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SUMMARY

This study was performed in order to develop soil conditioner using local

microorganism and waste-wood from forest cultivating. The results were as follows ;

1. Selection of fungi from local microorganism for actively degrading sawdust.

The purpose of study were collecting decayed wood according to climate band,
screening and cultivating fungi, selecting high active fungi, and then comparing fungi’s
degrading characteristics and abilities. So, 143 rotted woods and fruit bodies were
collected from 4 climate bands.

The 171 fungi were screened from 143 rotted wood, and were cultivating.

The 30 high active fungi were selecting by lignin degrading activity test. For
comparing degrading characteristics and abilities, 30 high active fungi were cultivating
at mongolian oak sawdust to degrade lignin. 19 fungi had more degrading
characteristics and abilities than traditional lignin-degrading fungi especially SJ-28 had

most excellent properties.
2. Investigation of condition for degrading sawdust.

The purpose of study was to investigate the sawdust size and pretreatment.
Mongpolian oak sawdust was used as the sawdust size, -5mm screen, showed the most
degradability. In pretreatment, the free-treatment showed better results than heating-
treatment and alkali-treatment.

3. Composting test by selected high active fungi.

The purpose of study was to analyze the component of raw sawdust and degraded

sawdust for testing sawdust degradability and compost variation. Mainly the lignin,



among composts of sawdust, was analyzed by Klason method. And the holocellulose
was also analyzed by sodium chlorite method.

AS-4 fungi was used for testing sawdust degradability. The size of sawdust was
-5mm. The weight loss was 47.44% for 116 days.

The component of degraded sawdust was analyzed into 52.5% degradability of
lignin and 37.31% of holocellulose. Thereafter in SJ-28 fungus lignin showed 63%
degradability and holocellulose 38%.

4. The most suitable spawn production through composting efficiency test

The purpose of this study was the spawn production by selected fungus SJ-28. The

spawn was made with cultivating SJ-28 fungus to oak sawdust.

5 . Production of soil conditioner by the distinguished fungus

The purpose of this study was to produce the culture soil and soil conditioner by
SJ-28 fungus, and to investigate the effect of soil conditioner by a vegetable cultivation
experiment.

In the case of culture soil, the lettuce was cultivated with mixing each SS, LS, FLS
with greenhouse soil. In the case of soil conditioner, the lettuce was cultivated in soil
that mixed each zeolite, PG, WPG to greenhouse soil that was basis soil. Culture soil
showed the best in FLS treatment and soil conditioner showed the best in WPG
treatment. = Culture soil and soil conditioner in this experiment were made in

participation corporation.
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Table 1. State of gathered material from forest area of each climate

Bl
< =K To) N9l lalo|ol v R
T = | N | — = | 3
~ | o
N ;oT
g
=
5
=
N
B OM = Mg
|z 3 BB
% | A R
X . . . _ﬂ.o To
R E ||| TN TR =
Bo| < ||| k|| M | F | oo W
L B B I I ) ol e R
TR R R T e | e | e | Re | Re
= il iy -
i n o Tir
— = = =
n - o} o} o}

_22_



1) ¥ screening

AHT F3ER ALAZRE &5 o £S5 930 screenings AASIAH. FIFF
screeningS 93l WA potato dextrose agar(PDA, Difco)Z HHH|AE THEJT  ofw
At HAE Fo]7] Y3l 0.1%-streptomycin(Sigma)S 3 7}st AT

= T+ FYe 2 HANL 7371 o= Ax IPd RARE ¥ @ £
g fa A= 272 ddagion, AdAs A3 Hold ALFS HES AT
= B 27|12 ddsiin. A9d AlE & 58L& 70%-EtOH M of
10 A&, AdAe B¢ o 52 4= ¥ A4S
T AFAAE AJHY =715 AAT F mg sl F & 5
29+1°C9] incubatordll Al HjF3tATt.  ¢F 3~109 A= w9 A FEE ey &

o
il
X
7
QL
£

ui
M

of I
e
=Y
N
il
of
Ho
2
o
it
e
3%
o
=)
-
U

Mol FusA @
Z

. AAdel 47 Ae UE FoE
2y Hole e BY Fom BFAYT

_23_






Figure 3. o X|ul] ¢

_25_



2) # A

BN

AT

0.05% Rhemazol brilliant blue R(RBBR), 0.01% guaiacol(GU), 0.1% gallic acid(GA)7}
A7}8 2zbe] PDA Ba A o] FFol screeningdte] AWM I FES JHFH HE
Ak ol HFH FAMAE 29+1T 9] incubatoroll A LG 7I17E vl § A Re] W
A 7ok 278 A

Jung, 1995)5 7|3} th

RBBR, GU, GAZ} H7bd Z}zhe] mjA|o WA 8-S A 7]
Fazeh WAge a71E FAHEAA, AVHA /Y wiAC &
£ #ad B o® 4 A

At ate]l gix2E 93l AF7HA gad ®Bise] st el WARsLil

Trametes versicolor(TRV)®} Phanerochaete chrysosporium(PHC

o
>
ofo
Qﬂ
32
o

_26_



£ 13

Figure 4. Rhemazol brilliant blue R(RBBR) 3 7}ull 2ol A1 &] A3 Ay

ks

Gl A
m e
. i

Figure 5. Guaiacol(GU), gallic acid(GA) 7}l x|l A e] A& dhAy

_27_



L - s
1) ¥ screening

715 e AHA AN AT FFE R ALAZRE O @A screening AH S T
3l 171F 9] T FE screening sFATH
‘JFEHX] ol Al AHAT A5 Fe 3BARLH, o] AFdA FEF dFe=
2t FHRA oAM= 50709 F5E P AHAE APt 57FS dFE FHAL, =
o X] M= 387 AEE AMFHASHH 47F] dFE Y3 Hor
Ae 22709 B35 TS5 APt 2059 #FE screening 3T
Hl

Screening T AN YS S8 masty T A AP AEsA

Table 2. 7] %8 screening &

71% ) =] | ANHAAE 4 |Screeningd
A - elid Ll 9 13
¢ o A AR - g - AT A 15 27
T4 A 9 7
A FF A 7 8
2o BE AT oA 20 27
T L 23 22
FTH ST FUE g 1 °
2 TE A4k I 9 12
TEH 44 9y 18 26
A= B I 6 8
2 &
= B4 I 16 12
Al 143 171

_28_



ol
T

2) &

w}

& ]

KX
=
4

7F g 2ad

7HE &

=
3

B

No

t 171

3
pul

Screening

e

st

o A2 Rhemazol brilliant blue R, guaiacol,

A
%

od

—_—
o

i
v

¢+
o

o

i

el

A AR FFY WA BF WA AN FFE €0

=
()

gallic acid

o=

e R R

=
<

o] #AHol|A 1717§9] screening w5

1A=
30 AFE o] HES 1

St

2 A

] &%9] tannic acidy gallic acidE 37}

S

o]
)
A

o

iz

el

©
L

el

E
=

=]

e

o] 213t ¥H-3-& Bavendamm¥h-3-o| 2}

of 2ol ttat7 F4dH

o
EH
iz

1 dojy™ laccase=

3]

A Ev1E laccaseo] 93t AFshHlbg-of <

)

i

o owEbd B Adagol A 3070

o)1=
= .

= EA3HA

Tt ol

1070

R o A=

ool M

table 304 H¥E nle} o] 7]

Kol
=]

o}

_29_



B

A
%_ — | o | I I T R =T I I OB (N To R (=
X
A
Plo|n|o|eo|8|&]o|a]g]e| o E
g
=
o
N =
3r Mrm 7 o
| %0 s 5|5
= ol T|T | 9P|
< |® | A e e b | 5
. . o o . o o wo | Zo =
OF | T | 0N | BN || B | R
Bo ﬂA_l 9 ﬂ_wn nA_.o o _&.o ™ ,mv_.o 1) .._ 1 1_
AL e I B i i I
RO | | T F | e | e | e | Ro | Re
= - il il
ﬂtﬂ ~n Nlo -
s = G =
N pr o}l o}/ o}/

_30_



dl 715 ZF A Gl A screeningdt TFE A AIY ARE BY Ad I
g gl AgelX= 134 T& #HE WA= olE F YA2 & dFo
Rhemazol brilliant blue R(RBBR), guaiacol(GU), gallic acid(GA)7} H7t€ 3717 FH/He
A A 5 A S HAAIA gad 28 Sed o R ek TS YA-3, YA,
YA-11, YA-12el A& GUS GA7F H7bE F7HA] 259 wjA oA wAags wbgrzon,
U 2] 87 dFE= 37HA F/FY A BEelA gad Bsias g4 YEhuAl skt

A AR, A4 A AQeM e 16789 T& ZEEE ket o] AFelM = SC,
SC-3, SC-7, SC-8, SC-10, SC-12, SC-12-2, SC-13-12] 87 FFolA RBBR, GU, GA7} 37}
H 37HA TR wiA A BT AASS dAAA Fad EI fFaoz Ausiyh
o] 9o SC-62 GU, GA F7}uj Aol A, SC-14= RBBR, GA ZH7Fj Aol A WA gHS vy
AlAoH, SC-3-12 GA FH7hujA o)A HASS HAAZ oY YA 57 #& 3714 &

2] BEo A 84S e A ekt

A A5 Ao AQelAe 119 75 s WA= JJ-3% JJ-3-19 F dFolA
RBBR, GU, GA 7R EFox WHAgS dPAA gad 3 FFdoz st
o o] wioll JJ-3-29} JJ-3-32 GU, GA F7MAICA, J]-1, J]-2, JJ-2-2= GA F7FH] A < A
HASS WA oW, YA 47 dFoA= WA Sko] WA stA] ket

g 715 wpAR A9 Bak A G E 7 7S FEE U
GU, GA H7hA] BFo] HAZs LA #3571 §lo] gad &3 S

o ¥
_?_

o |,
st

A=t RBBR,
ToF A
A gho] A 5]
2~
23

o= }dal—

T e, BS-3, BS4, BS-4-1, BS-8-1, BS99 A4 TF GA X 71l A
Atk olgel Azt wel vl FHANE 10 #FE Bad B

o, HY-MH—E— GU @ﬂﬂﬁﬂ off MAgto] YA E

AE AT dd AGelMe 27719 ¢S E3 Wl=d g)-16, §-25-1, SJ-27, §J-28<]
471 oA RBBR, GU, GA FH7IjA] EFo| HAZS IAAIA gad &3] 5o
2 Atk o] ¥l §J-11, SJ-11-12 RBBR, GA 7 Aol A SJ-25+= GU, GA #7}
vj Z ol A SJ-2, SJ-5, SJ-7-1, SJ-19-1, SJ-19-2, SJ-24-1& GA FH7FHj Ao A WA S-S WA A

_31_



on, ywA 1470 doAXE 37HA FF wiA 5o WSS WAA7)A]

7 gl AGele 22709 #S EE dAeul o] AHeAE TK-12¢] 4w
RBBR, GU, GA A7} ZFo|A wHAgS wyAA glad B $oagos Murstyd
th o] 9o TK-7#% TK-25% GU9 GA FH7bwj=lol, TK-7-1, TK-7-2, TK-13, TK-17,
TK-19-12 GA #7j A, TK-24= RBBR # 7}HH?<1 of MASS WA AT wepA] 2o
R V1A E 57 #FE Blad 28 S aoR Awsiyth

20 F5 71FﬂH ZF A Z8 g o flad ®aas 24X AnE A

Fo} FdE du Ao i #FE EE Wi=d RBBR,
GU, GA H7MjA] E5Fo W TN dFe gl 28y -1, (-2, (-6°
GU, GA H7jA]o] WSS SHAIZ oW, CJ4= GA 7= C]-5—c GU H7pm =
2k T WHAgs dAA71

= ﬂ:vd 3 -"r—’Fi‘EE AkE o] it
5 I3 Ao A Gl = 127H9] TS 2938 Wl KS1, KS-1-1, KS-79] 374 +
A 37kA H7PA REFA WA Ze] WAEo] pgom Mgl oleh
KS-49} KS-9& RBBRI GA FH7MujA|oll, KS-62 GUS GA H7huj=|ol], KS-5& GU 7‘<47}
HjZJof], KS-6-13 KS-82 GA H7MjAlol wAES dAAZ oM, yHA 37] d5F+ 1

oW TR/ H/MA AT MASS DA 7R K

FTE A4 A AGA = 260709 #& 2@ WA= RBBR, GU, GA H7HjA =
ol A WSS HbAIZ] AS-4, AS-7, AS-8, AS-159] 47 #FE ad B $FEdFo=
391tk AS-2E RBBR, GA H7Fj Ao AS-3, AS117} AS-20S GU, GA F7huj A ]
59} AS-62 RBBR FH7}HjAIo] AS-8-1, AS-10, AS-12, AS-13, AS-14, AS-16, AS-17,
27-12 GA H7MA v 8-S AT UeR] 778 7 BE H7b Aol A
oY Wsle YEhA gtk oo ARE 29 FH JFdeAE 7 #FE

&
f
(g
_{
2
o
4
ON

2

T,

_l)'

b

tlo

O

=

2
&

>

S
S

©
ksl ol :1?4 PC-2& RBBR FH7Muj Ao A vt HASLS WA A 01 Upe| A
47 #& ZE H7MiA o] ofFd S k3]sl EtTh

Qe 12709 #& EF& WAEH o5 F CTS-2, CTS-6, CIS-7,

_32_



CTS-113 CTS-12-19] 570 #olA] RBBR, GU, GA H7MiA] E5Fo] wWAlgo] waz]o] g
ad #a gaeaoz ettt CTS-59 4% GU, GA H7MiAe] CTS-13% CTS-10->
GA #7hA el CTS-14= RBBR H7buj Aol wAg-g DA o YwA] 37) 5 =

wj o] WSS BAAIFA] ZpAE 20 EF 7IFdeAe 8/ oS glad &3

Faoz Adaen, 307 #FE o

[e]
o
B AUE wms) By g8 AA Fwol

_33_



ERBBR OGU OGA

YA-2 YA-3 YA-5  YA-5-1 YA-6 YA-8 YA-9  YA-10  YA-11 YA-11-1 YA-12 YA-12-1 YA-13

Strains

Figure 6. o 7]%the] A G, A Aol £23 7= HAS 2=

¢

ERBBR OGU OGA

S RN

SC-1 SC-1-1 SC-3 §SC-3-1 SC-6  SC-7  SC-8 SC-10 SC-12 SC-12- SC-12- SC-13 SC-13- SC-14 SC-15 SC-16
1 2 1

Strains

I‘

Figure 7. ] 7]5the] B A, A dojAIGel A E2d dE59 Has 24 E

_34_




ERBBR OGU OGA

JJ-1 JJ-2 JJ-2-1 JJ-2-

JJ-3-1 JJ-3-2 JJ-3-3

2 JJ-3 JJ-4 JJ-5 JJ-6
Strains
Figure 8. 4t 7]Fhe] A 5 A FelA 23 59 A3 24y
BS-3 BS-3-1 BS-4 BS-4-1 BS-8 BS-8-1 BS-9
Strains
Figure 9. dt 7]t o] Rt A Jo A E2jg 459 HAS Y E

_35_



WRNRICEICE  KESY

o

YR =1

Sivl0ies BHIYs

2
=}

[=
0l
o
il
0Q
=
o
=
10
=
na
O
oo
alil

<
o
~
=
o
~
<
&
o
<
|
o0
N
i
=

-9¢ ~

L4

[m2zE2 @G Ol |

n |l

SJ-31

sJ-
1-3

81-2 SJ-3 sJ-5 SI-7 Sj- 8J- S8J- SJ- $)- s3- s8J- §J- s§J- S§J- SI- 8§1- sI- §j- s~  8J- sI-  5J- sJ- §i-  si-
7-1 13 i1-1 4 14-1 15 16 17 17-1 18 19-1 19-2 20 22 23 24  24-1 25 25-1 257 28
traies

Figure 10. ST 71509 %% 4FAt) A4 el 259 ¥AE YA




TRESIY

z -
=

oiwim IYIolCiC

Y B3 =

Sivi0es Sk s

=2
=}

SRS /RN BINRICRS 2810

B1/90/9102

3

#0501

(3%

AR

- g -

i WRBBR EIGU DGAJ[

hh 1

K-2 TK-4 TK-7 TK-7- TR-7- TK-8 TX-11 TK-12 TK- TK-13 TR- TK-}4 TK- TK-16 TR-17 TK- TE-20 TK- TK-22 TE-23 TR-24 TK-25

1 2 12-1 13-1 14-1 19-1 20-1

Strains

Figure 11. &t 71509 tj7dd A4 Baje #59 948 L4Ys




ERBBR OGU OGA

HY-2 HY-3 HY-3-1 HY-

4 HY-5

Hy-7  HY-10

HY-11
Strains

ol

[e]

Figure 12. 2gdE 715 dge A

Forode) Aol 4] Fel

pul

& #E9 W

ERBBR OGU OGA

CJ-5

CJ-6 CJ-6-1

Cl-9 CJ-9-1

Strains

e

Figure 13. 295

NEre 5 257U A

oA B FE



TIRESY

Flolcdeic

v B

=12

mRE/EICICINRICRS 2810 E8FI0S SIYSHIYR

F9.01 61/80/8102

wy
feyd
D

P

_68_

| WRBBR BGE OIGA
1

AS-2 AS-3

11

AS- AS- AS- AS- AS- AS- AS- AS- AS- AS- AS-  AS- AS- AS-  AS-

AS-4 AS-5 AS-6 AS-7 AS-8 AS- AS-  AS-  AS-
&1 10 11 12 13 14 14-1 15 16 17 20 21 23 26 27 27-1 28 29 29-1
Strains

Figure 14. 291338

Z1Fd e 44 4o AGeM R FEY HAF YA



ERBBR OGU OGA

KS-1  KS-1-1  KS-2 KS-4 KS-5 KS-5-1 KS-6 KS-6-1 KS-7 KS-8 KS-9  KS-10-

Strains 1

Figure 15. &tE 5 7|3l S5 4+ Ao Aol 23 #59 #HAe T

ERBBR OGU OGA

i

pC-1 PC-1-1 PC-2 PC-2-2 PC-2-3 PC-3 PC-4 PC-5
Strains

Figure 16. 254 71 oo HE Ao A GelM 23 #59 WA TAY=

_40_



ERBBR OGU OGA

CTS-1 CTS-2 CTS-5 CTS-6 CTS-7 CTS-8- CTS-10 CTS-11 CTS-12 CTS- CTS-14 CTS-17
1 12-1 Strains

Figure 17. U545 7]$dl9 34 Ao A oA g #59 #A4% A=

_41_



24 23 4 Ade B FYE F @l Fas B4 AP o8 Aud
307} #E A Blad BPL A B0 BaPe] o S5 FFE A
oA stk AwE FE9 Pad BAHe 44 el 5L 4BV AT YD
F @ad g3 Fgstel 2T

AR R B
1) #FE WG 24

A 5ol w2 PDARIAICIAM S A AR dolE FARIITY. txddd
Trametes versicolor(TRV)S} Phanerochaete chrysosporium(PHC)S H| &3 532 At
307} TFE PDAHIAC HFsto] 7] A3 T3l /M8 ARl F4d vzl 29
+1TC 9] incubatoroll A LFUZE v gt & Zzbo] gAY DolE SAsHAH.

TFE 23 vue AEdse] AA FRAdAMY #lad 23 F=E 2AEHY A
3 Bua stk olAL & NAAHE Axste] REFQ AZ2URE ES Wiley

millZ 223} 60~80 meshz A¥3 F 3L wldoz &x3ty A&3t9n. A2y
¥ 9x Bye ¥ AU F FFAUZ @ G clean bench WolA A FE PET
o 29+1C¢] incubatoroll A 3047t wiFslirt.  wido]l € F zl—ct] P g
Astel BAYRE 2AE SR A 2ad 25 Klason 22l $
Zgstel 2AREATH(E 5, 1995).
drTzE ATAA lignn Bawol retchn Leiz RARF@e) Tramees
e

versicolor(TRV)$} Phanerochaete chrysosporium(PHC)S ¢

_42_



Figure 18. Hi&o X9 AAl 2jad Eals Al

_43_



. 23 2 u@

1) A wjFA

Ak gFo] wide PDAMI A o] FAMEADol2 ZARSIAY. RIS Trametes
versicolor(TRV)®} Phanerochaete chrysosporium(PHC)= HIE3 $FodF= Add 3071 oF
o] 29+1CollM o] I A= ts 2 o] Ytttk

gz TRVE HIE3] AS4, AS-7, AS8, CTS-7, CTS-12-1, KS-1, KS-1-1, PC-1,
PC-2-3, SC-7, §J-28, TK-12, YA-2&= wAMZo] Fof PDA wiA] HA o dAZF HA v <
ol FA Yetgt oZE 715 EE vro] BY dd AdelA 25, 2uiET A
AolA 2dF, 2ulTH AFoAM 5dF, ZuUlEF AHAN 4dF=E Yehd 715 o

2 Eo|3 #Wole YA &Ee Aoz gdudt. ol¢ I w gE Fgad B ¢F
o2 4HZ PHCY Aol dAME o] Axste] dAMYZ Aol 295m= w2 HA] A

)

Aol oF 35% B=o AFAES Yetith TS vjA WA TAE H7 A ol Aoy
KS-7, SC-8, CTS-1, SC-19] £ 2 90% °]/4s AFES HYeH, §-27, SC-12, SC-12-2,
§J-25-19] =22 80% ool AAES vElY. E SC-39] 72.8%, PC-5%} JJ-3°] 67.2%
9} 65.5%9 AAES B, SC-107} JJ-3-10] 52.8%9F 52.7%2] HAES Yehddg. o]
dho| thx#<l PHCE ®IE3] AS-15, CTS-6, CTS-11, SJ-16914 29.52%, 37.8%, 28.8%,

47.8%, 32.8% 2= 50% ©]&te] A Z3 A ES YEATH
ool Al B uiel Zo] gad AL &4 AP gad w8 fraeE A
e 30709 #E F AS-15, CTS-6, CTS-11, SJ-169] 47 #FE5 A|Lstus 25 50% ©)
gl FAMAES Yo, tix2# TRVE BIE&] 127) d5FolA vzl dA|o] 5%
©

- 44 -



12- 16 25- 27 28 12 2
2 1
Strains

10 12

1 3 7 8

1 2-3 5

KS- PC- PC- PC- SC- SC- SC- SC- SC- SC- SC- SJ- SJ- 8J- SI- TR- VA-
7

1-1

1

C JJ- JJ- KS- KS-

Figure 19. A% @59 WFHRITAME ZA L)

" —
[=a e o
[I= | W Bl
— - T h
= T, MR CYEY ORI j282 Ry
]
©n b
[F W R T L R e R o @n~
)
! SRR oo
WP T2 AR R ) AR ST 1S ] o
—— ]
[ a8
1
St i ST B = ) o0
|eegl” SECN IR B SO
- ]
[ =i H T e Bl o~
e R e SRR R N s MRS e Q<
[
@
[
o —
- Nt &
3
[=3 j) (=1 < [+ < < fed < [e]
(=3 (=5 =~ ©0 0 ~f ™ N —
(wu)y3suD] gImoJs [ul]a0Ay

Ihml

2016/05/19 10:51- 82 K3
NEEXM I RII0A 4M5HE dXHSHY EX0IMSS 0128 ESMBM N/ 28



2) Ayt o] &3

1 =
gxzaoe=z gad #3l FFado= IR Trametes versicolor(TRV)S}  Phanerochaete
chrysosporium(PHC) & AF&-3lAth. o=z AddE 3078 759 29+1ColA 309 &
F AAE AUy 22 BRoA Y glad faleS s 183 Zo] et

o5 307 Aol AR g@A iAo glad e HA oF 2%0lA H
°F 63% = UElST 52804 Ay 2 HE 2lad ZaiEo] oF 3%E 7HE E=
el =d o]AL Xzl gad B $FTFo® d#H A Trametes versicolord 42.6% K.
o Zad ZalEol of 67% ol =A WEhd 5280 gad Esiwel ¥ 53 Ae=w
et X3 Trametes versicolor 91o] B b 2] Phanerochaete chrysosporium~
Ay gx] HRAY glad fafgo] oF 3%E AZdUF g@A REdqAE gad &+
3l a7t AY e AR UER

SJ-285 HIE3)] SC-89 A 61.7%, SC-7| 4 57.5%, PC-2-3°|4 57%, CTS-11914 56.7%,
PC-19 4 53.5%, CTS-791A 53%, AS-49l4] 525%, KS-7°14 51%, YA-29l4] 50.6%, SJ-27
ol 50.3%, SC-1914 50% & 127 FFolA glad Ea)&o] 50% o ety =3
SC-129 4] 48%, CTS-12-19]4] 452%, CTS-291A] 451%, SC-12-290|4 45%, SJ-25-1°14]
45%, CTS-6°4 43.7% =2 B2 E3| 52 thZET Trametes versicolor® 42.6%X Tt 2
o Bajso] 84 vEbg . 28l KS-1-19 A Trametes versicolor®] 81 E&l&
7 2L 426%5 JEPAT.

ole} 7 AS8E 41.7%, SJ-16S 41%, AS7E 392%, SC3E 39%, KS1& 38.6%,
AS-159} SC-102 29%, PC-5%= 28%, TK-12% 5.8%, JJ-32 3%% W21 Phanerochaete

chrysosporium®} 22 g9 E3&S YepUTh
ool A3 Ay glad EalEds &4 AFelA AdE 307 T F 1970 Tl A
T EFY dE2d T Ead BilEol 9 =A yebd 2T Trametes versicolorB T 2
]

o]
2UR @A BRI oy Balgc] O 958 Ao e

_46_



i -
e - | @
i T Rt q L
[k, e <o ©
o
T SR e
LA U SLrE T, LLELCTFE e BN S
—— T e e - |
[ SRR FEARS 0.7 v B e T .JM/I-
w
o =
ERPRINT S B~ 06—~
7N
4w
= A=
U]
[ —
(]
SRR
—
'
o~
2~ ..__O

SC- SC-
8 10
R

g~ | O
&
I q
]
&~ <
; K3
[ Ve
a pi7|
1™
2 & i
R
1o
I faliN N
by
g Lo £
=
I W - &
- o
=T n“u .ﬂ 1_._.—_
) s ] 5 H
X
TEETENER J — =
L N
B oha~| S
, o)
© o s}
_ &
(&S] m o~
_ y
(SR R Te)
(1)
_ 5
(3] Nu. N =
1
2
dh oo
@
A e
2
5 -
2
(&)
=
[a 0y
"
o
[
<D <
& 51

(4)SS0[ UTLT]] uosely

- 47 -

2016/08/16 11208

N2EXN SHPII0A Sdlcts LXHEMNA EXADIMSS OIS ELWSHC Ny /s




god Ra) 54 B4 AWE Bal AR 30709 FFE dHes DB €A 2
BolAe A4 2y BASe 2AF A% g S48 Pad BaES U 928
e EPNGA AR AF FF2 SR FAT ol $5HoR AW 5289
WA SHL Golny] 98 L= MGAS WFe Py Balel BE w2 54
Akt
oA B OP

FFaoz ddd g)289 2 EAS XASH] &l WYX= 26T, 29T, 32T
Aol dAME AEE XASIY Y. PDA H#u| Ao & vjdE dF S ¢05mzZ HA 3}

o FF T 72 252 249 incubatordl A wiFEAT. o AE F ovid TA8E 4
SAgstlom, 273 84mel Apglol] FAMAZE @8] HA wj7hA] S48

%

2) o AT FJad Efas 54

gado] mAEed Y ElEve A Zade] HAZY JFEALRE ojfHu=
Aolth. glado] WAES JIUdoR o857 A WAL L NEE AEAZF
o] Ao g e ojof gttt ey ¥l
¥e dEA Bt 2y AdAAdAM =
SR ARt w7t dojdrt. F gade] Rile 743 ‘:'4
Y gaet @424, odez2ag, 287 sol AsEgel 98|
1996). olelgt 3}etukg-of RS S4AE FuiE oA Eoh

Ag7kA ezl gad E3jo #Hste F83 G4+ lignin peroxidase, manganese

a1

de Biste oy 845 Z laccases}
=

o2 o
sl

A 1 el ool
d Mﬂ}iﬁ—
Poldtk(al 5,

*H

peroxidase, laccase &°| €#HA Ut
manganese peroxidasex & HAZES F

=
HA o (ager et al, 1985; Bmpus et al, 1989), 2l1d & FFZFEH o<

_48_



Agket A YA E ARGstdof gttt BuE UTHE 5, 1998).

Y gF ARSI A= lignin  peroxidase AEHA ¥3 manganese
peroxidase®t EA3te A¥= Aot d#HA Aok ES laccasew CrCn AFe Ao
59 9&2 3™, manganese peroxidaseol] 9|3 =4 FHad Eil= IFFol BES
guaiacyl lignin®t} &340 ©o] &A= syringyl ligning EX & AFA Al 5,
19%)3L & A Aot

oo wet B AFHAAAA fFdoR HAdE 5289 Fad FI 8AFH EAS
laccase®} manganese peroxidasedl T3l ZALSIATE  o]E9 A 9o 4TS FASH
A8l pH 6302 ZAHE AA A 5289 wFS BHFS HEIT F 29+1T9
shaking incubator®l] 4] 150rpmo. 2 H] 3T o Hi<F 39 FHE wYd I A

o = =3

WFle HAs) A F o)AL FEANOZ ASIHAOH, o] ZEANS pH

fr

e
N
1:0[1
o

2 g4& UV-spectrometerE ©|&3)] S35t

FrdoE Adtd §J-289] Flad wE &4 A4S Blud] B s AF71A 9 g
A=)
T

d a2 &4 9 gad ®Bile APl AHEsRd 2lad B $edeE o4y

™
5
2
()
g
Q
()
@
z.
(o)
S
=
it
=
BN
=t
o
fu
S
>
ofo
ol
ol
32
o
&=
S
@)
@)
[V
w»
()
Yo
S
Q
=
aq
5]
=
)
»n
(]
o]
[0}
=
o
x.
Q.
[V
w»
(¢}
Lo
=t
__)i:“

Pl BAEL Z4E AT T NGE AANAY 2L S wble 49 BTHE 5,

_49_



Table 4. 8484 =H S 93 & vUgg AR Y x4
DR oo
Glucose 1%

L-asparagine 0.25%
MgSO, + 7H.O 0.05%
KH2PO, 0.047%
Na,HPO, 0.048%
Ca(NOs)2 - 4HO 50mg
Mn(CH;COO), 8.5mg
FeCl; - 6H,O 3.2mg
Zn(NO:3)2 2mg
CuSOy - 5H,O 3.91mg
Thiamine 0.5mg
pH 5.5
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7} Laccase &4

Foraos AdE 5287 RSl Trametes versicolorE  shaking  incubatorol A

150rpm o2 AA LS st o HFE F 3LAFE wd 2428 4HS SHSATY. Clean
bench WollA FdHor Ao s FHal st a4 A4S

¢

At zEALNO
stAT EJEAAY pHE SAHST & 2349 19mE citrate-phosphate buffer(pH
6.45, 0.02M) 1.7m¢$} E33kal 5mME] p-phenylenediamine 03mlE 3 7lste & E&

=

4 o]F T UV/vis- spectrometer(Perkin Elmer instruments, Lanbda 35)E ©]-&3] 525mm

Ax FFE=E FHA
oYL ts ALl o @ats v 5, 1990)
AE
B 242 (unit/ min) x 15.3846
At

0.1M guaiacol &% 1.0ml, 0.1M QIFEEFA 1.0mE EFSH F o] Ao 2k 79
s A A 2§49 1.0mE T 30mM HO,H 0.027mlE H7bste] #
EE9 doFd. o] &4 SH NS UV/vis-spectrometerS ©]§-3) 470mmol A FF=E
4Rt

AABAE The A oja] BT (Ha, 2001).

AE
& 4% (unit/min) = XAt

m

,570 (guaiacol 2}+s}E9] F3FA )

=
_
4

3]
2= oo o
oo
S, o

—

17 (min)
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Figure 21. $-57# o2 Ay 5128 FAA)
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14-) Manganese peroxidase A

r:u

< laccase, manganese peroxidase, lignin peroxidase Al7}A] & 9
Shtf, WARSFO WEA] phenoloxidaseE EHISHA|TH 22 H 5
AA FETHA T, 1996) L ¢# A Utk Manganese
F8 2Ad MOyt B450] E AL B Y
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7L As 2 3y
1) F%9 =274 W& dE

wirel AA=Z7IE Fsstel wAlE FFS dotR7] S e 9A AVEE
st AAS AASAY. 5A 4712 FHstd A HE S5t Basdd w9
s AE7IE ol & A AVIEE AEeAT. WY Z7|= 15~10mm, 10~5mm, Smn
o]st9} 15~10mm, 10~5mm, 5mn ©]3}e] 3742 A719] FW-& =1F 42 3 F 471A

272 B 48 A
72 278 BHe A% 44 35e 6% 5 AUE ANF F 97 7 A

Hj g Ao A o} Fide|= vrE7] 9138 autoclavedl A 120TC, 1.2 kgf/car®E 60+

FETAgS AT BaAgdel 2 F V1ol A AE=E Eojd A T
¥ T3 clean bench W& &7 &) & w7tx 3o}

HEN FyhuiAlel gad Zeid A fad ZEefgo]l ¢FEA vEhy
HA ddE ST F syl AS4E B sl clean bench WolA Fe] Eoi7t
A A LR FH

HE3ted 29419 incubatorol| A wigstAT. o HF & Z7]o=
FAE SH3T 50U 0] A3 FHEE 109 HFoz TH
Atk AZYFE Eytolo o HidE F 116Y FoF IPEI Y
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Figure 27. §4He] 914} 2714, AAed A @o] AH8H FF AS4

Figure 28. 483 ¥ 4A A71¥E B
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2) AAZ BE FHAY

A o] WE Ente] B3l g4 vln Ade Eulo o wE Rin

das A os] dehd Adel wel 5 dA A7 ASE g FA
YERE 5mn o]8kQl 2 AR} 2719 FReE AAsY. dxTEE FAYS e
Row, A EaAdH dulds Al vl SHs AT

AAE e g WHeR HaT AR @b F3W dA Z7] 5m oY FuE 871

of ol FFAIZl ¥ autoclaveol Al 100TZ 12Xt EFA st FEEE AT
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A i e F 49Y St JPEATh
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AAE e = g2 dyoze dvryoz Zlad AAE Y8 Arsste &2 s
AN AT EHS &7)0] "ol 9%-NaOH Fg&dd A3 & 23 #HojFH 30837 A
gttt A2 g F3-2 1%-phenolphthalein &40 2 A5 HA|stH A2 e 2 s}
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Figure 30. @l <f $-¢ &4
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of Wi 12~15T 9] 72%-H,S0; 15mE A A3 718tHA fe8o=2 & Aol 4o Frh.
Ao AF ZpgkelE A 2A12F B WA & FEEEsId &4 SHRFE VM F
FEEE 3% 2 3435t dRYAVIE B4 471 7MEEAT e & ToEEAY
S Mg FHE 7] FL 1G4Q2G4) glass filter2 &2l 71E o] &s) &2
A H g th 105£2TC Adx7]oA o @& w7tx] dxstdoh. %3 glass filter
= desiccator WollX A274A] W¥s & FAE 45t gad FFS o5 Ao

ofsf Azttt

G - Gi
g ad (%)= x 100
S

Gt AE & A 87 @1 SYW=EEHY AAFA(g)
Gi: AHE A SUN=EE Y AAFA(g)
S 1 AA ANBFA(g)

—

sodium chlorite(NaClO,) 1g< 7Felal A oJFHA] 70~80ClA 1A3F ¢ 7h28tth o
AE YA4sHA Lo oAl 2 acetic acid(glacial) 0.2m¢E 7}sl] & AolFE T
sodium chlorite 1g& 7}atal 141752t 70~80C 2 A% 7Fst At

rlo
Iz,
oL
lo
b

>

Sodium chloriteE #& ¥WH o =Z 33 Aystgoen, Xas 29 & vg =FS F3)
o FL& 1G3(2G3) glass filterZ FNHH71E o] &8 FHFE AHF TS acetoneoZ
Aol Witk AlE7F &30 glass filterS 105+2C Y X7 A fol|l @8 w7tz Az

= =
Al F desiccator Wl X Ae7tA] Wld F FAES S Adfa FF2 U=
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Aol ols AitsaAt

G - G
A 2(%)= x 100
S
Gy A7) F NE7 97 2e=E ] ADTA(g)
Gi: 2U28E A4 7A(g)
s :Ag A WA A= T

. 2% 9 1@

1) 2ad IF Wol

ol Ao Tl Fo ey FF wolE A4S 8l WA A= Eiel Ay
T ogx Bye Pad FFe ZPsgom 94 V1 TG F ge] Pad FHe =

A8 FHY AZUT gx 5829 2jad e 2481% AoH, 2lad Ei aa &
A AN Blad RBalgom Awd 3070 w el oF AAUR g@x e gad
wal $o glad e oS3 o] UeEth tiZ2TQl Trametes versicolor(TRV)S] 73
T Had ZFe] of 14.25% 2 ZAFHIZF oF 57.43% ollom WA fad kel e o
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Rem gad BaE&e o 61.7%2 Fad Ziso] F WAR A e
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465% ol Fad EHEL F 535% olAeH, CTS72 Fa1d JaFo] 1158%= ZhagF
v 7} oF 47% o]dar Fad Eaj&o] oF 53%, AS4E Tl o] oF 11.78%F Zn]
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Hom oF 18% AX wWolr} o] Fojxx] okokth. WhH LS} FLSol M & SSHT} =& 4~5
A FE dolrt AIZE ST, wol APx 10€ J=7tA] o] Fo Hom oF 25% H= W

o,
oL

ol7} o] F oA ¢kgkth. Wolrt HA Fd &V AE #dH ZALE fE BEE o]
Ak oA F UIZPEE ARS o] AFEAS BF 2AEAT

O 2" 4 AEAAY F5 HjF ol & mekd V|7hE AR Aot 7]
FEANX ] ol Sl A 7HE WA A ZFE QO FLS$} LSo| A9 ole H=gh
Vel Atk wolst 5 S v ol SSellA whE] AlFbE o e Bl
e B, v FLSSF LsolAle] A2 Alzto] Ag4E SSollAe] AFrTE F3itt.
ol & 4~5¢o] AUHA A Aozt vEhbr] AR o AZto] AEgE I Aol
= FASHA dewth. ARG Aol SSAlA 7HE ASHAl UEloH, fHe wiFY A=
HoA o]FojHh  oldl HlE #AEE AAIE FLSAA 71 & A4S el
Z719] Aol HI=PE LS9 £ w5 AgH vus] BHoks o Dol & 10¢0] A
U A zel7b el AlFERe] 179 0] AUREAE 2 zfel7b FElo] e 24
A7 3190] Awts e 2HAA Be npe} o] B2 zo|7p YEydth LseA e o}
7b A1FE 271 108 B=7A< FLS9F 8 zkol7F YehA] edgtom Azte] B3+
FLS EE}L FdolH o Ssoll A Hoe T2 AES YER AT

Aol A7 E Hof FLS9 LSe FEZA Hut ofyel A& WYEZAY 7Ms4%

°lr:m aaETh

z}

£

tlo to

o

]__L;
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Figure 51. 3% ¥ 414 A HE (F: LS, 5 :SS, § : FLS)
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2. gad B3 57 A EGAFA A=

FERAMO 7hed A F EINZFAEAMY ThsAde dotET] #fs el 7Id el A
ESNFA=Z /‘ljjrﬂ de ZrIHAe Awdd Sy gEE S7HIA FEAR F
gl Z3 serosE AdE 5288 A doje EFNEAS Az HEA
712 HRlEA Y] EFiEAe O Fs A0t i Sasit. vEsE HHE B
MG B Aa ZloF @Ay Tt T AEC HIlE = wWEkM Fu BEE L

I 3. C/N " °7l

«’F ghael gk = i«]

gt gty o ® C/N Hl7F 2

oA A= 440l Atk wEpx C/N BHlE F71E°] Ea)3}7] *%7} 01?4*7}3 UrEhH
& 7bseol €t &9 C/N HlE 10 dFolth. AAA NN f7]l=2 mAd=dd 9

=W Fo C/N Hlo 77 AE = &5 BUfle] dojdrt

ojg1gk C/N Hl= =9 AL 7o}, & 4=o] 2

AR ARoE Wste T oW RelelM F4F 4 gtk 1YRE vgEo
& 2as] sl A2E dow WR s Aot ofFxal B WRre] 2

Ul%'& F71= &l A E] Folste f714E0°] Bel dfrEo] Ao Wi E

Aste FAE THEV] Wil oprixiE wol Fdn. 1 2
Al Hol d& 7loks doA FstEo] HdY A A

ol EYVIMET AHE Alold AL AYS doA HEo] AAdA= AS LI

5 EGNFAE AxE e g5 AFS Az oF st

s} 3ol ol 7 A FFE PIAE Zlo] ZAY C/N Hlo|th o] g

FF WM E dR—E Aol . HAE TA%e FHLeE AER

2]

ado] Stk ol F Hade & A& H& &, = FHAl
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s7b gk ARSIt BRFRG Hulsbh ofele AR @ad gl o B Wl
i @A gtk mekd BAE Huis sed Aol Bol 208 ¥ ohie st
4 olee Fr1ER deid Yk

T olfrz AxY EPNFAL $% YES B A C/N HE BHI}A
C/N B #4e EAAH AT, wH EPAP
2 AR A Yol £A Pob EFS melm e SpiolA E
S BUE Ve Sgew sl A% EWIRAE VIR ere 71%011 g2 7
Fated AgHT 9t EPNFAS TRRAG. oIl A4 AME A
SHE AR, AEAN AT Y 4AE ZANAT,

h

b Ag 2 9y
1) EFANFAY Evu&E ZEA0

BE AR} VAR EPRZFAZAY TheA ABS AT EREA A
ZE FA7GAA Qs JE zEadsee gl 7 9282 Aste] R4 A
AL AFE A% EYRFAZ it Z2adgae Fox, vdE HelE 2aE u)
5 - EHRE Al#Ee AFAH 2 ARES A FWe 982 st v Fdolzta 3§t
neopeat &< E@3t F371FY know-howZ F-EAZT o] TRaHxE 7| &

2 3t 7)o 1 G285 HES vUIARE A st A R&EAIA AP AHEE E
NeFAE AzstATh

71 dixe Ao wet Ax EWNZFAFPG) S MEA sl Z=a
(PG)E EF3tY A gstdt. D2 Ao 714 4353 FPGe PGe &F nl&S do
7] AAel 5:5,6:4,7:3, 8:2% s} ¢ B Este] Al ARSI EF
e de 20kg/10aE 7|FOo 2 FRoH, ¢ EYdS TF AT s Auugx
WA i EFS AFASIA ARgstAnh e B FAAHORE Qs wue A
24 EdS 4o 78 EYL=E st 2 AL 60x40x20cmo] - Pz}OﬂH A
Atk St ESY 24 B HEL 5:302 URRA s & 40kge] EF
pla=s

=3 EY 40kgell FPGSF PGE ZF & HIEHE e 2 AS 1% 49 4

ol
i

)

o
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2) EGAFA Al A A=A H)

2 3AE ANFs A E%bﬁ FAE stA. iilﬁﬂi(PG)L
H J#E= AFAH 2 AFS A F9s 9852 st wuZolg
neopeat 52 E¥3te] F7|P9 know-howZ H-&A|Zth o] ZE2IaPAE V)
EAZ ao] o7)d #F 928 AES npRstAE AEdte] A BEAA AP AL
EGNFA(FPG)E Al 23t
EFHEE ARE T M AAHe]l ERE EFH L wEl FPGSF PGE EF3H
718 EYR sk Edd EFst Aldd A&t e ESH Ejtete 2
20kg/10a® 3tA oW, 3h¢-2= EFe FF A sk AuidA] o] wA i EGS
AH et AHEstAT. EFHIEE APoAM = e EFS] AR ] e At
A4 24 EGS 4ol 718 EGeR oy B AFAE s EGTS AHSEHA

ﬁ
>.

B Y EF 60<40x20em] AR AASGE. S B dokgl WIS
2 EReel Fo EPNPAS TAT He F ULl ggkon, B 18 FF
g B2 FwI el T % 7%

92~ E%S controlE P ow, EUNEAZ AL ET YE zeolited}
Fod7Idol A Az PGE &ttt a8al BE AFele A=A A 7|E2dew F
oJste wlEel 3829 AAN), <(P), ZFEKS z7t 4348kg/10a, 58.82kg/10a,
18.33kg/10aE 7|Fo2 Asigieh. AZ Aol e Eke] wsts 2R A A

2| gA] ofFol & ‘1—%1:, o w7 9 =

9~23cm7}t He Wl AHFHstq &71E A
I FAS SAHS A HEHE AT g5 S BEYT
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AE el HetE 487 A EY AMAS EWIFA 55 6] AY v E
ol Aul A2 5 459} 8o AAEH T
& < B4 A8l EY AIEE AFH F AlelA 98] F13F F 20mesh
H3te] thA] motar9t pestles ©]-§-3te] i =

FEFS AASetaael Bt 0IN-HCl &85 7hete] %
&g 5 No. 5B AHAAES A&t ot 1
spectrophotometerZ Cd, Cu, Pb, Zn, Cr ¥&HFS ZHsld RFAY vwstey FFS 4

=319t ESME = pH meter2 A3 FHE QA4S LancasterH o2, f7]E5S

Flo

ol A 1A 7F

o HS  atomic absorption

J

Turing &2 439t X84 ¥7]= ammonium acetateZ FF F atomic absorption
spectrophotometerE ©]|-&3tof #4313t}

A= Alde AFHT AE IHEE ARESIAT. 2m A2 AES FE 30ge 47
gt~Fe)] ol 270ml F/HTE AL 220rpmoll A 201 EE £ 1 0’7kA] 3] A5}
@A Mo HAAEAY. wAE Age A, WA, /\]' Ao r gen,
o LFER Sl A], WAATEE AE-THAIQ] S A, AP 22 E A E AF
ste] zhzhe] B4 wjolA FH A 1M HEFI}HTG EF vAE Ase AT 10° 0
T 10°, AP 10004 SAs g e, F5 A AR T3 7Fo2 sk

ﬁ
B o i

X

O
")

¢
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Figure 54. T 8] E Y7 FA(FPG)

Figure 55. 371 E 7 ZAI(PG)

Figure 56. Ax FES} EG7N FA
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Figure 58. U5-74#lol]l A 23 EF ©7)
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1) EFE & =& 224

EPNZFAZAY 7hed AFE A7) S8 |A FA71) tisxy ool we &
Aol e AxdF EGNFAFPG)SE FA719e T2 2PCGE EFet APS A
A&an FHE A 4 453 FPGY PGY T HIES Lolr7] s Hl&S
5:5 6:4,7:3, 8:2% 3t 392 EFH Este] APl A TH

T EINFA Ade As) Alxz" FPGS PGe C/N HIE £4353en, 9 A8<
FWe C/N HlE Yotz AFEWe] C/N Hlx 4 EAs e 1 Ao} E30&
AE Ade o 2ol yERth

22T Fike] Ae ©@A el i A FEFe] HlE 4667322 C/NHIZ} wig-
=9t e ko] 88.68% = ui-¢ Ah FFe 09%2 F& FX9Y. C/N
H7F 22 F718945E A& g3 Zai7t o 9A= -l AvhA 5, 1999)aL &
Fed, A =5 Ful vAES HFst BlE FEIS W 150 o W
ol TFHLES 50%E A Estdoh. olAo® Hol C/NHI& f7]=9 F53
-5 ¢ F Ad
Fod71gell A Ax3 PGY A$ &2 o] 31.77%, A ko] 1.01%E C/NH| 7}
3145 Aok, PG FHA7|golA 7199 know-howZ A ZH ARJH C/NHZ Hol B

oft

or.O
]:E

L

[¢]

-9
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0

ok

o

4

2

2

%0,

rr

po

o

fu

fz
ro

_ﬁ

ol¢k @Al PGell a2 Fall ¢t §)-28% AHst A FSAA A== FPG
S ©a Fe] 21.82%, i FHo] 080%F C/NHIE 2727 o|ded # A A9

=
WSz P A2 FPol PAHAT O/NHE 2T RobHe S

PGe} Bluls) Hoks
& AT HaE C/NHIE Hop i Ao o8 Fxo] ¥ IAHUAG A,

A e Aol HF 43 FPGSF PG EFRIES Lolruzt zhzte] H &S
5:5 6:4,7:3, 8:28 FE3t 5 Auj A4S AN dHe oI 2t AF
A AHAE 179 Tt JPsAom, 4 A7 A AFHES FFH FAE AN
ok 5:59 MR AL FoAME F 1279 A& AHHANALH T FAE 85598 A
T BT A FAS 713 ol 6:49f ME2 AAV TANE & 562 A& AAH
KL, AHE e FAE 40548g olow Ha o FAE 7.24g oAk 7:39 ¥

X

e
ol
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3

H

2 AL FelMe F 578 AFAsAeH, AHT o F FA= 435.29g ° A
o o FA= 7.63g ol 8:22 HYZ FolM= F 4379 A& AFEUL, o=
% FAE 327.88g oleod HF FAE 7.62g ©IAh

ol#gk Ad=E Mo} FPGot PG| EFRI&2 AN %, & FA, BT FA EF
= e 7:30] & Aoz AddEn. mEx EEREAS] A2 49 T FPG

= PGSFe] £330l &S 7322 A xsto] HASAH.

Table 5. 985 EW3 Axd ES/N=A] FPGeF PG C/NH] £

A5
A8
C(%) N(%) C/N FE(%)
L)y 88.68 0.19 466.73 7.47
PG 31.77 1.01 31.45 22.26
FPG 21.82 0.80 27.27 17.46

- 108 -



CMean(g) —@—Yield(No.)

(8)uea)g

3]

60

40

30

20

10

(-owpIatA

Mixing ratio

rlot
i
R
o
=2
=
il

Figure 65. & Al e B A

- 109 -




2) EFAZFAN A Z=AH]

T AHE T3l Axd EGNFAFPG) S EFNZFAZAY 7Hsde dotr7] 918
ZEAE AASAT. FPGeEe ZE A &35 vlwsly] A dH2 A A FEPG)
I} zeoliteE Akl ZAEAu] ARE AASAT A=A E A 7R EGS FFA
A2 sk EFS AFHSA AHEstAoH, ¢ ESF 40kgol & B EGANFAE
T3t 60x40x20em TFA Y U FA] A9 FEF EFS olAstd AuidIS AAl
stk AFE A8 AHT 71 EEQA sk EYY 87 542 table 63 2T

pHE 5712 kg 214<S w1 o, ECR7IAEE)E 154 dS/m2 RAME AT
71 &9 FEHOM)S 1.34%°] o1 ?l&(PzOs)" 1432.92mg - kg 'O w|$ Egrom A
B AANOs-N)E 64.15mg - kg 02 FAMFHAL.  X$A4 FolLo] Ae Ze5(Ca)e
7.24cmol - kg 02 E=A ZAME A, vFId4(Mg) 1.98cmol - kg | o2 kgt Ego
H, Z§(K)< 0.16cmol - kg*1 o]l YEF(Na)2 0.14 cmol - kgfl.‘li ZALE AT}

Table 7> F5Am) 23 o E¢] WstE Akg o2 Al 43 A2 F 459
8ol Z AFoA EXS AMFAN EFY et 545 £43 etk pHY B¢
control> 1xZ 4Fo|A] pH 535 $3 8F F 23} FAAA pH 51282 2 A4S U
Aok o3t BEFE Az Aol 2 AEFS HEtTh Zeolite 29 B¢ pH
527914 pH 5128 yFolxow, PGE A &3 T+ pH 562904 pH 559, FPGS A
s %1011*1 pH 583914 pH 5592 ZAFEAW. pHO AF< %8 det F=9 A5

A W9 E pH 6.0~654 5, 1988).2 HiuH uf glo} B Ao ALgH EUd9 pH
A 2AE A
ANAEEEQ)Y A$E 2 A7 BT 45 A9 13 AL wjroh 85 39 234 ZA}
wo] 2 Fko] wl$ ol Tt Control 79 7% 2.40dS/molA] 3.31dS/m=ZE, zeolite *]E]
T-E 2.03dS/mel A 2.30dS/me.2, PG A& FE 2.5dS/mol A 2.87dS/me.2 FPG A& T
= 1.37dS/molA 1.6dS/mez ZZr =A ZAFE Y. ©]2]3 o]+ controldl A 23} Z
At A ke Ao FheFo] @olxl Zlo] 1 o] f = HATETh

715 FFHOM)Y H$E control 79 zeolite 2] oAl 12} FA}F BT} 23} A}
oM 1 greFo] 247t 1.72%1 A 141% %, 1.78% A 1.71%% 723Uk €hd PG * g
T WPG AH2l7-9] 4% fr7lee] &dFel s3lem, 53] FPG A2 3¢ 1.67%°1A
1.74% 2 #718 ol A #7129 HAAZ FHF2 3.0~-35%0 5, 1988)% =

fr _|>J
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Azyald f718 9 dteko] REsittn Azteld, FPG A2 Te A4S f71E9 ko] &
ZHEReng AEdd =0l 2 Ao Azsta o 53] 98 v 713z
stllre F48 fF718 FFS FUA77] oH "ol &L VI W f71E TS
Eol7l= o¥7] W&ol FPG A FolA f7]= ol Alzte] Awe wet ndEe &
TR AL FUIEY o] SV HuE uidAg Age A4git

FE& Qe A9 12 FALlA control®] 7% 137724 mg - kg', PG 2Tl A

1380.00 mg - kg”, FPG A& Tl A& 1375.19mg - kg, zeolite 2] T 1353.17 mg - kg’
o7 AT 23k ZFAMIAE control TolA 128025 mg - kg', PG ATl A
1283.69 mg - kg, FPG A 2] Tl 4 1294.65 mg - kg, zeolite *]2]F-oll 4] 1245.72 mg - kg’
2 09 AYFelM BF =A ZAEAAG 7R EF A FFQ 1432.92 mg - kg o}

lws) Boks o Azte] 3545 ) Ay EFAN Haste BFE & 5 AN
Qxke] AaAHA QAT 71FEL 150~300 mg - kg'(0] 5, 1987) 2 44 01 % =
ZAE AT, 28Y 4 EGAEFAY AP 4F F zeolite AT AF LS
12%2 2 AYTF & #Faeo] 7P E3en, control & 11%, FPGS PG A2 F& 10%
2 O Fago] HEsidY frE Qite A EFA o] Aa o]Fe] How o
Fggol EEAgE AEAF d Fart A7) WEe AAE Rt #Y AHE 2
2 A O AAF 4% At A4En

A0e A4 Aee 4 At 3 FFe] AxE A 2AE AT Control 791 A
$- 83.05 mg - kg 2 E9a FPGY 7% 1159 mg-kg'2 WA ZAH o] sampling
error’} obd7 AZET  NO»-N¢ A3 %S 100~250 mg - kg' (2 5, 1982)e. 2
Bustfed, 74 AT EYS AET FEgrRo @ e uveyr. =g

nqo

.
NO-N<& 250 mg - kg’ o4 F#ile o 42 A% st 2 A50 93 Aajs
oqdglo] B % owz we Fastiy Az

Table 82 A€ Fol9 FFS HAIF Aotk AR Cadl AF 12 ZAF A
control, PG, FPG, zeolite A2 &S z+7} 6,63 cmol - kg”, 7.60 cmol - kg”, 7.12
cmol -kg'l, 6.89 cmol - kg'l.‘li ZAE ] 8 Ut XA Ca HT dF FHA FF91
34~64 cmol - kg'(°] 5, 1985) BT} %A ZAHAT, 23 2AFAE 1 dHgo] 13 =
ARG O EA ZARE AT 23 2AF wle] g3 control 8.03 cmol - kg, PG 7.95
cmol - kg'l, FPG 7.12 cmol - kg’l, zeolite 7.00 cmol - kg'lfli 2y ZARE QY. 1 =7}
&< control 77} 174% =2 7F& =3k31, PG A3 F= 44%, FPG A& T+ 1.9%, zeolite
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AYTFE 157%2 7wk

A8 viadlgd] 4 ditHo® 13 ARG 23} FARA 1 EFo] F7bsklT
Control 79 A%} zeolite A& F9 A= Z7180] 424 101% S 11.29% = zeolite
7b oFt =3kt PG A Tek FPG A2l 7-= 1 S7F80] 201%% 1.25% = Sokth. A&
A vhadige $8 Uet g AF £35S 1~15mmol - kg'(o] F, 1985) 024 AH 5
THRG 2 o] B2 ol Ao AYFde EGFEY FIFHolY Y B
T3, AMBEE] 52 acle=m A= F97E B2d #Y9 3 T K& Mg Ca
o7 dste], Y Mge K Cadl F5 AE o] A717] 2ol EYF T AP %
o] ol dojor gka A3

@A 2§ A4S 12 AR control 047 cmol - kg, PG 0.57 cmol - kg, FPG 0.49
cmol - kg'l, zeolite 0.38 cmol - kg'1 o|loem 2z FA}o| A+ control 0.36 cmol - kg'l, PG
¢ 7% 0.33 cmol - kg”, FPGE 0.31 cmol - kg, zeolite®] 7%+ 0.33 cmol - kg’ o2 %
ArF A A8 Z2Eo 2 et AEES HF FF £59 032~047 cmol - kg'(©]
S, 1984) 0.7 o] AL FF2 A FEolet A4

Table 9= #H, ¥4zt 2 F5% &S YeEbd Folth. H ZH$ 1% ZAbe|A control
Toll A 143.13 mg - kg'l, PG A g7+ 133.60 mg - kg FPG A& 79 A%+ 13160 m
g kg’l, zeolite 2] 7= 135.68 mg - kg o]tk T 2z} FA}o A= control THoll A
146.16 mg - kg'l, PG A& FollA 143.26 mg - kg’l, FPG A2 oA 12441 mg - kg'o =
FPG ATl Ant 2 o] ta 7483tk Zeolite® 14222 mg - kg’ &2 23} XA}
X I FFFo] mobxth. drHor Hof FEFe W& pHS vl THI AA e
22 I 37t ol#7k o716l dva A4 = o

Mn¢| 5= 12 £AF Al Boe 23F AMA 2 ko] s 22k £AM
control, PG, FPG, zeolite®] 7} A 2]l A 1 &7Fo] 71.93, 69.51, 7791, 6591 mg - kg
2 ZAFE A,

TES oldY AF AF A Bk ot FFely A4F 5 1A 3 24 A FFF
ol 1 2pelz} ik gk 13 2AMA] ofde] F#Fe control 35.01 mg - kg, PG
33.80 mg - kg', FPG 34.93 mg - kg”, zeolite 33.80 mg - kg'olQ1em, 23} Al A=
31.63, 32.28, 35.71, 30.51 mg - kg’ &2 Zt7 AU o] (19 T ¢ A
Ao AlEAMA B F ofde] e 101~223 mg - kg WSl Aok Ak ot

& 4E A%l gold F5A Eax ¥ WS A5ES Gk S BEAA axolv B

=
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E EY F9 old FFHL 10~300 mg - kg'olx EY F HAE FaFEE 150~500
mg - kg (%, 1993)0lth. A EA A EFY] ol FFe H F(1997)0] Hag 7] Y}
B FFS 233 mg - kg' o2 AaAMA 162 mg - kg (B 5, 1992) Bt Edth E
MZFA7E £ Edole] I 3 Wsk= PG A e 79 FPG A TollM= el Ao
E & F 0B zeolite A Y= e HAE HAH.

Tele] A= PG, FPG, zeolite®] A2]gollA <3re] & A4S HAoh PG,
FPG, zeolite 2|79 13} ZAbolAM ek 7zbzt 10.64 mg - kg', 1057 mg - kg', 11.63
mg - kg'olglon, 234 FALIME ZHzb 1043 mg - kg, 10.35 mg - kg, 10.91 mg - kg’ o
2 o7t Aaste AES Rt A T(1997)9 Rao] oshd $-7 vt AldAuA E
ko] 78 HF FFo] 3.69 mg - kg'OE Kol B At ¥ Y BEFo o FFL S
2l vet Ha A A T R 26 o) wikth

7teso AF 12 AR B 234 ZARAlo] 1 FFeFe] of Rt ZAAEith 12 AR
control *++ 0.33 mg - kg' PG AHg++ 033 mg - kg'1 FPG A&7+ 035 mg - kg'l,
zeolite 2] TE 037 mg - kg' &8 ZAME AL, 23} FAMNAE Z+2F 027 mg - kg, 0.29
mg - kg , 0.30 mg - kg , 0.31 mg - kglf’_i ZALE AT 8 U AE A A Y] FtEHE
B FFS 020 mg - kg'(B %, 1997)9_i 2 vt 8 vt AAAA HaE FER
= 2 A3 AgFE EGOA JtEgE dFe] =4 YERoey 7IRESA s
Fh=F Q) 033 mg - kg Bluws] HkS w A7ko] Axgto] whe} 3
Atk
o AL HF A 92 EdolA 295 mg - kg'l Ao vla] ZF 2P AFP Eg
ol =gtk 1xF ZAlelA control FE 456 mg-kg', PG A TE 4.66
mg - kg”, FPG A2 & 4.48 mg - kg, zeolite A 2] FE 473 mg - kg' &2 YEston, 2
2} ZA e 247 331 mg - kg, 3.89 mg - kg?, 400 mg - kg, zeolite 4.06 mg - kg2
2 Uusth 2E ATl $2 Ut AEAuA g B Q) 249 mg - kg (H
S, 1997) Bok w3tk HIE i o] V1R B s EYET 13}, 23 ZAMA
EA GEPEAIRE 12k 2AF R 23F 2AA BE AR FolA FAce AEFE UERY
Atk

oY
v

kY
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S NNsHIYR S12RE Molckic

Oz

HRE/RICCIARICRS 2810 ESFI

IR A EBE - ye0l 81/80/8102
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Table 6. A3 A 712 EHEHEE 2B H5H 54

pH EC oM P.Os NOs-N NH;-N Ca Mg
Treatment . L o \
(1:5) (dS-m7) (g-kg') (mg-kg') (mg-kg') (mg-kg') (cmol-kg’) (cmol-kg?)
Je2 B 5.71 154 13.40 143292 64.15 53.97 7.24 1.98
K Na Fe Mn Zn Cu Cd Pb
Treatment
(cmol - kg") (cmol - kg") (mg - kg")——————--—
SHs-& EQF 0.16 -0.14 75.53 74 .36 31.33 7.93 0.33 2.95

X : Sampling time : May 08
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Table 7. Au) A8 ¥ 2 Ay £ s 54

Sampling pH EC OoM P05 NOs-N NH;-N
Treatment time » a " % i
(1:5) (dS - m™) (8- kg) (ng - kg") (ng - kg") (mg - kg™)
1" 5.35+0.15" 2.40+0.46 17.20+0.60 1377.24+19.18 83.05+15.33 54 64+10.03
Control
24 5.12+0.15 3.3120.34 14.10%3.10 1280.25+19.18 120.48+23.28 53.36+11.09
1 5.62+0.10 2.50+0.31 17.40+3.40 1380.00+13.26 79.14+21.30 58.70+ 1.76
PG
2 5.59+0.14 2.87+0.53 17.60+3.30 1283.69+21.75 75.48+27.83 4842+ 4.60
1 5.83+0.08 1.37+0.17 16.70+1.90 1375.19+18.51 11.59+ 7.21 55.63+ 4.63
FPG
2 5.59+0.06 1.60+0.32 17.40+2.30 1294 .65+53.88 746+ 3.88 27.75+ 3.46
1 5.27+0.13 2.03x0.12 17.80+2.60 1353.17+ 6.30 53.27+ 491 51.94+ 4.56
Zeolite
2 5.11:0.06 2.30+0.14 17.10+2.50 1245.72+79.85 63.88+ 9.02 30.73+ 3.83

X : Standard Deviation
Y : Sampling time 1 : June 07

Z : Sampling time 2 : June 30
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Table 8. 22 A8 F 4 Xad E¢o] X84 Fol 3

. Exchangeable cation (cmol - kg™)
Treatment San.iplmg
time Ca Mg K Na
17 6.63+0.07* 2.21+0.05 0.47+0.05 0.27+0.01
Control
2 8.03+0.80 246+0.17 0.36+0.02 0.35+0.03
1 7.60+0.07 2.38+0.05 0.57+0.07 0.46:0.05
PG
2 7.95:0.46 2.43+0.19 0.331£0.04 0.56x0.15
1 7.12+0.22 2.36:0.07 0.49+0.04 0.38+0.01
FPG
2 7.26x0.50 2.39+£0.19 0.31+0.11 0.39+0.07
1 6.89+0.10 2.12+0.06 0.38+0.02 0.47+0.04
Zeolite
2 7.00+0.31 2.39:0.08 0.33+0.06 0.41+0.10

X : Standard Deviation

Y : Sampling time 1 : June 07
Z : Sampling time 2 : June 30
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Table 9. 22 Au) F 2 Ae)B £Fe) B, Yt

4

F3% ¥9

: Fe Mn n Cu Cd Pb
Treatment San}phng
time ( mg kg"}
1" 143.13+ 2.93* 78.78+1.63 35.01+£1.77 11.41+0.54 0.33+0.02 45610.41
Control
2 146.16+ 5.90 71.9318.56 31.63+0.33 11.62+0.20 0.2710.02 3.31+0.16
1 133.60+ 9.27 71.02+1.59 33.80+0.60 10.64+0.10 0.33+0.01 4.66+0.30
PG
2 143.26+ 3.16 69.51x+4.25 32.28+1.06 10.43+0.09 0.29+0.03 3.89+0.21
1 131.60= 253 79.73+1.65 34.93+1.30 10.57+0.09 0.35+0.01 4.48+0.39
FPG
2 124.41+18.51 77.91:4.45 35.71+4.94 10.35+0.04 0.30£0.03 4.00+0.11
1 135.68+ 3.19 70.63+6.72 33.80+0.72 11.63+0.19 0.37+0.03 473+0.24
Zeolite
2 142,22+ 9.88 65.91+6.74 30.51+1.68 10.91+0.33 0.31£0.02 406+0.30

X : Standard Deviation

Y : Sampling time 1 : June 07
Z : Sampling time 2 : June 30



Eoko] 3184 46 olo] FEANE AN A - o) AR EF 3

4 2 B9
ge] a9 Badol 247e] BERASAAE EHS BN ERUAE WHE XA}

Figure 662 ZHE A Ao At 4 WeE el 302 7EES 59 3k
B AlF FE 1513x10°fu/gdE Qed, &5 Ax 4F A AT 2 =) A7)
3" EgoMe Alg FE control, FPG, PG, zeolite 8] T-olA 12.80x10°cfu/gH E,
8.95x10°cfu/gAE, 15.36x10°cfu/gAE, 12.73x10°%fu/gAEZ YEh} PG ATE A9
sdue ATsrt FaBee & F AL, 8F AT 8.68x10%fu/gAE, 7.29x10°fu/ g
E, 7.18x10°cfu/g A E, 10.26x10°%fu/gAEC.E AlFF7}t 4FART Fas .

Figure 67 A7 49 #WsE Ued 2o 892 EYe 49 1.16x10cfu/gd
EolE Ao HlE| 45 A o= control, FPG, PG, zeolite *|&]7-ol A 6.98X105cfu/gZﬂE,
31.97x10°cfu/g A E, 12.81x10°cfu/gAE, 12.73x10°cfu/gAE 2 WAF F7F F7HEL
B 8F A 8.68x10°cfu/gAE, 35.25x10°cfu/gUE, 16.76x10°cfu/gHE, 13.68x
10°cfu/gAER 45 AlEth o F7hstoh. 53] FPG A2l 19 Wi ¢ o& AT
o vlg ¥& FT7HE JEhATh

Figure 682 AMdd 9 WHslE Uehd Zo=E a2 ES ¢ 2.33X104cfu/gﬁ
E olgled 4F AolE control, FPG, PG, zeolite X2 T-ollA 5.82x10%fu/gAE, 10.23x
10%cfu/g A E, 7.68x10°cfu/gAE, 637x10%fu/gdE & 2 7} F7letd 8F Ae
9.92x10%cfu/gAE, 10.94x10*cfu/gHE, 9.58x10°cfu/gHE, 14.83x10°cfu/gHE = 45
AE AP 7 O Sk

Control 75 HIE3| EPNFAZA M FPG, PG, zeolite BF EF oA 9

@ EG g $50 2 BN Jee & 5 AU
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Table 102 2z} A2 7|3 5o &3 Fd TS Ukl ot Z+ A ¢
W E g FHoE vws] BokS w FPG A FollA 752g0.2 7 EA UElgon,
PG ATl A 6.85g, zeolite A 2]TFo|A] 6.79g, control T4 6.16g°] TA= UEMSTH
T3 ZF AT 78 B TS vas] BE RE ATl 2373 A UM
F& TS UEAT. FPG A2 FolA 916ge® 7P F3ko ™, zeolite 2|7~ A
8.26g, PG A& T4 823g, control TFellA 7.10gS UEMNATE F Sl o Ft
TZFAE PG AYT7t zeolite HMEFET H}o} 7IZMERE HwE RS we

zeolite 2] 77} 25 7338t
FF BE o)A ¥ 25U ANH FEE AFete 473 AAS AAE T FEES F
o F%o =2 H|w3d EWH control 7= 424’0'/6.159g, PG AT+ 6397/6.852g, FPG
A F= 62974 /7.527g, zeolite M T+ 521%/6.788g °|Ath. ©] Z#E control & 7]
O 2 SUbES W] HY FPG A2 ge sl loi= of 148% o1 S7idlov
B THE o 122% °)F S7HE YEUSIY PG AHETe FEEE oF 150% °ld=
5 °F 111% ©]49 F712 RATtey, Zeolite e F&FS oF 122% ©]

3 110% ©l/de] S7H&S Btk

= F FEFNAEe PG ATl vl F 1.5% A= E& F WA &
2 Blws] B3-S w FPG A7t PG AR}t oF
S TS U AFAS 7 £ 29E UEAS
F A} ol FA FAIFY #AE Mo PG AHEFE zeolite AT
control TET Y& 3tA YehY A5 A5 £ a94E v xgga daE.
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Table 10. 2 Xelo] WE F348 53 F3o) Bas
1= 25 33 4
Treatment
~=---————---Fresh weight (g/plant)———-————

Control 6.35d* 7.10c 6.24b 4.76b
PG 7.53b 8.23b 7.16a 4.49b
FPG 8.16a 9.16a 7.56a 5.24a

Zeolite 7.24c 8.26b 7.25a 4.40b

*Mean separation within treatment by DMRT at 5% level
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