ R-12 AAA SR £ 2345 YehliA = &+
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. M—19] 45 CMAMiAI oA dge ol Skl w2 oAlEs JEpAth R-1% w2
(<3

Table 24. Inhibitory effects of nano—silver WA—AT—-WB13R and WA—PR—WB13R combination

against fungal growth on different media 2 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

1ppm 0 0 13 0 1 5 0 0 0 73 0 0 0 0 5

3ppm | 28 [ 25 | 74 | 24 | 53 | 33 2 0 1 76 4 40 | 56 | 71 | 60

Sppm | 40 [ 27 | 85 | 40 | 49 | 54 5 0 4 80 | 44 | 67 | 54 | 85 | 78

7ppm [ 68 [ 38 | 85 | 71 | 52 | 39 9 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

50ppm [ 100 | 34 | 99 | 100 65 | 89 | 81 | 94 [ 91 | 85 | 44 | 73 | 91 | 86 | 89

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

70ppm [ 100 | 88 | 100|100 96 | 63 | 71 | 80 [ 88 | 93 | 72 | 55 | 75 | 81 | 93

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

90ppm | 100 | 79 | 100|100 | 98 | 61 | 64 | 78 | 93 | 89 | 67 | 49 | 69 | 80 | 89

100ppm| 100 | 87 | 100 | 100 [ 100 [ 100 | 86 | 93 | 86 | 87 | 55 | 73 | 94 | 82 | 91

1; Concentration (ppm)
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Cwoguoaa O
. & M '
BOOOLOOC ( < C D@C
Fig 18. In vitro 1nh1b1tory 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; Monosporascus cannonballus, R—1;, Rhizotonia solani, S—1;, Sclerotinia

minor, S—2; Sclerotinia sclerotiorum, and S—4; Stemphylium solani.

(2}) WA-CV-WA13B, WA—-AT-WB13R¢} WA-PR-WB13R &%&

WA—-CV-WA13B, WA—-AT—-WB13R¢} WA-PR-WBI13RE&NS H7te zt vjxeA &
H AS S-S YER 2 9tk (Table 25). M—1-2 PDAB|A| ol 7ppmell A 88% < A]&2
th. shA R MEAWA W CMAR| Aol A= w2 A &5 YEbdlth. R—1% PDAIA] Sppmell A
100% 9A1&S YeRWaL, 25ppmolA 82% JAl&S YERHTE A7 MEAR =] 2} CMA#R]A] o]
e 3o 332 BT S—-12 PDAWIA] 10ppmolA 82% A &S e, MEAWIA =

25ppmol A 86% A|&S tEFATE S—2+ 10ppmel A 92% A&, CMAMIA] Sppmol A 92%
A A &S YeElATE S—4% MEABIA] 5ppmel Al 80% A& CMARIA] 5ppmol A 79% A&
< YERItE WA-CV-WA13B, WA—-AT—-WB13Re} WA—-PR—WB13RE& o] &% 2z} njx]ojA] 1}
el A3 oA Aol th(Fig 19). M—1, R—17 S—12 PDAu|A| oA £ A a7E Yeplla,
S—2+ PDABI A&} CMAHIA o A £& &3E YEFT S—4% MEA®|A] 9F CMAB A e 4] £-&
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Table 25. Inhibitory effects of nano—silver WA—-CV-WA13B, WA—-AT-WB13R and
WA—-PR—WB13R combination against fungal growth on different media in wvitro.

Inhibition rate (%)
Media PDA

MEA
ungi

CMA
R-1|S-1|S—-2|S—4|M—-1
Conc\!

R-1|S-1

S—-2|S—4|M—-1|R—-1|S-1
CTR

S—21S—4
lppm 0

11 0
3ppm | 25 | 68

75 0
54 | 52 | 48 | 41

S5ppm | 52

49 | 62 | 74 | 59
100 | 55 | 65 | 46 | 60 | 12
7ppm

88 | 36

80 | 41 | 66 | 68 | 92 | 79
62 | 59 | 67 | 66

53 | 80 | 40 | 67 | 67 | 95 | 78
10ppm | 80 | 72 | 82 | 92 | 54 | 76 | 20 | 51
25ppm | 64

82

29 | 76 | 44 | 71 | 68 | 92
100 80 | 51

87
85 | 78

86 | 71
50ppm | 56

88 [ 41 | 71 | 64 | 88 | 91
100 | 96 | 78 | 64 | 73 | 46

71
60ppm | 100

76 | 88 | 46 | 75 | 96 [ 100 | 86
100|100 | 100|100 | 48 | 73 | 81 | 92
70ppm | 100

88 | 51
100 | 100

69 | 85 [ 99 | 91
100 96 | 53 | 72

80
80ppm | 100

88 | 93 | 45 | 71 | 98 [ 100 ]| 94
100 | 100 [ 100 | 95 | 47 | 73 | 76
90ppm | 100

96 | 89

55
100 | 100

75 | 100 | 98 | 96
100|100 | 51
100ppm

66 | 78 | 94
100 | 100

96

89
1; Concentration (ppm)

67 | 78

48 | 67

100
75 | 46

99 | 99
73 | 74

92 | 42

58 | 82

100 | 94
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Fig 19. In vitro inhibitory effects of WA—CV—-WA13B, WA—AT—-WB13R and WA—PR—WB13R
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.

(2) Atel 30| 59 3 A A 1A

(7F) WA-CV-WA13B¢} WA-AT-WB13R &3+&

@ Sclerotinia minor

WA-CV-WA13B¢} WA-AT-WBI13R& o] H7td 7t vixd 558 A QA& e 9l
o}, PDARIZ] 25ppmell A 82% AA&S H L, 100ppmollA 91% A &S YEFITE. MEARIA]
50ppm A 80% AAE&S YEFN I, 90ppmol A 82% A &S YEFATE CMARIA &= 50ppmel]
A 81%  AAES  yERda, 100ppmelA 84%  AES  YERITH Table  26).

WA—-CV-WA13B¢} WA—AT-WB13R& o] H7le z} vijx| o} =5 Y AAFgHE BT
ATH(Fig 20). A& 5ol A PDAMIA| <} CMA®I A 7} MEA®IA] Bt} o £2 A a3 E YepdT
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Table 26. Effects of nano—silver WA—CV—WA13B and WA—AT—-WB13R combination against

sclerotium germination of Sclerotinia minor on three different medium.

Inhibition rate (%)

Conc.! | CTR 1 3 5 7 10 25 50 60 70 80 90 | 100
Media

PDA 0 5 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

1; Concentration (ppm)

2. PDA media

Fig 20. [n wvitro inhibitory effects of WA—CV—WA13B and WA—AT—-WB13R combination
against sclerotium germination of Sclerotinia minor on different media.

olg]g A7 A= WA-CV—WA13B2} WA—AT-WB13R &t} E3H8Mo| Sclerotinia minor <
TAE AA 3 5% HANAM Rhizoctonia solani®y Sclerotinia sclerotium® & 3L A&+
S =3 2 9}

= T T1T 2 T MM

(44) WA-CV-WA13B9} WA-PR-WBI13R &g

D Sclerotinia minor

WA—-CV-WA13Be} WA-PR—WBI13R&N& 2zt vjA|o] 7} & A& YER L Atk (Table
27). PDABRA] 25ppmoll A 80% A &S Yl 100ppmel A 91% Al &S et MEAR] =]



+ 25ppmolAl 73% AAEES YEIH I 52 FEANAE & JAES YERA Utk CMA
iz el A9 10ppmollAl 82% JA&S YERIA, 90ppmolA 91% AAES YERITH
WA—-CV-WA13B9} WA—PR-WBI13R&No] H7l¥ Z} ujx| ¢} x=d A% oA 435 Vel
ATH(Fig 21). PDABIA &} CMAHIA A ] F2 A a7E e

Table 27. Effects of nano—silver WA—CV—WA13B and WA—PR—WB13R combination against

sclerotium germination of Sclerotinia minor on three different medium.

Inhibition rate (%)

Conc.! | CTR 1 3 5 7 10 25 50 60 70 80 90 100
Media

PDA 0 15 59 74 68 72 80 79 86 80 81 76 91

MEA 0 1 1 21 15 67 73 72 74 74 67 73 60

CMA 0 0 47 62 74 82 79 85 82 81 88 91 89

1; Concentration (ppm)

a.PDAmedia _ b MEA media

- C. CMA medla

Fig 21. [n vitro inhibitory effects of WA—CV—WA13B and WA—PR—WB13R combination
against sclerotium germination of Sclerotinia minor on different media.

A = WA-CV-WA13B9} WA—PR—WB13R &1} &38+-89Mo| Sclerotinia minor <
TS A3 F= HoA Rhizoctonia solani®t Sclerotinia sclerotium® w3 &S A g+
&
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(t}) WA-AT-WB13Re} WA-PR-WB13R &3%8

D Sclerotinia minor

¥Q oo

Aol = e T8l disj 23
L3t Wi FAskA 2 &skglt.
WA—AT-WB13R$} WA—PR—WB13RE N H 715 wj ol A w5 482 e 31 QtH(Table
28). PDABIA] 25ppmell A 81% < A-&S YEFN AL, MEABIA 50ppmoll A 81% A&S e
th. CMAHIA] 25ppmell A 80% A Al&-S YEFATE WA-AT-WB13R9} WA-PR—-WB13R& o]
7hel wiA e o] A A &3 AAE HolFa JtH(Fig 22). 5ppmi-H 25ppm7HA+= PDA
Hj 2o A F2 A a5 BTl

2 A

1oiTh, WS FAAA oA AA] Al

ut
ol

(
(

¢

Table 28. Effects of nano—silver WA—AT—-WB13R and WA—PR—WB13R combination against

sclerotium germination of Sclerotinia minor on three different medium.

Inhibition rate (%)

1
onc.

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

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

1; Concentration (ppm)

a. PDA media b. MEA media

c. CMA media
Fig 22. In wvitro inhibitory effects of WA—AT—-WB13R and WA—PR—WB13R combination

against sclerotium germination of Sclerotinia minor on different media.
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(2}) WA-CV—WA13B, WA—AT—-WB13Re} WA—-PR—WB13R &3+-&
D Sclerotinia minor

T A E 2 Z3-8qe s AHS AASATE WS A A A A}
&3 Uy wd 7%] AgPsrdet. 1 A3, WA-CV-WAL13B, WA—-AT-WBI13R¢}
WA-PR-WB13R &S H7}st 2F v x| 9} = A A &S Yef 2 Jth(Table 29). PDA
%] 10ppmoll A 80% JA&S vebdar, MEAW A= 50ppmellA] 81% <#A1&<S et
CMAHIAI = 25ppmell Al 80% Al &S »}E} Ith.  WA-CV-WA13B, WA-AT-WB13R ¢}
WA—-PR-—WB13R& o] A7t mjx]el| A o] A a3 Aafo|th(Fig 23). PDAWIA| oA A &3}
7F MEA}A] ¢F CMAW A Kt} £-& oA & 3E et

73 AFo A T8N FoA WA-CV-WA13B, WA—AT—WB13R¢} WA-PR—WB13R&

Mol 7h L A adE Yepd oy, o2 893 Aol Wol ypx| gkt AE 8o

1 8] =3F-8o] A|Eo] WojA = Ao FFEUT

E

Table 29. Effects of nano—silver WA-CV-WA13B, WA-AT-WB13R and WA—-PR-WBI13R

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

Inhibition rate (%)
onc."
Modi CTR 1 3 5 7 10 25 50 60 70 80 90 100
PDA 0 20 68 76 76 80 86 86 84 85 85 92 96
MEA 0 0 0 46 58 75 73 81 80 79 78 74 76
CMA 0 0 48 72 78 79 80 87 81 80 87 79 92

1; Concentration (ppm)

a. PDA media b. MEA media

c. CMA media

Fig 23. 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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o] gt A+ Ay}= WA-CV-WA13B, WA—AT—WBI13R and WA—PR—WB13R 21} &3-8-o]
Sclerotinia minor & #3& A F%= HRAANX Rhizoctonia solani®t Sclerotinia sclerotium®)
3 AGS AdATE 7578 + Arh
gt FHAAAN A (TEM) #32
e & gl o3 224stE mAdE SA4S dEs] 98 sEEE & Ui &9 57
Rhizoctonia solani®y M+t Pseudomonas marginaliss N A v ¥3k & 114 3o] TEMO. 2 %
2435 tH(Fig 24). SEMO. 2% #2elg] o) 25ppm o2 A 2513 S o,
Aol ErlsstaL, AsER Agste] A& O i Alo]= iAto] 7] wiio] SEMAel
AMe Yzt Bgo] Erbssta, Agd v Ao #UF Aom g glo] oy AT
mebA] 25 ppme®E A & SEMOE #F g A5 AlxHoA FA e vasils
woll H= 5o YA o

TEM«] W A3 AF 7~25nm U 2 YATE Al mgel o] AlEute] 9y ¥ o

o]
=}

Olt

ARem, g PR AELT7|HAAE BFo] Hou, olE 9= X—ray &GS ok
at7] wjZoll EHQlo] HA] gt

wgoleh Aol Fel & v Pt B ASs B AATHFig 25 O, @).
e 2 JA7E 2Rk FAA dar, Az Qtell e 2 v k= B HAvH(Fig @,
) 71 =k

H
L ®, ®). Y & QA nAEe] AERE A 40 Aoz B T 5 AT ©
B, vhe & A 1HoE WAgEY Ao By Eohe £4A7IE
AE tom AFstel AZL/BES FHNPORA YRS BBYS A7E Aoz B

CER

Fig 24. TEM images of Rhizoctonia solani and Pseudomonas marginalis treated with
Nanover™ . @, @, @; Rhizoctonia solani, ®, ®, ©; Pseudomonas marginalis. Arrows
indicatethe area where the Nanover™ particles are aggregated.
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vl FAFA V) A (SEM) #+#

Algte] A5 25ppme] FER A g F SEMo R gEEigl o, At AlE xA 7L &8s o
WEo] w7bseglal, AweR Aelste] @Esgloy e Abo]= §iAto]7] Wikl SEMA
A h=dArh el wrbesta, Add e ko] 7F Home gijle] of it
whebA 25 ppm O A g & SEMO. R 3 g At o] A5 AlEH A A 2] e vl aulskel
A A7t wgol wake] Aol WA= 9

Pr

= W ol Y= 540l YEuA &t & 2

e 8]l 7] flste] AsmelA w9 RIZg WS Holw AW o] o5 R
Sclerotinia sclerotiorum(S—2)& /4733t 2448 7ppm2] 2 ALl sprayer® 10ml#
A A3t 7ppme] w22 AP vge xy 1, 3, 5, 7%] % Sclerotinia sclerotiorum
(S=2) 9 #AHE 1A Al7]a AN o2 S AASd. o 23 Tppmo FEE AL
of Al star 19 A3 FHH #AY] AlxHo] dfE ds AS &<l &l 39, 5, 1
g 7Y Agk AS BFE 2 93] S0l SuxdS Ay g F 7|gte] Ad #= 939
Are OS5 At H3dvh 28a Ae] 593 7Y o] AHRS A AlxH o] FajE o A}
7F Abd gk A4

Fig 25. SEM images of Sclerotinia sclerotiorum treated with Nanover™ at 7ppm, and observed 1, 3,
5, and 7 days after the treatment(A: Untreated control, B: 1 days after the treatment, C: 3 days
after the treatment, D: 5 days after the treatment, E:7 days after the treatment). Note the
increase of damages and whitening of hyphae as the days of exposure increased from 1 through 7.
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Hh £t g9 ofs)

o2

st 24 EvtE, Qo] 1%, 35 e w & v &9 37} ¢ 10ppm, 25ppm,
50ppm, 100ppm, 200ppm, 300ppm, 500ppm, 1000ppm &E=W= ksl 23S 2 A5t tH(Fig
26). FA 2l 7-¢k Hlalsko] 10ppm, 25ppm, 50ppm, 100ppmollX<= oFsf 7} W8+ edgkon, &
Lo} o g QIgh WA= $hEhu x| eFokth. 200ppm ©]4e] A & v AR Qe 8 ==
=710l 22 o] FAEI AS F7ld A Z7|7F GsdAdS Hole o] HEHATH
1,000ppm< A2 A AEA7L oFsllE do] 3AF s Ao FEEHATE 10ppm, 25ppm,

ofaf 7} wAEkA] & A SR Hol 100ppm oW FelA Aol Al
/o] 7ot et ddEn

o

Fig 26. Phytotoxicity tests of Nano—silver liquid on tomato, cucumber, pepper and spring

green onion.

Aurg A2A% H07 D AFRF e eedle] tael WAL AUr FFE A
of evhwolyl £8& ol Sihwole] ARANE Ful AL T evhwdle] Aol
BAEAT HEYFED BHE DA OE A FuA 4 Nano—silverst Ego] 7hs3
Ag 57 gl & theolo] dal Uge AW dA@S AN 98 9L 5 )
Atk B AFL F A7E Ao deln g m gl

| Pseudomonas koreansis®} 2=
sty Aol A= Ao= WX Bacillus sp.8& W32 A3t viA] o] Nano—silver
WA-CV-WA13BE& S 10ppm FE= 233 A3 Bacillus sp.x= 25ppm7HA] WS H P a1,
Pseudomonas koreansist= 23 A 251 10ppmol| Al A24A] eFo} Sppm o2 s & w3 23
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S A HEA 0% 30ppmoll A Ateke WA TS A akglor, WA-AT-WBI13RE el A=
10ppmC. & Al ZHS 3}9] Pseudomonas kensiss 45ppmoll A A8 straing A% 31 o,
Bacillus sp. 44| 35ppmeol A Aet= WA S A 515t WA-PR—WB13RE<4 2] 749 50ppm
ol 4 WS Mol Pseudomonas koreansiss A8}, Bacillus sp.2l 75 & 12ppmoll A]
ek WS A ekt (Table 30, Fig 27). 28y 12ppmell A 8] 50ppm7HA] €] & =0l A
AES = Pseudomonas koreansissy  Bacillus sp.2] population©] vl-$- Yo} & vji-oel &8
23 g80 Hx &S oz dudt mak e A9 EFANA S fodlo] 7}
UEllE= =59 50ppm WA 100ppme] MY E= G819 Pseudomonas koreansistt
Bacillus sp.7} AL 8HA] Fghel wet Fr8&dd & e &5 T3 8L oY Ao
2 e

i o

Table 30. Selection of nano—silver resistant Pseudomonas koreansis and Bacillus sp. against

nano silver.

Concentration of resistance
bacteria
WA-CV-WA13B | WA-AT-WB13R | WA-PR—WB13R
Pseudomonas koreansis 30ppm 45ppm 50ppm
Bacillus sp. 25ppm 35ppm 12ppm

Fig 27. Selection of resistant Pseudomonas koreansis and Bacillus sp. against nano—silver. A:
WA—-CV—WA13B Pseudomonas koreansis 30ppm, B: WA—CV—-WA13B Bacillus sp. 25ppm, C:
WA—-AT—-WB13R Pseudomonas koreansis 45ppm, D: WA—AT—-WB13R Bacillus sp. 35ppm, E:
WA—-PR—WBI13R Pseudomonas koreansis 50ppm, and F: WA—PR—WB13R Bacillus sp. 12ppm.
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(1) In vitro test

S i g WA-CV-WA13B, WA—AT—-WB13R, WA—PR-WB13RS AF&3}lo] PDA, MEA, CMA
Hjlo 1ppm, 3ppm. 5ppm, 7ppm, 10ppm, 25ppm, 50ppm, 100ppm & =2 BtE 5 Z}71e] nj
Aol x4kl dAES BE Y. e 27H4] 52 37HA] 2 Y {98 E3tsle] 5

o
St s=o} WX E ALEsle] AR S AEEESI T
(7}) WA-CV—WA13B &

WA-CV-WA13B &o] H7Ie Z; wfA|ol| A Z}zfe] s A% AA&S &<l stk (Table
31, Fig 28). CMA#|A| ol A A &o] 714 =4 Yebt o™, PDAIA] 7ppmol A 82% A&S
e a1, CMABEA] 3ppmell A 89% %4%1]%5 eI MEARIA] -9 10ppmo] gl A A &
H7F vYepgeh, A3 02 CMAMA A 2 ol 9 QGW o] 7} £ a¥E e,
PDA wjx] Bt} MEA wj#]o|A F& JAgvs Bdch 2 2Ade 23 WA-CV-WA13B &9

o A% 10ppm FERE UYL AGE AS AL ¢ 5 AR,

Table 31. Effects of nano—silver WA—CV—WA13B against mycelial growth of Sclerotium

cepivorum on three different media.

) Inhibition rate (%)

Conc:

Media S | CTR | 1 3 5 7 10 25 50 100
PDA 0 1 69 68 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

1



10pom 2Bppm Blppm 100ppm

a. PDA media

CTH 1pom appm Sppm foom

10pnm 25p0m 50pm Innm
c. CMA media

Fig 28. In vitro inhibitory effects of WA—CV—-WA13B, WA—-AT—-WB13R and WA—PR—-WB13R
combination against mycelial growth of Sclerotium cepivorum on different media.

(Y}) WA—-AT-WB13R &

Table 329} Fig 29 WA—-AT-WBI3R & o] H7tel 7} wjx ] & Y & i 4% o
A &3 Jefa vk WA-CV-WA13B&NHT} o] £& a3 ®o|nw Sppm PDAHIA] ]
2] 86%, CMAWIA] 3ppmol A 93% A&S e PDAWIA 2} CMABI Ao A =2 A&
el on, MEABIA | A& 25ppmell Al 81% A& VERWITE CMAB| Aol A] £ A a7}
£ yveldlen, MEA HiAo A= PDA #ix]o|A Ht} v Axg3E el

Table 32. Effects of nano—silver WA—AT—-WB13R against mycelial growth of Sclerotium

cepivorum on three different media.

. Inhibition rate (%)
Conc.
) CTR 1 3 5) 7 10 25 50 100
Media
PDA 0 0 66 86 86 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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1Gppm ZEppm S0ppm 10opom 10ppm ZSoom BOEpM 100pom

a. PDA media b. MEA media

CTR 1 Ipprm Bppri Toprm

10ppm 28ppm Bdpom 100pom

c. CMA media
Fig 29. In vitro inhibitory effects of WA—AT—WB13R against mycelial growth of Sclerotium
cepivorum on different media.

(t}) WA-PR—WB13R &

Table 337} Fig 30 WA—PR—WB13R &o] H7tg zt mjAH w9 A oA a2 el
W3z glth PDABI XA 7ppmol A 81% A &S B3, CMAWI A 10ppmol Al 84% A &<
Ueldth. MEAR| A= 25ppmoll A 81% A AI&S YEFAT

WA-PR-WB13RE& o] A7}5 wlx]
oA oA witE vehdth PDAMAC A & o4 aitE vebdth wAd me A 3
ol WA o] o] FAbel W] AFL WAL HoR WL

Table 33. Effects of nano—silver WA—PR—WB13R against mycelial growth of Sclerotium
cepivorum on three different media.

Inhibition rate (%)

Cone.!

Media CTR 1 3 5 7 10 25 50 100
PDA 0 0 39 75 81 79 96 100 100
MEA 0 0 0 0 0 71 81 82 38
CMA 0 20 58 56 72 34 72 78 87

1; Concentration
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Ippm Bpom

25ppm SOpEm 100ppm

a. PDA media b. MEA media

CTR fpom ippm Sopm Jopm

10pom 28ppm SOppm 100ppm

c. CMA media
Fig 30. /n wvitro inhibitory effects of WA—PR—WB13R against mycelial growth of Sclerotium
cepivorum on different media.

(2}) WA-CV—-WA13B¢} WA—AT-WB13R =3g}& ol

Table 34¢} Fig 312 WA—CV-WA13B$ WA—-AT-WBI13R &3 &do] H7td 7+ w8 44
AA 75 JE A k. CMA®IA] 3ppmell Al 83% A &S EFW AL, PDABIA] 7ppmel A
82% JAES Btk MEAWIA 25ppmol A 85% & A1&S vrebth CMAHIA| ol A T2 Hl X
HT} & A4 a34E UEl

Table 34. Effects of nano—silver WA—CV—WA13B and WA—AT—-WB13R combination against

mycelial growth of Sclerotium cepivorum on three different media.

Inhibition rate (%)
Cong.!
) CTR 1 3 5 7 10 25 50 100
Media
PDA 0 0 75 79 &2 86 92 66 &2
MEA 0 0 0 2 13 76 85 84 &5
CMA 0 52 &2 84 7 84 93 95 96

1; Concentration
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10opm ZEppm S0pom 1aCopm 10zpm 25pom Z0ppm 1Glpom

a. PDA media b. MEA media

CTR Ippm ipem Sppm TREm

10pom 25ppm S0ppm 100ppm

c. CMA media

Fig 31. In vitro inhibitory effects of WA—CV—-WA13B and WA—AT—-WBI13R against mycelial
growth of Sclerotium ceprvorum on different media.

(v}) WA—CV-WA13BS} WA—PR—WB13R &3Fg ol

Table 35%} Fig 32 WA-CV-WA13B9} WA—PR—WBI13R &3+8&Mo] H7le 7} wj=| oA 3}
o] A A a¥E e vk PDARIA] 10ppmol Al 78% A Al&-& YEFW o™, CMAHRIA]
3ppmol Al 80% AAAE&S EFITLH CMABI A oA =& A4 &S eI

Table 35. Effects of nano—silver WA—CV—WA13B and WA—PR—WB13R combination against
mycelial growth of Sclerotium cepivorum on three different media.

Inhibition rate (%)

Cont.'

Media CTR 1 3 5 7 10 25 50 100
PDA 0 15 62 71 74 78 76 100 100
MEA 0 0 0 6 8 67 85 84 85
CMA 0 6 80 32 85 85 95 98 96

1; Concentration
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CTR 1ppm Sppim Sppim Jopm LTE Appm Appim

1G0oom

S0ppm
a. PDA media b. MEA media

CTR lppm 3ppm Sppm Topm

10ppm 250pm S0pom 100ppm Hlopm 2500m

10pEm 25pom S0ppm | 00ppm
c. CMA media
Fig 32. In wvitro inhibitory effects of WA—CV—WA13B and WA—AT—-WB13R combination

against mycelial growth of Sclerotium cepivorum on different media.

(¥}) WA—AT-WB13R¢} WA-PR—WB13R &3} &

Table 3637} Fig 33 WA—AT-WB13R¢} WA—PR—WBI13R &3-8lo] H7tg 7} wj x| 7309
A AA &S ER a2 glth PDAMA] Sppmoll Al 80% AAES Ve AL, CMABIA 3ppmell
A 80% A &S UEFATE. WA-AT-WB13R$} WA—PR—WB13R-& o] 71w wj=|o| A oA a3
Avtolty PDA #jA| €} CMA ®iA &= B2t A a35 vE

Table 36. Effects of nano—silver WA—AT—-WB13R and WA—PR—WB13R combination against
mycelial growth of Sclerotium cepivorum on three different media.

Inhibition rate (%)
Conc.!
CTR 1 3 5 7 10 25 50 100
Media
PDA 0 0 78 80 80 71 87 98 100
MEA 0 0 0 0 18 52 81 32 85
CMA 0 41 80 84 84 89 88 99 100

1; Concentration
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CTR lopm ppm Sopm 7ppm CTF Lppm Jpnm

10ppm 25ppm S0ppm 100pom 1opm 25pom _ipp||| IﬂIZD'Jl—I

a. PDA media b. MEA media

CTR 1 nnm 3ppm Spom fppm

10ppm 28oom 50oom 100pom

c. CMA media

Fig 33. In witro inhibitory effects of WA—AT—-WB13R and WA—PR—WB13R combination against

mycelial growth of Sclerotium cepivorum on different media.

(A WA-CV-WA13B, WA-AT-WB13R¢} WA-PR-WBI13R &

Table 373} Fig 34% WA—CV—WA13B, WA—AT—WB13R%} WA-PR—WB13R &3 &Ho] H7}gl
ZH a2 B Al a3 ebdlth PDARTA] 25ppmeol A 80% A& HrERIAL, CMAWEA]
+ 1ppmol A% 68% Al &S HEFHAL, 3ppmell A 81% =& A EHE HERTE PDAREA] €}
CMABIA oA =& AAaTE YEHl oy MEABA A= vhe oA a5 el

Table 37. Effects of nano—silver WA—CV—WA13B, WA—-AT—-WB13R and WA—-PR—WB13R
combination against mycelial growth of Sclerotium cepivorum on three different media.

N Inhibition rate (%)

onc.

Media 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
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CTR Ipom ppm Spom

1appm 25ppm S00pm 100pom 10zpm 2%pom 0pEm 100pom

a. PDA media b. MEA media

CTR | ppm 3pom Sopm ppm

10opm Z5ppm S0pEm 100pom

c. CMA media

Fig 34. In vitro inhibitory effects of WA-CV-WA13B, WA—-AT-WBI13R and WA—-PR—WB13R

combination against mycelial growth of Sclerotium cepivorum on different media.

rlo

thie o WA-CV-WA13B, WA-AT-WB13R 223 WA-PR-WBI3R 7ﬂtﬂ gN} F3H-g-o
E5 A M o= PDAR|A o CMAM|A A 52 oAl adE vebllen, & Y §945 5
stel At AHT JpEHoR At sle] oAl mArt o %9 E}. EF BN =
WA-AT-WBI13R3 WA-PR-WBI3R &3 &ole] F& avs Wl

T 2 Y A4S 7 £MNHE 10ppm, 25ppm, 50ppm, 100ppmO = A 38}
o 131 F 43 B A} 43 A5 A 5709 F
skl vlo] HglEs sl ar, 83 vo] A THS SAHSIAL 80T ARV A3 H

# A7 SISt Sate e FA R
al

A3} (Table 38) F-x g7+ vl8] A Folx] A FH AE =% =2
Aol AREE 37FA] & thie & 7heE] WA-CV-WA13B &S5 Ag o] 7
)]

e o LA

o gz
e golo] va) o A %7 28 % etk WA-CV-WAISB £918 2]
she] 79 FAz e va) Ao 2 ool AA FH& UEhdTh Fig 35014 ol @ 2
= ghel @ 4 U
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Table 38. Results of treatment of nano—silver on sping green onion.

Nano—siver WA-CV-WAI13B WA-AT-WBI13R WA—-PR—-WBI3R

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 weight(g)|0.965/1.998/1.346|1.849/1.666|1.295|1.323|1.564(1.162|1.391|1.102|1.152|1.378

il
|

100ppm

TR 1ODD 2hppm 50ppm 100ppmMC TR 10ppm 25ppm S0Dpm
Fig 35. Results of nano—silver treatment on spring green onion. CTR; untreated, A;

WA-CV—-WA13B, B; WA-AT-WB13R, and C; WA—PR—WBI13R treated sping green onions.

A2 v §Ne g 9 Auf E<ke] vAE population M3} Bl Bk 4

e the g2 AW 3 RAY F Fe| EFS AEY sl B U mgE AATY
Mg stk & U golol s §& MAEe gavt ol AE QX ey 98 A
A&t A, At Z A8 Tables 39, 40).

[e)

o

B AAHom FA Al vs AMAF7E 2o, ¢ AbEsEA = sk
(@] = o =0
= T =1
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= 270 gastg F/6 Fshe Agel et Aow BN

e b g Alge] EF AR BEE AEAYA SRouw 88 £ v
gol AFe AL gasAE e Aom @uso] Atk Bgole] AAGT AR
Ao we Aol ® vpehiA kgt

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

soil.
onc.' Colony number/plate at 1.0x10*CFU/ml
Bacted CTR?| A®10 | A25 | A50 |A100| B*10 | B25 | B50 | B100 | C°10 | C25 | C50 | C100
et 28.31|22.7E£31.3£|51.3%|32.0E£|20.7£|35.7£|23.7£|28.7%|22.3£|22.7£|24.7E€|49.0%
elrore
31 | 42 | 55 | 7.4 | 26 | 84 | 45 | 85 | 42 | 55 | 95 | 7.2 | 1.0
N 23.0£|16.0£|16.3%|17.0+|13.7£(22.0+[14.3£|15.0£|18.7%(19.3+|12.7+|15.7£[12.7%
ter
46 | 87 | 15 1 1.0 | 21 | 20 | 25 | 40 | 6.7 | 5.0 | 31 | 72 | 25

1; Concentration, 2; Untreated, 3; WA—CV—WA13B, 4, WA—-AT-WBI13R, 5; WA—-PR-WB13R

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

soil.
nc.' Colony number/plate at 1.0x10*CFU/ml
Fung! CTR* | A®10 | A25 | A50 |A100| B*10 | B25 | B50 |B100 | C°10 | C25 | C50 | C100
et 7.7+ 3.0+ |4.0£1] 0.7 | 2.3+ | 2.3+ | 0.7+ | 1.0+ | 1.3+ | 0.7£ | 2.3+ | 0.7+ | 1.3%
elore
0.6 | 1.7 .0 06 | 1.2 | 1.5 | 06 | 1.0 | 06 | 0.6 | 0.6 | 0.6 | 1.5
At 77+ 143+ 16.0x 1.3 3.3+ ]0.7+ 1.0+ 2.0 |43+ [1.3+] 1.7+ 0.3+ | 1.7%
er
06 | 1.2 | 1.0 | 1.5 | 06 | 06 | 1.0 | 1.7 | 1.5 | 06 | 0.6 | 0.6 | 0.6

1; Concentration, 2; Untreated, 3; WA—CV—-WA13B, 4, WA—-AT-WBI13R, 5; WA-PR-WB13R

S Yreds A 3 Qe Eg AEEAS AN 23 EY pHE FAET & v
Sos A e o aea A 2Ad F 284 Aol7k vebdth ECE A2l A 334.60004
A= ) 443.00, A& 289.50 e yERHeH, A7 271€Y $oll= 2285002 HAES
o S EH OJ*J% FA T 905.55¢0 Bl Aol M v Fbekglon, A 270E &
646.11% A3 aL, F7]5 FFE 594004 27019 = 4.072 Do), AAbe] AAhe= FA4
2] o} 744 Zpol 7k ERA ghokom, mE Ca, Mg 932 oM fhhdts AFS HIO
™, K, Na®l - ozt S71a3ivh. Fol2 A&8F(Edeolyt wdE 100go] BAshs A¢A4
Fol&o FHFE mgIdFORE YERI 3, Tl me/100g )2 H e reh 2.98 7FAsHTH(Table
41).

< Y= S ATt 270§, FAE el vl AAH o2 e Abelrh UK ok
o, 53 pHEtell A B2 zfol& WA &o B A2l Al BEF Aol
A g2 Aow AR A T4 8 2 vl kS BEE 5 i
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Table 41. Analysis of soil treated with various concentrations of nano—silver.

Exc. Cation(cmol(+)/kg)

pH |EC(1:5)| P205 | Orsanic | p_y CEC
Sample ] compounds (cmol(+)/
(1:5) |(uS/em)| (mg/ke) (%) | (%) K Ca Mg Na ke)

A’—10ppm| 6.53 | 364.10 | 987.10 4.42 0.23 1.11 6.80 3.16 0.35 14.06

A—25ppm| 6.46 |423.00(1072.17| 4.31 0.22 1.42 6.69 3.71 0.39 15.29

A—50ppm| 6.56 |318.00|938.06 | 4.68 0.23 1.19 7.02 3.12 0.45 14.87

A—100ppm| 6.75 | 289.50 | 930.07 4.79 0.25 0.87 6.78 2.66 0.27 13.66

B’—10[[m| 6.76 |314.00|1047.84| 4.96 0.24 1.32 6.57 2.64 0.32 14.15

B—25ppm| 6.83 |410.00 |1034.65| 6.23 0.25 1.48 8.81 3.22 0.46 17.05

B—50ppm| 6.60 | 357.00|975.77 4.68 0.35 0.98 9.79 3.19 0.56 17.17

B—100ppm| 6.34 | 334.60|905.55| 4.53 0.25 | 0.87 7.23 2.85 0.32 14.12

C'-10ppm| 6.40 |317.00(1103.57| 5.59 0.27 1.52 10.67 2.51 0.32 18.11

C—25ppm| 6.58 |267.10|987.84 | 4.92 0.22 1.35 8.63 2.69 0.44 15.97

C—50ppm| 6.55 |443.00|920.23 | 4.82 0.24 1.07 6.77 2.06 0.23 14.09

C—100ppm| 6.53 | 357.90 | 839.61 4.93 0.23 1.15 6.67 2.47 0.22 14.69

CTR' 6.65 | 334.60|905.55| 5.94 0.25 1.27 7.68 2.65 0.31 15.86

after

6.88 | 22850 |646.11 4.07 0.21 1.34 5.38 2.21 0.87 12.88
2 months

1; Untreated, 2; WA-CV-WA13B, 3; WA-AT-WBI3R, 4; WA-PR-—WBI3R

A v g

o

AR T o drRE 29 HE 24

= A 2 = v EAE AlE F el Hded ® & s 4 A (Table 42),
25ppm A 2]l Al AvlE skl A 0.48mge] 71 e & o] A

23l 10ppm A&7 Fel A 22 0.33mg, 0.23mg, “L#]3L 0.11mgo] = H A 3 A# ¥
el A & Y &9 vt Srbgd weh sl dEE &9

0

[e]
Hol & the g9 g ¥R & o AEAE whdss Boe Qe Ao F4 He, o
of W@ 7k 49l Aol £4Y B8 Y= Ao wuHT
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Table 42. 5 AW EFA & the g Ag F o)A g% @ & FE B4 A3}

A5 =4 2k (mg/1) 25 % (mg/kg)
Control—1 0.00 0.00
Control—2 0.00 0.00
Control—3 0.00 0.00

Control 33 0.00 0.00
10ppm A& 1 0.04 0.19
10ppm 2]+ 2 0.04 0.20
10ppm 2]+ 3 0.03 0.14

10ppm A+ H 0.04 0.11
25ppm A H T 1 0.09 0.47
25ppm AT 2 0.08 0.38
25ppm AT 3 0.12 0.61
25ppm AT B 0.10 0.49
50 ppm AT 1 0.09 0.43
50 ppm AT 2 0.05 0.25
50 ppm A& 3 0.06 0.31
50ppm AT B 0.07 0.33
100 ppm AT 1 0.06 0.29
100 ppm AT 2 0.05 0.24
100 ppm AT 3 0.04 0.20
100ppm A2+ He 0.05 0.24

o 7] 98 pot A¥E AAESITE 71EA e U &

WA-PR-WBI13R &H4& tdoz o] A4S At A8 23, & v &9 50ppm
BE oy g} UrE}L]J] A& om FEA AE 2 000ppmoﬂ 1 o] ﬂg#?‘;:‘— eI, 7 E
2F B 1,000ppmel A Al &3S YeEFAtHFig 36). 2 Ui §90] 50ppm AL F oA
9= JgWor, 71EAS 1,000ppmo] <] %% oA Jq_ﬂre el 2 A8 dx 7
Ehbe]l W) WAl @ vlgiR =X @k, HAlaNE HEUE & U &9 &

T ovad me el &3¢l

88



Control Inoculation control

WA-PR-
WBI13R

Chitogan A

Chitosan B

Fig 36. Comparison of results of nano—silver WA—PR—WB13R, chitosan A, and chitosan B
treatments on spring green onion. First row; Left: Untreated uninoculated control, Middle:
Untreated inoculated control, Right: treated with 50 ppm nano—silver, Second row; Left:
Untreated uninoculated control, Middle: Untreated inoculated control, Right: treated with
2,000ppm chitosan, Third row; Left: Untreated uninoculated control, Middle: Untreated
inoculated control, Right: treated with 1,000ppm chitosan.
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A T o W EI JAE&S YEFUTH Table 43).

3 A &S 24 AFH(Fig. 37) Aol AFE3F 3714

o S YeEe, WA-PR-WB13R &9 100ppmol A 7}4 &
S velit 28y daE A4 a3 WA-CV-WA13B ¢ WA-PR-WBI13R ©] &5

AbgE &35 UEREYh Figure 38 U &) Agld SutelS HojFa vk FAE T

of vla] & Y A oA ¥ BA o] AAHASS HojFa

2
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Table 43. Effects of nano—silver treatment against powdery mildew on squash in greenhouse

after the disease outbreak.

™ Disease incidence (%) Inhibition rate
Nanover™ / ppm i I T VR DMRT (%)
WA-CV-WA13B
10ppm 53 60 67 60 b 29.4
25ppm 65 62 53 60 b 29.4
50ppm 60 70 65 65 b 23.5
100ppm 27 22 26 25 C 70.5
WA—-AT-WBI13R
10ppm 57 56 67 60 b 29.4
25ppm 50 66 64 60 b 29.4
50ppm 65 62 68 65 b 23.5
100ppm 30 25 29 28 c 67.0
WA—-PR-WA13R
10ppm 54 53 58 55 b 35.2
25ppm 62 63 55 60 b 29.4
50ppm 60 65 55 60 b 29.4
100ppm 25 20 24 23 c 72.9
Control 87 80 88 85 a -

C.V. (%) :9.22

100
9%
80
10
60
50
40
30

W Disease
ncidence(’)

[l [nhibition
rate(%)

S

< q

S g N < $ g g g < ¢
Al E@aElaEa sl @ @t
WY D Y e TN TS N

RS SN > N

Fig 37. Disease incidence and inhibition rate of nano—silver on squash. A; WA—CV—-WA13B, B;
WA-AT—-WBI13R, and C; WA—PR—WB13R.
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Fig 38. %% F & vheol Aej7h

Fub bR Ao WA
WA-CV-WA13BE A g3 45, LS WA-AT-WB13RS A€
WA—PR—WB13RE A &3 7359,

9% ) s e
L a

B Aol IS HgE vlugk 22k 239 A3(Fig 39, 40), Control 1 (FA2])
Y7t 75.4%° HHES B WA Ao A Control 2 (Dongbang Agro Co.9
NSS—-F)& 37.4%%} Control 4 (Dongbu High—Teck.2] duz])+= 8.2%E HATH v A
Nanover™ 2] o] 4] 10ppm- 57.8%, 30ppm-e 45.8%, 50ppm- 40.2%, 100ppm- 30.2% 2] 2
HES Btk WS Nanover ™ 100ppmA & 44%9) W &S Btk 2ud Nanover ™

2] 100ppm* 2l7} Control 2 (Dongbang Agro Co.2] NSS—-F)HEtT} @a3do|dt. wH A
Nanover ™ 8 10ppm¥} 30ppm< &HAo]x ¥, BE A4 Control 4 (Dongbu
High—Teck.9] vt 7} 7}d £& a3 Bt 23t 23 o83k ¥4 A4 Ay 4t
A7 WA fste] E d & Y-S 50ppm¥ 100ppme] sEE A st At
T HAEANE As 7 AeS U 53] 1A 2 AAY A FolA WXl nke

mE

ol Wy F & UmdE Aelsks 45 100ppm olste] wEoM = WAlENE AFT] oY
& A4S uys B oW 2y 2-3 F A 2 Y A4S Aske 4§ 5oppm4 FEAME WA
adsE As F Eol #AR Hol AAR & Ymds s o A9 Az drks dute
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1 2 3 4 € >

Before the disease outbreak’
Fig 39. 2H A 2 @y 5 O ol Nanover'™ WA-CV-WA13B A7} st 3730 SH &

o] m|X]+= 948 Control 1 (A g]), Control 2 (Dongbang Agro Co.2] NSS—F), Control 3 (‘&4 %
Nanover ™ 100ppm # &), Control 4 (Dongbu High—Teck.] #|1}2]), Nanover ™ 2 2] (10, 30, 50, 100ppm)
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Control 1 Cotrol 2

Control 3 Control 4

Y

) l]p pm Oﬂppm

Fig 40. ' A 3 99 F & 1h=) Nanover™ WA-CV-WAI3B A2l ok 271713 WA
" x]+= 9938k Control 1 (537]), Control 2 (Dongbang Agro Co.9] NSS—F), Control 3 (¥3
Nanover'™ 100ppm #2]), Control 4 (Dongbu High—Teck.2] #ltte]), 2 3 Nanover' " A2 (10, 30,

50, 100ppm)

(2) Qo] &A7FFel e 2 v &8 24 HA

m {

o] oo WAstE AR W &t §9¢ Aol AteudES oAlstast
< Y= &9 37k4E 10ppm, 25ppm, 50ppm, 100ppm -§ ]

% Al ¥ (Experiment 1)¥ M3 (Experiment 2)o] = 0] XA A3
0% Fenari 9 Al&3lgon 3w Adaqe), 1E xAe Qo] 37lEH
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o] X&o] 7] AN, ML AF& Qo] At re] o] T3k SANT wetaA] MY
o] JAadAeF & v g3E Hlastr] 918 224 el ARE AT

WS 2 e At Qo] A7EW WAl mx= JFS dotHe 1A x2F
AEdE TP 4%, & e 895 AYPES "o EHEd JdAES vHEda do
(Table 449] Experiment 13} Experiment 2). Experiment 1] 4]+= 37}4] &M 9] 5E7} oA

of Wl JA|&o] T7tekE AL B 4 Ak =3 100ppmoll Al WA—AT-WB13R €42 76%
A&, WA-CV-WA13B2} WA—PR—-WB13RE& N2 78% A &S YEFA T} Experiment 201 A
v 37FA &4 100ppmoll Al F2 JAES HERWTE A7, WA-PR-WBI13R &9 25ppm-
AA a2 7F YRR ekttt WA-CV-WA13B &< 100ppmel A 66.7%= 7} =2 JA&S
LERA T (Table 44, Experiment 2). o|v] Qo] 37}F o] o] Fof = e 7] wfol
T2 a9E Yep A= okt sHA N 27| e Al A = AdEdE] £ A a9E YERL

A &H(Experiment 1ol A Subie 8- A 2] 5 &3 A&, 12]a A2 (Experiment
2)el A Svhe & AH$ I & AA&S e AL Aok (Fig. 41).

Experiment 1 Experiment 2

@ Disease
W Disease Incidence(%)

Incidence(®
ncidence(*) mInhilition rare(*)

4
@ [nhibition rat !

Fig 41. Disease incidence and inhibition rate of nano—silver on cucumber. Experiment 1;
Gotan, Experiment 2; Sambat, A; WA—-CV—WA13B, B; WA-AT-WB13R, C; WA—-PR—WB13R,

Pesticide Fenari.
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Table 44. Effects of nano—silver treatment against powdery mildew on cucumber in

greenhouse after the disease outbreak.

Experiment 1

) Disease incidence (%) Inhibition rate
Nano—silver/ppm I | il | i " AVE DMRT (%)
WA-CV-WA13B

10ppm 42 47 46 45 c 45.1
25ppm 38 42 40 40 d 51.2
50ppm 25 26 30 27 e 67.0
100ppm 16 17 21 18 f 78.0
WA—-AT-WBI13R
10ppm 53 58 57 56 b 32.0
25ppm 43 46 45 45 c 45.1
50ppm 31 36 23 30 e 63.4
100ppm 18 20 22 20 f 76.0
WA-PR-WBI13R
10ppm 45 46 44 45 c 45.1
25ppm 31 30 29 30 e 63.4
50ppm 19 20 21 20 f 76.0
100ppm 20 15 18 18 f 78.0
Fenari 3 4 2 3 g 96.3
Control 85 78 82 82 a -
C.V. (%) :8.02
Experiment 2

) Disease incidence (%) Inhibition rate
Nano—silver/ppm I ‘ il ‘ il ‘ AVE DMRT (%)
WA-CV-WA13B

10ppm 58 63 59 60 d 33.3
25ppm 55 60 65 60 d 33.3
50ppm 55 50 60 55 d 39.0
100ppm 28 35 27 30 f 66.7
WA—-AT-WBI13R
10ppm 41 46 48 45 e 50
25ppm 70 65 69 68 C 24.4
50ppm 62 55 63 60 d 33.3
100ppm 57 60 63 60 d 33.3
WA—-PR—-WRB13R
10ppm 58 65 57 60 d 33.3
25ppm 93 85 92 90 a 0
50ppm 75 73 77 75 b 17.0
100ppm 55 60 65 60 d 33.3
Fenari 3 4 2 3 g 96.3
Control 95 89 86 90 a -

C. V. (%) :6.46

B Al & the g AT Aok AL AgelM & b §o] A Qo]

gzl AelE @ o] 2ol el A FAYT M So] AT

Age welFeh AT, W] o AYH A Age] & vhe o
o



S ol B 78% A ETHE 100ppmolA UEFHOH, Qoo sokubEe] e
o A%k 100ppml Al 66.7% 1A E7HE Lhebdth Ee w Zo)o] & e $9g Aelshe
Aol F& @aE ekt
Experiment 1

CTE 10ppm Zoppm Slppm 100ppm

Experiment 2

CTE 1 0ppre 25ppm Slppm 100pgpm

Fig 42. Cucumber leaves treated with different concentrations of nano—silver after the disease
outbreak. Experiment 1; Gotan, Experiment 2; Sambat. (T3 WA-CV-WA13BZ &3 74

-, TES WA-AT-WBI13RE A2t 45, 18]al o} d> WA—-PR-WB13R= * 2|3t 45
2.
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Ay I A 2 Yo vt Qo] AVEEH WAl mA e JEFs Hlustr] g 23}
A S % 23 (Fig 43, 44), Control 1 (FFA2])2 A7l tis) 50.4%°] THES
o}, A A2 oA Control 2 (Dongbang Agro Co.2] NSS—F)+ 25.4%<} Control 4
(Dongbu High—Teck.2] @)= 5%5 Bch & A Nanover " A 2]o] A 10ppm< 53.4%,
30ppm< 34.4%, 50ppm-< 25%, 100ppm< 20% 2] W E-S Btk B3 Nanover ' 100ppm
A 28.4%° W ES Hth WA Nanover ™ A8 10ppm¥} 30ppmS &2 o] %] -3
a1, BE A 2lo] A Control 4 (Dongbu High—Teck.9] #ve])7t 74 €& a8 w3t &y
A Nanover™ 2] 50ppm¥} 100ppm-< Control 2 (Dongbang Agro Co.¢] NSS—-F)HT} £& &
2 Btk Nanover' ™ 100ppmA o= 2 & A2ld Aol ¥ F A2 A By &
7} %

o =2
32 o ok

22fo AR oledt X A Ay o] A S WASy] Yste] ¥y A 2 e
NS 50ppm¥} 100ppme] s=2 A st AFe 5o HAadE AE F S U3
Aok 53 12 £ A4 Aol e wie} o] g 3 2 Yndg AHzlse A$
100ppm ©]&te] FZollM = WAENE AF7] od e ngs & o) 2 2-3 F A &
U AS HEshe 49 50ppme] FEAAME BAERE AE T Aol Rl Hol AA=
S UYrds A3 s A9 Az 9@rrE dutow Az A7 S e 20E F93 Ao
g F7F A9S B AANE SUAZ F de Vsde] 2 @ Aog And
o}

50

40

30

20

10

Control Control Control Control 10ppm 30ppm 50ppm 100ppm
1 2 3 4 €

Before the disease outbreak

Fig 43. 243 A 2 2d 3 & 135 Nanover™ WA-CV-WA13B A&7} Q0] 3 7}F4H iy
o] mx]+= 43, Control 1 (F+*28]), Control 2 (Dongbang Agro Co.2] NSS—F), Control 3 (&
% Nanover M 100ppm % 2]), Control 4 (Dongbu High—Teck.2] #1}2]), Nanover ™ 2] (10, 30,
50, 100ppm)
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Control 1 Control 2

Control 3 Control 4

100ppm

Fig 44. &y A 2 s & 2 1}y Nanover' ™ WA— CV-WA13B |7} $.0] 3771 kA o

2= 4 &, Control 1 (F+#12]), Control 2 (Dongbang Agro Co.9] NSS—F), Control 3 (43 ¥
Nanover ™ 100ppm #2]), Control 4 (Dongbu High—Teck.9] &v}2]), Nanover ™ % 2] (10, 30, 50,

100ppm).
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LS} Qo] BTl Ul & b §oe) WAl &3} 714 7

of

ol
—_
£

fo

.4 3 7HF Y (powdery mildew)oll tigh Nano—silver &< 9] AFA] 7] 2& E13}7] ¢
FAE 3t o) Frhell A At ks FAIARR AR Skl obF A A A 2
oA e ZHbA =] AdAocw AVl AddE &

= =
S5emx5cm A7) 2 A3} al, Petri Dish(90x15mm) oA SFH5¢F 2H2+9] 5% Nano—silver
] <

o

oo 1T
o 12 4o
2 o to o

sk & ALRASEA, 1994 4d7bA] 1Y Ao wels A AE
SEM(Scanning electron micrographs) 2. = #23slqlth, dA7tFo] A4 sukdld S/HFIHS A
g sto] SEMS o] &3sto] Efet wAME #Es Ay, dF FIFFad BYge xAE By
AR, 1 ole]ol= AR A BT AdA o Az AH(Fig 45). 12y S7FEHo] A
©l =HelE 10ppm Nano—silver §4& A28k - SEM& o]&sto] #23 4, 13} 24
of EAfel AL B Mol E4E AS #AFE ¢ AL, 393 44 A= v B
= Aoz HATH(Fig 46). ]2 10ppm Nano—silver &o] 37151 E 2o} AL Al E o
e v ARG AVFEHY HAZE Aste] BTEE AoR Ho v O 4704+
30ppm Nano—silver €& A2t & SEMS o] &3Fo] #2381 t) 10ppm =& A2 o
S WAL, Alzto] Al wep AV £}

=, S WA XA} AR O
} 50ppm(Fig 48), 18] 2 100ppm(Fig 49) o2 =
P8 7122 F71AQl A7 B asithal T

99



After 1 day

After 2 day

After 3 day

After 4 day

Spore Mycelium

Fig 45. Effect on spores and mycelia of powdery mildews treated with distilled water and

observed with SEM over four days with one day interval.
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After 1 day

After 2 day

After 3 day

After 4 day

Spore Mycelium

Fig 46. Effect on spores and mycelia of powdery mildews treated with 10ppm Nano—silver
liquid WA-CV—-WA13B and observed with SEM over four days with one day interval.
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After 3 day

After 4 day

Spore Mycelium

Fig 47. Effect on spores and mycelia of powdery mildews treated with 30ppm Nano—silver
liquid WA-CV—-WA13B and observed with SEM over four days with one day interval.
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After 1 day

After 2 day

After 3 day

After 4 day

Spore Mycelium

Fig 48. Effect on spores and mycelia of powdery mildews treated with 50ppm Nano—silver
liquid WA-CV—-WA13B and observed with SEM over four days with one day interval.
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After 1 day

After 2 day

After 3 day

After 4 day

Mycelium

Fig 49. Effect on spores and mycelia of powdery mildews treated with 100ppm Nano-—silver
liquid WA-CV—-WA13B and observed with SEM over four days with one day interval.
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2 Y NG o] 83 syt B FAES SV 8 Alternaria alternatas ESFSIo] 27% 9]
3ol Tk, Clavibacter michiganensis subsp. michiganensiss XE3ato] 97FA Al 5
ZHA AL Agel ARSIt 2 e 89S Hhole S A (5 )l AleE WA-CV-WALSB,
WA—AT—WB13RZ} WA—PR—WB13R&S A3} c}.

10ppm, 25ppm, 50ppm, 100ppm FE= & i &S A xste] A3 A} 1)
ole] Ag EE wiAAM FFE°] 10ppmTFEH oA aE YElGoew, gt I
100ppmoll A= =& A oA a3E BoFa vk =3 6577 A A3 e o+
T ARkl Aol wEl A EHoR s How, 37HA HiAAM TEE e malth
ﬁxﬂ’\qs A AS A5 2 A3xA] 10ppm olske] FRolA 37 glojoF st ® 10ppm

ZolM sITF 2

Sclerotinia sclerotiorum, Stemphylium solani)E %3} 1ppm, 3ppm, 5ppm, 7ppm A&

51 (Monosporascus cannonballus, Rhizoctonia solani, Sclerotinia minor,

60ppm, 70ppm, 80ppm, 90ppm &%= A&AS AA AT}y, Sclerotinia minor, Rhizoctonia solani,
Sclerotinia sclerotiorum ©) A sl S W3t Sclerotium cepivorum ©] A s S U
Ao ot & AFS STt 1Yal & U &NS EFete] 47FA] &9 x9S vHEo
Sclerotinia minorS} Sclerotium cepivorums Ao =2 738 23S A A5} ,J\E]r.
Fol= Z3tste] AREgE §dHT= JEA O R ARES GHA ¥ o
om, 7ppm*-El ¢ 80% °©]/de] A ayE vERETE PDA iAo A 7}1 =3
el e, o= wjA|mitt Fto] trE7] o] FEFA o] Aol A ALl Aol
et sle® KRt ARt Fx7F Fobgel whel H& oA Eo] YEr] R At
A=, o= &N st Fobgld wet vy & A &fol

sPGEl7E Ho ST OEN ARG B WAoo FolA mAlE B84 s o] "ol
= Heltt 2) Ao 49, WA-PR-WBI3R &° ﬂoﬂH 37FA Azl sl 10ppmel

ot

it
K
(I
o
i

i
rlo fol
_E
il
<
k]

POT%M'
Lo oW o 32 ool

TEMJ& A3}, ALl & v g7t Ews—}{— 2B 5 Aotk e o gt
S AENS T SRR Ao BASYOH, e & AArt ALHS EYAA v

SEM #2 A3, 7ppm®] FLER tAel A2 sha 19 B3 FHE wAR] Al EH ol
Al E A= e F shalar, 39, 54, Ea 7 AAe A BF o As) S &
wole A 3§ vke] Agas e Ars v As Gk 2ea A § 5d 7
o o] Akt A9 AlEo] Refxlo] wAF AP S Ak ﬂ% o}oﬂv}

A L

T},
2 yxdo diEtd WS AYe dA7E AEste AES Fds A3
WA—-CV—-WA13B& NS 7}7}o] nijx|o| Nano—silver WA—CV—WA13B&S % 10ppmo & A3
3 A3} Bacillus sp.i= 20ppm7HA] & WA S WAL, Pseudomonas koreansiss= 22 A 27
¢l 10ppmoll A AHehA] ol Sppme® %5 Wi HAS 23} 30ppmelA Aeks WAETS
Ak g o, WA-AT-WBI3REN-E 10ppm o & A2 3te] Pseudomonas koreansise=
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45ppm7HA] w2 WA S B oW, Bacillus sp. GA 35ppmol A Aeh= WAAAS AW 3%
t}. WA—PR—WB13R&9 H=% 10ppml.= 2|3+ Pseudomonas koreansisv= 50ppme WA S
7R #& A o™, Bacilus sp.ol A% 12ppm7A AEteE WAES A FSth
100ppm7HA] Apeh= WA= Adetr] 98] AdS At ont Wdds Addst] Xaksl
=

o e A5 s & v 8o A 2
B}t o, PDA HiX|e|A] £& AAaxE Btk £ Ads d3, FH 2ol vlE] 713]?

S|
o WAFH AE F EF F7EIGY EY vAE AT AR Ade Basgn. F

GO A5 27 FE AT GEster), 5 WY MSWEL BANA YR, AT
2% AF FFole] TR wel Frh wd, EF AR AA Fol B 9FE /A4
DLOoR FEVIAE i ha) EAL 9 Ao el Hrh,

B BT & e g9l Aol mhe AF 2ol shatd 549 WsE B
wabl o @ u, ok & e golo] Abgo] Eokel A sshd] 2 dFL vAA @E
Ao Helth =@ Ao AfdE 2 APE 2eA @< Ao WuHEnh & e &
Aol Zs gl BaE vk glom AFdA e Aoz dgua YA v A2 A
A9 4Edg /e AeR dEA ol & vk 249 Agl we §4 VAR E

54 2 %9 2 97} FE5 g

WA g & Y 9~°—‘191 ot
IA]sFA T 71 EAF A, BoF & Y

] 1S A &
o] WA-PR-WBI3R & tjdoz 3ho] A3 AN AF A, & Y= g
50ppm 2E oA 537 vehvbr] AFglen JJEAF A 2,000ppmoll A Al EHE e

71E4F B= 1,000ppmeoll Al Al &35 e (Figure 36). 2 Uk £ o] 50ppm 4 =9

%Ecﬂw 235 vEhdlen, 71E4ER2 1,000ppme] 3] 2 =l mvtE L‘rE}MB} 2 A
A 7IEqke] Wa) Al make ZIgiEY 54 fstor, HAadE YEde & v &
Mol FEE HlwH F2 Hol| Haqlrh. A B 7IEARS] 3 SN Ereye gt
WAER} & v &89 3 SANSAIAY dAlgdE v 1] 98 pot AES AA
ST 71 EAL A, Bsﬂr 2 e £9 WA-PR-WBI3R &9& o= dto] AdS 239
o Ad 29 2 v &4 50ppm FE Al &3 yEr] ARslen, 7IEA As

2,000ppmel| 4] ‘”Xﬂs_ﬁre Uetila, 71E4F BE 1,000ppmol A A &3S e tH(Figure
36). & Y= §Ho] 50ppm FEO FoA EI}E HElon, 7] EARS 1,000ppme]de] =
< TRoA myE YEbd 2 AdAY 71EAY] We) Al sde VluET 4] 3o
o, A ERE YEgE & Y 899 vk vwE £ Ho &9
G2 At EF o] & L LHS AL T g AEFE H & Tr BA Ay
7

&
(Table 42), 25ppm A 2ol A Auje dtoll A 0.48mge] 7H& BL & ] a4 5

S
Nnom,

50ppm, 100pm ZZ2]3l 10ppm A& 72] ol Z+2F 0.33mg, 0.23mg, 283 0.11mgo] A= &
AT I Al EAo] AlEg & Y &N st FHEl uhel Thol A 74%% =9 T
5 ol e A

b A2 HJor Hol & vk 9 A&
ok

5ok & o AEde whilgehs
o5 FA T, oo sl Fr} Al A ks

o] #ad Bart Y oz wuwdh
=]

2 Wi goo] Aol A adel el dEeE Ay, B § 2l A
7F WAEIte] A= dFS 2ARRE A, 1A 2AA A g 2l F Aol vls)

106



78%2] A AIE 100ppmoll A HEFH O, Qolo A= FeFrkEe] 3= of) =7t 100ppmol
A 66.7% AAEE depdleh A IS A E 2k AP A, 3ake] 4§
Control 1 (F+ A& AZFFHel el 75.4%° THES B3tk 28 A2 el 4 Control 2
(Dongbang Agro Co.9] NSS—F)+ 37.4%%} Control 4 (Dongbu High—Teck.9] 3vg])= 8.2%=
Btk A Nanover " 2 2loll A 10ppme 57.8%, 30ppmS 45.8%, 50ppm-> 40.2%, 100ppm
2 30.2%2 WHES B9t W S Nanover ™ 100ppmH B 44%9) W ES B}, dhd
A Nanover ™ %18 100ppm=] 2] 7} Control 2 (Dongbang Agro Co.¢] NSS—F) Xt} & 3} 4 o]t}
W " Nanover' ™ A2 10ppm3¥} 30ppmS FEAolx Eg i, RE A oA Control 4
(Dongbu High—Teck.9] 3ya])7F 714 £& a3 = B 20]9 29+, Control 1 (F3]2])
2 7R g 50.4%2] HHES BT @ 22l A Control 2 (Dongbang Agro Co.
o] NSS—-F)+= 25.4%%} Control 4 (Dongbu High—Teck.2] 3yz])= 5%5 R &y 2
Nanover™ # 2] A 10ppm-> 53.4%, 30ppm-> 34.4%, 50ppm-> 25%, 100ppm 20%2] WH &
S Hot}h W & Nanover ™ 100ppm & 28.4%< WHES wolvh w8 A Nanover ™
2] 10ppm¥} 30ppm<e @A o)x] E3la1, BE oA Control 4 (Dongbu High—Teck.2]
ez 7PE 2o 523 2ok 2 d Nanover' ” A8 50ppm¥} 100ppmS Control 2
(Dongbang Agro Co.9] NSS—F)Ht} £& 72 1Bt} Nanover ™ 100ppmA ] o] A &= 2y A
Aelgh Zlo] Wy & AEg A B g3t £9kt

3 7} (powdery mildew)ell T3+ Nano—silver 09| A} 2 Ex} AAFolA] 7]
Zho| tfste] g]lalr] flste] Sy dS FRHE SVFEW ydare] ZAfe} dAle] A
% SEMo= #zst AFRES Agd dixTtol Hste] & vl A sX7F 10ppmol A
30, 50, 1¥ 3l 100ppm & FoldFS AT Wt e} wAbe] S AAlst= A

o

{i }o[.

£ oz

¢

% 3l 3303, 30ppm3El 50ppm, “1e)3 100ppme] FS- 2 Ma| JE g Aske] A}
St EAe] Mol £ AL B gt

B ATE B, Aol st el Hold & v g olgdel, FAE
o AWE Helw, BP0 FHE EY 5 Yon, e YA4E ASFORA ok d
2 Folum, #YE ANT 5 A2 Aoz At AL BAE Friste] Hrbo] HAY
ogol W§e FQo@M, AAMolL, ABFY ol B Wt FAET A4 FHE A
oz 7y
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webA, B Ao

BHe & gt BEYd nAE 9 Briay] g8 & v 2

Aol B4 stetatn EoFel 29 - shh4 54 W3 2 B A(Soil quality) AE W3 T2

ZUEgate] JE2AL kA AgS 9T A WS AAEE Aotk B 2 o] B
3 &= Kinetics Model®} Sorption Isotherm ModelS #-&3}e] & iAol 3 5AS
T & E] st AESA 5 X e 9 Frtets Zelt
2. & BE BAY A
e hezAe] Alge BE EF F L R AL Ad HEs FEA0 Aus fie] &
Trol BAMS 93 protocole] FHHoZ QFHER B Al d 71z F2EAES A
ek, Egel A 29 FF 9 58S BAEen, B @AM & 2 #et
443k protocols 7NEetAl 3}

sakF o)A AAke & U89 Nanover & TEM(Transmission Electron Microscope)< ©] ¢
st #zsk A3 <Fig 1.> 3 o] & Y YA7F 10~30 nm AEQ IV =2 HEXHo IS

dS m'Z =459t} AAS (Atomic Absorption Spectrometer)# o] & 0}04 o]E | &S SAs 43
K¥} Nat 747} 0.10, 0.90 mg L™'2 ZAHA o, Cadt Mgt HEHA ¢kl ICP-AES
(Inductively Coupled Plasma—Atomic Emission Spectrophotometer; Perkin elmer optima
3100XL, USA)E o]g3le] Ag v5E 43 43 998 mg L' 2 AU}
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Fig 1. Nanover“q TEMEA 22 (4:50,00080&, 3+:100,0008 &)
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Table 1. Nanover' "¢} 3}8}2 =4

EC Ca Mg K Na Ag
pHa:s)
dS m™! ————mg L7} —————
4.26 11.02 N.DY. N.D. 0.10 0.90 998

1) N.D.: Not detected.

AW
rlo
off
ki
M
1%
o
do
o
B
a2
i
i
2
2
i3

= ATl s B 7 FEAE st Bl Aeld 29 5 % dags S48l
sz 3Fg ol A A4Fsk 1000 ppm Nano—silver &9 (Nanover' )< 3|4 alo] FA] Eokd] & Ui
gog 9oz At T4 EY 1 kgd & i g 0, 5, 20, 100, 200 ppm 100 ml
5 EGS & Ad F s S8 o %*OPC’% dry ovenoll M &FAX WA & HAxH B
Aol Abgslon, EY F AT EEE 0.5, 2, 10, 20 mg kg ' HEF skoivh A9 FA
Ege] dntHql sety 542 EH%TJr ZthH(Table 2)

A BEY T vFda S84S5 A% FEAR ARREAAA L = FEA FSolA F 11
7FA] F=A|(Distilled Water, 0.1M—HCI, 1IM—HCI, 2M—-HCI, 1IM—NH4Cl, 2M—HNOs, 0.5M—MgCls,
0.25—CaCly, EDTA (Ethylene Diamine Tetraacetic Acid), DTPA (Diethylene Triamine Pentaacetic
Acid), Citric acid)E& d#ste] ARgsiglon, o= o3 3|48 T #al'H(Aqua regia
digestion)ell ¢Jgt 3] 4&} vl

Table 2. FA|ESFS] 335 EA

ECas) | OM. | P:05 |[NH4s—N|NO3—N| K Ca | Mg | Na | CEC

pHa:s)
uS cm™! -1

gkgll-——— mg k¢! ————| —-———— cmol. kg™ ————

6.43 | 107.3 4.01 |1592.64] 29.12 |113.68|1.69| 6.54 | 2.28 | 0.57 | 13.28
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Table 3. F=AH 3|45

= 2 . EERE RERSE
A HE (2mg kg ") (20mg kg )
315E(%)
distilled water 0.25 0.50
0.1M—HCI 8.75 3.23
1M—HCI 60.50 50.46
2M—HCI (1:5) 86.25 88.00
2M—HNO; 8.00 1.50
1M—NH,Cl 4.75 74.15
0.5M—MgCls N.D" 37.50
0.256M—CaCl. 0.25 45.70
0.05M—Citric acid N.D. 1.30
EDTA (1:10) N.D. 0.85
DTPA 1.00 4.00
Aqua regia digestion 82.50 84.81

D ND : Not Detected

FEAE 3FES vasly] ete] & Y ds QHoR A EY FEA
HZ 1:5, 1:109] v]&=2 3t 1A ¥ & Whatman No 42. oJX| 2 of3}sle] 1 of Ho] 2
FEE ICP-AESE #433ith 117k 54 19| 3|5&S nlast 23 <Table 3>3 2t}
Aqua regia digestion ¥ 918 A& AT} 2 mg kg ' X FolAE 82.50%, 20 mg kg ' *F]
T-oll M= 84.81% 9] QTE o] B-A %9 om, Citric acid?t 2 f7]4ke]ut EDTA, DTPA ¢} %
& AHolE FEAY BF @ IFES Eoﬂt} HCI® B9 F&8&99 s57t S/
3o Z7ske] 2M- Hcmw 2 mg kg ' AT 86.25%, 20 mg kg ' xm?oﬂﬁ
88.00% %] 34&<= btk HNO; 9 % Ztzbe] Aol A 8.00%, 1.50% = 380 &
A= A

A3 2E2A = 2 mg kg '} 20 mg kg™" Aol A 85%0]4] M w3
YR 2M-HC1F 20 mg kg™ ' A2 oA 74.15%9] 3485 B NH,Cl 84S HEs
= A7t M2 Fx WIE 4390
AeE HCIF NHLCLY) 552 2ME A ste] 35 A7hgdE (58, 305" 1A

NS

_H
_&
N ruo

5AIZE, 12472 F5E 29 v5E5 6T & Y8 dE Ao A Eoohﬂr
F& S8 15 HERE F&F A Y24 slo] £33 Z® $ Whatman No 42. oA 2 o]z}
ko] 1 of Ao & FEE ICP—AES (Perkinelmer 3100XL, USA)Z 2 5% 54 st 4
& 2

1
I} 3] <Table 4, 5> oA HolFa gt}
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Table 4. 2M-HCI9] F= A 7HE SAHG 2 s|+&
=2 X
Aele 51 303 LAZE | oAz | 6Nz | 12417
mg kg
=y 0.45 + 0.50 + 0.42 + 0.42 + 0.45 + 0.32 +
e 0.088 0.039 0.006 0.030 0.005 0.021
0.5 - /\ o
(;‘;‘5 90 100.0 84.0 84.0 90.0 64.0
= a4 1.79 + 1.78 + 1.74 1.71 + 1.66 + 1.59 +
5 e 0.028 0.008 0.028 0.055 0.090 0.015
5] 2~ 9
ﬂ(;f 89.5 89.0 87.0 85.5 83.0 79.5
=a 8.42 + 9.03 + 9.15 + 8.70 + 8.75 + 8.32 +
e 0.208 0.679 0.180 0.409 0.477 0.076
10 ===
(;‘;‘5 84.2 90.3 91.5 87.0 87.5 83.2
=2 18.83 1855 + | 18.55 18.17 £ | 1863 + | 18.00 +
20 Ton 0.725 0.750 0.218 0.601 0.340 0.522
=] >~ O
S 94.2 92.75 92.75 90.8 93.2 90.0
(%)
Table 5. 2M—NH,Cl9] F& AI7tE SAHH 2 354
=2 X
Aele 51 303 LAz | oAz | 6Nz | 12417
mg kg
=A"7 ND.V N,D N,D N.D N.D N,D.
0.5 [34%
(%) 0 0 0 0 0 0
=ag 0.63 + 0.64 + 0.59 + 0.56 + 0.70 + 1.02 +
5 Ton 0.026 0.003 0.025 0.010 0.038 0.073
=] *~ O
qArEl 45 32.0 29.5 28.0 35 51.0
(%)
=g 7.00 + 7.38 + 7.73 7.53 + 8.93 10.50 +
10 e 0.050 0.058 0.950 0.202 1.350 1.27
=] 2~ O
(;;‘E—“ 70.00 73.8 77.3 75.3 89.3 105.0
(o)
=2 16.45 £ | 15.60 £ | 15.72 16.15 £ | 15.60 15.78 +
20 en 0.132 0.050 0.407 0.507 0.492 0.293
=] *~ O
ﬂ(;’;‘g 82.25 78 78.6 80.75 78.0 78.90
0
Y"N.D. : Not Detected
FE AN UE FF v 9 5SS A% A3 2M-HClo] Ht 80% o]e] 3
%S YeEion, 2M-NH,CIY A 9ol 0.5 mg kg 'dAE AEE2 o B F &
o] ES&FE 1 3|¢Eo] HolAE 5A4S YERL 2M-NH,Cli= 2 M—-HCl o= E
25 FETE TYo] W Foeg Holr
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<Fig 2>< 2M—HCI9] A7 F2355E Uehd Aolth 2M-HCIE 55 o]Ale] BE A
gl oA H] 528 =52 UElYo] 55 oo B F 20| &5 o] = oz Kol
<Fig 3>+ 2M—-NH,CIE FZFA 2 3l A7t & =& 55 el Zojth 2M—-NH,Cl19]

H

45 2M-HCI¢h= v2A] 55 Al3te] dojfdl utet A3kl WMol 71H

25

20 A
o Heyg —=— 5
X
g
= 15 A —0— 0.5mgkg”
5 —0— 2mgkg”
® —v— 10 mg kg™
z —A— 20mgkg’"
5 10- g kg
[&]
()]
<
5_
%0—0—0 ot °
0l —goe—o : * . . ®
0 2 4 6 8 10 12 14
Time (hours)
Fig 2. 2M—HCI¢] AZtoE F=%
18
o fat— g —=
— 14
ko))
X
o 12 -
£
5 10
©
c 81
8 E
S 6 - ¥
8 0.5 mg kg
o —0— 2mgkg”’
< 4] —v— 10mg kg
—A— 20 mg kg™
2_
N ——- e

0 2 4 6 8 10 12 14

Time (hours)

Fig 3. 2M—-NH,Cl9] A|7HE F& 5%
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Aol AFgE & g e Eg-F oA A3 Nano—silver £ Nanover & AHg31$ 2
o A Fe AEE 1,000 ppmo & YA Bytete] Fao] uet 848k AFg-sHTh

(2) EFAE AH B A
7h A =AFH

of A-F 4F Ao Ertg d ool AlHag-2dA
mm A& FHAA A ALY EFS 14

>,

kg

i
:¥£
4
ol
k]

28
4
_?L

i
o
o o
oy
s
ot r

TS FEXNETA FEHATIEdY] EY H AEA Al oA st AEsksith pH
Ce FTHEY 10g9 T7F 50 ml= 7hshe] 3041t 21Eskil Whatman No. 22 o] %A 7]
H meter (Orion mode 921A)¢} EC meter (Orion model 50 conductivity meter)S ©]-8-3}¢]
77y S48t 71w % Walkely—Black el @t 1IN KoCr078 7haho] vh-3-A171
UV/Vis Spectrophotometer (UV 240 Schimadzu, Japan)® 3% 610 nmol| 4] H] A A &5} T},
golAF S Bray No.l WO ® F33l9 ammonium paramolybdate® A 71 &
660 nmoll Al UV/Visible SpectrophotometerE ©]-&3}o] B2 G&Fsict, R olgd 2 =
d =

it

NH40Ac (pH 7.0) Moz 2= & AAS (Atomic Absorption Spectrometer, Schmadzu, Japan)
o] &3kl Ca®", Mg®", K, Na'9] 3#S =Aslgl o pHet ol 23S 7= ol 23}
&S dESsth & TE A2 EdY 2M-HCIE 15 Hl&ste] 3083 £3 1Y &
Whatman No. 422 o3Fste] 1 oo & FEE [CP-AES (Inductively Coupled

=

Plasma—Atomic Emission Spectrophotometer; Perkin elmer optima 3100XL, USA)® & T&% =
4 sholeh
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th AAANA B Hel A7 Al A

= A 68 HFAIFG AAAAu A <Table 6>3 o] A G5 AX|sto] A3

st 2006 6L HE YA 63 shelom Ao Aol whe} 7Y 21U F-E

HE 7Y AL E AYsGth. & 73 AA ESS AFHE wEXIEAH P A

oF A AW (2000)°] 9 AsIe] E%Y 5384 (pH, EC, 715, Falih
Yol sz )d & FE BHS P&

Table 6. A&7 A 2|¥H

A 2] e T
CTR 1, 3 oA g
CTR 2 € =g 100 ppm, 100 ml #FA2
+ & Y8 100 ppm, 100 ml AH A2
CTR 4 < Y=g 100 ppm, 100 ml B
Nv=A 1~4 & Y=g 25 ppm, 100 ml #HFA
NV_B1~-4 & g9l 50 ppm, 100 ml ¥FA 2
(1) A EFe] 78 Egea] A3t
Al el A B Al7|YH ESF A Ax pHE 6.6~6.9 o5 AEASo duke A
pH #99l 6.0~6.5 BT} =4 BAHAL o] t43S 9ste] E7b7} B ko] Hg2 =
YJote] B @7|xstEo] Zolxly] WEoR deEth pHE SAAIZER v g £35S
Z] 3} <Fig 6>. & HLL: g (gAY JT =2 B wEdS u pHol|l )X = o 'ok% -
A5 AAA Padle AekS Holth<Fig 7>, o= 2HEo]

8
= aff - = ook T
6 -
T 4
24 . CTR1,3
== CTR2
EEm CTR 4
= NV-A
. \V-B
0

6.17 627 714 721 7.29 8.4 8.25

Fig 6. 2]+l wt& E=<ke| pH W3}
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1200

I CTR1,3
T @3 CTR2
1000 + Il CTR 4
0 NV-A
I N\V-B

800 -

600 -

EC (us cm™)

400

200

7123 fa Aike] g5 8yt 7183 fFaglike] 344 1Al 20~30 ¢
kg™!, 350~500 mg kg ! BT} & 72 2 §F ko] BAEom Al7ke] X|ytol| uli}
RE AT F718 B FE Qe FFol tha Pashs AFE ehIRTh<Fig 8,

9>.

70
N CTR 1,3
1 CTR2
60 4 B CTR 4
I NV-A
50 - \V-B
"o
X 40 4
2
O
~ 30
Ok
20 4
10 -
0
617 627 714 7.1 7.29 8.4 8.25
. - o o = -
Fig 8. A& & EY49 {f7ls &F s}
1400
. CTR1,3
== CTR2
1200 N CTR4
= NV-A
1000 = NV-B
2 g0
jo2}
£
& 600 4
o=
400
200 -|
0
617 627 714
. - o = _ -
Fig 9. AHgFol w2 EY f25 it sh&F s}
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FANAE NH—NET NO;—N7F 1] =& AdS Jeh k. NH,—NeJ
= 2} oha ghAskal low, NOs—No| 49 vlee 55 FA 83 th<Fig
10, 11>. Ca® K9] Z9-9] 49 79 21474 = 7F 281t} thA] Z7169l 9™ <Fig 12, 13> Mg9)
Aol = A FolA F7tete] 1 o]Fel= A FAdte e YERAH
<Fig 14>. Na®] &% W= <Fig 15> YJeRATE Fol2 X3 &3 BE A FoA 11
cmol. kg™ ! o] oz BAEYtl<Fig 16>.

il

iﬁ

I CTR1.3
3 CTR2
50 - | I CTR4
[ NV-A
I NV-B

40 A

30 4

NH,-N (mg kg™

20 +

Fig 10. g Fo] w2 E<Fo] NHy—N &= H3}

400

Il CTR1,3
@ CTR2
HEm CTR4
[ NV-A
300 I \V-B

200

NO,-N (mg kg")

100

Fig 11. g 79 & EINO;—N 3= H3}

= CTR 13
== CTR2
10 4 . CTR 4
= NV-A
= \V-B

\\]
Sy
)
-4
2
k=)
gl
Hrt
0%
1o
®
o8]

1%
ot
E
)

Fig 1
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N CTR 13
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EEE CTR4
20 == NV-A
= NV-B
o 151
X
=
£
S 10
z
05
00

6.17 6.27 7.14 721 7.29 8.4 8.25

Fig 13. A gl 7o w2 EoFo] K 3k W3}

4
BN CTR 1,3
= CTR2
EE CTR 4
= NV-A

3 _ = NV-B

F'm

4 -

o

[e] 4
2 2
A
jo2}
=
14
o

6.17 6.27 7.14 7.21 7.29 8.4 8.25

20
N CTR1,3
1.8 9 = CTR2
T B CTR 4
1.6 1 [ NV-A
= \V-B
144
"o 1.2 T
X
5 ]
2 10
2
s 081
b4
0.6
0.4
0.2 1
0.0 -

6.17 6.27 7.14 721 7.29 8.4 8.25

Fig 15. g7l w2 =42 Na o3 W3}
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Table 7. AT 2 EYo & 5%

A 2] 79 29 8Y 49 8¢Y 25¢
———————— 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 TRY
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

D N.D. = Not Detected
2 TR= Trace

4. & YxeaAe EF Algdd w2 Al ARl < A (Soil Quality) H7F AA 2 FHAT
A+ (Minimum Data Set) 1=

7h A As 3

(1) &4 B

Agel AHEE FA EFe EAol AR Hol@ 35HE Auste] sttt EF AL A4
A Q1 Eeoln] e B AYEGFoRA FAvistu 12 gl ARtk £
Fe wol7] Aa) NHYES olgst] ANFoR Ege HE FFL 2

Col 4% A& o
stk 7t EoFo] thE A <Table 8>9F 2t}
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2], 80 mg

CL
o

soil texture
LS

Clay
24.0
14.0
36.0

Silt
29.7
0.5
29.3

Sand
46.3
5.5
34.7

Table 8. 3] B4 EA

0] ol
keg™', 500 mg kg™' FEOE 3F Fot uf Frich A

N B E o5 W W
o~ e E g -
—

ajo Zmdll.
D= o B X°
dA:A ;OT %OI‘WO

— — )

3 JlLA o0~
OMla oo X0
~ X O
o oy B o S
w3 % .o
G W E o T
- G
) Mo &R < T
oo o ﬂﬂ.%loof

" N <
T __Hoimﬂau
o & Moo
:Il E _Zﬂ_,_AH,M_u
o] ©° X mg < mﬁ
N i o0 o mr I
= Mﬁ A ) WP
o) —p < W cﬂ
T o ol . m P
ho — a B
AN o8 = T o
o X . o oF
,m_u»oﬂor_l o7m.:.m_|oE
&o&o ﬂc.ﬁﬂﬂ_u
< Lo mﬁ s

<
3 mm W mw -
= xr "N T o

ol i) U
il _ _ N
T o mK T oy B

= Ay e X
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x Y - M o R
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o W E (= Wy oy ml b
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4 35 A 3y
=84
=73 H| A
s}5}4]
pH, EC 1:1 Method
EF f71= Walkley Black Method
F dx Kjeldahl Method
fra At AstAd T4 ZHAH
x| 2] ol IN %4F Ammonium Method
TaE 0.IN—HCI Extraction Method
A&
Soil Respiration 2002. HALEM AR E - 28] ST
Microbial Biomass C and N 2002. HA LAWY E @ Chloroform &%
Potentially Mineralizable N 1982, Keeney ; @714 wl| g
EAS HFAYE ol&ste] A slon Aedy npA e Fake] Eks o2 #4153
th gteA A HUF g A4S sENSH sHHTIEdY ES E AEA AW oA

= I

ted Adsksieh pHanet ECane FHEYF 50g9] /5 50 mls 7hate] 307+ 1" staL
Whatman No. 2% &]3}A]Z1 3 pH meter (Orion mode 921A)%} EC meter (Orion model 50
conductivity meter)& ©]83lo] 22 SA3IA L. f-7]&E %S Walkely—Black W ol whe}
IN KoCro07% 7}eke] ¥k-g-A171 3 UV/Vis Spectrophotometer (UV 240 Schimadzu, Japan)Z 3}
ZF 610 nmoll A v]A A=t Fadst S Bray No.l WHOoO R F53+9] ammonium
paramolybdate = WA 7] & 9% 660 nmoll A UV/Visible SpectrophotometerE ©]-&3fo] H] A
Attt =442 EY 1gS HSO4—H.0, 572 E3lF e HdS kjeltec system (2300
kjeltec analyzer, FOSS)< o]-&3to] Z43llth X3k <Fo]22 1M NH40Ac (pH 7.0) &2
2 HZ 3 AAS (Atomic Absorption Spectrometer, Schmadzu, Japan)& ©] 83} Ca*", Mg”",
K*, Na'¢] st&Fs SA39)

Eoko] AEEA A Hy) g BA A gxAe AEETH A Hr) g BAe |
AR g (RO LA EE, 2002)0] T8t 380t EYGSEFS FERIESH
100g)E 300ml &2 Plastic Bottled] F 3 % 0.5M NaOH7} £l & Vial S A¢stsle
o, 4E % 25°C°ﬂ7\1 242 7Et v st it
#lF % Vial ¥ 7/Ulo] Phenolphthaleing A A]¢fo. 2 1M HCLS A&3he] &4 Ao

ol
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A FEA o g Aol ek w7bx] A AHS 513 L, YAl Bromocresol greene A A eFo =2 0.2M HCI

N
ALgsle] FEAGA oz Wak w7k A sk, ARE 0.2M HCl9) 4& 3

CO; (mg kg ' day ') = M = T * 44 % 1000 * S™' 2 2
[M] = Hydrochloric acid concentration ( 0.2 mole L)
[T] = Titrate volume (ml)
[S] = Soil weight (g)

B nAE A C, N HALEMAEDHE@(2002)2] B AEFH C, N2 AHH]
WS AFEEI T Ao A A 6mmelste] EYGS AgAE st dFd A g
S XS o, 3 A SRS 5450

o
50mle} H]FA o] EoldE frEl HlolA B ES

Desiccatorell 2ol 4S5 Yil vA 3P ISttt S R22EEo] H3H7] A AakaL

H
LAl 3% Desiccator®] MHE k7131 o] JE|= 25Tl A 244 7FEQF o] 78 Lol Al AR &
Al AT &5 % Desiccatore] WHE do] F7|7F Eoj7F= AL @2t yA I, 7=
AAAN AT F2 vlo)A H7 FF EYS 250ml £H] =
q

ofe] 3 ANdtel FREEE
ehag o Ae] §71 F v
82 \pro] Fqsta, o E ARE EFEFEA

[e} H % [e}
2 Sgsgor, 0 F5 B BA s, olastei BAFS SHsAh<y 3>,

Bc = [F.S(C) — N.F.S(C)] * 12/44 * k™! 23
[Bc] = Microbial Biomass C
[F.S(C)] = Concentration of CO2(g) from Fumigated Soil
[N.F.S(C)] = Concentration of CO:(g) from Not Fumigated Soil
[kc] = Coefficient of Mineralization C (0.45, At 5 ~ 8.5 pH Condition; Vance et. al., 1987)

EY mAE AAGF CY AFS mY 39 EYY AE 10g 4EEFY EYS 47
Ea shal 299 |sZE €9 50mlE H7Eske] 3043t 150rpmoll Al &S a1 (H]
EYUE FA]d AA]), UV/Vis Spectrophotometer (UV 240 Schimadzu, Japan) % = &E] 2
H] A4

A
=2
K

By = [F.S(N) — N.F.S(N)] * Ky 214

[Bx] = Microbial Biomass N

[F.S(N)] = Concentration of NH,—N from Fumigated Soil

[N.F.S(N)] = Concentration of NH;—N from Not Fumigated Soil

[Kn] = Coefficient of Mineralization N (0.57, At Aerobic Condition Soil; Inubushi and Watanabe,
1987)
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Eok AAAel AL FUFES

mm) 20 + 0.05g2 Test tube?] ?4 St & S

/\]?'5}03‘?} Test tube& Parafilm UES o] 7Y EOP 40 CollA wj¥S A7 3 2M KClI
= 50ml H7bstar, 147k 5t Shakng 2 A8 TE 21 & Whatman No. 42 o34 & Al-8-5}

04 —C’—"/‘foﬂ/ﬂ oA A AT vl SHA] e EF T3k 20 £ 0.05gS F& 2M KCl 50mlE 7}

gb % Shakings AAlste] SeelA oA ZTE o] A& [UV/Vis Spectrophotometer (UV 240

Schimadzu, Japan)® SEHEH HFAE v|A AR, sfSFELT 1] wjdELFS] NH,—N =

g olgdtel FAHY Ak F/IGHES AMSAG<A 5>,

O

ol

Potentially Mineralizable N = ( I — R ) * 5 2l 5

[I] = NH;—N Incubated

[R] = Reference exrtact

(4) T4 &4

SAS programZ ©]&3te] ANOVA #241(p<0.05) AAsle] & tp=gol Ag]o & 3}8+7] - A
5515 EAle Axgk 1He] oA Hrreki

. Ad Ay

(1) EA

& Y & A A 359 F 500 mg kg | AYTE AeE EAS 43 A oS
I} Zti<Table 10, 11>.

Table 10. & Y= &8 Agjd EA
sand silt clay )
Sample Soil Texture
______ % -
A 46.3 29.7 24 L
B 85.54 0.46 14 LS
C 34.7 29.3 36 CL
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Table 11. & YXx £ A 557F EA

Sample sand ‘ silt clay soil texture
_____ G —————
A—-500—-1 45.5 34.4 20.1 L
A—-500—-2 49.1 31.5 19.4 L
A—500-3 45.3 35.7 19.0 L
B—-500—-1 87.5 0.5 12.0 LS
B-500—-2 87.0 0.6 12.4 LS
B—-500-3 87.3 0.2 12.5 LS
C—500—1 38.0 27.0 35.0 CL
C—500—-2 37.0 29.0 34.0 CL
C—-500-3 37.4 30.3 32.3 CL
A A3 A EYY B9 YEL), B EYY B¢ FHAAELS), C EOU B AYE
(CLYE & Yx &4 A - 59 EAd= ¥ gl o= 45U , & Y &9
o] E¢fF FoA EAoll= FFE VXA F= AoE e
(2) pH
& Y e AL F 7, 14, 21, 359 EGE AFste] pHE AT Aaks e 2
<Table 12>.
Table 12. & Y= &AA o] w& pH SAHAY
2] A 7 day 14 day 21 day 35 day
A—con 6.04 6.52 6.04 6.24 5.71
A—-80 6.04 6.60 6.02 6.20 5.81
A—500 6.04 6.61 5.99 6.29 5.96
B—con 6.52 7.01 6.66 7.10 6.70
B—80 6.52 6.88 6.68 7.01 6.52
B—500 6.52 6.97 6.73 7.10 6.78
C—con 6.38 6.94 6.41 6.55 6.45
C-80 6.38 6.89 6.63 6.81 6.55
C—500 6.38 6.90 6.70 7.01 6.66
S U &9 A 35U F A(YE), B(FEAE), C(HYE) ATl EF control
Hlaate] FobA s A S UE R ou ANOVA &4 A3 A(FE), BIFHALE) Aol =
FogE (Pr > F)o] §95% a=0.0 l"i‘jr ol F9A ol OiL Ao FAEHoH, C(HYE)

QY oM, & h

> 3ol
ro FL oAlem RARNG. € i B2 AGEd AT A4 il



UE I oW <Fig 18>, A4 o442 Wb fdstoy d&, F2A
&S HERAH

Fig 18. & Y= &9 Ao m& C(HLFE) AelA e pH W3}

(3) EC

< Y A4S Ak 7, 14, 21, 359 EYS AFst ECE SAHS A3= v

<Table 13>.

Table 13. U gaxge] mE EC 5423
= 2] A 7 day 14 day 21 day 35 day
——————————————— WSem! e ————

A—con 965.33 551.67 718.33 869.67 959.33
A—=80 965.33 441.33 988.00 1027.33 1130.67
A—-500 965.33 338.30 996.33 1281.33 947.00
B—con 174.70 111.10 125.43 152.17 154.50
B—80 174.70 168.53 134.93 235.40 226.77
B-500 174.70 122.40 110.30 205.20 153.60
C—con 867.67 438.67 596.00 657.67 723.00
C—380 867.67 386.67 447.47 551.33 557.33
C—500 867.67 333.03 396.33 368.33 508.33

e g9 A 5 AGFE), BOFEAE) el Fol4 257 controlz} 1] ste] oA
on, 0 mg kgt A TeNA B e F7hE dehilth C(4%E)
Ao A9l BCE fashs A%e dehly ok B2 B4 A% AGGE), B(FEA
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b=

%), CHYE) A+ =

1217} B4l wekbd F7b

&
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ol %

=l
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14

1] ofe e, & e &

Ao g Alg ¥l <Fig 19>
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2> Y &9 At 3 7, 14, 21, 359 ELFS AFsY EGRVIES SAHL 2= U
I} Zth<Table 14>,

Table 14. & Ux ga9xgjo] & EF f7]&E =HAH

=] 2] A 7 day 14 day 21 day 35 day
_______________ g kg ! ——m—m— o __

A—con 51.94 46.32 58.96 65.91 55.43
A—-80 51.94 55.14 62.17 63.81 66.73
A—500 51.94 56.63 65.60 73.98 65.86
B—con 24.62 16.54 20.51 14.96 22.09
B—80 24.62 14.73 17.43 16.68 15.49
B-500 24.62 16.02 19.99 21.56 15.46
C—con 41.06 49.34 35.26 59.25 49.15
C—380 41.06 47.15 49.73 56.99 46.51
C—500 41.06 48.35 44.56 57.71 52.39

3 A(RE), BOFAALE), C(A%E) AT
o) do] i Ao BAHlon], &
A

. wea & vhesd] A

o135 (Pr > F)o| #9
A A7t BEY 7]
o] W B¢k 4 Hr} A

o
KA
€

o £

=t
=
A

Y
a1

o e g9 AEE 7, 14, 21, 359 EGFS A 2 A4 2HI dibe o
&3} Brh<Table 15>, B71 B4 A3 A(FE), B(%kél/\}i) CABE) ALl T BT ol 98
= BAEgen & Ui ol A7

(Pr > F)o] f¢4:% 0=0.05 2.t} 3o} uw e 2
b EY F Axel AL AFe Qi Aoz weEd
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Table 15. & v golA 2ol we & Az 2427
2] 7 ‘ 7 day ‘ 14 day ‘ 21 day 35 day
_______________ % —
A—con 0.23 0.23 0.24 0.25 0.22
A—80 0.23 0.25 0.24 0.28 0.32
A—500 0.23 0.29 0.28 0.29 0.27
B—con 0.08 0.09 0.08 0.08 0.08
B—80 0.08 0.09 0.08 0.09 0.08
B—500 0.08 0.09 0.08 0.08 0.09
C—con 0.20 0.23 0.21 0.20 0.23
C—80 0.20 0.23 0.22 0.17 0.19
C—-500 0.20 0.23 0.21 0.21 0.22
(6) fra ik
2 YU g9E Atk 7, 14, 21, 35¥4 EYS AFSte] Faliks S4¢ A9 s
Zti<Table 16>
Table 16. & U Sdxgo] w2 Bk = $75o4 =A AT
SE Rl 7 day 14 day 21 day 35 day
——————————————— PAO; (mg kg ) ———————————————
A—con 3691.20 3456.90 3297.10 3201.98 3376.28
A—80 3691.20 3666.41 2969.65 2471.00 3500.83
A—500 3691.20 3676.71 2846.85 3175.47 3028.45
B—con 225.64 243.14 162.78 133.88 174.35
B—80 225.64 188.05 181.29 151.53 183.49
B—500 225.64 212.22 206.81 129.74 173.05
C—con 2717.43 2679.05 2137.08 2519.56 2548.81
C—80 2717.43 2719.92 1805.65 2495.53 2574.82
C—500 2717.43 2731.99 1795.71 2296.01 2332.97
A A A3 AYE), B(YEALE), C(AYE) 7431? ¥ o8& (Pr > F)o] 9
F% 0=005 2T ol 4ol gl Aow RAHYor, & v g9 At EF 4R
Qliko] M= &S §le How dAdH
(7) A3 2+
> U A8 AHEs & 7, 14, 21, 35Y EYS AFH s X3 Cas A3 A=
t}<Table 17>.
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2] A 7 day 14 day 21 day 35 day
——————————————— cmol(+) kg! ———————————————
A—con 0.48 4.63 4.61 5.64 4.23
A—80 5.48 4.81 5.24 6.03 4.78
A-500 5.48 5.11 5.28 6.22 4.89
B—con 1.65 2.15 1.77 2.02 1.72
B—280 1.65 1.55 1.86 1.93 1.65
B—500 1.65 1.48 1.87 1.84 1.72
C—con 5.52 4.65 5.62 5.71 5.10
C—80 5.52 4.50 5.35 5.87 4.62
C—500 5.52 5.04 5.65 6.07 4.14

A 4 A A(GE) Aol 2F
dol e Adom #4HEdeH, & u
© A%S HEdH. B(FEAR), C(HYE
= ATk<Fig 20>.

a=0.05 1.t} to} §-o]
g Casl ol ol
A el Agole Folgel gl Ao B

& e &S Aee F 7, 14, 21, 359 E¢S
Zth<Table 18>.

:¥£
AN
ol
o,
&
2
[-4 (
oX,
=
o
|\
ol
ot
i
&
rlr
)
lo
&
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2] A 7 day 14 day 21 day 35 day
——————————————— cmol(+) kg#  ———————————————
A—con 0.65 0.68 0.63 0.87 0.54
A—-80 0.65 0.43 0.44 0.58 0.34
A—-500 0.65 0.70 0.69 0.86 0.53
B—con 0.30 0.18 0.22 0.34 0.13
B—80 0.30 0.19 0.26 0.36 0.15
B—-500 0.30 0.21 0.28 0.36 0.15
C—con 0.80 0.72 0.79 0.96 0.61
C—380 0.80 0.70 0.83 0.99 0.61
C—500 0.80 0.73 0.87 1.03 0.59
A A A3 CAHYE) AgTolA 25 7ol g5 (Pr > F)o] #95% a=0.05 Bt} o}
o) do] gl AoE FAHSOH, A(YE), BI¥HEAE) A9 Aol Fodo] = A
om BARG, 2o FEd & i g9 Aol We AT ek ga,

(9) A4 viavl&

S Ux 89S HEs & 7,14, 21, 359 EGS AFHEe] A3 Mgs A
7} Zth<Table 19>.

e
i
j.‘—]f
ul
i
lo

Table 19. & v foNx o] w2 234 Mg SAH 47

Aeld | 7day | 14 day | 21 day | 35 day
——————————————— cmol(+) kg®' ———————————————
A—con 0.70 0.96 0.88 0.93 0.99
A—80 0.70 0.97 0.97 0.99 1.05
A—500 0.70 0.96 0.94 0.98 1.04
B—con 0.22 0.21 0.20 0.23 0.27
B—80 0.22 0.22 0.21 0.21 0.25
B—500 0.22 0.21 0.22 0.19 0.25
C—con 0.57 0.84 0.86 0.82 0.97
C-80 0.57 0.83 0.84 0.87 0.92
C—500 0.57 0.86 0.83 0.82 0.75

A B4 A% ACHE), B(FIALE), CHYE) AT 2% FF8(Pr > F)o] 79
FE 0=0.05 BT Eob fol4o] gl Aow BAEYCn, 500 mg kg B o]ae] & e
kel

gol AelA) A8 Mgl VA AFL v Qo o,
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)
o

(10) AZAH YEF
2 U A AHEs & 7, 14, 21, 359 ESS AFASI AP Nas 54 29+
7} Zti<Table 20>
Table 20. & Yx g% g w2 X34 Na =H 43}
Ae)d | 7day | 1l4day | 21 day | 35 day
——————————————— cmol(+) kg”!  ———————————————
A—con 0.14 0.12 0.10 0.13 0.11
A—80 0.14 0.13 0.11 0.15 0.10
A—500 0.14 0.11 0.11 0.15 0.10
B—con 0.11 0.06 0.08 0.11 0.09
B-80 0.11 0.07 0.09 0.12 0.11
B—500 0.11 0.07 0.07 0.12 0.08
C—con 0.10 0.26 0.29 0.33 0.31
C-80 0.10 0.25 0.29 0.34 0.30
C—500 0.10 0.26 0.31 0.34 0.24
A A Ay A(YE), BIFEAE), CHYE) A8 25 7225 (Pr > F)o] /9
43 0=0.05 BT} Eo} fofgo] gl Ao w BAEon 500 mg kg HE 05t & v
89 AA ARA Naol WA= Gare wne Aow wuwt,
(11) A3 LdFv)F
> U NS A & 7, 14, 21, 359 ELS AFASI A AlS SHS Ay v
Ztlk<Table 21>.
Table 21 Ux gAlx g e X34 Al =43
2] A ‘ 7 day ‘ 14 day ‘ 21 day ‘ 35 day
——————————————— mgkg! ———————————————
A—con 918.33 913.33 1008.33 953.33 1170.00
A—80 918.33 861.67 875.00 830.00 935.00
A=500 918.33 826.67 733.33 651.67 895.00
B—con 224.17 234.33 224.33 225.33 314.33
B-80 22417 220.67 252.67 206.83 298.50
B—500 224.17 189.17 221.33 176.50 255.33
C—con 935.00 743.33 910.00 935.00 1113.33
C—80 935.00 845.00 911.67 928.33 1070.00
C—500 935.00 793.33 865.00 868.33 1073.33
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A A A AR, BIFAALE) Ao 45 #2128 (Pr > Fo] f2F a=0.05 B}

stob frojidol = AR FAHANeH, & Y §95 sEE APl me A Al

EE7F s B S U Atk<Fig 21>, C(AFE) A 7] 45 K228 (Pr > F)o] 9
|

FF 0=0.05 wr} Fo} Fo Ao

Fig 21. < = & Aol w2 24 Ale] W3} o]
(12) Heavy metal
& U 898 AEeE 7, 14, 21, 359 ESS AFHste] 0,IM-HCIS ©] &3t F&3 & Cr

= '|4 T
Mn, Cu, Zn, Cd, Fe& =A3to] Hgt7te] 54 848 243 A3 Mn, Zn, Feol 7ol gt
FolA = A= YeERh .

(7}) Mn

S v AN AY3 & 714, 21, 359 EYS AFH e Mns 43 AyEs ey g
<Table 22>.

Table 22. & YXx &NH o] W& Mn FSAHZY
A2 7 day 14 day 21 day 35 day
——————————————— mgkg! ———————————————

A—=con 65.33 64.17 70.00 57.83 83.33
A—80 65.33 61.50 70.50 57.50 84.33
A=500 65.33 69.33 68.83 59.33 88.17
B—con 82.00 77.50 79.33 66.83 92.83
B-80 82.00 78.33 84.33 62.50 95.50
B-500 82.00 76.33 103.00 68.67 104.17
C—con 65.83 52.37 74.17 62.00 87.17
C—80 65.83 67.33 152.47 142.00 99.00
C—500 65.83 137.50 245.55 307.63 257.95
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A B4 A% AFE), BEFAAE)HITY 4% FAGEEPr > o] F953
0=0.05 B} o} frel o] gl Ao® tehkom, C(H%E) 4% ool e Ao &
4 Hglh AGGE), BOFEAE) Ae7e 29 544 fode gl Aoz 2asgol &

= g0 Aol wek Mn FFol S48k 4TS Vehln gov C AT el vt
WA Z Fshe A%tk 58 C(IFR)S 25 & the o9 49 27t &

ofAE 2 Aol Hlste] & Fo g FUtelth.<Fig 22>,

Fig 22. & Y= & Aejo] & Mné| W3} F0]

(4}) Zn

o S8 H(d T 7 14, 21, 359 EYS AHEY ZnS A3 Ax= gLy g
<Table 23>.
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Table 23. & Y= &Aool w2 Zn 5443

2] A 7 day 14 day 21 day 35 day
——————————————— mg kgl ———————————————

A—con 95.33 87.00 89.50 82.17 86.00
A—=80 95.33 93.67 95.67 88.50 95.17
A—-500 95.33 96.50 93.67 90.17 93.67
B—con 5.31 5.07 4.37 3.91 5.13
B—80 5.31 5.40 4.98 3.88 4.78
B-500 5.31 4.39 4.88 3.57 3.64
C—con 68.83 56.20 67.33 63.17 68.33
C—-80 68.83 70.17 68.17 63.50 70.33
C—500 68.83 64.38 67.33 62.83 66.33

A 4 A9 AGE) AT A F9&E((Pr > F)o] T% a=0.05 Bt} o}
fFolAdo] e Aow Yelwtow, C(AYUE), B(YAALE) 28729 45 Foido] e Ao
2 BA EJ?M. A(SE) A9 A9 & v fAS AT w}a} Zn2] sheFo] FU)ehe
%]

Fig 23. & = & Ao W& Zno| W3} Fo]

(t}) Fe

S Y S98 AT 7, 14, 21, 359 ESS QA Fed 543 Ave b3 2o
<Table 24>.
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Table 24. & UXx &dHlo] ME Fe SH A7

A2l | 7day | 14 day | 21 day | 35 day
——————————————— mgkg ! ———————————————

A—con 64.83 66.17 62.00 58.67 61.83
A—-80 64.83 62.50 52.05 48.32 47.22
A—500 64.83 57.00 40.98 34.25 44,18
B—con 103.50 105.17 121.00 110.83 163.67
B—80 103.50 93.83 126.83 99.50 141.33
B—500 103.50 83.17 113.50 94.17 123.17
C—con 57.33 59.33 40.13 50.00 45.85
C—380 57.33 55.67 48.15 58.17 47.00
C—500 57.33 68.83 61.33 164.17 54.92

A B4 A% AGRE), BOFIAE) 479 49 #A8E(Pr > Po] 943
1 %

a=0.05 Bt} yo} Fojido] = Aor yElsten, C(@] FE) A2larel A Fodol =
Aoz 4 HJt A(YE), B(FEAE) A9 45 2 Y S8 ﬂﬂ"ﬂoﬂ uHe} Feol
gFol it dFe HERAT. C(HYE) R%EHLA B AA w2 ey &
= gs Al wel Frbsks AdFS WEHITh.<Fig 24>,

Fig 24. & v &9 Ao W& Fed W3} F0]

(13) Soil Respiration

< e 89S AYTF 7, 14, 21, 359 EFS AFse] EGEFS AT A3 bFd 2
Th<Table 25>.
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Table 25. & U &A2o] ne 45§ 445
AE A 7 day 14 day 21 day 35 day

——————————————— mgkg ' day ———————————————
A—con 74.31 51.82 51.82 60.13 25.42
A-=80 74.31 45.47 47.91 57.69 32.76
A=500 74.31 55.73 49.87 36.18 37.16
B-con 114.89 113.91 94.36 85.07 64.53
B-80 114.89 92.40 79.20 68.93 56.71
B—500 114.89 67.96 67.96 44.98 29.33
C—con 50.36 36.18 41.07 48.40 42.53
C—80 50.36 31.78 34.22 41.56 22.00
C=500 50.36 41.56 51.33 63.56 28.36

A A A(YE), CHGFE) A9 B we&E(Pr > F)o] +2F a=0.05
© Aoz yegon, B(FEAE) A9 Z5 ool A= AL
FE) Ao 49 2 v &49 A Fi=o we} Controld} Bl aL

=4 HAT B(FEA
39S W EGTEFEo] grdtes Aow EAEQUi<Fig 25>,

Fig 25. & Ui g9 A2lo] me =ks el Wa ol

(14) Microbial Biomass C

2 U SN AEekS 7, 14, 21, 35Y EUS A FH 3] Microbial Biomass C& 543 23}
o5 Zth<Table 26>. T4 41 23 A(YE), B(FHEAE), CAYE) A8 25 Fog&
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(Pr > F)o]
w2 gFS HUts

rlo

FOFFE a=0.05 2t} ol fo40] gl
] Se AEaA AFgehA e

ok
s

Atk & v & Al

Table 26. & YXx &N x]g]o] w}E Microbial Biomass C &4 43}
A 2] % 7 day 14 day | 21 day | 35 day
——————————————— mgkg ! ———————————————

A—con 256.89 289.78 148.44 170.67 200.89
A—-80 256.89 287.11 191.11 140.44 197.33
A—500 256.89 309.33 164.44 142.22 180.44
B—con 44.44 115.56 47.11 114.67 103.11
B—80 44.44 59.56 113.78 33.78 50.67
B—500 44.44 103.11 63.11 77.33 84.44
C—con 140.44 175.11 139.56 178.67 168.89
C—80 140.44 168.00 257.78 128.89 168.89
C—500 140.44 112.00 262.22 98.67 186.67

°_1E

(15) Microbial Biomass N

e s & 7. 14, 21, 3594 E

kS % 3le] Microbial Biomass N&

¥} E‘r—%iﬂr Zth<Table 27>.

Table 27. & Y= &4=]gjo] wE Microbial Biomass N 5443}

Aeld | 7 day | 14 day | 21 day 35 day
——————————————— mgkg ! ———————————————
A—con 31.77 38.78 24.52 47.02 19.74
A—80 31.77 39.38 25.40 41.57 24.53
A—500 31.77 44.32 35.24 53.67 19.87
B—con 22.44 20.53 16.13 14.93 15.43
B—80 22.44 20.64 18.72 18.55 13.00
B—500 22.44 22.96 19.81 23.16 14.64
C—con 36.25 29.94 17.56 23.15 28.19
C—8&0 36.25 24.97 12.85 28.53 20.27
C—500 36.25 29.13 15.08 40.58 13.86
A A

A3 A(YE), B(FEALE), C(HYE) A7 25 F92E(Pr > F)o] #9
T 3.

%
g Al ME JFL

FF 0=0.05 Be} Fob fo4e] gt AOE RAHY & thw
Bk A% ARZM AReA g Ao Andd

(16) Potentially Mineralizable N

o

=5 1S xgsk & 7, 14, 21, 359 EYS 2335+ Potentially Mineralizable N& =4
el 4

S-3} 7 th<Table 28>.

O
XLOFO

& rlo
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Table 28. & Y 8Axg o w2 Potentially Mineralizable N =4 A ¥}
2] 7 ‘ 7 day ‘ 14 day 21 day ‘ 35 day
——————————————— mgkg! ———————————————
A—con 315.57 321.06 432.52 397.42 393.71
A—-80 315.57 316.64 45491 304.93 362.74
A—500 315.57 316.44 554.83 451.91 234.28
B—con 104.42 115.38 221.14 238.04 195.28
B—80 104.42 96.57 466.33 187.66 184.53
B—500 104.42 82.47 192.83 163.59 129.79
C—con 196.15 179.11 362.31 238.38 333.04
C—80 196.15 205.51 292.33 184.95 281.21
C—500 196.15 204.77 388.15 542.58 275.10
A A

% 0=0.05 Bt} ol fol4o] gl Aow BANT & U g9 Aeld we AP
SEREA gkgky] mEe] & e §olo] EF @70 vXE 4TS Frhets] 9% AXEA
A e Qo A

2394 nARd Yool ¥
A% & gl

E o 5 S
54= 7% ¥,
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[e)
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Table 29. Nanover Me] 3}&-% EA

EC Ca Mg K Na Ag
pH:s) = -1
dS m -—————mgl ———
4.25 11.02 N.DV. N.D. 0.10 0.90 998

1) N.D.: Not detected.
(2) $A E% B BA

(7}) E%3e] 52 Kinetics % &2 A

Exdo] Aolgt 3EFo EUS ARt kinetic @ FF AHAS £ siglon Ego 313t
A 5L gy g EGREAL FEASTH Y st Vedy EY 2 AEA B4
(2000)°l &1A sto] B 3184 (pH, EC, F71E, Fadit, T-N, x| ol )& AF 3
Rom FA| EFS o3ty 54L& v 2o

Table 30. %o 3}st4 54

: : EC _ S04°
Soil Sand | Silt Clay pH (1:1) 0.M CL _
text — - -
exture - % ————— 1110 | uSem™'| g kg™ ———mgkg '———
200.8
SC 52.2 7.4 40.4 | 5.66 | 133.27 | 41.63 12.84 5
C 3379 | 11.4| 54.9| 7.33| 106.53 | 28.82 7.56 21.34
SL 80.4 3.50| 16.2 | 5.08]| 97.85 2.77 11.791 | 49.93

() & Y 249 EY F KCITH] vk

ok

S

7 glo] AldA A o] BEds AFs 2mmAE S AA ARS SR o EFe] 3§t

b3} e,

_

s
a
E
-

flo >

[¢]
A

)
)

Table 31. FAELFS] o]s}sty EA

Soil texture(%) pH OM | T-N | P:Os Ca Mg K Na

1 g mgkg | @ —————-— ————cmolc

Sand | Silt | Clay | 1:10 | uScm ! % 1
g

kg l-————————-

45.8 | 44.2 | 10.0 | 6.63 | 23.33 | 30.22 | 0.25 | 1905 | 5.33 | 0.62 | 0.57 | 0.15
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NH e EF 50098 SFsto] & Lpw fAS ] 25 50, 100 mg L' 500g O&
T Ao v B4kl V) F vl AU F (L& 15kg/10a, 1AM E 13kg/10a)<S 3L
ale] zHzF 0.1M KCl 28], 2.5, 5ml# 0.1M KH:POs 32, 1.25, 2.5mlS A& 3ttt A
WS By §olo] & 23 F F JEE 2 Y £93 0.1M KCl 2.5, 5 ml =+ 0.1M
KH2POs 1.25, 2.5ml & £3 3 52 AA] Yoja] ELy} T3NS ZaT AojF T 71% A

.

L g3 KClo] Rbg-ato] T Y= I HES Eelshr] fleto] d4l&E 2 (Centrifuse) & At
Qo HAES =S dolH ] ¢35 TEM(Transmlsswn Electron Microscope )= ©|
fod EAS Al Egk oo slstA 5EAS EA Y Ayl AREd & Y &
o] Z3tE HAHE ddso 2 YAte} & o2 HES dAHE

Fo]-2 W 3F4=A](cation exchange resin)E ©o]-&3}o] #4133t}

[e}
eMBLAE A7) Fol Wk Fol o] A P Ei opie] FHF 2a, &
o1 AG A7 Er Fdv1H FeE 2t oA BUR BHOR o eund £AE
Aeg u meslor & /14 FLF Svolth Hioleo E5hd 42Hy ol ewarae 39
Aol0] o IR Yol&S) YA GILFAAL 18U, & AT 189 2 39

and Dobermann, 1996).

A mbe rlit e IRN — 77 (8% crosslinked ) : Bas" > Pb," > Hg," > Sry" > Cas" > Niz" > Mny"
Be;" > Cdy' > Cu” > Coy” > 7" = Mgy" = Ag" > Cs" >Rb" > Fe, " > =K' > NH," > H > Li"

() & Y 249 B2k = KClY v

ANE F Agd sEv TUEY 3g2 4528ml(HCEHNOs=3:1)2} 70 CollA] 1A17HE<E [E A7)
S Whatman NO. 42 = o3} A|# 38) 348l ICP(Inductively Coupled Plasma Emission
Spectrophotometer) = =4 sl t) Cl 9 35+ EF 10g¥ 7 100mle 2A]7Hs<F A&
o] 4000rpmoll A 10859 Y4 E 8] (Centrifuse) 3t Whatman NO. 422 o]} A]71 % IC(iron
Chromatography)® =74 3} th(Susan E.J. Buykx, 2004, Simultaneous extraction of bromide,

chloride, fluoride and sulfate from soil, wast— and building materials) pH®} f& QAFS 5&

e 59 9438 ey EF 2 AEA B4 oA st AFenk. falikS Bray
No.l Wy o® %39  Ammonium paramolybdate® WA A7l & 3% 660 nmolA
UV/Visible SpectrophotometerE ©]-& 3&}o] H| Al = 3},

(th) &1} g3} KCl Al EYo Aol nAE Population
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2 A A AREEE EE Table 313 #Zom & A3 AMEH EFo| Nano—silver &3
KCI& NS 4o viselditt. BG4S W= 3 & 14, 3¢, 54, 17, 25, 37, 47 {14202 E
FS 1g¥ 9mle] Fitol Yol A F 107%, 107%, 107°9] 3|49 PDA, NAW| X o] 23}
o 3¢ & A 330l E countingdFSlTt.
Table 32. A ELS] o|s}sty EA
sand silt clay Soil Texture
_____ P —————

46.3 29.7 24 L

85.54 0.46 14 LS

34.7 29.3 36 CL
(Zh) & Y= gN Bk = F A Kinetics
= U o] Eo] FHE AF 2= sk WE FF KineticsE oti7] fste] E
U3 & Y £NS 1:10 ¥ SR HUisla AgEE 150rpmoﬂ*1 Ho 72A17bE<F RS A AT
WA HES %o mE &2 kineticsE FolH 7] {5t EYY & Yx 3 S99 2EE
ZyzF 15, 25, 35 C& Ak & FAF oy =3 & Y §d9] 27| FX7 2o )X =
FFE dotry] f5te] 27 & Y §99 FEE 30, 50, 100 mg L' 2 WEHAA &S
YA, HbS 3 gl ()45 mm membrane filter2 7] 33+ 3 ICP(Inductively Coupled

Plasma Emission Spectrophotometer)® =A3lo] Al7hol] W& Ag wx9 W32 =H3% )

oz d& A¥E 7|x=E 3} kinetics modeld ©]-&3}e] kinetic parameter?l kinetics
order, rate constant, rate curve o= ToF¥Th A &% kinetic model first order kinetic
model= 2] (1)3} ZtH(Sparks, 1995)
» First—order Kinetic model
dalcl
At _AT[CW] (1)
(1,
In +——— [Cﬂ(, — Lkt
[Clo : initial Ag concentration
[C]i : Remaining Ag concentration after time, t
t : reaction time (hr)
k  © rate constant
(vh) 2 Y Ao BEY T FARF
o|s}etA] EAo] thE EY(SC, C, SL)S Algste] =kd mE 2 Uk &9 EY F3FS
v 35798 By & e 208 1:10 B2 ey, S99 Hx = 25 50, 100, 200,
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QT =
REDS B S

olo
[

400, 800 mg L™'= =As}gla, wt
S = Agds AT ESFol FREH= Ag &S Alibsty] fldte] v
q@S 7ok tH(Holen et al. 1993).
=V X (Ci=Ce) / m (2)

: mass of adsorbed Ag per unit weight of the treated soils (mmol g_l)

7+7+ 15C, 25C, 35C= vg24 3fo] o we}
215 o] &3t

q

V @ volume of solution(L)

Ci : initial Ag concentration (mmol L")

Ce : equilibrium Ag concentration (mmol L™")
m : weight of the chemically treated soil (g)

2

2y7ro]l FYFge AoA I qite s BAE =4 %ele] Langmuir 3 52
A (sorption isotherm curve)= ©]-83le] Hul S (qma) = AHE3FSITEH HE848 &2 524

2] (3)3 #th(Sparks, 1995).

o 1

» Langmuir S2zH2

kCh
q : mass of adsorbed Ag per unit weight of the treated soils (mmol g_l)
C : equilibrium Ag concentration (mmol L")
b : maximum amount of Ag that can be soil (mmol g ')
k : a constant related to the binding strength
v A dx

vElbd Aotk (Table 33)
Table 33. & 3139 gl = A9 orA3 A
Compounds Solubility Product(Ksp) Stability Constants
AgCl 1.8 % 10710 5.6 % 10°
AgBr 5.0 * 1077 2.0 % 10"
Agl 8.3 x 107 1.2 = 10'°
AgsCrOy 1.2 % 1071 8.3 % 10"
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Oﬂ .
}A T}t <Figure 26, 27>

°©

A3} AgClo]

T

h s

PShe
ax

SEM—-EDS® #

T T
1) =
Qﬂu o)) M
wﬁ T 7
TH G
T
ZI
= W ol =
3 ol o
olo . i . _1_
. ] ofy
. | w
e I 2 g
m ”m E m.x ‘a W
o : . 3E
E ; - .
. I G =
0 m ; e
: it o o W =
11 ..x,...m —~ UT._._ X i ﬂ
! " H-= < LzT:
| 4 : Wlw KR ﬂ 23 5
Ot _. m ~— H_._ = Mn\
: o Ui " 3!
%) . P
o] £y & .,.,Z, oﬁo i 5 .CI
, Jex I iy X < o
o y g - . :
| ~ O 5 =3
,_ s 5 o S
9 o N o
T P T
Mm = T o
P oaTw
I o H R
ﬁl Ot ﬂl ﬂoﬂ
5 ar o
~ T .
RGPS
o o 3%
.MU o) ﬂr o
3 X
7 o
TR
<N

3 tH(Table 34).
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Table 34. & = §o%ke] o] F% (mg L)
Silver nanoparticle ) Sorption amount with ion
) Centrifuge .
solution exchang resin
1003.20 971.30 977.90
1006.50 965.80 983.18
995.50 966.90 969.21
AVERAGE 1001.73 968.00 976.76
2w g S AdRYEe] 29 & o2& skl 54 A3t 968 mg L7
on BAE o, o|emBFAd FaE Lo LS 976,76 mg L2 BAHA 919 A3
21000 mg L7" & v § W 29 gRES & ol JHE EA4 st Aoz dEn
debd & v e A MR UE FEHe & olgd deum, & gxtel o3

() 3
& Y g9 FEE 160 mg L2 5937 st pHE 5,

6
o 24A17F WX 3 0.45¢m membrane filter® oI T ofolo] & En 2 HAIF
o

of w} of Mol & Frvl Y= FHEAY<Table 35>5E3H pHE 243 & Y &5 o
73t membrane filterE SEMS o]&3te] #A23 Ay 714 we Fr9 747 veElgd pH

614 pH 83 Hlusle] 2 AA=E FAEE= Edo] wWol AHA 9l

<Figure 28>. & A} o] At += &Nl pHe} BT AHo] Q)

Zol= QAaF A7) & FBAF ot FES v A= AoR A ¢
1)
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Table 35. pHel| W& & Yy SN & 55
(unit : mg L™V

pH
Initial
. 5 6 7 8
concentration
121 111 143 151
160ppm 123 114 154 153
124 112 155 151

EdF & T S o] 252 s8HF(species) o] 29 ABEA, olFd, X FH

(fate)& Az T2% aclejth. Zol] EAsh: o] 2] & AFAR] AxmEre] 4=

& e JAR, AEF A% (bioavailability) & B7F & 4 gle ©ile] vk I o R Tk

o Aerads S5gd] oEs] wel stetge] Bt ol oA ok st & T EA
sk B degs sk A2 @vbsste] RAE S FE dgE s dSshal v

R vlgdes wdel&d HRte Abole] deh s A wEeR

AsHAl B & ol

equilibrium constants)Z ©]-&3}] pH, ©

(Conditional stability constant)@® Z3tste] 3}stES AlAlstA Hoh o8t
Al

o
N
)

[6)
Agd EU £ EY gy =4 =
15t MINTEQ2E ol-&3dte] Y S A8t EY & SAE & e del 2 &ol&
S 999 HE(0.01 mole L™HE J&alo] &9 3lats = Aojd E¥ 2
o s 6§ =

j=] T
36> EF 9 3 24T & e g FoF ¥ 24

Table 36. =% &4 F &3 = A= & JgE9] 3tes L =4 HHE

species Log activity species Log activity
Ag(CN),~ —5.908 AgCls™™ —6.114
Ag(CN)s*~ —14.300 AgCl®~ —-7.187
Ag(CN)OH™ —-10.576 AgFlaq] —10.650
Ag(HS),™ —2.562 AgHS[aq] —0.006
Ag(OH),~ —17.214 Agllaq] -2.851
Ag” —7.165 Agly™ —0.036
AgsMoO4laq] —15.760 Agls®™ —1.422
AgBrlaq] —-3.108 Agly”’” —2.079
AgBrs~ —-0.751 AgNOs[aq] —-7.074
AgBrs*~ —0.695 AgOH[aq] —~12.185
AgCl[aq] —5.238 AgSO, —6.387

AgCly~ —4.681
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<Table 37>% E% & T 2(Ag) 3859 44 EXE vehd A
de 22 F= ﬂizﬂ# Aok HS oF 293 defjz AT Aos Asndy. &3 B

[e]
HS™, Br, CI', I" o] &AA] & o]23} Agste] 1@ =2 Fel= =43 drk<Table 38

N

Table 37. £¢F & = 2 33slxo] A)d B

% of total component )
Component ] species name
concentration
0.031 AgBrlaq]
9.466 AgBrs
1.643 AgBrs*”
0.056 Agllaq]
Ag+
49.116 Agly
0.308 Agls®™
39.230 AgHS[aq]
0.146 Ag(HS),

Table 38. 2 3}3tE9] Log IAPS} X3R4~

Sat. Index
Mineral log TAP
(log IAP* log Ks)
ACANTHITE(AgH2S) —13.986 22.234
BROMYRITE(AgBr) —-7.708 4.592
CERARGYRITE(AgCI) —8.548 1.202
IODYRITE(AgI) —9.451 6.629

(2) & Y= 2A9 EY 5 KClo] wHs

o l-u\_ll_{

o -

—
RUNEY Tm
P,
o

S~

kel

=}
Hlg9] 7|5 AlH]&F(15kg/10a)9] A KCIS EY500g0
BAEgh & U 93 KOS
2.3} Zth<Table 39>.

2N
oN
o

AQI
rlo off
=8
Ll
=
= |

e U o3t CI7h 35 AgClel B4 & Qom ool U & the
s 2



Table 39.& = &3} KCI& Aeld § 5 45 S99 & F=(d9mg L)
& e ol sy
25ppm 50ppm 100ppm
KCl 18.64 9.91 41.34 90.20
M=

At 37.28 10.70 38.56 93.60
T A & v g9 FEe KO W F 2 yee] sl dagle] of
10 mg L™7FF Eomt A & 5 Ao FoE 2ol2% A3 KCl9 ClI 3} g
AHAEQ AgClo] H= AS & 4 dAT & Y=o} KClo] BEY FollA Yel = Hkg
ol 7] 18 & iz &R KCI Ee] A stglon At EgaAe] & w59

Table 40.2 U= &d3} KCI& A3t &

oko o

[e] —

=
o -

(H49'mg Kg™")

o e g9 AR
25ppm 50ppm 100ppm
2] g 4.60 7.76 13.99
KCl
2] 1 18.64 1.37 2.99 9.66
o 1=
37.28 1.43 3.33 10.32
Table 41. & U= &3 KCI& A3 EY ClI 9 ¥%  (F9mg Kg'H)
o i g9 AelB
25ppm 50ppm 100ppm
H= 2] 4.15 4.15 4.15
KCl
) 18.64 5.95 5.82 5.87
O -
37.28 7.32 7.89 7.54
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(A)

350 —*—blank
g 300
s —&—0.1Mm KCl 2.5ml
5 250
Z / \
2 200 —+—0.1MKCI 5ml
: [\
2 150 / \
= —H— 21} 25ppm
2 100 A /\
o
g 50 = 2Lt 2Sppm+
= 0.1M KCl 2.5ml
sl
1y 2 5% 7Y 14 21 289
25ppm+0.1M KCI
AlLE Smi
0 —*+—blank
£
2 i
5
% 200 —8—0.1M Kcl 2.5ml
S
o 150 =
g \ —*—0.1MKCI 5ml
£ AOA
= 100
g,-- —#— 2L} S0ppm
om 30
0 —c
= —#— 2Lt 50ppm+
o 0.1M KCl 25ml
12 3 52 7¥ 14 2% 28 —e—oyu
AZH S0ppm+0.1M KCI
sml
(C) —*—blank
350
300 /*\ —®—p.1M KCI 2.5ml
= 230
2 / \ —*—01MKCI 5ml
s 200 \
= 150 - A
S \/ \ ——20} 100ppm
~ 100
=
2 ;
£ 50 —+— 2Lt 100ppm+
=
g- ] 0.1M KCl 2.5ml
o
ol 12 3% 5% 7Y 14 21 288 T Sue
i 100ppm+0.1M KCl
S AZH

smil

Fig 29. & Yx=¢} KCl £8of &

=
(B) & = 89 50 mg L7, (C) & Y=

AlzbE drggote] AAS (A) & Y
100 mg L7,

)
§9
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(A)
s0 —*—hlank
=
s
E —8—p 1M KCl 2.5ml
=
=
o
E == 1MKC| Sml
£
Z
E —F— 2Lt 25ppm
o
s
= T 2L 2Sppm+
0.1M KCl 2.5ml
——oy
AlZH 25ppm+0.1M
KCl sml
&0 —*—hlank
=
o
s 50 .R
= /\ / —®—0.1M KCl 25ml
=
B 4 L} A X
= —+—0.1MKCI 5ml
2 30 A
=
=
g:. 20 —— 2Lt S0ppm
o
o 10 -
0 2L 50ppm+
=
0 0.1M KCl 2.5ml
19 3 5y 7Y 14y 219 289 =
S0ppm+0.1M KCl
AZH PP
Smil
20 —*+—blank
5
S 70
£
2 & [ —=—0.1M KCl 2.5ml
/
S s0
= A /)\ —+—0.1MKC| Sml
5 2 & N
5
= 30 o o
% . —H— 2L} 100ppm
o
. i
% 10 —#— 21t 100ppm+ 0.1M
= 0 Kl 2.5ml
12 3% 52 7Y 14Y 1Y 289 —o— 2} 100ppm+0.1M
A7 KCl 5ml

Fig 30.

o
S Ux &4 50 mg L7Y (C) & U £ 100 mg L7}

(4) EY T & U= &9 5 Kinetics

Kinetic model EZo] 54 A7 Fof Hol Qe v% U AA Al Fo &
A S W ooy QI TE, AEA SO o|Fsly] Ao B T
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oo} KCl &80 wE Azhd go]o] A4 (A) & ve &9 25 mg L', (B)
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531 87 )

4 7}

=
T

H s

s

A&

A8

{2l

il

oFslof g},

sk

kineticS

o)

[e]
Elarss

olE

-
T

3 A

k7] <

o=

Z7)

7H)

o]

2 7+7}F 30, 50, 100 mg L7'o2

Fth. <Fig 31~33>2 27] & 4

o 5%
S

ZA}

7 e g

=

25C o A

o =
R

ks

ATt

]

Ao

1
s

-
=

of W& Agel FLHstE

Helste] A7k

&

o2 7} 27|55 A Ago

& YEhd A

1A 5}

j
a

Ho

o]
=

1

th %27] Ag® H%7} 30 mg L

2= 91

o
=]

o 90%¢] &o] &% A7HE SC(Sandy Clay), C(Clayey)oll Al Z+z; 304, 15 o]l

o1 SL(Sandy Loam)ol A+ 72A1%F E<F 61% o)A+

7 50 mg L™t w 90%<] o] & A7 SC, CollA]

7] Agdl &

=

e o= e,

o2 Ve o, SLolA & 7241

641k, 5 ool &&=

7}2}

1 A3 SC, CellA

e

7} 100 mg L™ & o 90%°] &o] &
om, SL M= 72A17F 9 47% 2] Agol &

L
a

< 29 (first order

E‘l—

]_

LRI Qleh o] ™ol HAde) 7127

<Fig 34~36>& %7] Agd =% w

kinetic model)el] %A -&

-
T

KeN
=

HE-S- M (rate curve)

s

il
—

-
T

A A

=]
Rus

1

[e]
Elarss

-
T

R

S
=

= A7F 2pol vt & v Y 2k (Multiple First Order)

Ey
=

50 mg L1
—¥— 100 mg L"1

(o]

—e— 30 mg L'

05/35
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Time (hours)
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Fig 34. &
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=

ol
oH

0.4
—®— 30 mg L-1
0.3 - O 50mg L
—¥— 100 mg L1
o 0.2
o
~
(]
o
0.1 -
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0.0 -
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Fig 32. &9 5% W3lo] w2 Co A Age] v & W3}
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Fig 33. €949 5% wW3glo w2 SLo A|HE Agol &
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S 27 M
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30 mg L1
50mg L1
100 mg L-?

v

(05/°7)u7

80

60

40

20

Time (hours)

©5/2)u7

A

d

al
5

80

60

40

20

Time (hours)

A

d

1A
=

EAT %7] Ag
(Multiple First Order Kinetic Model)°l] #-&

1
s

<Table 42>
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Table 42. A3 %7] Ag %o W2 Agel vt dxdk-g 5 9 (Multiple First Order
Kinetic Model, Step 1)

Soil Texture concentraitlion Regression equation r?
(mg kg™ )

30 Y = —89.921X — 0.2913 0.8337"

SC 50 Y = —73.015X — 0.3240 0.7553%*
100 Y = —56.080X — 0.3179 0.6538%
30 Y = —135.59X — 0.3052 0.9229°

C 50 Y = —131.02X — 0.0336 0.9520™°
100 Y = —123.75X — 0.1923 0.9320™°
30 Y = —29.459X — 0.1389 0.7321°

SL 50 Y = —23.890X — 0.0336 0.9520°
100 Y = —35.170X — 0.0938 0.8246™°

Y : In(Co/Co), X : time (hour), =*: significant at P<0.05, N.S : Non significant

<Table 43>% EA T %7] Ag %o 0 Agol S vhg £ E tadabsad
(Multiple First Order Kinetic Model)oll 483+ 71 & Step ol 3t v A= (h) 9 BA A
o] ARAFGHE BAFa vk SC EFAAE 27] Agel w57t T71E4E &g
(k)= 77} 0.0354, 0.0348, 0.0660 4 = Ueton, C EgelME WgEmda(he 24
0.0141, 0.0183, 0.147 4 ', SL El A= 0.0021, 0.0020, 0.0029 4 ' & e} Step 119 29
Z27] Ag®l sX7F Ag FF WeER vX= G vrE Jow ddHu. EAdo wE

W& (HE SC > C > SLE YEhy:
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Table 43. EA %7] Ag 3= WE Agel th=dadkewdl (Multiple First Order
Kinetic Model, Step II).

Soil Texture Concentraitlion Regression equation r?
(mg kg™)
30 Y = —0.0354X — 2.6241 0.904 5
SC 50 Y = —0.0348X — 2.3990 0.794 25
100 Y = —-0.0660X — 1.8381 0.968 3%
30 Y = —0.0141X — 3.8714 0.7081 s
C 50 Y = —0.0183X — 3.6347 0.751 2%
100 Y = —0.0147X — 2.8741 0.6864 =
30 Y = —0.0021X — 0.8170 0.6537 %3k
SL 50 Y = —0.0020X — 0.6039 0.8087 sk
100 Y = —0.0029X — 0.4362 0.91555%:%x

Y : In(Ce/Co), X : time (hour), ** : significant at P<0.01, ##* : significant at P<0.001

<Fig 37~39>+ Hhg 259 ¥gte]| & AIZHE Agel &
o

275 EolA Agel R Azt weh AFHoR gast 4
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Fig 39. WF-$ 2% 9] W3ale] & SLo AJ7HE Agel 5% W3l

<Figure 40~42>+ %7] Agd Fxo & Agd & H3lE w2 d (first order
kinetic model)ol] % &3} ¥F-S-3 A (rate curve) S YERJ L O“jr o] 1yl FHAQ 7]&7]+=
HE-S- :E”—’F(k)% ‘/}E]HHJ— =

—4_1
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56.080, 61.640 4 & Z7Fstolth. C Bl A% mpa7bA = 98,114, 123.75, 127.35 ' & Z7}s)
Row, vhg w7t F/hEe el FERMEEEE SRl SL EddA = ZH7E 21.249,
35.170, 16.483 ' 2= 25C > 15C> 35C wo2 Yelgty. EAd el s & eids
(k)= C > SC > SL <=2 & YEw

Table 44, EA T} %o wWE Agd thEdxpuk-s-2 el (Multiple First Order Kinetic
Model, Step I).

Soil Texture Temperature Regression equation r’
15C Y = —43.015X — 0.2247 0.6887"
SC 25C Y = —56.080X — 0.3179 0.6538"
35C Y = —61.640X — 0.2771 0.7504"°
15T Y = —98.114X — 0.3163 0.8458%
C 25C Y = —123.75X — 0.1923 0.9320%
35C Y = —127.35X — 0.4907 0.7880"°
15T Y = —21.249X — 0.0903 0.7687"°
SL 25C Y = —35.170X — 0.0938 0.8246"
35T Y = —16.483X — 0.0838 0.6997"

Y : In(Ce/Co), X : time (hour), * : significant at P<0.05, N.S : Non significant

<Table 45>% EAY %7] Ag %o wE Ago] &2 uh3 £ %22 Multiple First
Order Kinetic Modelol 283 2 % Step o] tfgh WS T A (h) 9k BA A Q] AAASF(?)
g HAFa Ut SC EYdA e g 257 S5 wheESEAT (k) 722 0.0487,
0.0676, 0.0734 A 2 Z71819 ). C EYo A% upa7kA 2 0 1,0
Qo SL EYAE 0.0028, 0.0029 0.0035 R
FANEE S EE Bl A 0w Frtelglth EA O webA = vk
=2 UrEPka}.

l-ﬂ
ox
5
=
r1r
w
(@)
V
(@)
V
wn
=
o
o
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Ago tE=dxukS- 2 d (Multiple First Order Kinetic

=
T

Table 45. B4} &% u}

Model, Step II).
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Fig 43. Isotherm model of Ag adsorption in SC soil at various temperatures.
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Fig 44. Isotherm model of Ag adsorption in C soil at various temperatures.
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Fig 45. Isotherm model of Ag adsorption in SL soil at various temperatures.
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Fig 46. Fitted Langmuir adsorption isotherm of Ag in SC soil at various temperatures.

50

40 -

30 1

o
9 204
=5
10 -
® 1RT
0 © 9RT
v 2K[T
. . . . . ;
0 50 100 150 200 250 300

Ce (mg/L)

Fig 47. Fitted Langmuir adsorption isotherm of Ag in C soil at various temperatures.
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Fig 48. Fitted Langmuir adsorption isotherm of Ag in SL soil at various temperatures.
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WP% Ag &S Langmuir Modeld] #A-&3Fe] T3
’ I A AT F () 3] A A A

2SS 4 5tk SC EYollA e ur
93, 420 mg g 10; S7FHE At CE

R , SL E¢Foll A% 0.82, 1.16, 1.35 2 & mg
gl we e} 280l e AU AT SAAAT. E4ol wehAE Clay Bl ¥
< C > SC > SL £o=2 FHuygazgo] Bas ¢ + 3
Table 46. Langmuir equations of Ag adsorption at various temperatures.
Soil ) . 2
Temperatures Regression equation Qmax r
Texture
15C Y = 0.2954X — 4.2870 | 3.39 0.9918™
SC 25T Y = 0.2544X — 3.9138 | 3.93 0.9809™
35C Y = 0.2382X — 4.8195| 4.20 0.9530™
15C Y = 0.1599X — 4.5344 | 6.25 0.9837™
C 25C Y = 0.1621X — 0.9620 | 6.17 0.9620™
35C Y = 0.1432X — 5.6582 | 6.98 0.9499™
15C Y = 1.2267X — 81.831 0.82 0.9977™
SL 25C Y = 0.8607X — 99.589 1.16 0.9692™
35C Y = 0.7396X — 109.03 1.35 0.9173"
Y : Ce/a
X : Ce, equlilbrium Ag concentration (mg/L)
q : mass of adsorbed Ag per unit weight of soil (mg/g)
Qmax ‘maximum amount of Ag that can be adsorbed (mg/g)
% 1 significant at P<0.01
%% . significant at P<0.001
6. A &

& Ui A Alfo WE Eoko] B . 3letd EA Wi W & 1}n-o Bk fd &z
B sed . QR 540 WAx 9Fe W] dd @ A7
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