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SUMMARY

I . Title of the Project

Development of multi-functional fertilizer by using sustained-releasing formulation and

soil microorganism

II. Objectives of the Research and Development

This research intended to develop the functional fertilizer for soil treatment that can
promote the growth of crops by decomposition the organic matters in the soil and selecting
the useful microorganisms have function solubilize organic matters for the plant to absorb
non-degradable phosphoric acid and have antifungal activity against plant pathogenic
fungi. Also, it aims to develop the environment—friendly high quality fertilizer that can
prevent the abuse of fertilizer by adding sustained releasing formulation that has regulated
the releasing speed by using the electromagnetic radiation technology and the radiation
1sotope using technology.

Also, the research intended to develop the manufacturing technology for sustained
releasing of trace elements that the release of valid components are regulated by using
the radiation technology and the electronic beam using technology.

Finally, by supplying the high quality organic fertilizer that the sustained releasing of
trace element which the releasing speed was regulated by using the electronic beam to
the plant oil cake that contains the various nutritions that are necessary for the growth of
plants and mixed the valid effective microorganisms, it aims to promote the growth of
crops, to decrease agricultural management fee by preventing the excessive supply of trace
elements, and develop, distribute the environment-fitting material of new concept that can

maintain the healthy soil ecosystem.

M. Objectives of the Research and Development

(1) We have isolated and selected the effective microorganisms that have excellent
antifungal activity and phosphate solubilization function from the soil.

(2) The microorganisms that are excellent in the phosphate—solubilization, organic matter
dissolution, antifungal activity and nitrogen inorganize function were selected.

(3) We have established the mass cultivation condition for the selected microorganism.

(4) Tt was established the formulation condition for the organic fertilizer contains the

_10_



functional microorganism solid culture.

(5) We have developed the sustained releasing formulation method of trace element using
the radiation and isotope utilizing technology.

(6) The microwettable powder that is easy for the regulation of release by using the
radiation and isotope utilizing technology was developed.

(7) Tt was examined the release pattern of trace elements in the field.

(8) We have examined the growth promoting effect of crops by the organic fertilizer
developed.

(9) Formula technique of the environment—fitting agricultural agent was established by
adding the sustained releasing trace element to the selected biological control agents
and the organic resources.

(10) We developed the high technology of environment-friendly agricultural agents that
has high marketability and that suits the characteristic of the market for the

products.
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(b 23 24
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I (Botrytis cinerea), ¥ ¥t (Phytophthora capsici), ¥4 ¥ 1t (Colletotrichum gloeosporioides),

i

Folol ALFFo] '3

= [e]

& ¥ 3t (Rhizoctonia solani), A E-5W it (Fusarium oxysporum) 2 -89 (Cylindrocarpon

destructans)& g2 24 vred S A3
Fargd el BV HEY (paper disc)d A EW YU FFo] A ASF-9 ALY A
& Al Z(Index of inhibition, + 5Smm P& ++: 5~10mm 7| 9H +++: 10~15mm "] 5F; ++++:

16mn )= F A8 T

(1) AxF7]3
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J

FUNEF AxTRFe] B3 AEDY

o iy

77185 2435 98 Be E 59

2ol som AFFEE ol gele] FAsG o, AR AF ¥ 3,57 9, 13, 154749 A

35 dvwpabdhe] ok Aafriste AAe A AT " AYdE

A A e &

=Tl EF 10g + b 1g + SRF 2l

=2 B9 10g + WA 1g + =75 2md

HSB803 B 10g + Ak 1g + #] kA 1g(8037FF) + SHF 2ml
HSB901 EF 10g + frdk 1g + oA 1gQ017F) + F/F 2ml
HSB902 B 10g + Ak 1g + wlFA 1g(9027FF) + SHFF 2me
HSB903 EF 10g + frdk 1g + A 1g(903¢7F) + F/HF 2ml
HSB904 B 10g + Ak 1g + ®l A 1g(9047FF) + S 2me
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SN
R
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He vedt 2
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A AU AELe 23 AAE B 20gs A 50ml FH ¥& F SRS 20%=
HAS "yste] 30CoAA AA wjFstart. qxz7E fd % 20gS AMEsdon AE W
He 293 Adsdrt. ARE w0, 1, 3,5 7,9, 11, 13, 1590 AZL FHsba Azt
W oAlZ ATE 2M KCIE 3319 Kjeldahl distillation® 02 F-7 8@ 429 23S 2A 59
=3

Zh A g A g
AT FEREE AR &2 !%‘%g]:ll’ sutd| g = 2 ¢e 2w i%ﬁ]ﬁl’ Aol
FE A Wl A A7 g sl

2011 8¢ 22 A

2
1o
=
x
2

(dt
o
i
o
2
o
B
=
y
2
lo
o
o
Do
S
—
—
(L
00
o
%)
e
9
A,

>,
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3100 AP g A E

) AW % (ke/3.3m”)

o 4 L a3
5427 - - -
A AP 1 1 1
w e A2 2 2 2

(b AE2A

R AHgd mE A5 As2AbE A2 S 209 F<1 2011d 108 2199 9%, 4
ol
=]

(th E<olststa #4
pHet EC= 15W, #718(0.M)2 Tyurin®, £484 Kjeldahl¥, #8942 Bray No.l
M 284 o] (K, Na, Ca, Mg)2 IN NH.OAcZ 1417 28 5 ICP(PerkinElmer Optima
7300DV) = FA 3

4) B A

7h BE2A
BoAaAel oa] sigE 22 AHA v
I AR aE AAs] st SAEE il
W2 ke FRAMA A 2 AR S AASSIT Bl FE2 TuH, Ed2 vAk
FE, HEYTE @A 3ubE o wjA gl o Mg A
F((N-P205-K:0): 9-4.5-5kg/10a)& 7o = Mty oy tx+=
271E Thg/10a) 24 LMW () E A sttt A+ Ae We2 & 113 2k

ool

3
)
o
rlo
[
o2
at
&
=
o
Skt
=5
N
>
=

>
do
g
)
=
i
=
o
[z
=
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F 1L AT 2 AYHE

A2 SRR 8] & (g/39.3m)
1 ) - -
2 T 5,132
3 SR 5,132
4 Hl] &7 10,264

2

A A R A AATE 3 7 vEY A& e B
S5, 715 (0M)E Tyurin®, =2 4 Kjeldahl®,

g)< 1IN NH.OAcZ 17k & %

o HE AE M)
(1) 25 AuA g
(7h A&z}
AT el o 3Rl HEFAoRE Fyd waud 24 g AFxdl o] A4k
A HE AE e A% 2 uE APS 98 20119 69 29 5H 20119 8Y 5
g o83l AwAge AAFAY. dxTRE B AT J
=1 &

()l Abgskslos Aela 3 A2

i)

g%

o)
oZ,
[
i

=
do
=
il
[ ¥

12 A2 "® A E

=g - e & el ke/3.3m
1 eIt N-P-K: 20-59-13 ke/10a
2 s}k 2 kg/3.3m’
3 o) 2 2 kg/3.3m'
4 s 15 ke/3.3m’
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do
E
il
[
pah

=2
4
i
=z
(ld
~
=

2 NS =9, 4% L FFRAE 44 F 2094, 094,
% :

<, chlorophyll $H&F, AA =, DEFS XA Hgto =z 7

N
)
e
2
i
o%)
tob
hins
o
hins
o

2
Ol
ol
&
)

(AA-6800, Shimadzu)2 ¥4 34913, %ol &% 8% (CEC)2 IN-NH.OAC (pH 7.0)=
A3 ethanolZ #el NILE AAT F HCIZ A448F IN-CaCLz NILE £F47
Kicldahl %5902 #4590,

34%—"3%327\} T AFd FE S 2AE 98 A=A N, P, K 248 AAgklen,
Ege Wzt S A flste] AEad B pH, EC B ¢ EE SASS

A EAE HSO-HCIOZ 54 Abdlste] A4 E Kjeldahl¥, <14t Vanadate®, K& 9%
F =¥ (flame photometer) &= 4181904l pH 2 EC+= bl e 22 F&E3to] 2AHdTHE

= 7
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COREE

12k 7h83 HAAE WiAx YMA (Yeast-malt extract agar)e}

bz

__io

—

Fo] 28Coll Al 7%

Z3
X1:4100

84

HajA| e 5ol

3
2 12 A

b2

ER

=
=

calcium phosphate

FR T 2 113 2o

G

2 HSB903

HSB902

HSB903

HSB902

HSB901

9 11. HSB901, HSB902 2 HSB903

(b 27 473
13 444 shst

HSB903 +

Foll 139, 178, 169ppm

Z

b A HSB901, HSB902 2

A4 A34E 272 1

29

Ein

5}

o

_ZTI

A71

WTFE fExdT=E 3ko 8
AA g AN EH SR}

Y'T-209

oA dxkdl HSB901, HSB902

AT

o] vha ol

wolo 79 ol ¥

7 3ol

A &=

7188t

HSB903 =

=1
=

g 12).

Ak (2

o]
A

Hola

s 2 O
TR E

!
4K
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A (DifcoTM Actinomycete Isolation Agar), A+ 28 8] A (Nutrient agar)oll 4~ FH 7} A
B s AEstg o F 466 i oA oF 35%<¢ 162 T f71E EdElso] deE A

OS2 e

(th 22 1A
12 Adrd f71E 72 rAES Wi, 9, 81 S 77 #7148 Bennett's agar
2 Nutrient agar BjA|o] @H o=z HEdaL 25CoA] #igste] 1~79 &, Ak v A& +
ZF(colony) . 256 dAE Fhde AAS FA=Z 37|80 ofgl & 149 11 139 G}
Eb AT

712 Fels 718 Ba%

i i

A% | wma | A A% | wma | A
Gyh-1 ++++ +++ - HC-13 ++ +++ -
Gyh-2 ++++ +++ - HC-14 ++ +++ -
Gyh-4 ++++ +++ + HC-15 ++++ ++ -
Gyh-6 +++ + - HC-16 +++ +++ -
Gyh-7 +++ + - HC-17 ++ + +
Gyh-8 + + +++ HC-19 ++ + +
Gyh-9 - +++ ++ HC-20 ++ + ++
Gyh-10 ++ + ++ HC-21 ++ + ++
Gyh-11 + + + HC-23 ++
Gyh-12 et + - HC-24 ++ - +
Gyh-13 + ++ HC-25 ++ +++ -
Gyh-14 +++ + - HC-28 +++ + -
Gyh-16 + + ++ HC-29 +++ +++ -
Gyh-17 + - - HC-30 et ++ -
Gyh-18 - - ++ HC-31 + ++ +
Gyh-19 + ++ ++ HC-32 ++++ + -
Gyh-20 ++ ++ + HC-33 +++ + -
Gyh-21 ++ - - HC-34 ++ et -
Gyh-24 + +++ ++ HC-35 ++ +++ -
HC-3 - ++ + HC-38 ++ + -
HC-4 +++ ++++ - HC-39 - ++ +
HC-7 +++ +++ - HC-42 +++ ++ -
HC-8 +++ ++ - HC-43 + + ++
HC-9 e+ e+ - HC-44 - ++ -
HC-11 +++ +++ - HC-45 ++ ++ -

* 4+ 2mm P WE 4+ 273mm | 9E +++:374nm v RE; 444+ Anm o] A
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W (Fusarium oxysporum)

NES

7l
£

4

=

H (vascular wilts) g ¥ 0.7

NES

mo

3L
[e]

et

)

1o}

S

A A7 Ha

I 466 = T 183 wF7F 1§ 149 o] FHUE

Z

taack L A A

Al 3]

(b 27 473

3

FAAE A
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I (Botrytis cinerea), ¥ ¥t (Phytophthora capsici), ¥4 ¥ 1t (Colletotrichum gloeosporioides),
AW I (Rhizoctonia solani), NS
destructans)S oz 23

(Fusarium oxysporum) 2 +5-¥ 3 (Cylindrocarpon
R

9 A st

17 159) ol wALe] EREol WIlRe AR AE % Aol Wi Ad WA wA
Aol tlz&To) vdte] A3 =9 AHESE g dT=
A(paper disc)d 2=

- = o%}\é %%O]

1y
o
=l
_>;
©
o,

o otz # 159 e ST

S (Index of
inhibition, +: 5mm "] %k ++: 5~10mm V| %E +++ 10~15mm "] %k ++++ 16mm ©] )= 3EA

Botrytis
cinerea

Colletotrichum Cylindrocarpon
gloeospoioides

destructans

Fusarium Phytophthora Rhizoctonia
oxysporum capsici solani
29 15 P FAo] e FFEe 2

go] thA vl %

Wit iALE dAnAdoz #E

gol B HAY 16). olH I #AF W& AN g ddo] AR
A vEebgtth w8 R vke £ AWl #AME
FoPA WA AL Hoh
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#15. F8 VA= Fo Aaydite] g e
Inhibition index”
Isolate
Botry. Collet. Cylind. Fusari. Phyto. Rhizoc.
KN-3 - ++ + - ++ ++
JM-4 - + - ++ -
13574 S ++ + + - -
13575 - + - + - -
13576 - ++ + + + -
SAaf-5 + + + + - +
SAaf-9 S ++ ++ + S T
SAaf-10 - + + + + +
SAaf-11 ++ + - - + +
SAaf-16 S + - + ++ -
SAaf-17 - ++ ++ + + -
SAaf-18 - + ++ ++ + -
OCaf-2 A+ e+ + + 4+ ++
SAph-2 - + - - ++ -
SAph-3 +H+ - - - - -
SAph-8 S + - - - ++
SAph-10 - + ++ + + +
SAph-14 S + + - - +
SAph-15 - + - - - +
SAph-21 S + ++ - ++ +
SAph-22 ++ - - - + -
SAph-23 S + - + - ++
SJph-4 - ++ ++ ++ ++ -
SJph-5 S - + - - -
SJph-6 S + + - ++ -
CJph-2 S + + - S +
CJph-3 - - + - + -
CJph-4 ++ - + - + -
HCph-7 +H+ + - - - -
HCph-9 - + - - + -
HCph-10 +H+ + - - + -
*+: bmn 7wk ++: 5 ©]%F~10mm 7wk
+++: 10mm o]/ ~1omm H®E  + 4+ +: 16mm ©]%
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@ EAF M=
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3

R

[ Add Clph-12(HSB901) 5=} EpARAIE -1 o

3|

]

v g ko] A vy

ny

ojy
0

s

%

F9 v

175} 18l vhEpd nEe} Fo] of g

=3
=

R

+
o

ojy

A

HSB901 Vs BI-1

HSB901 Vs BA-1

Fungus

Colletotrichum

gloeosporioides

Cylindrocarpon

destructans

Cylindrocarpon destructans®l| TH

b

19l 17. Colletotrichum gloeosporioides
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Fungus HSB901 Vs BA-1 HSB901 Vs BI-1

Fusarium
oxysporum

Phytophthora
capsicl

Pythium
ultimum

Rhizoctonia
solani

Sclerotinia
sclerotiorum

¥ 18, Fusarium oxysporum ¢ 459 W Ato] thal 23 AA
@]
o

(@sher : AWRF, F9 0 WA FDol,
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i 16 72 A=A wgold Wi FAEAE A E
Inhibition rate of mycelial growth (%)
Fungus
HSB901 BA-1 BI-1
Colletotrichum gloeosporioides 45.29 47.92 0
Cylindrocarpon destructans 82.98 84.04 31.58
Fusarium oxysporum 41.82 43.64 0
Phytophthora capsici 52.73 36.36 0
Pythium ultimum 66.25 63.75 0
Rhizoctonia solani 72.00 69.00 0
Sclerotinia sclerotiorum 77.14 76.20 0

ERAF v AEAA 2 A= A AT CJph-12(HSBY01) 9] 23
ArLe] WA EAEA A R BI-1 v AwS 239l gle Ao AWl
& Az A BI-19] Cylindrocarpon destructans©l] w3k ALY 2 X1 3 & 31.58%+= 23+
e A AEBI-DY Axled gk @i nadBm el o3 2oz ddEth

i BARS] M AEAECA fFE BA-1 WA ES 2 AAlA A HSB-901% 59}

)
Age o] FAt o, Feak e oA e Aol HolA ekttt

-

o
1:011
o

(4) daH7]3}
sepute) g Ege] wE ARG Od 22A 0% AT vheh 2ol 27 A4
Fol AF87153 12 49| HSB803, 901, 902, 903, 904 9] &t wE A3
F mahe gAS LA d&3t 2ol wwbapube] Aubie] ogu)oFeist @A 73t Al ebe] E
B o) &8 Wl mAvFA EFste] Ahe ¥U)EE 2AE.
AaF713ke] da] R Ziaes vhed gow fukel A

[e]
o
S gl JEAS TS HmE A weguhy die] T35 54

A Bk HUEebH, oL F 20~35%+E BTl A %7]*37%
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T/ das vAEed s A #7158 Ho F718 Za7F NH-N — NO:-N — NO3-N
o2 4 Wyl o]HATh FAAAEAES NO-N2 EFelA shetaloz mg E2kgst
of Aite} dam w2 wWatdn o] dio] ¥rE BT Nz N0 dejz Ha
5 o 7“*4 S0 o] Fojx A At

b A o] v Ao Sl s A vAE dFE A
= L.

ri

MWEFE) vl pelg sletutel Arkskel 19014 17974 A B Ao FHL
H2F 19) HSBIO4TF2] 4o & 2olw HSBS03, 902, 903¢] H]%&

3 5
Bogvh #F vlelel @ojel 919 FleAs @) HulE vhehd HSBYOIE T
el

to oft

AN o

ol

j&
ol

@]
o
%3] FUbelE EAS Hola dut HETE AYE wE vk 2 peA 7

o geFol F7kakH HSBIAE Al #FAe 7 7T~99F =27

-1
>

3500
3000
% 2500
= —hi=q
?—; L —B— H5B803
]
% 1500 —&— H5B201
é 1000 HSBoO2
_— s HEBE03
—@— H5B204
'I:l 1 1 1 1 1 1 1

0 1 3 7 g 11 13 15 17

Culture time(day)

T 19, ARTEE g Aol AT AvhAure FAgds F

[e]
©A 37} A gtol mu o] MLEFE wANFD F viutel] £t Yol A els
TS A A= g 209 2ol HSBYOL, 902, 9030] HEA o 1)

HSBO04¢] 73-¢ Hgwieke] H7iel vy = At sul H AT Holal 3o
o

Tl A S Bola vk dvixiubel] A3 A Aol s g
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ahar Sli= Tl A e FEFo]l Wmg/kerE o= v BE9hY)

Mo webEu AnU webabute] ol gl ANT 1002 Hasas] ool

H o

300
250
] -l
.
'? 200 =71
= &=
_E 150 —d— HSBEO3
E 100 —s— H5B901
= —s— H5BO02
50
—&— H5B903
— H5BO04

0 3 5 7 g 13 15

Culture time(day)

Y 0. AREEe] wAMEA Aol A5 BFF dvhure] FAeds F

(5) &4
(7h) API kitE ©]&3 &4
O &4 i7HEEr
Asketa B4 EAol o3k 542 BiomerieuxAhe] API kitE o] &3fo] dA[Eqloy, o1
A3t HSBIY1 =+ Bacillus pumilus®t 99.9%2] &S How HSBIY2, 903 i+
Bacillus megaterium3} 98.9%%} 99.8%9) 545 YeErWAtH Y 21 2 % 17, 18, 19).

HSB901 HSB902 HSB903

2% 210 HSB901, 902 2 903 52| API kit 2%
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¥ 17. HSBYO1 ##52] API kit 712 o] ¢4 W=7}

7] & 71 A |4 71 A4
Glycerol + Mannitol + Melezitose
Ethritol Sorbitol Raffinose
D-arabinose a-Methyl-D-Mannoside Starch
L-arabinose a-Methyl-D-Glucoside Glvcogen
Ribose N-Acetyl-Glucosamine Xylitol
D-xylose Amygdalin Gentiobiose
L-xylose Arbutin D-Turanose
Adonitol Esculin D-Lyxose
b-Methyl-D-xyloside Salicin D-Tagatose
Galactose Cellobiose D-Fucose
Glucose Maltose L-Fucose
Fructose Lactose D-Arahitol
Mannose Melibiose L-Arabhitol
Sorbose Sucrose Gluconate
Rhamnose Trehalose 2-Keto-Gluconate
Dulcitol Inulin o-Keto-Gluconate
Inositol

E 18 HSBY02 #32] API kit 712 o] &4 W=Ax}

71 A o] &4 71 A o] &4 71 A |4
Glycerol + Mannitol + Melezitose +
Ethritol — Sorbitol — Raffinose +
D-arabinose - a-Methyl-D-Mannoside - Starch +
L-arabinose a-Methyl-D-Glucoside - Glycogen +
Ribose N-Acetyl-Glucosamine + Xylitol -
D-xylose Amygdalin + Gentiohiose +
L-xylose Arbutin + D-Turanose +
Adonitol Esculin + D-Lyxose
b-Methyl-D-xyloside Salicin + D-Tagatose
Galactose Cellobiose + D-Fucose
Glucose Maltose + L-Fucose
Fructose Lactose + D-Arahitol
Mannose Melibiose + L-Arabhitol
Sorbose Sucrose + Gluconate
Rhamnose Trehalose + 2-Keto-Gluconate
Dulcitol Inulin — o-Keto-Gluconate
Inositol
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¥ 19. HSBY03 ##52] API kit 712 o] ¢4 W=7}

71 A ]84 71 A ]84 71 A4 ]84
Glycerol + Mannitol + Melezitose —
Ethritol — Sorbitol + Raffinose +
D-arabinose — a-Methyl-D-Mannoside — Starch +
L-arabinose + a-Methyl-D-Glucoside — Glycogen +
Ribose + N-Acetyl-Glucosamine + Xylitol —
D-xylose + Amygdalin + Gentiohiose +
L-xylose — Arbutin + D-Turanose +
Adonitol — Esculin + D-Lyxose
b-Methyl-D-xyloside — Salicin + D-Tagatose —
Galactose + Cellohiose + D-Fucose —
Glucose + Maltose + L-Fucose
Fructose + Lactose + D-Arabhitol —
Mannose — Melibiose + L-Arahitol —
Sorbose — SUCTose + (luconate —
Rhamnose — Trehalose + 2-Keto-Gluconate —
Dulcitol — Inulin — 5-Keto-Gluconate —
Inositol +

Azlelz EA B0 9 AL BiomerieuxAte] API kitE o] &38le] AAstgow, 1

A3} HSBR03 o+ Bacillus subtilis®t 96.6%°] -8 HATHE 20).

3 20. HSBS03 ##52] API kit 712 o] ¢4 W=7}

e

71 A ]84 71 A ]84 71 A ]84
Glycerol + Mannitol + Melezitose —
Ethritol — Sarbitol + Raffinose —
D-arabinose — a-Methyl-D-Mannoside — Starch —
L-arabinose + a-Methyl-D-Glucoside — Glycogen —
Ribose + N-Acetyl-Glucosamine — Xylitol
D-xylose — Amygdalin + Gentiohiose +
L-xylose — Arbutin + D-Turanose —
Adonitol — Esculin + D-Lyxose —
b-Methyl-D-xyloside — Salicin + D-Tagatose —
Galactose — Cellobiose + D-Fucose —
(Glucose + Maltose + L-Fucose —
Fructose + Lactose — D-Arabitol —
Mannose + Melihiose — L-Arabitol —
Sorbose — Sucrose + Gluconate —
Rhamnose — Trehalose + 2-Keto-Gluconate —
Dulcitol — Inulin + 5—-Keto-Gluconate —
Inositol +
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Asketa B4 EAol o3k 542 BiomerieuxAhe] API kitE o] &3fo] dA[Eqloy, o1
A3}t OCaf-2 5 Bacillus subtilis®} 96.6%9] %48 Wgch(2g 22 9 3% 21).
& 21. OCaf-2 9] API kit 712 o|&4 #5423

A o184 A o184 A o184

Glycerol + Mannitol + Melezitose -
Ethritol — Sorbitol + Raffinose +
D-arabinose — a-Methyl-D-Mannoside - Starch +
L-arabinose + a-Methyl-D-Glucoside + Glycogen +
Ribose + N-Acetyl-Glucosamine — Xylitol —
D-xylose + Amygdalin + Gentiohiose -
L-xylose — Arbutin + D-Turanose -
Adonitol — Esculin + D-Lyxose -
b-Methyl-D-xyloside — Salicin + D-Tagatose -
Galactose — Cellobiose + D-Fucose -
Glucose + Maltose + L-Fucose —
Fructose + Lactose + D-Arabitol -
Mannose + Melibiose + L-Arahitol -
Sorbose — Sucrose + Gluconate —
Rhamnose — Trehalose + 2-Keto-Gluconate -
Dulcitol — Inulin — o-Keto-Gluconate —
Inositol +
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(\}) 16S ribosomal DNAj 971449 &4
O &4 i7HEEr
T HE 4L 16S rDNASY A7IAd 48 Fote] #3315 0™, BLASTN 221
28 o] &3lo] GENEBANK®2} RDP(RNA database project)®] ribosomal RNA sequencing 3
Hl gk A3k HSBIOL o+ Bacillus pumilus®t 99%9] &7d-& X o™, HSBI2, 903 f
3 Bacillus megateriumiﬂr 99%9] HEds Za v ASE YEETHIE 23, 24, 25). ©]
of we} My v A&l HSBI01S Bacillus pumilus HSBI01Z B o dhargreta
Ao #FE 7)este] 7|EH s KCTC 135768 F-of ukgkt},
=AY OCaf-2 #F %3 $Y3 Waow $A3 A3 Bacillus subtilis 2+
99%9] e e BAow Bacillus subtilis HSBIM4Z HH3H I St AHFEATF Ao A&
F5 71gste 7gWE KCTC 13706 F-of®bgrr Hdgh o] WA %
Aaf-5 5= Burkholderia cepacia 2 57 % 3t}

1 NNNNNGGGCGGCONGCTATACATGCAAGTOGAGOGGACAGAAGGGAGCTTGCTCCCGGAT 60

61 GTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCC 120
121 GGGAAACCGGAGCTAATACCGGATAGTTCCTTGAACCGCATGGTTCAAGGATGAAAGACG 180
181 GTTTCGGCTGTCACTTACAGATGGACCCGOGGCGCATTAGCTAGT TGGTGAGG TAACGGC 240
241 TCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGA 300
301 CACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCT 360
361 GACGGAGCAACGCCGOGTGAGTGATGAAGGTTTTOGGATCGTAAAGCTCTGTTGTTAGGG 420
421 AAGAACAAGTGCAAGAGTAACTGCTTGCACCTTGACGGTACCTAACCAGAAAGCCACGGC 480
481 TAACTACGTGCCAGCAGCCGOGGTAATACGTAGGTGGCAAGCGTTGTCOGGAATTATTGG 540
541 GCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGG 600
601 GAGGGTCATTGGAAACTGGGAAACT TGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTA 660
661 GCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGOGAAGGCGACTCTCTGGTCTGT 720
721 AACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCA 780
781 CGCOGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCTCTTAGTGCTGCAGCTAAC 840
841 GCATTAAGCACTCCGCCTGGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACG 900
901 GGGGCCCGCACAAGCGGTGGAGCATGTTGNTTAATTCGAAGCAN 960

218 23. HSBY01 #59¢] 16S rDNA 7|44
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61

121
181
241
301
361
421
481
541
601
661
721
781
841
901

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141

NNNACTGGCGGOGTGCTATACATGCAAGTCGAGCGAACTGATTAGAAGCTTGCTTCTATG
ACGTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGGGATAACT
TCGGGAAACCGAAGCTAATACCGGATAGGATCTTCTCCTTCATGGGAGATGAT TGAAAGA
TGGTTTCGGCTATCACTTACAGATGGGCCCGCGGTGCATTAGCTAGTTGGTGAGGTAACG
GCTCACCAAGGCAACGATGCATAGCCGACCTGAGAGGG TGATOGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGT
CTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAG
GGAAGAACAAGTACGAGAGTAACTGCTCGTACCTTGACGGTACCTAACCAGAAAGCCACG
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCOGGAATTATT
GGGCGTAAAGCGCGOGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCACGGC TCAACCG
TGGAGGGTCATTGGAAACTGGGGAACT TGAGTGCAGAAGAGAAAAGCGGAATTCCACGTG
TAGCGGTGAAATGCGTAGAGATG TGGAGGAACACCAGTGGCGAAGGCGGCTTTTTGGTCT
GTAACTGACGCTGAGGCGCGAAAGOGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTC
CACGCOGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCTCTTTAGTGCTGCAGCTA
ACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGNGGAGCATGGNTTTAATTCGAAGCACGCGA

218 24. HSB902 9] 16S rDNA 7|44

GGNNNNGANGNGGGGNANNTANNNGANGNGGNNTATCATGCAGTCGAGCGAACTGATTAG
AAGCTTGCTTCTATGACGTTAGCGGOGGAOGGGTGAGTAACACGTGGGCAACCTGCCTGT
AAGACTGGGATAACTTCGGGAAACCGAAGCTAATACCGGATAGGATCTTCTCCTTCATGG
GAGATGATTGAAAGATGGTTTCGGCTATCACT TACAGATGGGCCCGCGGTGCATTAGCTA
GTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTGATCGG
CCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCC
GCAATGGACGAAAGTCTGACGGAGCAACGCOGCGTGAGTGATGAAGGCTTTCGGGTCGTA
AAACTCTGTTGTTAGGGAAGAACAAGTACAAGAGTAACTGCTTGTACCTTGACGGTACCT
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCOGOGGTAATACGTAGGTGGCAAGCG
TTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAG
CCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGAAAA
GCGGAATTCCACGTGTAGCGGTGAAATGOGTAGAGATGTGGAGGAACACCAGTGGOGAAG
GCGGCTTTTTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTA
GATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCT
TTAGTGCTGCAGCTAACGCATTAAGCACTCOGCCTGGGAGTACGGTCGCAAGACTGAAAC
TCAAAGGAATTGACGGGGGCCCGCACAAGCGG TGGAGCATGTGGTTTAATTOGAAGCAAC
GCGAAGACCTTACCAGGTCTTGACATCCTCTGACAACTCTAGAGATAAAAGCGTTCCCTT
CGGGGNAGAGTNACAGG TGGGTGCATGGTGGTCGTCANCTCGTGTCGNNGAAANGTGGTT
AAGTCCGNACGAGCGCACCCTTGATCTACTGGCAGCATTANTTGGCACTCTAAGTGGNCN
GCOGNGANACCGGAANNAGGTGGGGGATNNNNNNNNNNN

218 25. HSB903 9] 16S rDNA 7|44

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200

o199l % 165 1DNA 471 &40 3] thge) avhgst mgEe] 3¢
ouf o Av= & 2200 e wbe) 2o
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3 22, 718k 16S tDNA 97144 &40 & #4€ Arpgst A=

It A9 A4
CJph-3 AF 2AH Streptomyces sp.
CJph-10 AE A Pseudonocardia sp.
CJph-12 AFE ZH4d Bacillus pumilus
HCph-4 3 Bacillus megaterium
HCph-7 A Acinetobacter baylyi
HCph-8 A Nocardia farcinica
SJph-3 e Streptomyces rochei
SJph-7 A Bacillus megaterium
YSph-4 ALk Bacillus megaterium
SAph-1 A Burkholderia cepacia
SAph-5 A Burkholderia cepacia
SAph-7 A Burkholderia sp.
SAph-13 A Burkholderia sp.
SAph-16 A Burkholderia cepacia
PhB-1 =4k Burkholderia sp.
PhB-2 =4k Burkholderia sp.
PhB-3 =4k Burkholderia sp.
PhB-10 =4k Burkholderia sp.
PhB-11 =4k Burkholderia sp.

T HE 4L 16S rDNASY A7IAd 48 Fote] #3315 0™, BLASTN 221
g o] £3le GENEBANK®} RDP(RNA database project)®] ribosomal RNA sequencing 3+
Wlwdt Ax HSBW1 i+ Bacillus pumilus® 99%9) &S HAow (1l 23),
HSB902, 903 Y Bacillus megaterium} 99%¢] A5AS ztal 9y Aoz vepygrh(
g 24, 25). ool we} A v AEQ HSBI1S Bacillus pumilus HSBY1 = HH3I o™ 3
TAE ALY BEAAAY #FE 7|gste] 7B E KCTC 135765 F-of ¥kt

olefell = 165 rDNA 7M. 4 os 9] f7l=is A= s4& A8
ow I A= oby & 233
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3 23, 7]EF 16S tDNA 97144 &4 o #4d F7lews] vAdE

#*5 2 A9 A4 %
SK-3 o Bacillus sp.
SK-5 o Bacillus sp.
SK-8 o Bacillus sp.
DP-1 29 Bacillus sp.
DP-2 29 Bacillus sp.
DP-3 29 Bacillus sp.
Gra-9 S Hanseniaspora uvarum
HSD-1 H Candida zemplinina
HSD-2 Rl Acetobacter sp.
YBF-1 LI Penicillium chrysogenum
PMII-1 LI Bacillus amyloliquefaciens
Q@ Azt
T HF AL 165 tDNAS] A71H D £4& ko] 3k on, BLASTN 2271

g o] £3le GENEBANK®} RDP(RNA database project)®] ribosomal RNA sequencing 3+
st A3}, OCaf-2 5% Bacillus subtilis®t 99%9] &S BEATH(ZH 26). olo uwp}
21 OCaf-2 ¥t5F3= Bacillus subtilis HSBI04Z ™3l on A 3l -9
71gste] 71gH s KCTC 137068 F-ofwbqko), wgk vl #H Ll
Zb= SAaf-5 5= Burkholderia cepacia® &7 %) 1ttt
o°.

ol¢lol = 165 rDNA A7IAd &4l o8 vhe] Z2dvAEe] #4& Aoy 1

=
e R
Ol
=
ox
il
o

o
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o
>
rjg
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An)
-3
to |
N
(ld

o,
i
ok
e
=
N
ol
)
1

oy
%)
rie
o
&

2
[\
Ny
o
L
Ev)

3 24. 71EF 16S tDNA 947IMd &4 e #4dd 23 A=

*FH 2 A Y R4
KN-3 A4 Streptomyces morookaensis
CJph-3 AFE 2dW Streptomyces sp.
CJph-12 AFE 2dW Bacillus pumilus
HCph-4 A Bacillus megaterium
HCph-7 A Acinetobacter baylyi
SJph-3 AN Streptomyces rochei
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T
L

[¢)

1 NNCHNNNNGCHNAGCTATACATGCAGT CGAGCGGACAGATGGGAGC TTGCTCCCTGATGT T B0

B51 AGCGGCGGACGGGTGAGTAACACGTGGET AACC TGCCTGT AAGAC TGGGATAAC TCCGGG 120
121 AAACCGGGGC TAATACCGGATGGT TGTTTCGAACCGCATGG TTCAGACATAAAAGGTGGCT 130
181 TCGGCTACCACT TACAGATGGACCCGCGGOGCATTAGC TAGTTGGTGAGG TAACGGCTCA 240
241 CCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGAC TGAGACAC 300
301 GGCCCAGACTCCTACGGGAGGC AGCAGTAGGGAATC TTCCGCAATGGACGAAAGTCTGAC 360
361 GGAGCAACGCCGCGTGAGTGATGAAGGTT TTCGGATCGTAAAGCTCTGTTGT TAGGGAAG 420
421 AACAAGTGCCGT TCAAATAGGGCGGC ACCTTGACGGTACC TAACCAGAAAGCCACGGCTA A80
481 ACTACGTGCCAGCAGCCGCGGT AATACGT AGGTGGCAAGCGTTGTCCGGAAT TATTGGGC 540
541 GTAAAGGGCTCGCAGGCGGTTTCT TAAGTCTGATGT GAAAGCCCCCGGC T CAACCGGGGA 500
501 GGG TCAT TGGAAACTGGGGAAC TTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGT AGC BEO
b6l GGTGAAATGCGT AGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAA 20
721 CTGACGC TGAGGAGCGAAAGCG TGGGGAGCGAACAGGATTAGATACCCTGGT AGTCCACG T80
781 CCGTAAACGATGAGTGC TAAGT GT TAGGGGGTT TCCGLCCCTTAGTGC TGCAGC TAACGC 8540
8541 ATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGAC TGAAACTCAAAGGAAT TGACGGGG 900
901 GCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACC TTACCAGG 960
961 TCTTGACATCCTCTGACAATCCTAGAGAT AGGACGTCC TC TTCGGGGECAGAGTGACAGG 1020
1021 TGGNGCATGGTNGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGT CCCGCAACGAGCG 1080
1081 CAACCCNNGATCTTANNNNNGCATCANNGGNNCCTC TAAGGTGAC TNNGN GACAANNGAG 1140
1141 NNNNNGGONTGACGTCAATCATCATGCCCTTATGAC TGNNNANNNNNNNN AC ANGGNNGA 1200
1201 ANNAAGNNNCNAACNNNCGANGGT TAANNNNN 1260

2% 26. OCaf-2 #5¢] 16S tDNA @744

o &l o

AT AE 14 AAE NS A3l W84 QS f1ERAE 2 2ol

73 HSBY0L, HSBYOAE HE ALsiglon, HeAoms AUy wdold did 243
T 2 f1ERS o]l 4 HSBIM #FH UM WEA Qabtgsy B Al ERe Gl &

53 HSBYOL #5% Awshelt.

A

5Co A 39T7FA sl w7)

aL, 40T o] el oAM=

&

(1) vigz=a
oh #H4 2=
HSB901 w59 dj=Fu] s Qg agd A&
|

2137 Ysle] TSBel HE3 3 25T
B50C7HA] vl FA] 7] A b

4 AR AabE 273 2k 2

SEhdFE Aol AgdsA HSBIL e W=7t F718A

7 AR s AE Balh wEbA HSBY0L ] o
A

= A=
WS 98 MY AR 39TE ALsalh

o))
>
[
Do
I~
>
=
ay
o|\
2 o
12}
b
(ld
BN
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S N

Optical density (at 600 nm)
[}

00 T T T T T T T T T 1

y _:: 24h /'4—‘\

en

Optical density (at 600 nm)
|} [AK] 4=
A
1

Temperature (°C)

14
i)
(N
~
vl
o2
o
=

3

¥ 5ol A HSBIO1 7 wlkfe] F3%

(1} =4 pH
Hodgte] o) AE HSBI0L 9] thakrds e H4 plE XAMsH] flste] of g
7kA] pHE B TSBHI A oAl 6, 24hr v § HSBIOLw+9o 52 UWEE XA Ai=
% 283 2tk pH 559014 pH 72704 Wi pH7F SebdaS Ao A HSBY01
T WEvF FUFeaL, L o] pHel A= Ex7E AA Fasks

3
@ HFH 02 HSBIL 779 PP A5 wF AER pH 728 ARslvh
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Optical density (at 600 nm)
]

0.2
'f'
01
0 T T T T T T T T 1
55 & 6.5 5.5 .8 7 2 74 75
pH
4

Lkl

)

g

(el

[
oo

Optical density (at 600 nm)

T1gl 28, TRFE pHel whE HSBYOLEFwlFofe] T3

(th 4%

O g@ad
oA o8] A HSBIOL o dAHlgS A A dade Hwss] ¢85
A7VA] 'S 0.5~3%% H7EgE iR oA wjkst > wdEE Z2AMSE A3 comn starch 2%
2 A7bek wix|o) A W% FFe] AFFIF 44x10° cfu/mlE P Egkow, 1 thgo R

corn starch 2.5%, molasses 1% H7F vl oA wjkat #Fo] AHEF7F 2h7F 4x10° cfu/nd,
28x10° cfu/m o2 E=grh( e 29). ule}A] HSBYO1 79 t&elks 913t HA gy o

=2 corn starch 2% 2 2WsL vl
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8.5

—4=—Molasses

CFU(Logl10)/ml
[ #]

== Glucose
- Potato starch
7.5
=== Corn starch
? T T T T T

0.5% 1% 1.5% 2% 2.5% 3%

Content (w/v)

B oAgte] ofs Akl HSBOL o) di@wjds $3 #
A7FA] AADE 0~1.25%2 AHA7Lsk vix|o A wjokst & FlEE AR 23 soybean meal
1%2 A7ba wjA o)X W Fd FFe] FFsrt 82x10° clu/mlE 7H4 Egkow
soybean meal 0.7596, 1.25% 7} wjx|o| A wjFst 2] A7 47+
5<10° cfu/mle. 2 EkvH(L@ 30). whebA] HSBYOL w9 oake] g ¢13 =
soybean meal 1%% 223},

)
X,
B
e
o
rx
[‘UE
Ol
—|~
ie?
ol
o
£

L\]

HA AxrYgow

E
=~
% —4#—Corn steep liquor
i g
5 ={i—Peptone
[
o — Soybean meal
1.5
d == Yeast extract
? T T T T T

0% 0.25% 05% 0.75% 1.0% 1.25%

Content (w/fv)

1%l 30, vhFek A9l kel wE HSBIY01 w59 A%
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(2h 43 g
T 6(3BE)Y) /)R AYMAE A Bad 2

a9 #EUE 24 4as EdE AL
#o A 9o wlx =4S F 259 o] WY

H <] g 2 o & () Hl| <] A o & (n)
Soybean meal 1200 CSsL’ 150
Glucose 300 Antifoam 20
Yeast extract 100
KH>PO. 300
(NH.)2504 300
MgSO0y - TH20 5)

CaCly 5)

* Corn steep liquor

W E 39T, AteE pH 7.2, 949y 3)dEEE 200rpmdte] wjslol on, ARt
S Fol7] f18te] UF-4He 05 Ve s 2ASIY. A vk Ay == FHat 10
~10" cfu/m¢ FFo =2 ZA 3}

(vh) LA Wl

@ aLA| =] 27

Zzke] LA A E obef E 269 o] XAt FEFFC| 4% HEE B& F7lst]
30CollAl 547 mkst Ao @7 90%e] Al tolE 10% H7bek 2AdA 7H dd=rt
A YER

AogtolE & mlE o] Eo] F£EFgFo] 45%7) HEE E& H7LE wAwAE #UE7)

TheAdel Wi b meh w7 do] i A FelAE mwre] w
Ul §-ol Al F-sj7} o] Foj A Al vhavl @AETh o]#d tHoem B AFoAE RV}
83x10° cfu/g Fxo 2 714 =gd X3S 75

4718 WA6g FE4on Aesgr.
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>
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m
g,
2,
T
<
o,
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s
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At 7 AT 60CE 558, 70CE 728, 0C7HAE 8550 Ao H). oo we} A
AlZrell 7FE AR A7HS Yo 4] YgE2A AAS e 7HEEe 2718 Adstd oy 1 A4y
= U ® 279 vEebd nkel 2
¥ 27 A=A g J2] Foll e 7T
el Agery #Un
TR 7+ A 7k 60°C 70C 0T
1hr 10° o] 10° o] 10° o]
30%
ohr 10° o] 10° o] 10° o]
1hr 10° o] 10° o] 10° o]
40% 5 5 4
ohr 10° o] 4 10° o] 4 10° o] 4
1hr 10° o] 10° o] 10" o]
50% - - -
2hr 10° o] 10° o)A 10° o] 3}
& 270 vebek Axbe] mel 2 Aol A= 80°CAA Shr oA FRWFE DA
W 71 e @dte] FEEAF 107 cfuw/g o3E e B Aol A o] A 913 dde
zRow A% AR A% 24 3PAF 2A0R NS Wwsl I HSBYOL v %
& HEoe] 443k MigF A} 53x10" cfu/ge] EE TER WA,
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13t o] Zvbid 30 KGy AR A=gd-defAlolE Al A
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il
AR Fee A=f-deE dEgart 4 wd, gebad g
Zl

T 180~200meell g ACIE 1~3gs =9l F, &% wWWsuA ARG 1~3g
A8 Fofste] =itk A=ge] ¢ &asta o AR FETF e F4FHI &H)e
Z HAh Al gofol o] AZEWS 5~15mE 7hakaL Gy2 e z=Askar. &

fd
Aoz Favvle 3~5g8 Foste] A2 £4& AT F A2

s AW AAE 58T
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@ Curdlan-Silicate Agtd HH A= 1pH

curdlan silicate solution

TR ATV e~
xEB-irradiation

A

curdlan silica

AP —————

Active ingredient
(MgS0O,) m g
g ’

\ @ Oy

ﬂ-——_

=f

(2) vrol== 34 A Y
S 190 moll A ANE 288 =
ofgfo] =it Asdo] s &sta o= Ax
Ol AZERE 10mE 718, 30 KGyE #AvbA-S At fraA oz of9l
Foato] 1~3um Abol=e] Ak ofliked whol AR 3k Al AAE 5314
F538 ofRI4l mrolaE FIAE HWAAR A EDX GHE E245te] P

Atk AF HAEE AR HF vlo|aR SuA AFoE AT AWTHILY 34).

o
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B, WEAo] dSo] Zrolm Fom FAsA EXH7] EAE HAbA £AFS} A
o At&7E Al & BT wropA|= Zo] To%e & F Uk HFH R A2
Z3k] MWA AAE 53

% 3B Al Ad A
Z G-contrast mode®l] 23 TEM #4
AALS] W Feol] E3Hy] 3}
¥ e Bolst

=
=

Ale] TEM(Transmission Electron Microscopy) ARz 2

Eajo] wre Mom TAHE FAL AxEo] Yx

o] %)
F 9a(2g 3H-(a), FEFAEE =9 TEM AR S Edte] greso
2 gAE= e F vk

35-(h)).

(a)

Frrrrrrrr

2 200kV x600k ZC 600nm

S
O

b 200kV x100k TI 300nm
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kg, Al 2.2tolE 200kg, " AH=w A 100ke, <AV FA A4 100kes e § AFAE7
of 43kl A5 bmm, 2°] 10me] A7|=2 Pibsh=d &25 = Ake FAAT

28N SAAI 8% 32x5009 ol IR A= @A E A 14,068ke O &
71EAE2] 13,980kg Bt} 88kgol Wtout 1xF A A2 14,118kgH.vt 50kgo]l AUt o]+= v
& FERo]l 10% =2 EX ol vla] dddt dmQl dwvpaidhe] gheko] 50% = F7Fekl7] o
wol ZIEAFol vsl AL A 2-3ui e ALl Aed Aoz dddh

HFHor 22 AAE Ao rf Y dojil daE ngor HF AAE AL dRES

B Aol

ﬂJ

g3t 27+ 0, 10, 20, 30+ A2 (kg/min.)s ZAEIY] ol & AR @AM AL (kg
/hr)& AbE3to] A4 T
F 42004 HE A AZF AAHEHS AA 35m AAEFY A$ Hir 16564ke/10min., A 5
m A AES H it 2,345kg/10min. A% AAArES Kt}
42, FHE A AEL AIZH mE ALRE
B2 (kg)
E-(min.)
®3.5X10mm ®5X 10mm
10 1,651 2,342
20 1,653 2,346
30 1,658 2,348
e 1,654 2,345

goz ANE Adt
14,070kg/hre. 2 AJ4kake] x}o] 7} vpebyk

¥ 433} 2o,

A 35mm A AES 9924kg/hr,
ow A7 35mm ¥

FEfe] A% AAEA]
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29% A= GAE AabEe] dade & ¢ A

3E 43 HF Al AP AR v

Al =27] (xn) A7 Ak A 4(9%6)
®5X 10mm 14,070 100
®3.5X 10mm 9,924 71

3] PAA 7 thol(die)d] St ol
ol 7heal AFE AL WolAA He Aom WX, u
< Ho A B uo] AvRoer aize AFE mU|E

HE AAFe] A fal F 7HA de(A7 35m, dm)E AARES LS AR,

X BENY 5E xAske] AlEAHIA G
] %

, i
B ANESY AL AN ot JUAoR 958 N4 sm JUE HF AAEOR A

B oAt 9]3F 7H%*% m%ﬂ‘ﬂ% 3 & Wyrgo| 3143l nutrient agar plate B A
dA g E HAA Bt ofxE FAIA %3 71E

IR /\}“é”\]ﬂ & @Qﬁéi% AAstg . 2 A "ol i nAE F waE

1x10° CFU/ge. 2 el on, o] Fox ol¥xE A3t Bacillus® PIAES dWxE 6x10°

CFU/go = ey o] U

ol A agt R Aol o3 olxE FAEA I BE Fo FERV|AES AMEE AE o F

)\}\ AR q—
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4. Y= A4
7h 1A A A

(1) F4 wop-2

Ak mkod 9] 2,000, 3,000, 4,000ppmE

27 ol o)
ol st

joLt,

)
s

70% A
ol-&3 Bl ol &

P

_‘

eiv A=~ I = ) = |
E T T

Boy, P ol gl ua AAF s
b wobdlvhal w7] o} 29tk S0ppme Wobk&

Rk wastel o ol 4FEA
CEREERS

o1 AATA E

, GIZo] 255 4+
9096l

(o)

55t 100ppm= ol

o]zt v

| ek lvh(aE 44).

Tl A dhol B4 o] ¢lelar, 1,000ppmel A 1~
Zat) 500ppm< 470, 300ppm= 6717}
70%A
of ¢txo] B oE FA
eldol 7t thx-9
d7gHrell Molx] grof ofzte] afrt A Fuk #HHEH AL, 10ppmS -2
wHelow, Ippme ETHh el Ao

RP

¥ 44 Mg %o upE o] ExpdtolA] g
Mg ppm Hob-& (%) e o] (cm) GL
4,000 0 0 0
3,000 0 0 0
2,000 0 0 0
1,000 0 0 0
200 40 0 0
300 60 0 0
100 70 2.0 2b.5
30 90 4.0 65.5
10 100 0.3 96.4
1 100 6.0 109
0 100 0.5
w ZpE o] whotu|gof 7| &g WolAH(GILIMH S FEAGHAAN A, ITEAAA, T
&, dRv ol A& Ay 7w opAe 80 YHE wRE vhed 2Uurth
Mg, Na, K, Ca Zt7} 27, 435, 639, 2,360ppm©] %1 2.7, propionate, butyrate, Acetatet™ Z}7}
173, 220, 390 ppme°] R, a4l Cus 2ppm(G.I. 50), NH.~N+= 66ppmeo] Stk (3Far: GI

o GG el W
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@) W5 LEAWEY

(7h A& zA}

O 9%

Ao BFAN KA A3 27] AWFEE 2,000, 4,000ppmS THE AT A5
AolE W o, 4000ppme] A= 14 AEzA Ao Mg ol 98 ofslz mAs o
™, 2,000ppm= 22 APHEAL Zﬂoﬂ FAFSFTE 50~100ppme] HEF K xAbol A x4
Oppmith 12~14% A% AFo] 457 JERTHLE 57). Mg §94& dUAAFAEL

o FFANET Sl ofzh WA uEpskow ARl ofs] A FHE ARSI THIH
58).

=
o]

L e o L ”LE = TS (R v BV o

=7 1% 2R 37t

=
o]

o B B3 =N L= I B = Lie]
|

=7 1% 2R 37t

27 58 TEA V] BE wFe) QH@HAN)
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®
QGEo] #F 2 GuA Aubi= Gel ALEAS AIH R Mg 50~ 100ppm £ o] A
[e:

Aol dizTel vs A& +rskdien 2,000ppm ool = ozt AP T(LH 59,

=7| 1% 2% 3%

T 59, LEAUG] whE el G (@A)

=7 1% 2% 3%t

29 60, LEA V] wE vFe) QI (wA])

©® FTTH
4,000, 2,000ppme) AF GI #FHelA A& H4e] vetsted], w5 4§ APl oFF
E kel 7] 3AR Qste] HF zAblA F3e 343 4 gk 50~500ppmel A
79 Oppmith 10~17% A= AFo] 434/ verdeh lppmd 2= dizxTuct
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Helom, 50~500ppmol A =<2 Oppm

0.00

TS
|||
50
10.3
50

10.7
100
10.3
100

A2 77k st A YERR ™ 62).

11.0
500
=
=
. L
10.0
500

=

I

il

3
T

43t

2000
2000

il

°
pad

Al £l

A

[
=

i

E o] w2 )
E o] w2 )

4000
4000

-
N
-
N

Al et
B} 15~18% AE9 AHo] ¢

I

9.67
a
a

J

LR ATHELE 61).

19 6L
19 62,

[o]

.00 A
65.00 A
400 A
2.00 A
0.00 -+

=
12.00
10.00
12.00
10.00

FAIH] 7 A H] BYE 1ppm

s

e8e Az A%

o

-
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o}t vhol A E 8 Al N HSBOOL AATEAL WA AFe 913 JAT FEA=Y
F8 sty A% 2l

= AT WAHE Wwke] AAARS Awglo

Aso] 287 4%

22 Aolul & Ads] BaAse] WHel¥E Basidth. 1 Ay of
:F_

63, 64).

345 Aol nhE ¥R E

2] 7 el 5 B | wEEm®)
1 o}l 4t whol = &2 4=} A(1,000ppm) 0/15 0%
2 o}el Al wlo] = & 4238 A (500ppm) 0/15 0%
3 o} A4k =& <1 (1,000ppm) 0/15 0%
1 HSB901 3148 A 2004) 6/15 40.0%
5 HSBY01 3248 %A 50000 7/15 46.7%
6 HSBY01 3145 <A 1000%H 9/15 60.0%
7 =3 4] 13/15 86.7%

ap%

80% 17

70% 1
- 60% 1~
= o
i 0% 1
F a0% 7
w 30% 17

20% 17

10% 17 _

1 2 3 4 5 & 7
Ha|+
% 63, AT g yFdy UHE
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OFQIAL DPOIHE#EHI (1,000ppm) OtolA OOl Z4=3HMl (500ppm)
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o AggAel ola] g ofQlik vholA kA 9 oflat g R
ot Bdrt gle AR vewy. B dddAs AA AE F 159 F
o=l o A fEHE offlAt & Ay oM E W E 2
do] nFUR Froldse] HuAl ZAE Uel&s duzrh =9,

1

al &1
7178 AAdskA] Fape] dFzd " v|2o] vrol mAw A AHA XA Folx Estal

HSBI01 LA sfFAl A2 7ol M5 50% Aol ByA 7 el o] 53k v EA A <
GHs Beshy] flto]l B AgttAlel fel JitE oAt wiolAmSEAl AW-e H7lske
TV EE Az B Fastal, olE a5 M oW YWE AREEA 3t A= FA
e H AFAEBA R SR st HFHom TRl &5 Tl Yold 5 & Aol

4) W EAAAE
(7 A5x4
el s e 13 AAE] W ASSAa0E fdAslor AT 2 AYlE
& % 469 2}

B

46. ¥ A Ao ® AlE

A2 SRR

e
Ho
Z

T
=
+

HSB901

Mg -4 W2 Al A

TR (6%)

HSBY01 + Mg-A %73 Al Al + 1f4H2 (6%)

Ho

+

Hdo | o
L =
+

g
=

do
N
Je
%

1
s

+ HSB901

+ Mg—A] 2 Al A

+ HSB901 + Mg- 54 A A

+ HSB901 + Mg-A W73 A A + 44 (6%)

;10
N

® e e e e e
do
J
"

©
Hdo | o
NN Y Y Y
Je
%

s
d

@
do
N

Je
ot

A7)(748 139)
A7 22 FgF OAET 2 @AHEFE 7IEo 2 HSBY1, Mg-AHAAA,
AAE H s HEl Tt 97~103%9 AAES BRIt E 65).
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561 :
371 57.3

2 55.7 57.0

555 A
852 6.0

55
350 557
550 -
545 - 542
541 53.9
540 -
540 -
538 4 530 A
530 4 520 4 : :
I3 =

8 65 HaEdr]) HE T 2F(m)o W3k

)
@
i

o)
i
i)
i)
®

AT AgE 240 vhRsA R @839 @, @A 5ol vlE HSBI01, Mg-A 44 Al
Al, A AR 103~112%9) F71E BATHZE 66).

3800 3H- 58.0

373
3750 3730 i 571
574
3700
365.1
365.0 56.0 33
360.0
3550 3524 A2 -
: 539
3500 - 540 -
3450 -
530 -
3400 -
3350 - 510 A . ; ;
I = o s @

19 66, Haltdr] MElgE Ae0h/m)e Wk

Al 24 By OAYT 2 @AYTE V£ S2 HSBY01, Mg-AAAA, f
S AJAUEe Ay A, 101~-107%9 A ES B, 1 - A 6%) 9] A g Tl
M m=ou @A% Aboli= HojA eksktH(™ 67).
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70.0 £6.0
65.7 657
65 = 655
£8.0 2 |
; £5.0
ey 549
£7.0
66.0 645
g0 £5.1 642
i gad 640
640
£3.5
£3.0
§20 - i : T 630 - T T T
@ @ @ @ ® ® @ ® ® @
O I~ = = > S
a8 67 IR AgTE 27 em o] W st

AT A HaEdr) e 7ol HSBYL, Mg-AHAAA, AHAS H7behe] wia)
102~118%29] = 19 6

5600 5200
il 5445
507.9
5400 T 5307 5100
4984
5200 5000
489.7
5000 4900
4818
4800 4800
4643 4730
4600 4700 1
4400 4600
4100 A T T T T 4500 | T T T T
@ @ @ ® & ® @ ® ® 8
O A~ = A= =
a" 68 ] A A0/ m)el ¥

Q@ 7184 19¢)
Al 248 B2 @, ©®A 2ol vs| HSBI1 ¢ M7= 100~104%9] A&
o+ gHAR620) 9] A Trel A 2] Aolrk T ko #E e AT

o]
-
7ke] ApoliE Molx| eEdrH(ILE 69).
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36.0 8 965
85.0

96.0

962
iy 959
940
930 =
922
850
820 ots 818 95.0 243
910 -
845
800 -
8.0 - 340 1 . .
@ & ® ® o)

29 69 7] AETE 2 (em)e] ¥

G

)]
L]
€3]
L]

i}a]%lﬂﬂ Age BB @, ©A Tl sl HSBYIS e A7FE 101~-131%9] F71E
70) B8 vl Zol A A2 ToA S/ @A A

§00.0 4400
4341

500.0 4683 4510 4754 121 4350

s 3761

400.0 3754 4350 4730
4200
3000 4158
4150 i
2000 4100
4050 1
1000
4000
00 1 3950 ; . .
= =y f [

29 70, 7] A oE AeOh/m) el st

]
)]
D]
€3]
]

43
A% s 4 54, 54 2 ANALES 249 49 BR7 DAL T 2 ©A
% “AMAAA, TFAEE AobE 22 FelA 100~
10499 AFES Wrh 2 + PRG0S A TN 2ge] Aolst b wgko} #
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64.5 63.2 611
64.0 £ 629
64.0
63.6 fEd
; 628 - —
635 633
- 626
63.0 624
625 622 622
625 -
620
R 1 618
615 - . ; . 616 ; :
@ @ € @ ® ® @ @ @
a9 71 27 AT 2 (em)
215
214 . 218
24 218
213
213 . 17
212 : 16 215 216
211 215 215
210 210 214
209 213 212
208
208 - 212 -
207 A 211 4
206 21.0 +
205 A T T 20.9 N T T T T
@ @ @ @ ® ® @ @ @
A~ = A~
oy 72, 727 A8 3 (em)
4150 4100
408.7
4100
HiED 404.0 4040
WHh 1014
400.0
4000
393.7 £54
395.0 3925 : e 3950
390.0 87
e 390.0 3881
3850 -
3850 -
3800 -
3750 + T T 3800 - T T
@ @ ® @ 6] ® @ @ @
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24.0 PER:]

23.5
23.1 231
23.0 22.8 22.8
22.6 295
22-5 AZ_:S
22.0 TR
) 21.6
21.5 -+
21.0
20-5 T T T T T T T T T T

HFAoR FFS didhe dvdEse AR A3 a7 7400 Ebd mRel o] &
Aol os e MEA viEgds AAVE dE 571 NEE A A2y 0 @
B9 DA 2 ©@AT ol Bl oF 110%2] BH=Fa7F eyt

L 23k AJASE
(1) $&A4 AR7183t

LY 759 o] 24k AAIEE Aol AEste] AuiFEuiA e ddgEE 4

g A3 AATREEs ol SAAE Tek7] AlEsiAl 16 Akl of 320ppmoll o] 2, 2 A

of olaf Abe HSBY01, 902, 903 #FE< wAl AH A3 dap@date] °f 600ppm)H.
b= vha WolA A vesvh v 220 A AlRE el J8 QIS ThEEkekE m A wo] A

Eatal o QMG e sk Aol M H A E%s
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350

300 —a—rxa

2R AMAE

250

200

150

100

Mineralized N (mg/kg)

Culture time (day)

L9 75, 22k A AR G8A AHE ke

i

Awe] AT gbss AT Ay oy LY 7600 dERd npel ol
7N ae] ko]l Aot 11LdAREH F438H 50 & dgtel s A
koS A2l A 2,800ppmell= A ot el v xe g

9% 717 3=
HSB901 =+
A5 et

1400
1200
el Eo
=
= 1000 B
5 R AIHE //
Z 800
3 A
Q
N 600 % »
T .W
[}
£ 400
=
200
0 I I [ [ [ I I
0 1 3 5 7 9 11 13 15

Culture time (day)

19 76, 22k A A e] Aafr] gk
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12)

kel
<

(71 <ol 3}
@O Aeja A

co o = iy <y
= R
oo 52 | L —
=) = + 3
w o oF = N
—_ R ~
S R | 2 <
T X ©5 | ® )
ﬂ S =3
Lo}
—_— M# ' W S
o NI s Z. =
= Mo & &
X0 < <
Ho oFf =2
= o
il oQ m +K — ‘mﬂ
A = = 2
T ” il
"
BT 8 a © £Y
o et = g
FEE Sl S ﬂ
o B S ™
o = Uvm
Z.O E ZT_ Qa m EO
L %o i &) o] N
o < 7o
RO o S il
o - -
7H —_ ,_W_.VH SRR ™
~ el 70 A= o RH X
E#E ] | y ~ s
,Ih/l OC Erv m = © 1~_/| o”
I= o o . ’
iod @ = pi < Ao =
=W o9
WA CEE R & g o
o T = o — B3 i
RO B Zo T S ol
o 0 sl "
T | Z 0 e
T ~ S — < T TR
NN o~ = ° = R <V
—_— =~ I~ azel
T E T Ew  Z
=T w | of | g O =g T
h Erv Nro = = @ — s _zT
N &3 o) e
~ N RO Mg
RN - - X T o e
ey = ) % o =
©
T = pH o B

CEC
cmole/kg
8.62
8.73
8.84

0.21
0.23
0.25

Na'

w 24 AAES) A

0.13
0.15
0.18

=13

Mg2+
1.10
1.07
1.05

Ex.—cations (cmolc/kg)

= [e]
EAS 1Y

6.17
6.25
6.29

2
Ca”'

=)

1

ke
o/

mg/kg
549
568

573
e ol pH7F 57}

115 -

1.54
1.62
1.64
RE

T-N | OM | Ava-PGs

0.10
0.12
0.13

EC
dS/m
1.42
1.52
1.58

H

P
15
7.15
701
7.00

SEES
SEE
27 AA3
A
27 AA3
W




(h A&}

tlslalz
S & S
X — — —
<
i
gn | B
< ~ o ~
= < el el
Sl N & &
ete)
=
M = B
X — — —
.
BT
s L0 = —
O | o o3 o3
tlslzly
X — — —
i
BT
~ N =)
g N o3 N
— — —
gl
X — — —
~o
BT
< | ol o
5| o= o3 o~
— — —
|
- oy wm | W
™ —~ | " | K
3 __ﬂ! o o
Tle | =

qze wA TG 27 AAF] ALAe} o FA el

A o

=2 5y

23}

A g-Brh 747; 6~14%, 2~4% A% F7tE =

A e ek v FgA e e

7l
£

34

tt.

-

~
N

L 7727 A AR Algel w

116 -



E 50, A TE AF £F F 4T AAFY

YA F =
EEE
g/F R
A e T 103.5 100
A2 2l T 114.3 110
vl 2] 2] - 1145 111

dae AAlFsEe YA F9 1035geln e, 23 AlAlEel A#FA Y= 114.3g,
i ks A el gk Aelat= Wt 114.5g8 HERUL

=, AT 23k AAEe] A, wiEF Ao AT 10~-119% A SUMEHA L
o, WA g AR el vlel 1% =2 A3 B

MLA e KA Aobs 19l 78, ® 513 o] A= wlF Xl ol uldt
E

Mol G, 9, @A%a FFS FALT W 9P 9~13%, AL 8~19%, FHA: I

e 10~13%F Motk wH 23 AAE) A L g Aelo] s Wl B 29

om gFel W BHEFATAG AR BTl s AFEAEAE AW F 5 A
[e)

DY 78 AESA AeAE SR el Q9 WF A%,
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KeN
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q 2] ol W
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=i
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= X
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EEE S
wolow AgAel TolA F9 285302 A A
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=
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-
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O <t o0 -
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i Tl w | w
T Tl w |
" A I
=

43t

-

1.

7l
£

42% A F71H

o
Nfo

o] FHA

3 5 uF

100
142
129

A vepsow, o] gl A A&

=

53, 549t 1&g 79 tEFHTL

&0
No
3
=~

o~ o o~

N < 3 o0

~._ — oQ O~

Qn O [N} (e

— [aN] [N}

= T

- Tlw|=

) w | K

3
03 wo | e
| =

5

=i
T

S

34 ol
q2] 79} A g gl ZH2E 1~2%, 0~8%, 9~11%=

g ol A 7HE

A

= vERT

& A%}

e

Axb 7 4~9%, 3~12%= 1}

o

o
o
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o] A A F- E AELrT
e
cm/ 5 | 4 cm/= A 4= mg/100c’ P
A e T 414 100 1.3 100 48.0 100
A5+ 42.1 102 14 108 53.2 111
vl = 2] - 41.7 101 1.3 100 52.3 109

) RBA T T
e g/ A N/= A 4
A2 200.1 100 11.9 100
A YT 278.5 109 13.2 111
Hl} 2 2 265.7 104 13.3 112
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) W 23 AeA
(7 A5x4
Aol oe Add AR wEda AAVE gaE fr1ANE
Hjol ARk Axt Fula oiv] 2 (2 80)e) Abeli= Ftou Ae(Ld 81)

vl gl A = A e

100
S0
20
70

60
50
40
30

"oy
"gx
"myT
ol i

20
10

ADEYI|  94WHI B 27|

a9 8. ASsA7|E 24 W

500
450
400
350

300
250
200
150

"oy
"z
"y
ol i

100
50

HOEHI HFgdl =57 T

" 81 AFAVE A s

9] ¥ 80, 81° viepuk npe} o] ] gL
Aol el oy, Agreko]l BaFuin] 23k A AE A2 T 118%7) =7 Lhebuk(
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E 55270 AAE AGl e ey Aney § 53 FHes
el MRS | AdARE | ssve Ca o
(A7) (&) (%) (kg/10a) A%
Fal T 23.4 20.0 80.2 383 95.5
e 36.0 19.3 66.3 401 100
SR 39.5 19.8 69.8 206 126
QA A A 40.4 20.2 69.8 297 149
3 wule] E9E AP TE 2 Aolst ggovt B AT g3 2 AAE AelTolA
Yol 27 Fol=t BAIL AT 56).

E 56,27 AAE AGl mhE e F9) @l (%)
A7 4y | An | Badg | g8y | 4ed 7]t
eIt 71.6 8.0 13.8 04 0.2 8.8
e 73.5 6.0 18.8 1.5 0.2 6.6
SR 4.7 6.2 18.1 0.6 0.4 8.8

QA A A 78.1 2.0 15.7 1.0 0.2 8.3

(b = ol shery

FEvhet = EF(EHER

SOme/kg, & FAF 140me/ke, XA Z4F, TF

%:@?ﬂQB*%}Mﬂ%ﬂXM

-
>

Ql
2
o
>

-1

| 71200l BEAQ HeHY e pH
Z

9, 7% 20mg/ke,
} 0.38, 5.0, 1.9cmol /kg©] o},

[¢] Eo]/\].

P4 B s 249 A 7= FEol
e}

21 -

Fol WA oy A ek



Av.
pH EC OM | T-N Ex.cation(cmol. kg ™) CEC
] 7 P205 | SiO:
(1:5) | (dSm) (g/kg (mg/kg) K Ca Mg | (cmolo/kg)
Al A 6.3 0.37 437 | 2.00 48 50.9 0.36 4.4 1.3 10.8
S | 6.2 0.29 410 | 2.10 38 51 0.30 4.4 1.3 9.0
Al | HETT ] 6.0 0.50 45 | 270 68 ! 0.38 45 16 9.2
3
5 AFT | 6.0 0.50 45 | 270 68 ! 0.38 45 16 9.7
o= | 6.0 0.45 455 | 3.00 70 56 0.37 46 1.8 105
* 2T 0 FAVHAQ] B AN (G A ALE 7E AN R AR AlE.

vg 2 B oo o e AuA v zdaAAY SHiE 2
TE A3 ¥Ae Fu o vlE frlEEsr, dadkek Qlikg
==

< [B=

hsteom, of oﬂxu Wzl A oo

ok #HE AF M)
() 5 AnA g
(7h A= zAL
el AHH AR A2 T 40U AVIECEEA] $ 20, 30, 109)E 33] A A EF
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Antimicrobial Action Effect and Stability of
Nanosized Silica Hybrid Ag Complex
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Nanosized silica hybrid silver complex (NSS) showing strong antifungal activity, in which nanosil-
ver (nano-Ag) was bound to silica (Si0,) molecules, was synthesized via y-irradiation at room
temperature. NSS was characterized via field emission scanning electron microscopy (FESEM),
energy-dispersive X-ray spectroscopy (EDXS), ultraviolet-visible (UV-Vis) spectrophotometer, and
thermogravimetric analysis (TGA). The FESEM images and EDXS data showed that well-dispersed
3-to-10-nm Ag nanoparticles (core part) were loaded onto the outer parts of 5-t0-20 nm SiO,
nanoparticles. The antifungal efficiency of NSS was evaluated against Rhizoctonia solani, Botry-
tis cinerea, and Colletotrichum gloecsporioides. In the case of Rhizoctonia solani, the growth rate
was decreased typically by more than 90% at a 6 ug/ml concentration of NSS as a medium addi-
tive. The antifungal-action mechanism was investigated via transmission electron microscopy (TEM)
analysis of the NSS treatment against Botrytis cinerea. The stability and antimicrobial activity of
NSS were determined, using the plate culture method, from several water samples containing NSS

- after 7-day NSS treatment. Moreover, the NSS solution maintained stable antifungal activity for at
least 24 mos. These results suggest that NSS, an environment-friendly nanomaterial, can be used
as strongly effective growth inhibitor of various microorganisms, making it applicable to diverse
antimicrobial-control systems.

Keywords: Nanosized Silica Hybrid Silver Complex (NSS), y-Irradiation, Antifungal Activity.

1. INTRODUCTION as Ag,'! but unlike such other metals, Ag, a powerful
bacteriocidal agent, destorys unicellular microorganisms
through its antimicrobial activity, inactivating enzymes
with metabolic functions in microorganisms. Ag in an
ionic state exhibits high antimicrobial activity, but ionic
Ag is unstable due to its high reactivity, and it is eas-

ily oxidized or reduced to a metal depending on the sur-

In the last two decades, nanostructured materials have
been significantly developed due to their unique mechan-
ical, chemical, and optical properties, which present great
potential for application in various technical fields.'”
Composites of metal-based nanoparticles, such as silver

(Ag), gold (An), iron (Fe), cobalt (Co), titanium (Ti), and
zinc (Zn), have attracted much attention due to their inter-
esting catalytic, electrical, magnetic, and semiconducting
properties associated with their nanscale or quantum-scale
dimensions.'™ Among the aforementioned metals, nano-
sized Ag has been used extensively not only as a cata-
lyst, conductive ink component, adhesives for electronic
components, sensor component, and organic biomolecule
immobilizer”@ but also as an antiinicrobial, cleaning,
remediating, water treatment, and deodorizating agent.'?
Other heavy metals, such as copper (Cu), lead (Pb), mer-
cury (Hg), and chromium (Cr), have the same functions

*Author to whom correspondence should be addressed.

J. Nanosci. Nanotechnol, 2011, Vol. 11, No. 7

1533-4880/2011/11/5781/007

rounding environment. These phenomena lead to the lower
antimicrobial action of Ag.!'"'? For antimicrobial action,
generally prepared Ag nanoparticles are in reactive or
nonreactive polymer networks, which are considered top
research subjects for applications as biocidal producers,
biomaterials, drug support, etc.”? In the reported relevant
studies, Ag nanoparticles allowed the growth of the con-
tact surface of Ag with microorganisms, and Ag ions were
gradually released.’®

In recent years, the resistance of pathogenic microor-
ganisms to the commercially available antimicrobial
agents has been increasing at an alarming rate and
has become a serious problem. To address this prob-
lem, the antimicrobial effects of Ag nanoparticles have

5781

doi:10.1166/jnn.2011.4492
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Freparation of a Nanosized Micro Element Fertilizer
Formulation by using Gamma-irradiation Technique

Hae-Thain Park® and Hera-Tung Fim

Advemce d RBadichion Techol gy Toiiye, Kovea dtowic Frevey Researc b Sutitute,
Jeomge g TR0- 813, Bavea

Ahsiract = In dhis shody, we addressed 2 novel nanesiz ed curdlan-silic e comples, whichis curdlan
hound to dbica, for the developrvend of 3 sustam-rdeasing micro elanent ferbibs er fomuulation.
The (omplex was chiained as follow steps; First, Cur dan pobymner, sodinon silic ate (2,550 and
Hopropyl ak chel were dissohred in DIV, Nexd fhe resubiand sohaion was iradiated by 9C 0 gamnona-
fradister (150 TRy of capadiy, ACEL, Canada). Then Mg S04 was treated with fhe resibtand
sohmiom. The ohiained ¢ (lloidal sohoion was doied by freeze dryer. Fimally, we obiained 2 movel
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