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I.

SUMMARY
CETTLY

Development of Eco-Friendly hydroponic system by

applying novel organic solid medium

IT. Purpose & Necessity of Research and Development

O

Development of eco—friendly medium which can overcome the problem of
established hydroponic solid medium by using eco-friendly and sustainable wood
resource

Development of hydroponic system available for developed solid medium
Application research by market test and applicability test for localization by cost

down and vitalization of domestic hydroponic farm facility

[MI. Details & Scope of Research and Development

O

Development of eco—friendly wood solid medium considering economic feasibility
and environmental element

Evaluation of practicality and safety of wood solid medium

Marketability evaluation of wood solid medium and remedy evaluation after it
falls into disuses

Commercialization of wood solid medium using LED light

Verifying usefulness of wood solid medium

Development of eco—friendly hydroponic system model



IV. Progress of research and Development

O

The result of the research display the medium after use for hydroponic
cultivation did not show residue of nutrient solution. Also the X-ray diffraction
showed injection of nutrient solution did not make any degeneration of cellulose
in raw material, which suggests used wood solid medium can be reused as
materials for other purpose or auxiliary materials like bulking agent, moisture
controller

Experiment showed long-term cultivated crops in organic wood solid medium
has higher antioxidant capacity than general solid medium. Also antimicrobial
capacity to certain germs and fungus including anthracnose germ (C.
gloeosporioides) was verified in some of the solid medium. Comparing toxicity
result of general solid medium with developed organic solid medium, the
developed organic solid medium showed higher cell stability than general solid
medium

The result suggests although wood organic solid medium dose not have
significant economic benefits than inorganic medium, the wood organic solid
medium showed enough commercial value, expected to replace inorganic medium
(rock wool, perlite) with increased demand of coco peat medium

Comparing crop growth rate and cultivation environment, developed wood
organic solid medium was same or similar with the control group which is rock
wool slab and coco peat slab. Therefore, it is possible to put wood organic solid
medium to practical use and also decomposed bark slab and mixed wood chip

slab 1s considered to be appropriate to application for hydroponic medium

V. Research Outcome & Utilization Plan

O

O

Patent application and development of differentiated hydroponic cultivation
system using eco—friendly wood organic solid medium

Expect submitting additional paper about wood organic solid medium and
hydroponic cultivation system related to toxic evaluation of the wood organic
solid medium which already had been submitted

Technology transfer about wood organic solid medium and hydroponic

cultivation system to participant of project is due
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g} t] ol E} 1} 91 3 756 + 0.8 723 £ 04 712 + 0.1
2] A ] E 759 + 25 603 £ 14 554 + 0.3
. A2
718 SFS BE ARoA 566~57.8= H|=eE HES el oW fU7]EQ] A9 A
o] gnE Yelll= C/NE&LS 72~192% HYAJh. pHE YH7F 4.06~464= 2HA S e
Wtk AAH o= 55 HH F AR At e nE Aol AX| &= HoE e
th HEAH 2 oo g atel He pHYF 5.29~6502 b 2 FAS UJEldon, E3 #HE
AF el A AEe IFda T Ca¢t Mgel tlxzadl ZAYE s =4 et
2 Age Ay FFod BAG] AU AEH EAQES AL X ZA AH3telA] = A
o2 HAdym 3 o] &4 FWHAE o Ao FiEH Qo] FH U F W A
7F A= Aoz Yl AlFolA A 7+ = e AS5AHES o] &= Aol nigAd Fo

AR EE 77 b8 Hl&® Axste] pH 9 JAret Beje] 5548 vag A3, 64
(o3|
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ol
ol
J%ﬂ
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R
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N
=)
i}
=
Lol
)
"
2,
o
il

e
gl -1
2 ATeE 58 A9E &85t FREFEHS FIAE 7 JdE WMEFEH Y {7 viAE
Alzst7] &l o]&H Wsol et s}et4 543 mEFHE At SAHS HESA
3l SEM/EDS(Energy Dispersive X-ray spectrometer)?} X432 EAZ2 23] #7]|% F

v gte] 7hs A S HESA

. AdAE

(1) FAA=E

= AFolA = X]ZHH*}%J?:H FEEH Y7 20% AEZ E9E ASAH(EEA,
Mixed chip)¥ FHERZ AFES #H7|d 44 AUFF (Y &A%, Single wood chip)E 9
T2 o] &3t T3 Hud dazAe HAAAYLE F58 A7V fede w2 AIgE

ol 2¢7] wiiel, Aol A = FsE F3(F553, Decayed bark), w3, %A

55 ¥4 ESE(H45E%E, Decayed mixture)S ©] 831t}

(2) FAqAME HEFH S FALIHEMR A=

2t RS2 FAAE HEGHE Axstr] Ao edE AAS s AHE F 5 100T
oA 4A17kEet Myt E A FAAuE MEY WA= 1AdE A7 daE Rt
o2 Azttt E Az AHEEE Bxzadds sadictal 5k el ME A= F

WAAE A AT T A e ol gete] AxaArt WEE AR(GATHI, £
A, Basu)e xS Mee 64, T3, 829 ngi sho} Az olel M B

T F AR P T GG hsdnh 2 F gL 20 a7, 1050
17} r

GOl WA BAS AE ASEUANA FACGAD, T 24 5 2ol e
@ 549k A e

7 9ol W@ by SHe FEANER HuRAH o8 pH, ANAEE, f718,
FA23%, KO, Ca0, MgO 5o 4% 2A% Fa vlasgrt. 7 925 ogste] Az
A A4S S48 pH FEZUY MHdE F5es S4dA
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(1) 920 3 333 =8
(7}) pHEZA
pHE AlE 10g<S 100me H]e]A el FH3lo THr 50mE 7ot w2 felso2 Ao F

= BAY pHYE S A=5S Abgste] pHE SAsto] 1 g

-,
>
[y
>,
oy
o
ﬁ
e
o}
a
e,
ofj
ofo
©
lo *

W} ANAEE 54
A7 A E=(EC)+= A& 10g2 100~200m¢ AHztZeft2~=ol #H 3ol FH/4F 50mle 7kt %
g71o A 3087 AEskdth o3 3 EC meter= =743} t}.

(Organic Matter, OM) & 550C¢] H7|2A] A H2E $H3d] 3|sA A 9%
ANgFA e AXRAZFANA SE] FAE W ghe] wEER AAtsAct

5 (%) = 1 -BFANEFA / AFAZFA)) x 100
B4 g5 (%) = s g% + 1.724

o,
oo
2
I
(D
o
o,
n:E
o
f
M
i
ﬂod
_&
?m
m
e}
o
i)
(i}
&

Tl 9 e EgAAc eE
2 10~30—c 7t4dsta ekshrl < a
2t 1~5g3 H,SO,s 15mE 2
AdstA Ea&, 7, AAFAT. 2ESFAHA e dgdde FEE

2% SAHE 20ml ~30méE  100ml ~200me ’1\:}7 %F/}*ioﬂ D"OP AGSFEA 7]

Fuﬁ
N
tlo
[ r
M
[ r
Y
K-
o,
K

L)

A
HoSOs 52 0.IN HoSO£9s e Fele=z HAstd jq"uoi—ri PinkA o] EL=
Ae TEHOZ A Y. Blank 3~571% LAl &3l &7, A8t o3 22 2 ¢
& ALkt

1

rlo

%) = (T-B) x N x f x 14 x 1/1000(ml) x 1/W x 100
I EL N AAo 289 ml<E, B Blank ¢ S FEA A Ao AL EmT

T
{82 Ne B X (factor), 14 @ N (AAFAH), N @ 2259 2] Normality
W
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(v}) K, Ca, Mg, Na &4

Al&® 05~2g< 100~200m¢ AHztEet~=ae] Yol HeFskoh Eal e 10m~20mlE Ear )

7HE3 & s dA o =t Ea
w7z = 2l

F oA A T ddde] SElEd, Ue RER

Al A Am7E Ha Egstd Ama 5o Fth W F ZdE ARE 100~200me v

Zetade] pplFE Ba JRAR oYt FHRFE AN FRI 42 F o3
th WaEeaa ko] olstE olejo] gk

Atk olul FFFE 60CAHE UM AHE3HA
ZreH A3 100~200m W 2~Z e~ #H3FA . Perchloric acid + Sulfuric acid® 3
Els HJ—\:EO]] Eq—E}— o] —Q—OHOE K, Ca Mg, Na, P o E];l"i—/ﬂoﬂ /g]__g_o]_ E}» T'li‘éﬂ 043’/]—% }\]

SAS ICPEYAAE o] &3le] SAHs o] g3 & 2o o At
Ky0(%) = 100 x 1.205 + 10,000 x 3A 84 x =A%
Ca0(%) = 100 x 1.40 + 10,000 x 3| Auj4 x =
MgO(%) = 100 x 1.66 + 10,000 x A w5 x =A%
Na:0(%) =100 x 1.35 + 10,000 x 3| Aujg x =4 X

(2) FAAE WEY FATFu Ao g SEAHEA
(’}) pH &4
ANE 1gg ZA 2 100ml AzFEe~=0 FHsla, =75 70mlE 7Fsta wykst vl Al A

y o 1T
ANE A9 1A BA & 5 220 e A pHE S48t

(W) FA<

AN EE 50(L) x 50 (W) x 40 (T) mm =7 &

o]-g3sle] &9} Al Alo] <] %—
V4

(Darcy?) k = (Q p-# )/(P - A -t

k @ FFAT(em/s), Q : AlZE t Abololl FrEH T (en), p: EY DX (kg/cr)
¢ AR FAmm), P adket/or) = FFES Eo]), A AR @HAA(ar)
t @ S AIZH(sec)
(th) 58
A RZ 50(L) x 50 (W) x 40 (T) mm 272 A Zsle] v]7o] Y Z752 9d A5AA
A FETES YA

UN F e B FS SRFG olu WAL ATE BAR o} 1
L=

g2 e 4o et g,

=E(%)= V-Vs/ V x 100
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(F) A7AEx
A7l =% (Electric conductivity, EC)&= ZA¥ A& 10gS 100~200m¢ 4z Zef~=9]
ko]l S 59 50mlS 7hekal g7l A 3027 JEskdth o3 & EC meter= =4 53T

(vh) 3=

St AFd 94 KS F 31049 FFdel <& 2zt vjed iR 286 AlgdHS 348 AHAS H,
ANgdy dFuE EE5S Hotmelt FAZ H2edd w7 A g 7] (Instron 4482)5 A}
43to] FHS Y EEE 2m/min.® St AP, oS el o AAE AT

uk2] 74 = (kgf/cnf) = %

P urelg Al o] Ao 35 (kgf)

b AdHe Y4 (em)

/: A FHe] Zol(cm)
(3) FAAu & WHEY FAYPujA o EH| s 75 BE
(7}) SEM/EDS +# 4
FaAQug  wEY  EaQuFuAe] st  FAFJF  wixe FFAHAE A

SEM/EDS(Scanning Electron Microscope / Energy Dispersive X-ray Spectrometry)&
3ttt ZF AlgE o] 25 ' 7| (KIC-1A, Lehi Tech, USA)E o]&3le] 5 mA°lA AuZ

T FAAAAW A (EM-30, COXEM, Korea)s &3 °lvA& HdEadct. o] W working
distancex= 15 mmz AA31 71%5 AL 24L& 30 kVE 3Fo] EDS(X Flash Detector

410-M, Bruker, Germany)& ©|-&3to] 7} Alge] gt & B2 E A AT

S
3
=
S

o o

(b XA 3" B4
XA SARA W woky dugon Zae AEnes ARYS FAsed F8 2
Myolth, w0 EFBA Mﬁd% FT/IR A5 A%8 Eﬂie O]%EHH ﬁga% A 2 &}

A1 Ni filter® &4
2 Al o8

>.,
i i‘l
(o
O
o
>
a

Aol AASE(%) = (L - L)/ L) x 100
Ly - (200) 3147} % (20 = 22.8°)
]('1171 : H]QXJE“%Q §:]ZI;‘]_7C>]—E (29 = 180)

% A% 2 13

(1) g
SEERE

ko i—l
=2

|m

o
=
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na
o
f
B
Lo,
o
T
=
T
[@))
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Rl
o
o,
o
o,
e
O>~
1o
oE
do
=2
fasd
rlr

A
ANRAEES ol T}

o] %9 « :
AA L FEHT-N)& ddZ 43 o] 0%= ALdtdo] A9 e Aoz Yeya, 453
58 067%, 4553 s 0.88%, €3S 274% 2 Uehy 2 A8 A ALE3 g d43
g2 STt fUlEd e st 13%, o] 154%, G EA H o] 22% AT FaE
FES 39%E 2 AYPAA M =2 {FUIE FFE HAFI
2h=Zol AEEE FX, By 27A8%, 23531 S #osa de AP 7 F ol
0.01 mg kg'!, FAEAFL 002 mg kg™, FEF9E 029 mg kg'!, FEEFELS 073 mg
kg™ o® Qlatdlero] = eyt ©d wE 23 2 78(K)E 001 mg kg ol
RguE 007 mg kg |, BEEFES 005 mg kg 2 UEw

= 0.01-0.04 mg kg 'Q 3L, F%5F3E 029 mg kg ', 5

mg kg 2 YEWYI, 9Y T SFEAQNHAME AEHA S YEFNa)= F
51
h=|

023 mg kg gt mtadls(Mg)E B559d4 003 mg kg, B5EFES 0.04

—

>3

=Y
1

A

Aol A 001 mg ke '2 YEREA R £ R A= AEE A kgt

E 5 989 339 54
pH EC TN | OM P K Ca | Mg | Na
(1:10) | (dS m™) (%) (mg kg )
Decayed 8.0 45 067 | 392 | 0.73 | 0.05 | 0.23 | 0.04 | 0.01
mixture +0.1 +0.1 +0.1 | 0.3 | +0.1 | +0.1 | 0.1 | +0.1 | 0.1
Decayed 7.1 4.1 0.88 | 13.0 | 0.29 |0.07+ | 0.29+ | 0.03 | 0.01
bark +0.1 +0.1 +0.02 | £0.3 | £0.01| 0.01 | 0.01 | +0.1 | +0.1
Single wood 4.7 1.5 040 22.0 0.02 10.01£|0.01«% B 0.01
chip +0.2 +0.1 - +0.1 | £0.01 | 0.01 | 0.01 +0.1
Mixed chi 5.1 3.4 2.74 | 154 | 0.01 |0.01+ |0.04 | i
xed clib 15 +0.1 +0.02 | £0.2 | +0.01| 0.01 | 0.01
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2) FAANE HEY ZAFuA o) et SHEY

(7h) % 2:0] &% = (pH)

a9 8 7 AR W& Bestel Axd FAAME HEP BAnGuA] pHE et
Aotk pHE EGFe] Fiol Hr ¥ES bl AE2 Eg 4 & 9794

ol < 47 A
s Uedl= etk MEY SAnguA Az 5ol HdxsHee vEs 614, T3,
829 vl&= o] Azttt MEY wix o] A=Al duer BESH Y Atele] AgdHe T
AAZ171 8l SEAHSAAE HA7rstddn. 4 459 A7h&S 2dste] Axd HEY
SALFA = 5] HbE S7kek 9 pHe T 7P vEs T a@d 53 2
ZEY s 829 HEE Az WEY wWiX7F pH 7622 7 okt
8.20 A
8.10 A
8.00 A
7.90 A
7.80 A
L 7.70
7.60 A
7.50 A
7.40 A
7.30 A
7.20 A
6:4 | 7:3 | &3 6:4 | 7:3 | 8:2 6:4 | 7:3 | 83
Single wood chip Mixed chips Decayed bark

a9 8 74 ARl i vESs 2kl Az iEY SAF e 9] pH

(W) FA+

a9 9t 7 AR OE M G Axd WED BADFWAY FEAFE 4T
A5 e Aolth FolAlulg MR WA= 2ol & Aehr) g Agwe] Fro] T
Hofof sl oFelo] wA el FIE Erstol, P MAU RAFT Yojof . FEALE
Ao FEge ovst Ao WEY ZAnPuA e oFai B £EF tehyi Zo|
o R4 FFEA, AN A Atk BRASE BE dme WAd Fbs @ =
A Ao vehgth oA e Bzl bt AoluA AP HEo] F24E
ARE Abolo] FFol Wobds] W Aoz Azdh EF odd TS B E: BF
1l
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8:2

Decayed bark

6:4

Mixed chips

Single wood chip
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S ICE DR R

& HEhl= Vlees A
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=

82, 7:39] Hl&RE A3 WEY wjR = 81% Fow, 7}

B

] WA= 70% = LFEFSET

&
]

= Az e

selelE 829 Mg

8:2

6:4

Decayed bark

=) 325 ) )

Mixed chips

Single wood chip
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() A714d

ZAmgu)= el A7

3

=

gl

s

to] A=
olt}y. A7 A== (EC, Electric Conductivity)= &2 WolA AF7F #

)

2]

!

B

=

i
=y
o
)

X0

7e = Sk

1

oo
= 8.3t

b A] A 2 2 Al A o] A

2ol A B dFE=7F 20 dS/m ©]

Az

T Al

A A7 EE=

3}
=

s
Hol el A o)

At 2

9]

2

Azw Aol A

‘04
4

7z}t

o 7

]
ZS|

d

7z *

d

1
o

7}

=
o

-

PE ANAEES SIS

Wtz

%)
14~ 262 dS/m¢] HHAE F-559

2]

=g 6:49 vEE A

3z
= —

=
=

6:4

8:2

Mixed chips Decayed bark

Single wood chip

Q 1 <9
o] i L]

(w/sp)(s:1)o3
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3) MEH EAngdux o )i SEM/EDS¢ XA 3d B4 S 53 §H3} 7154 AE
(7}) SEM/EDS &4
Hary oo s 2338 o] &35t A

= e
A F Aol EAlehE 4R SEMEDSZ BA# A%E 19 13~15 of vheh

AF A F A e] EAsHE R Fagna, AR5 45594
G Aow et AR Nge mY, FAFAAT FAFY F Csh 09 W&

T u T =
0.5 1.0 1.5 2.0 2.5 3.0 3.5
keV

EDS spectrum

Map data 33%
MAG: 1500x4 HV320kV WD: 13mm

MAG: 1500x _HV: 20kV._WD: 13mm

X-ray mapping images
(A) Before injection (B) After injection (C) After washing

a9 18 G E5AFE ol gk Axd WED wiH o thd SEM/EDS 4 A3}

% 6. SEM/EDS £40] 9% wdEAH =y WA He] JEENAT

Component (%) | Before injection | After injection | After washing
C 50.4 454 52.5
O 47.2 49.5 47.5
Ca 1.7 3.9
Cl 0.7 1.2
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% 149 E TS EFFE ol &3t Az wEF HiAo gt SEM/EDSEA AdE o
Ehdl Zlojth dEE B0 R0 T8 ez FAE glon, ZgEy uFge &
&, A&7 AEHJT oA EFFS Ay FFH FIE £ Fo]7] wEel oAl
EAEt e sl AEH AoE AlmETh

86
SE_MAG: 1500 x HV: 20.0 kV_WD: 13.0 mm Px:0.13 ym

Map data 25
SE_MAG: 1500x HV: 20kV WD: 13mm

SEM Images

(A) Before injection

c

U
2.0
keV

1.0 1.5

B0

EDS spect

-'$'

2.5 3.0 3.5

rum
R o I

od
»

(B) After injection

ISENY

Gyl = cl

T
35

Map data 28
MAG: 1500x HV: 20kV_WD: 13mm

(C) After washing

a9 14 EFHES

o]

gato] Az wEF Ao 3 SEM/EDS &4 A3}

#E 7. SEM/EDS £49] 93 &£ WEZR iAWY FE2AZ4H
Component (%) | Before injection | After injection | After washing
C 46.0 46.0 46.4
O 47.1 47.1 43.6
F 1.7 1.7 1.2
Ca 4.6 4.6 8.8
Cl 0.6 0.6 0.0
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X ray mapping 1magés
(A) Before injection (B) After injection (C) After washing

a9 15 FEFIE o) ate] Alxg MEF wAe] d SEM/EDS 4 A}

E 8 SEM/EDS 24¢] &8 2459 =Y WA Y2242

Component (%) | Before injection | After injection | After washing

C 43.2 39.6 25.0
0) 51.8 47.6 37.0
Ca 5.0 12.8 38.0
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60
59
58

Crystallinity (%)
60

[€]

before injection
after injection
before injection
after injection

Aoz et #H7)

-

1

Sample

Single wood chip
Mixed chip
o] a7t A9 gl

Ea

£ 9. Z4 ARy AYEAAHIE

NER e

Al

u. A8

il
xr
;O_l

2}

-

& olgw Uz o

171 ¢

J|

Al Z

=
=

71w

A MEEHE Azl E4& PE

~~

pA

5]

& o 7]
W ) ul]

=
=

:'

A
ax)

|=]
FLE
)

47 ~ 51, F=E Fa= F4QA 718 vE

pHZES HolFth A7) d =% (EC, Electric conductivity)

J

!

Fdal, SEM/EDS$F X4 3]

°

FopAua e A Az 9
15 ~ 45 dS/m¢9]

-
T

e

s
;o..u

o}

1

Ak
(a
il

o)
o
ToR

ai
oF

0.07

-

1

o] 154%, w7
Ee

wd

[e)

029 mg kg'!, #%EFEL 073 mg

Z+ 4 (Ca)

-

o

97} 13%,
g 2 xo] 001 mg kg lolal ¥-Z4y)

002 mg kg', F%53
& 005 mg kg! 2 e

[e)

R

0.88%, &332 274%%t}.
001 mg kg™', 9 EAH

22%

029 mg kg !, FEEIEL 023 mg kg 'ATh vl

| B2532 004 mg ke '2 U

-
s

oIy

0.01-0.04 m

A 0.01 mg kg!

Ao =

A sl 7HA YE

S}
=

7o}

=

[€)

7he

3|

%
=

9]
g2o M= AxT MEF WA pH 7602 7HE shakt

]

s
fins

[e)

.
1

443 0.03 mg kg

o
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=

=
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w3 2o pH
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=
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1. 7 @A dARY AZxZzA g A7)

7h, A 53

Sgvele] A= EvlE Qo] 15 To AAFIF GEAW vt olA dH, =
FAIE F& o83 nPuAHo] FHEZ o|F o Fuls A JHHjAE o] &
A= Aok 23y ol A=Y HE o FAAn] WHo] 243 oy USlE EF3)
I ARSI i wiA e digk kA HF wn|sieh wmEbA )Ee] G AulE A
o] FAEY TGS FES F Jde A H wixE Qs AEASAES 53 7|54
kA Qb S HESFA S

Y. 4gA8 2 49

1) 28 A=

B o S 33, 5 WX 3 AU Y-(pinus koraiensis), IFE & 5d WX Al
- (Quercus mongolica)S ANFA3Fe] EAS At 248 AUFEE 555 iy 135
A e AAFEE FESIY ARG oy, HEAHE ATl FJEEFRE AxgoR
yle} FFo] FEREA e &Y gudEtue] FFor AXE HEAHS FRE &

7S El A EA e HAd S FTEskivh

(2) 2394

7} A5 i A F I}

97kA1¢] EAE 1g9 10mL 32 S/FT= A2 A= ol
A2 1Y, 29, 49 &&q3 30TolA 115t F x FEEE AAESTH %%%
sample> ZHF 3  pHts FALE HAS Alx HdA H7bel] A& 7Msd AEE
AR o] AL o] &3t AZF i IHFZAAAE (HaCaT; human keratinocyte)E 1%
antibiotic antimycotic solution, 10% FBS (fetal bovine serum)E &3+ DMEM
(Dulbecco’s Modified Eagle's Medium) ®jx]<¢} 374 37C, 5% oAt E&AE {FA 5l
Incubator Wel A wjekstadtt. 59 ZHAAEE 96-well platee] Z} welld 5 x 10" cells/mL
225 5, f71 2@ dAm §E4S AAN-I 25 5 10 %% At MTT
SE f’% HFBEAC] 570nmell A MEFE SAHste] 7 Az &&d0 g AlxsA

5 Alx AEES S8 A9 St S Hoskaith

&Z3to] samples A3
[ex]

z
e
ot

o A rulo

(W) 2FAEed A5 A F 7}
T4 9] A4S 1g9 10mL 33 =HFE A 2 80T Aol &3] samples #| %3}
Ak I 77 el dAEe] FtHAdF IS} A 2o E AT AP 21ES A

_37_



ATt

S

AEEE E

1

;O,._

hs

olo

]
aSi

a7}l

3L

3

B

B

i
o

47}

g

(th) A e o

R
=

3}o] sample

Ny

AF

zZ7Me] 1gd 10mL 3

=
=

Ho

| R 80TNA 14]3F

44

24,

)
b

10

o
T

B

7kl A8 7}

3

oz

3

-
o

O} %

BH

N

Fed Al

S

2 1A

A

o A7 2 uF

ofy

2]
el

A BURE) 8% A Al me didew

|

!

)

el

2l

o
i
-

ol

(10%) % A g Al

H=ME

2hC| of EtmtoI

3 1day
B 2day
Bl 4day
| otg

T T T 1
(=] (=] (=]
w (=] w
- -

(%) Avligela (20 aale|ay

3 1day
B 2day
B 4day
- e

L | ]
1
f T T T 1
o o o o o
2 9 6 3
.-l

(%) Ajnigela (120 aanejey

10

25
Percentage of sample (%)

25
Percentage of sample (%)

3 1day
B 2day
Bl 4day
| e

T
(=]
o™ @ w ©
-

(%) Allgela 1199 aalre|oy

1|
1
T 1
(=] o o (=] o
o~ @ w =)
fotta

(%) Allgela 1199 aalre|oy

10

25
Percentage of sample (%)

10

25
Percentage of sample (%)

_38_



(54 A )

3

el
[
-

e

(34 A )

3

ol
[
o[

7

(=]
e
uw
uw
o
(=]
L | |
1
(=] (=] (=] o (=]
o~ [=r) w [ar]
s
(24) Aljlqela |90 aAlje|9y
& & &5
283~
mu
e
Lo | |
m.a
L | |
uw
o
(=]
L | |
1
(=3 (=] (=] [=] [ =]
o~ [=r] w Ly ]
s

(%) Alligela 1199 aalje|oy

Percentage of sample (%)

Lk

Percentage of sample (%)

1]
=)

M

a
L | |
]
o o o o o
ﬂ o w -
(%) Anlligela 1192 aalzeley
333w
288w
Imm
[ 1 |
m5
L | |
MRM
o~
!

r T T T
o =3 o o o
u s 6 3

(%) Angela 190 aanejoy

Percentage of sample (%)

Percentage of sample (%)

[ 1day
B 2day
Bl 4day
| g

£ & & °

(%) Alliqela 182 aane|ay

10

25
Percentage of sample (%)

]

K3
o

[}

A4 5 9

&

(2) 2A=

Z7do 2 HaCaT AEZE Y
7 9] 25, 5 10%% A g 3}

ki3

)
=

0

et %

s &Ed95 A

=]
5+

2]

=]

I mR A A A 2

213

o wgth ehlets)

J

S

=
=

ol

SR

5
= nolu wu)

o2 Ho}

UERH A okt

]

=

o

_39_



HEME

Rl
od

2hC| of Ett

Il Boiled

[ 1day
B 2day
Bl 4day

(=)
-
£
wn C
2
=
o
=
1
w §
o C
=}
(1]
p=]
o |
]
r T T 1
i=] L=] =1 i=J
o™ o e
-
(%) A3ll1gela |180 aAlje|ay
kel
> > O
383830
- N < @D
vmo
=
L | . |
vlms
o |
=
o
mo
L] ]
I |
[ T T 1
o o = o
~ © -
-

(%) A3lligela (182 aaje|ey

concentration(%)

Il Boiled

O 1day
B 2day
Bl Aday

L | 1
r T T |
(=] (=] (=] (=]
N @ =3
«
(%) AMligelA 190 aAljeley
-
5= =D
o © © .m
28 Em
L | |
|
r : . i
(=] (=] (=] (=]
N @ =3
«

(%) AlIqeIA (192 2Al3e]0Y

10

25
concentration(%)

10

25
concentration(%)

(52 &)

(34 &1M)

3

ol
14D
o[

i<t

Il Boiled

[ 1day
B 2day
Il 4day

o |
T T T i
=] =] =) o
o™ o -
-
(%) A3111qes (182 8Aljeley
b=
> = = D
83 ®F
28 Fa
L | 1|
1
r T T 1
=] =] =] o
o™ o -
bt

(%) A1l1qe1A |00 aApE|ey

10

25
concentration(%)

10

=
=
=
c
S
®
|-
£
=
w §
™~
o
(%]

M ,

Il Boiled

[ 1day
8 2day
B 4day

r
(=]
o~ © <
-

(%) ANlIGeLA 1[92 eAljE|ey

concentration(%)

@@ 2day

@l 4day

@ Boiled

0O 1day

120
804
404

0

(%) Auniqea 192 esaneley

concentration(%)

a9 2. AE AEE

N
w__,wmo

0
Hr
=

)

o

A g5

<

_40_



Ll

o
REA

OO]:Q—I
0 )& v E S e)e] u)x] 2

i

==

3L

b3l
=

7}

]

H

o) &= %

o

(3 [¢] Xe)
) J:—HZHHH% UHE?_%EHQ'I HH ]
= o

o N
T ~
1rA 71_ mnAo
< ul o wﬁ W
= " _o : 3
GR o BB oo ow
xoo W= o= k- XX
N %0 i~ F oo o 1m_|, o JJJ K = —~o0
oo = o, XD e To oy "
= - AT g Wo U m o 2
=y o =T ) ] o7 T
B W o B . T X A
fo- N oo w = N o X — —~ o) oy
= 29 W Lo =0 B T dlo
X R D ) do 2 < BL
= 5 l o o O# o O d.ﬂ N Z.L o<
U.ru < # 1:/uA X \,_Ilw_A” EE ﬂor ,al
T B . oy R ‘% i) RIS ™ X Nl g
= poooxw < W = W E = ~ &
° 9 = =T 2P T
w <R zT _ z.e o i Mu ﬂ = E_ o o_e %o
‘QI. o B ™ o 1 —~ ~ —~| T :.Lo i) HE
= ™o X % - ) C =)
Colley & TR Mo N w BT ﬂﬂ% 5w
i o W s B g © o B X B o o
X o % s 2 T oz T
% T P X BY e EIT T
M._ A Wro or ol .._._m_._ op N =l o oF - o da
" = M = He o o o oo Rl _%
9 ol = M T ) - v E ~ g do -
i Al o W) o W il o!
o ol < ' —_— = oF w o T
o o 0 53 # N
; g w 5T % T do X
r wIORL X OE = i _ZT ‘Dl ,.OFO MML i - W ZI
i = fony
T W ﬂl - X 53 mm ) oy ™ o= © d| ]A ™ ~o o7
w - o Hr H oo T i > =) = pet ol <
a4 w R = N 7 o R or o 5 Mo
= N &ﬁﬂﬁ_/% @fruaﬁ} O_EE% 3 N
TLF Titaz 4 Eh oD e © T
= 0 =™ 5 B! m  F o I o -
oo TrreX ol ® %i_mﬂ;_ﬂ o O oF Aewﬁ
= %° 0 5 ~ o o ° ' ° . X =
W M7 & %ﬁm«wm@o_ T G e N
o= @@mmﬂnﬁ T U L o 2
52 K] Raw ow B G oo
et SR T o = 2 — W w ) < S ™ =y
W o= ~H = o 9 0 B0 ot © X v o = s =
5 T S e il i W ™ 2
N ol Grllimy = B ol u B T T o= B ﬂﬂ, ~ 8o ol m A
ga.pl AN ™ wEee e T f B T
o T = E._.._ = OE :.#_ﬂo = o N o_H - ﬂmum &o o o ﬁl ,_ﬂ@ﬂ_ _ ,UF o.._ d_.
o 7o %O g %o .ol N = X o T 7K Grogd TR 7 ° 9
Qy n T = el T W o ™ mr = = nr o i oF o o~
ﬁ s srwE b on & Tom MZ B T o
F oo B I 5 L L = = e N I
o M) o ~ ~ 0 xR < B = TP o S o~ N
A = B X X io s ol N 2) En* N
o~ = ;ﬁo_numwg < _@ni_% m.oﬂu;_],
N o= = m» A TR R o
T : )Ajfﬂ@ =l
ay W —
= g o % P R ol
4> ST5E
oo

|22

R

A

o

=

£ 7t

7hel A

|

2
[}

34

A
vl

—‘]'Oﬂ /H]E of

S

-4 -

==
>/ o
O.__E_ ‘H]_Xc'])



AZsEA Y. o] AS o] &3ty A7F FH IFZAAA X (HaCaT; human keratinocyte)E 1%
antibiotic antimycotic solution, 10% FBS (fetal bovine serum)E &3+ DMEM
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7} ATEH

BT EAnguA 2 AR AR AAH A gste] Sue AAA A%

3Gl Ag AGS BAST, AN BAS BE v 2AnGuA ] FadS @ 2

DA A AE uE @ BuAAS HEAYT o8 EUR JF v, mawE A

AT S @AY, WRE S, BCE, ARANE/E 5 wlaste] BAnPMAL o §

A AA 28 e AAN S B

(). BADERA] Fa 495

b AAAN G 24

eluehs WA EXol 88 FlelA NeAEzory Bgow Ad Fol gow, feled,

el 59 2ol dRRAT AR Frold At Bad 84 AgHow x
AR W EPerd wede AgA o & = Aok &

date] 2AES AiksteE A EH S feF A

gk FEJNE W TAg FoR Qe AiwriHAS 20000 386,391 haolAl 20114

260,507 ha® °F 33 AE At o, Al 57 o Hste] w=A]571e] WA o] A ZFAsta

Q= ZMo|thHE 1). 10:d7re] 71H A Wala:AE ulg oz AAGEA A 202003 7 A

ANaE7PH A 173,103 ha =A 120,119 ha, AlA 54,204 ha@ 20001 el H]sFe] Z+zF 55%,

509, 409671eF 748 A0 2 LERFTHE 2).

A AldEs7rd A o] FaFAE Bola 3l

3,009 ha® w243 F7tstal vk o= F
3

H
@ 5 93 w=EY 47 % Awabgel A
1 L

=) wt &qﬂuﬁ*ﬁ@fﬂ 2000Lﬂ 474 aoﬂjﬂ 2011

NES- RN

o .
20093744 sl A AjafgAol 1,224 ha, 79.6% = 7 =2 HlES AAE

= A AW B AAC] o|FolAN AMEA ZAAAA MudWA Aot DA Z
ek ot obAA nAuHE BEH Walo] glrRolth wHe] FHUEE oA 334 ha, ¥
o E 319 ha, ZAUAE 239 ha, 716 w02 37 P Dejo|E wjA ¢5e] v AREol

A A degst A g
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¥ 1. 2000~20113 AAF7IHF ] W3

(¢l : ha)
L= A A =X Al 450,000
2000 386,391 295,764 90,627 | sogo00
2001 366,298 279,877 86421 |y i
2002 3645 | 2100 | e25M B
2003 328,170 244,801 83,369
2004 315937 | 235123 | 80814 B A%"L —
2005 297,961 219,492 78,469 200000 ~— —LJ
2006 292,259 215,897 76,361 | 150000 A
2007 277521 204,149 73372 | 100000
2008 275,486 201,291 74,195 50,000 e
2009 262,995 188,354 74,140 i
2010 245,251 178 370 66,382 o
2011 260,507 191,897 68,610 Q@ o B% § & "Q@ Q@ &

AR E YA A A4 2 (2000~ 2011)

E 2. 2000~20203 AAiF7IAAH ] W)
(9] : ha)

de A =7 Al A o

2012 234,784 168,977 66,089

2013 226,007 161,920 64,472  ss0000r]

2014 217,559 155,158 62,894

2015 209,427 148,678 61,354 zc0000

2016 201,598 142,469 59,853 .

2017 194,062 136,519 58,388 o

2018 186,308 130,817 56,958

2019 179,825 125,354 55,564

2020 173,103 120,119 2 54,204 EEEEEPEEEEEE88888E8888
A5 FE 2 E 5 A 22 A8 4k A (2000 ~2011)
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£ 3.2000~2011d W FAAH @R (FHF, ‘00~10 2A])

(+4]: ha)
A B 1 2] ‘00 ‘01 ‘02 ‘03 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11
@G (DFT) 59.0| 390/ 360/ 520/ 460/ 610/ 820 790, 99.0 83.0| 1290
ulak g (NFT) 12.0 8.0 6.0 6.0 9.0/ 130/ 140 240 240 46.0 44.0
H| 313
2 160/ 410/ 470, 260| 430/ 1130/ 1320 850/ 1180 527.0|  565.0
<] 74
7] B 70/ 260 90/ 11.0 10/ 580/ 580/ 5830 8 549.0  549.0
| 940| 1140| 930| 950| 99.0| 2450 286.0| 771.0| 2490 12100 1287
o o 136.0| 171.0] 194.0| 286.0| 329.0| 3380 2860/ 4780/ 408.0 3340/ 3400
78 HalolE 229.0| 2200/ 2330/ 1940 1750/ 1980| 212.0| 2330 2640 3190/ 590.0
ulj =] 73 - = an ’
71 € 150|  30.0| 40.0| 41.0| 750/ 1360 156.0| 2490/ 303.0 7270/ 792.0
| 380.0| 421.0| 467.0| 522.0| 5780 6720/ 6540/ 960.0| 9750/ 1,380.0| 1,772.0
I | 4740 5350 5650/ 617.0| 677.0] 917.0| 940.0| 1,731.0| 12240, 2590.0/ 3,009

AR L FHFAA S (2000~2011)
3 HE AwiAAS Zebu Aol £33 (20106 230 ha, 20113 398 ha)

() ¥ A AuEA s 24

@ run-testd 3}

Bl A] QRS flste] obd, HutolE, V|EMA| o] WAWEE EdE AAYEA
HATH WA 2000~2011d70A] FA ) HAESE A4 FAE HERL d=AE F4ls
| 13t run test® AAISIASH, run testZd FHA AAHEA, aFHul=], 7 EbEiA] 2] ul
A4S p<0.012 AT FA4 WstE Wola UTHGE 4). ®3 27 o vEbd A3 Ze] 2000
ANE A WAl FThel tlEo] mFujx ] AwjH A o] FEEA Frketal glom, o]
T dHE 20081S VFoE fAaFA o, 201035 -E VENZAIE FS)MAE &3

fJrj = o] S7FFAE Hola 3l

N

“

N
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F 4. ANAA 2 FAAHEZF Y run test 23}

8 AA wagdd  wgud ew gges
- (Z2HE F)
A7 Fa 1160.50 387.08 77342 30067 253.92 221.08
Aol < AR 3 9 8 5 9 )
Ao~ >= ARz 4 3 4 7 3 4
AA Ao~ 12 12 12 12 12 12
Aol 4 2 4 2 4 2 2
7z -2.645 - 836 -2645  -1.457 ~2.507 -2.645
ZAb OB E (g 008 403 008 145 012 008
* a. I #p<0.01
— AT
4,000 ] =
=
e
=clilE
——J|'E}.
33,0007
2,000
1,000
D—

T U T I T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

19 1. 2000~20113 ool 2wl & 5
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U EALFE A A g 24 R Bty s

(1) A&y
&

Fuelq fERR YE A ZIIE WAE Fate] o, Fuldld AR
= HEAE o dE AxeFS FMEA Fol IS o] AL @AE H&FEA o] ojH%
Aot o]o] & Ao = HAALPwIA ] A 7rA S AFESEe] Z]EuA| o vl a4 8
o, AA ZAQaFeA e ALHE S 98 AxAA, Axzdne] nlES A=l 7
HA 2 AFS] Fojrba S APz, AH =], APy, dvjeiey #Eb], ojgow
A oo EAQnFuA Y AxAAFs EAste] v A, AxdE, AxAZ, FA9YS
AEste] AHYARM G AR TS Ao, AAHoZ YAD £ 9 M A%
gul, gl el Aufr]) o] &2 EARALE Tl AxdUME VIeo® 747 35%, 11%, 5%
AZgstel Aol dvirtAae A=t A4 AE e & 63 2
® 6. EALPFulA Hujrt AEHHE

T2 AT 72 A7

47 44

o & R Axdl £28¥= Alxds Fnlg o SR A AR, AQld, 1]

SER )

A= 2 A ) 2 1A - FEy] o oD v u] o z o = = 2 o o2

g | © A4 A mrloF A4 = H] 9] 35% - 0 A ZY7HA ] + = F-1 +ZHE H]) 9] 12%

olf | o AzA7e 5%

1) olF4, 1998, 2) ¥-H 41, 2010, 3) x4 3], 2012
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(2) BEAagu]x]e AMAH] L& E2A]

(7}) MA AzFHA

2haguA e Azxs @ & 2 23 @ 42HE Oz
Al

HAWGA S =3 dA EFsto] &

teow erg olgad FEAL BT AFHPE WA= Lol
AT QBAZ@ANMRAL AR F 24EA A A48 B4R 2 19 &

ST OEHIX] " =

a9 4 BALENA Az

o
M HEAR 2240g, HWGA 560g0] AL
2l

T
g, 948 & % 73 2k

AEZAZ | AZAF Azds &@H 13
. Lo = HEAF : 2240¢ =24 0 7FE 20em x A ZE 80cm x =°] 80cm
- ° W AF7] :560g - 5% 14k

e

(3) Azxdsd hg v 4t
b =AH F=d 43
el A
ek dem o
2010 1,002,771 e

H\H 1
FYRAHS AET A BEUE

i
s

W, B3, WEd, 57, ElAel, Autt BelA 4
< AEHETE 2003 968,929%F / 64,5887 &2 ol A
Hz F9% L FYdel A FAATE 8). ol
Yol whe Fulul o] BrPHAW,
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2010
1,002,771
108,165

2009
753,015
63,118

2008
1,098,919
136,721

2007
885,453
90,356

2006
1,020,109
97,7438

2005

95,454

984,916

B A&

3+

2004
93,055

1,038,598

2003
73,904

968,929

=)
(XUSH)

1o

% 8 EAF U4 (2003~2010)
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=
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— ZT % ‘ol.ﬂ ‘nlvﬁ QE Qﬂ Qﬂ -
maB 2 8|S x| &[S
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g 2AngNA Y BetA 4F

Zﬂa—/] {J_rﬂﬂﬂt AF] 71247 AP AER S} A -] 2o Az, dukde] ]
of yufju], o] fHS st AR HALFAY T E2A7M] AHAER = HE5AY F
e AE NgS welsam, AHwtuE AFARALR QAUE nelste] AEHAT
2ol Hgele] s et AlXIPEE = (PHAEY], AETE], RYEE, Al sol £EHE
ol o= AFANES falA AFHoR JAE 7 e vHEez S = AH =T AL
G oalEuEy, AP =5 SRy, 712Y7F v EEY 58 AFEske] AbEShAIRE, EA)
nPuiAe] A oled WEYUS HE517 olHeh o|FH1998)e] AT MW AER
7he A- =T, APAEY], AP E FAAHEY 53 Az e Tk 5
~15% AE7F AH=FH], Q8K = 45~55%2 FAEHY AZEEH = oF 30~50% AEE
AAGGT vk BAnGuAE @A AFATEAC) T AFHEAT o] FoiAA W
gjo]7] wjze] 2 dAFdAM = AZIFHEHE 19909 ] 712D 7HA A 202 H e
W)l 3595 on AAe Y
= 24| 5%
15% (et
FH=H| 552
SU%% M=
o=
A40%
o2 A Z=2rEH o
SO LS FI =R
EEEI =N ETIEY
1990 vear zoon
a9 5 AFL7E FAARES] FA
* O|FM(1998) M =&tdHstof| w2 ZHEH| b Fof &St AF oM el

Sgow wus Beut AFue]l At wld, P, BeE qus FEEe @
o, $eltbel Axdel ¢ BRYOE WE 12%0] T YRR FAF NFL FA
B FEOITHF AT, 2010). el g} pelvle] T3heh S v vheFa wuk ohe)
AR delgoln AFHe JAow FEsel AR ; Yok olo] ¥ AT HAm
Gujx o] wouish pels AF] AZUFY 12% FEOE S, o] &L 56V A5l
Al 7he &

2) 1998»4 ~20108744 9] 2719 2 W71 e Goldes AR thr]92 1998 653%014 2010 7.83%% Waletlal, T4
< 19989 6.01%0A 2010 555% % Fa7|-Aol&, t7I¢-aLo]&e] o] 10do]d A& HAl ”4 uF3) HE BES B
Atk olell 1998 ~20107441 9] = T2719 MEA ddoled A7t 5%9 ol&eS HEskslh (1A T79.2012, AxF
,] ARt D A AgRA)
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(2) =23
HA SALGA 1R SSE Az fas = AFARR = A5 A EH 9

ojth. #HHANF L 224kg, FWEA= 0.56kgol™, HAIF 7FA 1= 95053, #WdA =

=
o

—
=
e}

g 10092 Axkste] FHAEHE 26899 /kg oAtk T WHAR FHw=FH = AZzATHY
2890, AE AR Ao, old duS WA JAAdES A&ste] A=A
= AN 160389z AFEE AT Al WAl AN = AFAEY 9 AH e FH] FAa
o] 35% FEoE HA}to] 6554908 UEMETE AFe] AHARH], AH =], A2
5 3 vl go] Azt sy duju| o} #En], o] &2 o]F uiEgto R 717} A2 Y7t
1296 303.4%, 5% 1264990 2 AF=3} T}

S A AejrrA-Le £ 103 o] EA7F 18727 A xZEH] 655.49, dvln ek
2 H] 30344€, ol& 126490 % &£¢tE /Y 7HA S 2957.99 ]t

¥ 10. EAngux e Fa7tg S

= H & (&$:4) AHE
BRIEEEED 2689 | o AZAY u§ + AWLA v
745} 2 1 ] 16038 | o AZAZE x 20918 x Azt Q7
97
e 1872.7
7 o THA A 5]
SR =
i Hl A Ay 6554 | o 712917}e] 35%
2
7} A =78 H] ]
A A 2528.1
ghvjju) o} e 3034 | o AzA7e 12%
o] & 1264 | o AMzQ7}+e] 5%
A 2,957.9

3 71E nYMAAET w7 EA

(1) 71w A 2 #7143

oheFe k(3R 11).
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¥ 11, 49e A AEFH}(EER)

A EF3 TA(F-Zol-&¢], cm) 73 () A A
ARZH(A=HE) 12x120x7.5 R
15%90x7.5 N IGS
- 15%90x7.5 N IGS
15x100x7.5 HIGS
12x133x7.5 I AdGS
15%x90%7.5 2,100~ 3,300 SFURSHH
URF¥ W E 15x100%x7.5 YRS
15x100x10 SF=2URSHH
15%90x7.5 gL
B E 15%90%10 g 2] 3% @) =2
20x100x7.5 g zeE
+ ol SMQ01D MAET B 54, AU dviol=E td ZeAn

o,
=
i
ox

L)
s
—
d
-
iy
2
—
o
S
S
o
N
)

¥ 12. ZIAYE AEFF (£7d1)

A &8 TH(Z-Zol-¥°], cm) 7H4 (%) AA
[ 15%904 )%
15x90x4 (F)M L g3
oo 15<90x8 4GS
8 179313 9GS
15x90x7.5 (F)12E
zayg 15x100%7.5 1,100~ 1,500 (F)1=E
20x100x7.5 (F)1Z2E
Green lsle 20x100x10 Ald e 2
.. 10x100x20 W TalE
Multipit —
8x90x15 HA L

o

N
1
Ral
HU

=

* 0| 8H(2011) HIXIESF X Sd. ZYSUOlo|AH O

El

(2) BEA2PuiA Huf71A 3] va-EA

B Ao A Huto R e obH 2 FIVE ZSEtHE o3 FUur)o] AEOT AFREYO
), 2 AT AE 1A 20x100x7.5(F - ZHo)-Eol/em) o] AFES Vo R stk 7HAEe Sl
A deE L Qe ZFAY Hrl o 27009, ZIIE 1300902 AAYstar H Ay u) A <}
HlaL - A8l

FE 133 o] gtA 20x100x7.5em(F-Aol-He))e] Eetr e 17§19 #{iu gL ZFAIE 1,300
9, ok 27009, EAuEu A 2958900, Tha WA A A9 o 261903 Y, 7]
E 1261049, BAugux] 286920 1 vgo] 7pF =9k

AT Frlel e b 2 mavE Tl A ¢F 40E(950070)7 S Fojste] EEE 14

(¢}

ht
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°F 10~20%8 %= Zld 7tAo=® Fujxo] AL Qv webs HA 1P 5 ot FAL, dZF
Hofd A @A AAEE 29580l A 15% %= &l T il 251494 %] tA R A T

T 49 oF 24335H Yol Lo HY 1
i HrlE AgH&S ndetd, A= AuiE A 1had FHA4F 100m'e] ¢hwo] wiE5
w2 AP HE FA] 1HRE o] AQEY, wjA o] &) AAHN & FAFFAHIE TS
th= 744 shel ardgul|

o] 7tA SHolA = ORAVEZE 7B ki, vdsos @54
], @dHEelet & F Ak
gy B o Age A5 AMSS B e ARS A WY B 244 dAdAdS aeeA
G AAA vk A& ARRA 23bd R AlstE AAFG e o FAN &S AL
Hand S e AAYS Bo Alad e dedEn
¥ 13 ¢4¥H-ZIIE-EAHLFWA S #ujrtF
TE g IAATE A 31 Bl R
Z ek 170(20x100x7.5¢m) 2,7009] 1,300¢1 2,514¢)
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A7 & 20 & 13,000,000] - -

# WA 20x100x7.5em 2719 EEFE 2 lha W™ =EA ¢F 970070 7F 22 %
* lha AN E7He #H71E Au]§ 0 4w 10,0008, vd 2 2~ 2% 300044

o, 2ARYNAE ol &P LEDAZ AN A=W AA4 B

EA 2P E o] &3 LEDZ= A 2~dlel tigh AAAY E4S A& 27| FARE, 8 A
S, AS, AAZE, FEVHAE EA 8] daa8EE Adsta olE ufgo® Fd A}
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(th) A3 57HLCA)S HEH # A3 7HS-LCA)

ARG 7t ks, 34 Sol 4o nA= dIFS AFH oz Hrsty] 9 = 4EH
Autr oz ZA Aol W WHHA(Goal and scop definition), AI}AH EZ(Life cycle
7HImpact assessment), 7Id% 7F(Improvement)e] 49AIZ -4 = o]

ot

inventory, LCI), <3

ATE A WHA, dAF7re] HA Ao g e A dAE AT 54, o A AA =
A2 M ES Zosts Gt FiEA dAd A3y HEL2 HU ude AoE Ajsad
I HEE A AP, YA AMEE WA wEES JESee Aol 55 Aol A
o FH AYPE TAE wet 72t FAHY FAEH} wEEC g dolHE sk Aolth
ol W& ARt =9, Bl go] AHH o]y Ho wet AlxF FA sol AxAdE F
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FAET), &4 el5 A (marinewater aquatic ecotoxicity, NAET), E %A E}%= A (terrestrial
ecotoxicity, TET), %< %3} (eutro—phication, Eut), #7213} (global warming, GW), ¢17t%
A(human toxicity, HT), 2%= 33 (ozone depletion, OD), F3}st AtatsE  AA
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718 Ao wksoHith 5, S-LCA= A%< @ ]
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o Rolx, BE s AAA (sl dolH £Hel wd Az W W el

Hol8E S4daob sk LCASl @HS near] g gowyos @ 4 dolHe g
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¥ 19 EAnIwA AZHAAS Gate to Gate data base

Input Output
Group Materials Unit | Amount Group Materials Unit | Amount
printing paper kg 1.400E-01
printing paper(scraping) | kg 1.400E-01
e pulp slury kg | 2.800E-03 | Product Wooij;]frate kg | 3.850E-01
wet wood chip kg 1.790E-03
dry wood chip kg 1.490E-03
m]jfevrvial polyacrylamide kg | 2800804 |
Resource water kg 2.66E-0.3 emission (wastewater) kg 1.420E-03
Energy Electricity M]J 1.308E-01
SALGE A Az TGl I F5EH Ay F 270719 dduEE 5] =EElen,
O Wi FES #-190 FAEY T8 FAERE SAl(wood) R Z(pulp) 7t At
AR on, AdEERes LG A B FAER ojibstekaet #HrE HAE AT 53]
IMlEE 2 COt 7 e F2s A7istal e el fdddFem AF2dsrt o
€ $AGdFHFEY didor HTo] At As HojE
E 20 SAINA AxTRe AFA ESEN 27
Direction Group Disﬁielgil;ion Materials Unit  Amount
printing paper kg  1.400E-01
printing paper(scraping) kg  1.400E-01
pulp slury kg  2.800E-03
Input Raw material Technosphere wood chip kg  2.100E-04
polyacrylamide kg  2.800E-04
wet wood chip kg 1.790E-03
dry wood chip kg  1.490E-03
Input Resource water water kg 2.66E-0.3
Electricity M] 7.200E-02
Input Energy Technosphere Electricity MJ 1.109E-03
Electricity M]J] 1.290E-01
Output Product Technosphere wood substrate culture kg  3.850E-01
carbon dioxide(CO2) kg  8.400E-06
carbon dioxide(CO2) kg 1.294E-04
Output emission Air carbon dioxide(CO2) kg 1.526E-02
Air emission(unspecified) kg  3.000E-04
Air emission(unspecified) kg  1.105E+00
Output emission Water Water emission(unspecified) kg  1.420E-03
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7F e Ao yehyth ZAagdujx et 2o frladux Alde] &% sdlE A<t
ot S AT ‘wf- zE el ‘=YY b ZhzF 25.0%, 375% R =S vl &S A3t
¥ 25. FAnYGuA Y A FAA dg FFF A4 (9] = W)
TE I A
Zqmguy | HeaE a3t nEolt) otk uj $-o} ] o}
24
AL-g o)A} 1 (4.2%) 8(33.3%) 10(41.7%) 4(16.7%) 1(4.2%)
A vk Auked ~
40 1wkl wlu aes A 479 o)
~ 27Tk 3T 24
) & 2] A}
10(41.7%) 12(50.0%) 1(4.29%) 1(4.2%)
wgngu | e a9 BEoth ohuth Afebie |
A gl A9 6(25.0%) 9(37.5%) 8(33.3%) 1(4.2%) 0(0.0%)

SALGMAE =4-AED B FAHer ud B0 Hgte] ToE o2 SHES

Ay © e AdEF @ WA FEdd @ WA 7t @ 71 FAAa Aldae] =

i @ wiA o] A © wiA A 2 e dAd @ H7IE Ao Gl M=

ERwth 7 5o Hys durd AsAibde]l ®Hit 20002 VM Ta% d5ow AdH

o] Hnom, wixe] FHAI(HE 345), WA ZFA(E T 3.68), 7= FAAu) Al d o] &

S (Gt 373). iAo HEA (Rt 3.82)¢8 B Hitghol 2 ApolE HolA &ta, #HYE
&

gk Z oA FYE g, G4 we g 5 owAel 2aHe B

S F AR A%T Agel AFH SHS AW AW ALY g4t i o w
o7tk 23 H7 B Aol golgel HE we £9F H AL B AR $HW 7t
AA AGFIL Q= WA FHe] mavE, AetolE, Bty F AR Ao 2At 9
= olAE Abga T Qo] olsh Be AR et Al & 4 gl
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@ aAIZl dHE A FoE A A

A S Level Doll thak a9 A5 (Level 2)9] 8% FAZ2%+= (F 27, 199 2 W

A FHAS 2] AE A= O #FE o] 283%= 7HE =A JErg e fq
@ WS TAAE 185%, @ FAAHE 134%, @ FAA] 5294 120%, ® =7]F
A0 E 11.6%, ® EZAUA AL HF 65%, @ #N71E] AL 7HeAd 4.0%, @ #H7E A

&
H-§ 34%, @ SA4uE= T4 o5 (2.3%)¢ wolAth
AAAME)e] sk 2RI ToEE FABHE (474%) > Z27]FAM]E(40.8%) > 7]
= AEH&(11.8%)°] ol i, LA s el Toks A ALNFU81%) > Wals
] o]

=

A = (31.5%) > A #

AC)
12

FUA (204%) Fovl, BAAY HALNL FARE ¥

mN

LV] AR R(50.6%) > H7lEe] AL 7HeA(81.3%) > SAwiEE B R (181%)¢ =
2 EAEAY. 2 daA HlE2 A M)l 0.00117, Brkd el 0.00, #7444l 0.02
2 %%H Aol At Aew vpetH AT
G srpel A o] wiAl e e A AEe] A5 Ago] fskal, Wl AR
E7F o, fA#EnEol HA fa¥= wiAE AR AdEss Aor ey
= A BoHlE A AQE= Mg =, vl wet WA E AEEks Ao ofye
2z Aol At wiAE Ad"ste] AREdva B ¢ ok xRt #A7| ] AR & &
Azl A 2 gk $AEe = v S dEbstew, olH 3k Ak ofA FA
W bl M= St 22 wjA7E @0l v A= FAA G tiE lAo] va v A
= B s 2 & glon, o= FrkEH sl i wad ARES S8 /jdsteopd
FEolgt ArsdY. wetA SALGuA 7L Fm ikl HRE L WyeEol Aal fxde
7F & A eke] A EtE = o] AlgEnhd, Al Aol A o] A FEAES &
ek 5 3ls Ao AtsdEd

F 28. FAAW WA dEE A% AT T FdH To2E R A

Tevel 1 Level? Local Global o o 1129 Level 2
eve 2l i u S Sl
l e Priority Priority M v ML=
Z 7| F A& 408 116 40.8% 2 5
A A 5
A &2 v & A74 134 47.49% 1 3
(H]-&) -
#H71E AEn & 118 .034 11.8% 3 8
g Ak 481 .283 48.1% 1 1
Ak Wl & dAd = 315 185 31.5% 2 2
A HF e 494 .204 120 20.4% 3 4
AAMEE DA ofF 181 .023 18.1% 3 9
3744 H71 &9 A&E 754 313 .040 31.3% 2 7
@A A .506 .065 50.6% 1 6

A ¥4 H & (CR) = 0.00117(78 A1 4), 0.00(A84H4), 0.02(8H774)
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SIHY=S waoa I- 2.20% fRe|ojegy CE7|EREE

Y 9. A WA HEs AW FAAS 4 G Faw @ $HE

Bl 7&%@9 ﬂﬂrﬂﬁﬂe 3 g
AR E gt 78 FAFFE7 HFEe ALAERE(ADP), ATF=dSHGWP), o.&
24 SHAP), F9 4SHEP), #3st4 At 544 (POCP)Y 671415 49 T2 @Xéé}oq
FEFHT MmE FAAAYT Ve ZF JFHFIY AUHd FoEE AAstE Tt
A 678 dFHEF T A F=F3H1555E-02)7F -
sttt A Fdsle) AYaR JTS vAE S ARy ) JdIFHFE Fo 24
A o= HAnFmA ] AxFTFFEs
Z38tal, o]l S EdA AxAA HiAE &4

QoA ALgel ore] WAl

o
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® 29 SALFMA AzTAHY T wE BFIF 7=

33} 3}H4]
AhAaR A -2t 3} LESTIY 2k st g &3t
T AbstE A1 A
[kgantimonyeq.] | [kgCO2eq.] | [kgCFClleq.] | [kgSO2eq.] | [kgPO43-eq.]
[kgC2H4eq.]
34
o1 51 1.104E-06 1.555E-02 4811E-11 6.323E-07 1.161E-07 1.810E-07
O ©
7}& 3} 1.033E-08 1.531E-08 2.877TE-10 5.719E-10 3.362E-10 1.115E-09
teoz ZAnguAe dFUT he BAYFL Auses 545 BN ® 28
I gow o] F A 2dst JFHF gk AxTHE, =dd 548 A4 A3+ 1
299} 2t 5eAle] AEFH T LB WAV 1526E-02(98.11%) 2 7HE E=9ka, thgo
2 32, I3 A FolAnk. HEA Yo e dezygamilom bzbele] F&
IRkl S Al Zzstal Qo] RO oy A7t ALEE A gkol A FEdste] Vo ET) gl o=
SERA R, BATRNAE o 44T 4% g 9 Axe] wAdAE dred 2% £
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o Bl

¥ 30. 2EAYMR AZXF

3l

o

EE!

o 543 24

a2 a4

291 2= % (ADP) AT dHGWP) | ©E29FODP) 214 8H(AP) 593 9 3H(EP) POCD)

[1/yr] [kg CO2-eq/kgl [kg CFC 11-eq/kg] [kg SO2-eq/kgl [kg PO43- -eq/kgl ke C2HA-cq/kel
alumi 5542E-10 zﬁsgi"d“e L555E-02 | CFC 4534E-15 | ammonia  3501E-10 | ammonia  6519E-11 | = 1201E-10
nium(AD  (0080%) | (LTNE (©99977%) | 1L (0011%) | (NH3) (0.055%) | (NH3) (0.056%) M7ENC T (0.068%)
baryte 9.098E-09 | CFC 1.814E-11 | CFC  4.643E-15 l:}yﬂirr‘i’ﬁ:“ 2.928E-10 gizgi‘;“ 4.095E-08 fnaornboig 3.643E-09
(BaSO4)  (0817%) | -11 0.000%) | -114 ©012%) | {ul 0.046%) | (X0 (35:338%) | o) (2062%)
copper 1.155E-13 | CFC 4318E-11 | CFC  9.748E-16 Eydrffe“ 8.307E-11 mti;’ge“ 5154E-08 | 1.614E-10
(Cw (0.000%) | -114 0.000%) | -12  (0.002%) &;r; © (0013%) Z’I’\‘;OS (44.468%) | €M (0.001%)
crude 9188E-07 | CFC  8286E-12 | CFC  6.121E-16 lfyl‘i,r;ege“ 2787E-09 | ammonia  4.773E-12 hg droca 3 580808
oil (82.503%) | -12 0.000%) | -13  (0.002%) ?;11215) (0.441%) | (NH3) (0.004%) (rms (20.270%)
fluorspar  3518E-14 | CFC  7.162E-12 | halon  4.008E-11 gigﬁzﬂ 2208E-07 | (o0 L495E-08 | . 9220E-10
(CaF2)  (0.000%) | -13 (0.000%) | 1301 (99.973%) | (0 (34.878%) (12.902%) e (0.522%)
hard 9145E-08 | halon  2.245E-08 PHé 5.860E-17 gg;geg:“ 2.775E-07 | nitrate 9.276E-11 | n-butan  2.340E-10
coal (8212%) | ~1301  (0000%) | o 0.000%) | (X5 (43.888%) | (NO3-) 0.080%) | e (0.132%)
on ore | 2201E-10 | HCFC  L81IE-12 Z‘ii‘j;e 1.307E-07 | nitrogeno  4.356E-09 zzf)gig“ 8.821E-09

0.020%) | -22 (0.000%) (502 (20678%) | usmatter  (3758%) | (\Op)  (4:992%)
lead(Ph) 6.849E-12 | methan 3.227E-06 phoshoro 3.779E-09 | NMVO 1.205E-07

0.001%) | e (0.021%) usmatter  (3261%) | C (68.215%)
natural  8194E-08 222’;5 2.670E-07 phosphate  LS41E-10 | 1545B-10
gas (7.357%) (NI'ZO) (0.002%) (PO43-)  (0133%) | PP (0.087%)
sulfur(s)  L1OBE"08 ziziifdgr 6.276E-09

0, [~ 0,
(1.040%) S0 (3552%)

1.114E-06(100%)

1.555E-02 (100%)

4.009E-11 (100%)

6.323E-07 (100%)

1.159E-07 (100%)

1.767E-07 (100%)

¥ 31 A72ds dFe TAGAE, E24E 548 B4 2 (@9 : kg CO™-eq/ke)

=4 =3 Q13 -&-~ 3l ] 3} 2] 92+ ez | oBAx
carbon
dioxide(CO2) 1.555E-02 | 1.528E-04 | 1.294E-04 | 8.400E-06 1.526E-02
CFC-11 1.814E-11 | 1.814E-11 - - - - -
CFC-114 4.318E-11 | 4.318E-11 - - - - -
CFC-12 8.286E-12 | 8.286E-12 - - - - -
CFC-13 T162E-12 | 7.162E-12 - - - - -
halon-1301 | 2.245E-08 | 2.245E-08 - - - - -
HCFC-22 1.811E-12 | 1.811E-12 - - - - -
methane 3.227E-06 | 3.227E-06 - - - - -
nitrous
] 2.670E-07 | 2.670E-07 - - - - -
oxide(N20)
} 1.563E-04 | 1.294E-04 | 8.400E-06 1.526E-02
3t Al 1.555E-02 0.000E+00 | 0.000E+00
(1.0%) (0.83%) (0.05%) (98.11%)
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5 me L'
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o &R 27 03, 025, 025, 015, 019 ppm F7HA AGaelth ® Ad A o] gu )
A7 fAA OB Fdid A4 Y FARGWAZRE §EH HE olgd 7
Hol we e, ¥1BE FHOR st madie 49 2PAALS U £ L Ao

1L AT AwE 71@E FAAE A28 R & A7 ol&d Fd =4

o

NO3 NH4 P K Ca Mg
=t A4 9.0 0.7 2.0 5.0 4.0 2.0
A ofnfa}Y| 7.0 0.7 2.0 4.0 3.0 2.0
ydgh= 19.0 1.25 2.0 11.0 45 1.0
A HE g’ 4.0 0.5 0.5 05 2.5 1.0

n] 2kl A 5 = (ppm)
Fe B Mn /n Cu
o AAFETEY 1.95~325 05 0.5 0.05 0.01
J & ofnjA}HY| 2.0 0.2 0.2 0.02 0.01
yd = 40.0 30 0.0 4.0 0.75
Ay g gFA” 5.0 0.75 0.75 0.20 0.20

* Hoodqte] AlgH YN FAF

A
=)
T KNO, Ca(I\D;,()S 4H MgS?4O ™  NH, 4H2 PO KH, PO,
% (me/l) 4.00 2.50 1.00 0.50 0.50
Al & (g/t) 404.4 295.2 123.2 575 435
V] el A
1=
:[LL Fe*EDT A H3 B03 MI’]S?4O 4H ZI’ISO4O 7H2 CUSO4O 5H2
& %= (ppm) 5.00 0.75 0.75 0.20 0.20
Al & (g/t) 40.00 450 3.00 0.88 0.50

(3) BA F7l2@uA o FAYA =
FH A G HA 7] el A /‘a]o’é% B7kst7] AAsl F=distud] A Eo] Sl Hiol
7 3atat ud }fﬂviﬂﬂ}%ﬂk%égﬂ%éyﬂ%ﬂﬂﬂ*}
S Saste] dAgdd. sdEeE 98 :
Co. Ltd., Denmark)®} &4 FAQl °F 45kge} -2
of Aol AR&stAvh. HEAF S ol &kl AxE v
190(L) x 35(H) ¢ =712 2% 492 % 84 o
7] 913 FEE dUFEE B 2 sdsH O]
A Zro} ARGt 1. B, O). ¥+
&3] flske] FoldAd @) arklHAE 2 ] ] 3 @@y&f,_ wae = A

1-0
ofo
ol
o
rlr
o2
2
2
-
>
>«
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¥ 3. AL vz € gHFH

W200+L1000*T75

W200+L1000*%T75
/ 4.5kg

W200+1.1000 /

L R Ea az
| = 3 < =t A5kg
2}t] o €} 1} 21 7 W200+1.1000 /
ZaB 4 5kg
) E
- W190=L760%T70
/1=
oM FH W75xL75+T70
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a9 1 HEs2 W FAAmAA

(4) BA §712FMA ALgol 9% AT AEAFIY ©
FA = G713kl A Fol vl gov, F27] 11“401 =
NnGuAE o &3 ABel AFEHL EAShe] BA §7]n
AEsaA stk B ARl AR Rl A Aol A o} ER)E
Atk A= HAS5AF G Soeleadd ], A=5AFS o1& MEY VIS AT E,
%ﬂ'.‘iﬂ— _—ﬂilﬂ_‘é_ia}ﬁg 72 ARES T
ol g3tel Felstgon, ¥ A HEie gL A
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5 s 587 2 287 Sl AMBE 2 AA FAN sl e FAEALS 7
E37] 98 A4 d¥oE 573 ANSYEL 1 F AU ARE wgoR wRIES A
Astgch AT e ABYPEG @ FAG e 27 Edolo] HFse] 371 KA
YA uhd et PAobFFE FB G FRIFY, FEANE 6~8eme] FAALE Fol P
Ao ZANA FAE A%, 9F, 4F, R o), YAF, AEF, & BAHAT

o 243 35 uF

(1) FAqAel g 54 F71Fu=e sty 54 H3}

JAF(AAEF, ATl FaAm Al HHx=A2 pH 69, EC 20 ~ 25mS/cm
W= A vk & 42 4 Fad pH % ECe=wWstel did 235 vepbd Aot
F71M Al i EetE = ECol ek Wsh= A4 skl a8y {ruiAd ZasetE, v
E, ﬂlixﬂz‘/ﬂ‘rﬂﬂ@rﬂr JEtEes 15AdA 38 771 viEol AL, olF Soj==
I Eetuel FagetEo A FHe] pHeF AFol7p x| AN, v
AREetE = pH7E ol Sz Yelwt & ddd A
o] 3k pHSt ECs=s= AA7el A% 274 Wl °J°ﬂ Es AoR AL

o

N,
I
0
2
o 3
i
ro
Y
~
A,
lo J?ﬂ e

F 4 AANEFEY Al 4% g4d R w719 Az A3 ©E pH R EC ¥

e pH EC (mS/cm)
053 153 2531 353 453 |07 153 257 354 454
shwiZeln 688 697 671 676 690 | 092 08 092 090 1.30
mmses 500 572 536 575 555 | 094 254 168 202 166
uj = 500 674 667 672 627 | 094 198 131 184 161
AR 500 530 687 666 642 | 094 092 086 101 152
AEAP&en 500 693 566 609 713 | 094 153 148 150 146
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%5 A WAL AAAE AR R FAE A52A)

(&4 : ea)
BRI
o EE doclettedd  AZAH =
154 107£170° & 107094 a 105041 a  95:204 a 120082 a
2% 117125 a  123%047 a  90:000 b  11.00.00 ab 120163 a
3F2 127125 a 1274125 a 130082 a 120082 a  120+000 a
A3 452k 17.0+1.63 a 14.3+1.25 a 17.Qi1.63 a 17.0+1.63 a 155122 a
- A vt
o ! 2t ol ep o 1 A o 5 A 3 HE
152 120%0.82 a  137+047 a  120+082 a  125¢122 a  133+163 a
2% 133125 ab  143%047 ab  135+122 ab 155041 a  115%286 b
3% 137:094 b 160+082 a  130£000 b  145¢1.22 ab  145+041 ab
452k 15.0£0.00 bc  17.7£2.36 b 13.0+0.00 ¢ 155+2.04 bc  22.0+0.82 a
A A b
o EE gocletad sl AR A4 e
152 50%0.00 5.0+0.00 5.0+0.00 5.0+0.00 5.0£0.00
252 103+047 ¢ 133125 a  130:0.82 a 127125 ab  10.7+0.47 bc
3% 173+094 bc  197+047 d 197094 a  187:094 ab  16.0+0.82 c
452 253+125 a  260+163 a 2534047 a 250216 a  20.7#047 b
mm _ 0FA 327+4125 a 3374170 a 3334047 a  333+170 a 213125 b
o R Rl
@ EE o] of Ef 531 3 A= A A W E
154 5.0+0.00 5.0+0.00 5.0£0.00 5.0£0.00 5.0+0.00
252 1274094 ab  147+094 a  143:047 ab 140082 ab  123+1.25 ¢
3F2 1974047 b 243+047 a 2274125 a  227+170 a  180%0.82 b
AF2 2974170 a  307+094 a  303+0.47 a  30.3t205 a  23.0+0.82 b
5FA 4074125 a  403+125 a 3974047 a  393+125 a  257+047 b

¥ Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

AAPAA e oA F 1530 H87] Ftel guEetn, aavesetn, g g
G EehE, A5 Eete] v wjEwAe] § wEe] wokou, 357 Ad FFEH
o] W] mE Srw IUbE = Ao UEut A A A3, guEEE M A5 FF
Ao Wee 27] o] VIFE 292%, LA ESTEE 24.0%, zHrldEtnlEetn 259%, 7
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£ 6. A wAE HAvpFFo AT FAE AFEA

(&9 @ cm)
Z 2] nf
kil 5151 2t of E} 7} Q1 3 o =4 3 " E
15%} 95+068 a 9.6+0.26 a 7.2+¥0.87 ¢ 9.2+0.49 ab 8.0+0.72 bc
272k 89+1.13 a 7.9+0.78 ab 88+0.75 a 6.5+0.22 b 8.1+0.68 ab
372k 9.3+0.40 a 8.0+0.31 b 76+0.14 b 74031 b 75+0.16 b
A3 472 89+1.00 a 85+0.78 a 83+¥091 a 82+1.09 a 74+0.11 a
A wh
k! 151 2o of e} 9421 3 ) =2 3 | E
15 2F 54195 b 7.8+0.77 ab 81+053 a 76+0.94 ab 7.0+0.22 ab
272k 9.0+1.12 a 5.0+0.50 ¢ 6.6+0.12 b 6.3£0.02 b 7.0+048 b
32k 8.2+0.80 ab 74031 b 89+0.33 a 8.7+0.15 ab 75+0.80 b
47 2F 8.6+0.58 ab 76074 b 106042 a 107169 a 8.0+0.49 b
AA 5
o EE ooy ASA e
15=2F 4.0+0.55 ab 46+0.14 a 46+0.16 a 45+0.15 a 3.8+0.02 b
252} 88+0.30 a 87+0.31 a 87+0.33 a 87+0.12 a 8.8+0.33 a
352k 12.7£0.45 a 13.1+0.06 a 13.0£0.09 a 12.9+0.12 a 12.3+0.59 a
472F 18.6£0.36 a 19.0+0.26 a 19.0£0.16 a 19.0£0.20 a 172021 b
o 0T A 23.1+0.67 b 25.3+0.24 a 25.3+0.22 a 25.0£0.06 a 19.8+0.35 ¢
= >4 %] m}
o EE] Fodetae s AEAA e
15%} 4.3+0.02 a 47£0.29 a 48+0.33 a 47+0.14 a 47+0.05 a
272k 10.8+0.34 a 11.0+0.26 a 11.1£0.27 a 10.9+0.12 a 10.7+£0.25 a
3F 2k 155+0.10 b 165+0.12 a 16.4£0.08 a 16.5+0.20 a 13.4£0.16 ¢
4 =¢ 21.9+0.14 b 22.4+0.19 a 224+021 a 22.0+£0.16 ab 18.310.22 ¢
57 2F 26.0+0.67 a 26.9+052 a 26.7+0.17 a 26.5+0.18 a 21.0+0.14 b
Y Values represent the mean+standard deviation (SD) of three independent experiments.
“ Mean separation in columns by Duncan’s multiple range test, p=0.05.
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GAFANY GuAe 4B AKAEE 1 2 dud 5t ARl B AT A=
G4 AEL 45 2R NS ANPL NFoR AN Adste SATAT B 7
Al AE AAv} el FAnk AFe] GES SR Aol

7. A9 WAY AAupgEe FAeAEe 248 GE A}

(&9 : cm)
| 2] v}
sl 551 2] ol E} 9} 91 3 o 54 3 v E
152} 52+0.46 a 52+0.19 a 3.6+0.71 b 51+0.15 a 474034 a
252} 48+0.60 a 3.7+0.25 bc 444049 ab  3.0+0.03 ¢ 414031 ab
352t 514052 a 434028 b 40+031 b 354035 b 40+0.04 b
e A5 =} 45+0.25 ab 461028 a 47+0.26 a 42+065 ab  36+034 b
= d %] o}
oF 5 2t ol e} Q1 3 R W E
15} 34+120 a 45+0.72 a 49+0.35 a 46+053 a 40+023 a
252} 424041 a 29+0.10 b 4.0+0.16 a 374020 ab  3.7+0.73 ab
352F 50+0.73 a 3.1+0.07 ¢ 4.0+0.26 b 41+0.02 b 3.4+0.27 be
452} 54+0.72 a 49+0.32 ab 3.6+0.14 ¢ 50+0.16 ab  4.3+0.08 hc
] 2] v}
kil 151 2t of e} 3} 21 | 54 3 ) E
1534 1.9+0.10 b 2.2+0.04 a 2.2+0.10 a 2.1+0.05 a 214002 a
252} 33+0.15 a 3.4+0.15 a 3.3+0.10 a 3.3+0.13 a 3.3+0.09 a
352} 394029 a 3.9+0.29 a 3.8+0.20 a 39+0.18 a 39+0.15 a
452} 53+0.03 ab  55+0.14 a 55+0.24 a 54+0.14 a 51+0.09 b
w57 A 774042 b 83+0.12 a 6.2+0.04 a 8.1+0.08 ab 6.2+0.17 c
“ d 2 v}
ol EE] 2ht] of E} v} 21 3] o 54 3 v E
153} 1.9¢0.02 bec  2.0£0.00 b 1.9+0.02 ¢ 2.0+0.00 b 22+0.05 a
252} 3.8+0.27 a 3.9+0.19 a 40+0.22 a 39+0.16 a 37+0.18 a
352t 47005 b 49+0.06 a 48+0.08 ab  4.9+0.10 a 43+0.08 ¢
452 6.0+0.10 a 6.2+0.03 a 6.2+0.10 a 6.0+021 a 55+0.10 b
552k 89+0.48 a 9.3+0.14 a 9.3+0.17 a 92+0.11 a 73+0.17 b

¥ Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

A3 Ao o] 15 F JuiEeHE 18w, mav|ELetae vE, koo el
AEets, dEAFEHEE 9F Y ddo] faste Zlo] YEwth 2539 35k A <F
dEgtne) IV eSS ASAYIESTEE A GFo Aol TristE vk, vE9 2
doletgel &t B e 35:37H4 FoAdde b3ts BX E39d. 4% 29SS v
Ay dHEetr 138%, ZAYELSTHE -12%, WME -99%, gtolergd & - 3.0%,
HEZQHEetE -58% = UETH

B oA o4 13 & JuEeln, IavEeEZE R wE gudEeldel dEetn, 5=
AEgre 9% Y ddo] A A FrtsteE Aol vEy: D} 2F A A 572 ZH7} 9]
Bt FoAddE WEE Bt 4% AW AEES duSHE 772%, ZAIESHHE
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76.1%, =A 7@ A(HE) 68.7%, etH ot S E 76.5%, ASAPETE 76.3% =

vhebset,
GF L QB wE g2 PF2A ANE FFARA A} FFo) % B8 47 24}
N RS EFF A AT AP Ael(@F L FE)7E AW W rlolersal
H3) Ezetn APl wae] AYY AAEH sl P BF L #3717 o F A
Aol B3 AL AR ol Fol AnglA B AT AEE /1T FHA] ALgol
A Aoz gtk FAn FFe Afolw BTN 2w AK olF xS
of el weko] FEF A0 HUHAoM 53 wridetay % ARAIEIL AT
oA iz D wWESGE Ha) S5 4Pues naY B ATARNNE fAS Aot
g ngov AnAR gt g ABAY AT HETel e fASHAL 5
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QAR S W
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a4 3. 4 AT 54

£ 8. A WjAE HAwpgFo FAupdFe FAE AFE(L) AT A}

(24t 2)
] A m}
gl I3 g}t of e} 3121 3 H = A 3 | E
153 513096 a 461066 a 240066 b  481+098 a  4.27+097 ab
252} 4444126 a  293+068 ab  458+1.15 a  153+0.14 b  3.36+0.88 ab
352} 575¢1.16 a  3.46+020 b 4244043 b 344044 b  3.10:0.22 b
qa _AFH 441054 a  394+069 a 5924187 a  438+131 a  333+060 a
= % x| u}
o S 2}t ol Ef 3} 21 3 ) = A 3 =
152} 327+214 a  519+120 a 555+0.85 a  517t1.10 a 397095 a

252} 447+1.04 a 1.752£0.15 b 3.79+0.15 ab  3.32+0.18 ab 3.19+1.74 ab
3F 2} 424056 ab  3.55%0.42 hbc 3.01£0.04 ¢ 4691032 a  3.78t0.27 bc
452k 526134 a 491+0.86 a 3.02¢035 a  556£1.25 a 481+1.17 a
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Ao

g EE] Fooleted  AZA e
15=F 0.32+0.06 a 0.23+0.00 b 0.22£0.01 b 0.23£0.01 b 0.21+0.00 b
2 2F 26.04£1.26 b 28.84+0.49 a 27.96£0.08 a 28.02+0.09 a 29.30£0.63 a
3%} 51.65+1.16 b 56.01£0.64 a 55.78+0.32 a 56.00£0.056 a  47.71%x1.11 c
4=} 78.715£1.22 a 80.10£1.31 a 80.07£0.73 a 79.70£0.82 a  68.12+x0.79 b
L 57} 97.30+1.05 a 104.2246.38 a 103.71+£2.70 a 103.78+2.02 a  75.43+3.80 b
R iqi] H]—
o EE] Joolei s A% A e
1%} 0.32£0.03 a 0.25£0.02 b 0.24£001 b 0.24£0.02 b 0.25+0.03 b
272 31.94+0.84 a 32.89+0.37 a 32.62£0.26 a 3245035 a  3250+0.89 a
3=} 58.79+0.32 b 63.30£2.15 a 59.85+1.31 b 60.03+0.24 b  51.75%1.13 ¢
4=} 88.38+0.61 a 87.43+1.46 a 88.21+0.72 a 87.40+1.16 a  70.21x0.36 b
52k 118264472 a  121.776£162 a 12098027 a 120.84+052 a 85.98+2.20 b
¥ Values represent the mean+standard deviation (SD) of three independent experiments.
“ Mean separation in columns by Duncan’s multiple range test, p=0.05.
A AfelA 15730 A7)l duEetns ASAHEHg s FUHe i, 239 ES
e 22 f7ln@uA (), grdegddsetrs YAFol HaraAnh 252 AUA
grsen, mavesey, qEAEdne 43 AAF] Fsarh doiole el &
B 4R FASA AT FaSAT BA K LG NE)E 2564 372714
FOE WaE B ReAT 4F 7] Fstgh HF 24 AlM 9 GAFS @
WEEtE = 134%, ZIAITESHE -114%, ZA F712@dmX (M E) -1.6%, et]olelael 3
EetE -55.7%, A5 AHEHE 34.1% %2 YERE
A&

Fﬁi

P A= o2 F 157 7‘*—"—717P£°P OP?%_%E}E, FUEEHE 54 F7] 1P
A E), grjole gl &Eety, Al VERSETE 250l A
552744 o Aol WAL owLaln 997% ¢i4 EetE 998%, Al F71adu) A (v E)
99.7%, eht] ol el 2213 8%, HEAHNETH 998%= el on, BE FelH 7t 9]
A5 SN =2 ATE 2, tL——“% ARE T3l v=e A%E A

BWAF 24 Ae FFew g A9e AT YK YELS LI A Aol
A e WEE R WGl M A A AL AEEe A7 AR wikel g
How e Ao FAHth EF o4 A we A2 E AAES AL 5 vlET
(GFehsh A e W MESGs A2TE ANG AN T AAEe] £8/74e AH AF

ZAZIZE FOF B WES Hel: A2 HAY F ATt (X B)

il

2 24 AAS BT A2 oo 17 40 vehd AAY Az
g oA Bolz A
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a9 4. FEde] 53

E 9. Ae) WAW AR ugEe AR FAE WP 2A}

(&9} : cm)
A0y
ra EEl ehefof e st 213 e i
152} 87148 b’ 12.7+1.12 a 10.4+0.94 ab 11.0+0.05 ab 10.3+2.82 ab
252 9.8+1.90 ab 7.8+057 b 10.0£1.18 ab 11.9£0.98 ab 81+0.05 b
372 12.2+0.87 a 84+1.23 d 9.0+0.21 cd 10.4+0.45 bc 11.0+0.16 ab
45 = 9.3+#2.22 ab 9.5+1.27 ab 6.7£1.22 b 8.2+0.08 ab 11.1£041 a
A v}
gra EE] EEEEERE A5 A =
152} 9.8+1.72 a 9.2+0.48 a 12.6+1.18 a 11.8+1.59 a 9.6+261 a
252k 11.6+141 a 78111 b 8.0+0.16 b 12.3£1.39 a 6.0£2.08 b
374} 12.8+0.49 a 9.0+0.29 ¢ 9.7+0.24 ¢ 11.5+1.02 bc 9.8+0.12 ¢
45 = 8.2+0.45 b 9.2+0.69 ab 10.6+0.73 ab 10.6+2.37 ab 12.0+2.04 a

Y Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

E 9 A wAE A o
otk M APNAE 17749 4877

Efupl HEetr o] By AGS 3, duEetEe) ¥ = By AF

whero] $-8hAl WERETE SEAIRE A &7)3E $ 25 3FAel A Q8]E HA FrI e
(ME)AA F43] Beggoe] Wt 931(14.1%), ZAEHEE F7tsk= 3ol Yepston,

o] A gS w Faldold HlF 169%7} EAg Aoz Yl 183 25, 3527 el o]

Agol A & elr 43%, godlelael X EelH - 324%, AEAH SR - 20.7% 2 2 Ao

2 Fol=x Zlo] et 2 AddAe A5 et wix et 471w Adadete] el A

olF F48%T + A

v, B AAF

3E 102 Ad wi A A X uptFet AA g FAE e AAlse S8 29E U

W Aol
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E 10. A wWiAd HXepdFet AAAvpFEe FAE AR () AT AL

(&4t g2)
EELD
o EE] EELEEDE A A e
152 090+020° ab’  0.86+0.07 ab 0.65+0.05 b 1.03:0.04 a 0.70+0.22 ab
2752 0.84+0.34 b 0.79+0.13 b 1.31+0.18 a 0.44+0.08 b 0.67+020 b
3%} 1112024 a 0.73+0.05 b 1.04+0.01 a 0.92+0.03 ab 0.78+0.02 b
4732 098+0.15 a 0.67+0.13 a 1.05£0.62 a 0.89+0.16 a 0.95+0.12 a
FEL]
o EE] EEEEERE A A e
152 1112043 a 1.3250.16 a 1.07+0.16 a 1.07+0.13 a 0.76+0.15 a
252} 1.64+0.63 a 0.49+0.03 b 0.83+0.13 b 1.03£0.11 ab 0.80+0.07 b
3%} 1.41+0.16 a 1.22+0.14 ab 1.08+0.10 bc 1.07+0.18 bc 0.77+0.05 ¢
472} 1.4620.29 a 1.39+0.46 a 1.43+0.04 a 1.25+0.39 a 0.89+0.26 a

Y Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.
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A Folshel AL

sha) o] Aulel ol At thFZel NOs NHiE W3 4HP), 24 (K), 24 (Ca), »hd
#Mg) 2579 45 77 120, 0.8, 35, 7.5, 5.5, 3.0 me Lf1 HaAF o, nFdie] A
zF 2.0, 025, 0.25, 0.15, 0.18 ppm <S7FAA AFESIATY. HF A JAFE Gl xA
129 2t

_{

B N
O
r

-
1

=

£ 1L A7 AE 718 FIANE FAd2d R 2 a7 ol &8 &F =4

NO3 NH4 P K Ca Mg
Shor YA EFSA 16.0 1.3 4.0 8.0 8.0 4.0
2 ofujz}7) 9.0 0.8 2.5 15 3.0 6.0
Y2 = PBG 12.5 05 1.0 5.75 3.75 1.125
Ay A8 G 4.0 0.5 0.5 0.5 2.5 1.0
n Fd A 5% (ppm)
Fe B Mn /n Cu
Shor YA EFSA 3.0 0.5 0.5 0.05 0.02
Y ofulz}7) 3.0 0.5 05 0.05 0.02
Y= 15.0 25.0 10.0 4.0 0.75
Ay AE &I 5.0 0.75 0.75 0.20 0.20

£ 12. A7FE& TA WFY =AHR

s
)=
TR KNO, Qﬂ{f% H N@amo TH, NH4fh POy, PO,
FE(me/) 400 2.50 1.00 0.50 0.50
NE&F(gt) 5066 324.8 168.4 86.0 42,0

v Eel A
T Fe-EDT H. BO MnSO, *4H, 7/nSO, *7H, CuSO, *5H,
A 3 BUs 0 0 0

5 %= (ppm) 5.00 0.75 0.75 0.20 0.20
A8 (g/t) 30.00 3.90 2.00 0.02 0.05

(3) FAAME F71 PR R FAA2H

B AT A A Agse Ad 2 FAgs Agetg

3
o
H
O
0,
2,
)
=
>,
[
uii)
rlo
>

y O 71 =
A sk el Hastel AASY APAPL A4 FrkelA AgHn Qe mmveset
B (Grodan Co. Ltd., Denmark)E tZ+2 o, /&t frlagdujA = 29 sd3t
oF 45kg AR FelAu) Eetng APudo] Yol WRBH F ALEsich EGA ] nP )
A= 190(W)=450(L)*70(H) ] =72 F 2705 ¥l A %8}914. T AFALE Sl GA
FE A4l A4S QYT ¢ e FUFBE A on], e ARRE @ AN
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a¥ 5. FAAe d3 € LED FE ASHA.

(4) BA 77128 ALEol o QA7 FEAZEE R FH B}
Aol AR AT Aol gon, e 24 F71ndujA 9 o] &7t

Astlel Agetthn gesel AT AATFFS ZATMYFE FALEE ol g3
&
q

= £ N

hl [}

A R nGAS] GAE e AAvHLE, FAvEIF] S AR FAA §7]
Ao ol g7bs A e WA WAL aEYESGnE geTesE, AE iARs £3
YA, REEFA, FAZAPNA, FE5IAE G Fhe 1A BA0R 1
A 128 FARSEE o4l T Agor], F A HIZpe e A 2] B
Aol Folo] FFHEES FArh FAAL hE FARAL A A3 570 A
2 ANt Age 13, 24 Agow Aysgon, GAT YR L FAGE 9
o Edold] EA4E SFehel 37 ARAZ AAHFG} FANLEE F G FR 1FA,
T el 6~8emel AYALUE Fo mFujA FAAA FAE G5, 9, 95, AA
F, A% 5 2ARA0
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732
G AUt A F(AA I, A bEF)e] HA =D pH 6119], EC 20~25mS/em o]
() Q o u A

=
A glom, B ATe AAZAL wE AN F42 74 sdud A%

¥ 13. LIV ESHE 2 B4 {72 PuA Y 22 pH 2 EC #=¥3
o pH EC (mS/cm)

072 15 252 352 452 | 0572 153 253 373 453

FFAEGHE 500 643 584 608 6.21 1.65 1.94 1.46 1.61 1.86

=FsdE 500 703 674 628 630 | 1.01 092 166 123 142

L
[z
i)

500 689 599 621 633 | 131 08 141 111 136

500 612 643 599 598 | 168 202 198 166 1.77

1
| 4
D I VA1V PR

500 655 696 664 633 | 146 090 136 113 155

wrl © | R
ily3
i)
T

|z oot
i

4. FA F71nFuA ARGl A7 FAF HEAYEE R FE 54

ho@s
2 oAge e AAvbEFe 95540 99l lemol ) AW o gk A5E 4%
of uol A% FAT ARk A2l AW GEE ZHS ANE X 14, 159 e

(&9 : ea)
= 2] n}
EE] Rooos =33 H2e =y ERORERTEY
152} 50000 5.0£0.00 5.0£0.00 5.0£0.00 5.0£0.00
25 =} 6.0+0.82" a’ 50+0.82 a 6.0+0.82 a 6.0+0.82 a 6.0+0.82 a
353} 8.0+0.82 a 77+094 a 87+1.70 a 80+1.63 a 7.0+0.82 a
45 =} 97+170 a 9.7+0.94 a 10.7+0.94 a 80+1.41 a 8.0+0.82 a
>J X a}
EE] Hadts =33 Hipy ERIRERTEY
152} 5.0+0.00 5.0£0.00 5.0£0.00 5.0£0.00 5.0£0.00
252} 80+1.41 a 6.0+1.41 a 7.0+0.82 a 7.0+0.82 a 8.0+2.16 a
352 1234047 a 12.3+0.47 a 10.0+1.63 a 11.0+1.41 a 11.7+0.47 a
452 1574262 b 1574262 b 15.0+0.82 b 23.0£0.82 a 1574047 b

¥ Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.
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. ea)

(23]

EEL

E 15, 448 4/19MAE FA5F 3 g5

—

_ZH
fren

o}

T
™

R

-13.8% =

6.5t041 b
11.0+0.00 a

185+0.41 b
25.0£1.63 a

S N

]

H

0.05.
=43

EetHE 20.7% =

]
Q]
=

=1 =
WA

k<)

=

7.0£0.82 ab
11.0+¢1.63 a
20.5£041 a
28.0£0.82 a

|

-6.9%, ©

4ol

6.0£0.00 b
10.0+0.82 a
17.0+0.82 ¢
25.0£4.90 a

z

a

8.0+0.82"
11.0+0.82 a

245122 a

18.0+£0.00 bc
Mean separation in columns by Duncan’s multiple range test, p

153
277}

¥ Values represent the meantstandard deviation (SD) of three independent experiments.
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N N

!
"9 7. 35 4753

E 16 #71MAE AR vhgFst FAIRY Fd GFEA

(&4 : cm)
2 2] v}
B Boegts 33 Ho ey o 2 3
172 4.0+037 b 46+0.11 a 3.840.02 b 46+0.10 a 46+0.12 a
252t 65+0.14 b 76+0.07 a 744022 a 65+0.11 b 55+0.14 ¢
353t 8.8+0.07 ab 86+1.46 ab 10.7+053 a 7.7+0.10 b 83+1.62 ab
452 14.0£054 ab 132+0.14 b 156+0.32 a 11.1+0.66 ¢ 13.9+1.67 ab
% %] o}
B Hoogts =3 ] o = ]
154} 43+0.04 a 47+020 a 46+0.03 a 474022 a 47+025 a
252} 85+0.19 ¢ 9.9+0.14 ab 10.140.03 a 9.9+0.15 ab 9.7+0.17 b
32k 15.1+0.08 b 15.0£0.10 b 16.4+0.06 a 147+0.15 b 15.0+0.43 b
452+ 21.4+0.39 ab 19.6+0.17 ¢ 21.0+0.26 ab 21.9+0.14 a 20.3+1.01 bc

Y Values represent the mean+standard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

¥ 17 AdE 78R E HA e 238 A ZAL

(29 : cm)
EEES
EE =3H S S5 A3
152} 76+0.03 b 8.7+0.31 ab 9.6+0.05 a 8.0+0.98 b
252} 1024023 b 10.0+0.11 b 1124031 a 10.1+0.15 b
35 3¢ 1524256 a 14.1+0.16 a 1594039 a 1314023 a
452} 20.140.95 a 2094234 a 2334049 a 20.3+0.53 a

Y Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

o4 1% ¥ o wEe %A% AW REEFEEARY, EFALARAA AF BA Uehs
o AF 2AA, mavESeue unsgs W ERALREE 34%9] ¢ Ao Y
HhH | B stEsetd -29%, ForaEdtyE - 11.7%, dE5AH]ESHE - 27%=2 I35
Exdund ge A3E mgou, FHAgeA Aol Basttii Rure Y HERE
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asta Bodn A8d §/MAE 488 FAHARNAE
=)

dedo]
A4e71E 155 4 s e 24y ZAVESHHEE 255%
] & =

= , ¥ ETE 13.0%, H=
FulEdn 150% BARAPEUR 08%% S AL AASAT. 8% olF A
Hom He WRES FAF & ANtk HEF A A3} 27) o4 JF 4% Lol
W] mamEsen 6220 EFAEHE 54% HEFNSYR 588% BALAAEH
583%% etk tekA mmslESene Avt b mgor], AFTFIAE REis
Bust g Aol weko] & o Folg e HFA

O¥ 8. AF 9F

E 18 #71MAE ARG FE FARIRY FHE GERA

(441 : cm)
= 2] v}
EE et =33 Hor ey o = 3
152} 1.9+0.15 b 2.2+0.06 a 2.1+0.08 ab 2.2+0.05 a 22+0.09 a
252t 52+0.16 b 59+0.19 a 59+0.17 a 47+0.17 ¢ 39+0.10 d
353t 83+0.22 b 774137 b 115+0.73 a 6.7+0.18 b 724174 b
452 157+1.01 ab 135+0.49 bc 1824094 a 11.7+0.04 ¢ 16.7+3.27 ab
d %] o}
B Hasts =3tz Hor ey o] & A F]
152} 1.9+0.15 b 2.0+0.10 b 22+0.04 a 2.0£0.05 ab 2.0+0.07 b
252 55+0.12 ¢ 6.140.19 b 6.240.15 b 6.3+0.06 b 6.8+0.17 a
3%z 10.0+0.19 a 95+0.26 b 1024039 a 105+0.10 a 10.3+0.13 a
452 158009 b 13.0+0.57 d 14.8+0.14 ¢ 16.7+0.03 a 16.2+0.46 ab

Y Values represent the mean+standard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.
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a9 9. & AT =4

:l:
HX|of ¥F A=
300
— a
2 350
Kio
;0 200
i AR
=
Tl 150 w =ak
K a =B H
gg m Q]
J 100 = CrESyy
[ |
=
50 —
28
D 1
azA}

¥ 10. 5A F7128uRA AHgE AF AA AAFT (F9 :g)
* Mean separation in columns by Duncan’s multiple range test, p=0.05.

¥ 20. 71 A E HAAvpgF FA G FAE A GE (D) AT A

(29 g
A0
A FEETE =33 Fo4 oA 5 A 3
153F 0.23+0.01° b 0.32£0.06 a 0.21+£0.01 b 0.32£0.05 a 0.21+£0.00 b
252} 2.94+0.03 ¢ 3.55+0.08 b 724+0.15 a 1.54+0.09 d 1.05£0.01 e
352t 564+0.10 b 468+1.00 b 11.54+2.20 a 281+0.04 b 455+0.29 b
452 28.69+3.99 b 1891+1.44 ¢ 4818443 a 13.37£1.22 ¢ 30.77£1.17 Db
A v}
Z3 ReodtE =33 F-& 7y oA 5 A 3
153 0.25+0.02 a 0.32+0.03 a 0.25£0.03 a 0.32£0.04 a 0.25+0.03 a
252 6.11£0.02 a 572+£0.08 b 6.21£0.17 a 575+£0.09 b 6.24+0.06 a
32 11.94+0.07 b 11.50+0.25 b 14.44+0.00 a 11.23+0.13 b 13.30£0.74 a
452 49.21+1.14 ab 37.73£3.66 b 60.14+14.24 a 60.43+3.37 a 45.26+3.00 ab

¥ Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.
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£ 21. AEE F71MAE HAupdE FAE AFR(D) AT =4

(&4 - g)
Z 2] v}
S5 =43 -5 g A=A

174} 3.40£0.02" a’ 3.32+0.14 a 4.00£0.03 a 3.30£1.28 a
2=} 12.40+0.16 b 12.50+0.36 b 13.60+0.25 a 12.40+0.28 b
35 A} 51.11+3.58 a 24.02+2.36 ¢ 39.72+6.72 Db 23.3810.46 ¢
452k 112.924558 b 157.15+26.44 a 175.25+1.80 a 93.37+23.88 b
¥ Values represent the meantstandard deviation (SD) of three independent experiments.
“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

o4 F 17 AL Fd AR AAFL W 2% mavesen gy &3
JEehB.(128.74%) A 71 A7 78 =4 YEwd (B3 ESdE 57.65%, T
SehE 23.98%, GAdEAH SR 2381%). o]4 ¥ 3F &t AAF(HAvHEFE, FAEF)
of e HluA FIIVNESHHHET tA B3 ARE BT FEFESIE - 13.7%,
EFHEHRE - 121%, FEFIEHE -258%, GAEAFHEHE -2719%=2 o U A¥
b A o, FHEE A S s vlart desitta dddEd. AEE {76
AE AL FALIAEY 15739 A 7|3 Fetedl AA SetE o] AT AATS vl
A3, JAF oA 7 AT Wske FoA e WsE gelsinh oA & AAF(H
Aup A X np FF)e dde IFIYEESSHE 97.0%, SFHEHE 97.9%, FsroEd
B 97.7%, A=A EHE 965%=2 UE e, Gd St Bt A ESetE] v
-05%%= 2 A3E B =, AN ()] AT BF AasetE B ddEA4H A
g MAE Eu EFHA Fugy s R A A ddo] Ao r £2 Aow gQl

A (£ 20, 21).

w. Qo]

AOlE 2El e
Ak E 228 Agl WA
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F 22. AEdE F7IMAE HAvpGE FAE R do] A

(&9 : cm)
EERL
EE] =3tz By EROREREY
157} 11.9+0.08 a 13.843.92 a 13.0+0.82 a 1254449 a
252t 1354090 b 12.4+0.16 hbc 1544045 a 11.7+0.37 ¢
333} 129+131 a 1414241 a 1114335 a 15.4+4.45 a
A5} 9.0+4.49 a 6.7+0.61 a 10.8+351 a 54+0.08 a

¥ Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

v, B2 BAS

i3
2

2
d

=
>
2

® 23S A HiA
A Aot He AAS A
13+ A

o
)
Az
N
AN

PN
aTg]oq =y

R4 A
B ogin] AeE F7] SAufA e
doji} 8] HEo TAV A

AR

o

g 12. B AAF A

F 23 AEdE F7IMAE HAvpEE FAE Y AAT A

(&4 : g)
R
5151 =3 T i A
157} 1.87+0.09° a 2224071 a 2.23+0.03 a 1.84+0.16 a
25 2F 1.90+0.02 b 2.40+0.05 a 250+0.13 a 1.89+0.06 b
35} 2.20£0.09 a 1.15+0.34 b 2.30+0.26 a 1.17+024 b
452} 2.41+0.79 b 354168 b 1063+1.25 a 7.94+1.06 a

¥ Values represent the mean+standard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

ET)\E]‘tquﬂ}ﬂ T [ BE===1 . Eo]
4E 4Fe o gyl amsons 3 A AT AAE 3 FA5 g
Ao GANAT EF Welo) AAT] A5 4FA 24 AF &0 dARAP S of



3 7GRN A SAH] ol FA Adet= ANHA vEEd. & A 2
W AE 7)7ko] Aol B Aol Tkl weEt HEE B FA FaE 94 T
7heto]l AgH ()] gl &S F= Ao Ay 53] Ragysdtne] Ad
MAES A5 279 ZasetEE 233 B Aol vis) go A Te] aapHQl
Aoz gl

5. A MA 2 LEDHY, #F o% A AB A%, %4, TAT

LED¥ %ol & #E AKdd Ags dxd 2 fr7agdmAasds 79st7] 93 48&
T3ttt LED #& < % 139 Zo] AAEAY. 60cm(3=o])X40em(Z
o)X140cm(F) Z71¢] vk #HHAF Au Yl ddkS A2 = 7Tem(3=0])X30em(Z ©])X50cm(4 o)
2719 AAp 7ho)] kool BE £ UYEF tubeE AZFG oM, 72+ AR E 20cm(E)X20em
Auj A plate 27018 & WA & ATh T3 2 FrlnFuA = oF

3 wom, zt uPuAF 4789

gt 6573 At A=A

Fow BELE sgon, FH AL FAS AL

5k %}%E} LED 392 660nm #4433 440nm “g 2 Fo] Z+2} 6:4. 7:3, 8:2, 10:0(all RED)
H &2 Z3tE 471 ﬂ}_zj o] 9]o] ThE Flol 9
3 A E IS w) A s S Aol A A
Aol Agetrta Aot

el 487 vlas

I

o

r;L
>
QL
=
R

OFO_|H
. tank 660nm red : 440nm blue
6:4
W W 0 v
WO, (W wNe, | /3
(v W W W \ 8:2
1T 1 R —
W W W W W o 10:0
— —

drain

I2¥ 13. LED3 Y € FFo wE dAA8 A" AL dx @3
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LED3 ¢, ol W dAF A4

660 (6:4)

660 (7:3)

LA L LA s AR AR S SRR )

660 (8:2)

e St “E S TS ST ES S S SRR SR EEE R E RS S AR L

660 (10:0)
(all RED)

19 14. LED% 4,

A ek 3) Ao 27

3 HE GARAASHE L RE5NEHNE 04T A
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7 8

il

o

_rO

T
o

.EI
N

—

<

=

=

. ea)

A7 A
(29

all red
6.0£0.00 a
8.0£0.82 a
50+0.82 b
6.0£1.63 a

all red
4.0+£0.82 ab
8.0+£0.00 a
5.0£1.63 ab
6.0£1.63 a

==
T

4

ey
T

0.05.

713 o]

A <]

7.0+1.41 ab

660:440=6:4
6.0£0.82 a
6.3£t1.25 a
7.0£141 a

660:440=6:4
5.0£0.00 ab
5.0£0.82 ¢
4.0£0.00 b
7.0+141 a

All red

1

AN g FAE 45 24}

ZA A

-
[¢]

=

0.0£0.82 a
731047 a
9.0+0.00 a
7.0£0.00 a
3.0£0.82 b
6.3t047 b
8.0£141 a
8.0£245 a

660:440=7:3
660:440=7:3

ko,

Z

a

660:440=8:2
5.0+1.63"

731205 a
10.£2.16 a
6.0£141 a

660:440=8:2
5.0£0.82 a
6.31t047 b
7.0£1.63 ab
7.0£0.00 a

24. 23 3d% LED %9, F3e o}
Mean separation in columns by Duncan’s multiple range test, p

1554
273}
3%}
477}
=
273}
3% 4}
473}

Y Values represent the meantstandard deviation (SD) of three independent experiments.

Aol =A YErRkH

*

Z

)l

)

)

o
el
ojn

L
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ol A

=)

2}
F o gldoh whebA

A=
=

Fal oAl ol of w0 (70.6%),

=]
=

=

3}

o %

o

ﬂ:“

el R

-
o

SR oA = 660:440=8:2
gl H o A= 660:440=7:3

660:440=8:2 %

0

¢+

o

0
o

2=
=

SR
AT,
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¥ 25. 239 % LED # 9, J3Fd wE FAXnpdFo FadE g3 A}

(&9 : cm)
ERERE
660:440=8:2 660:440=7:3 660:440=6:4 all red
157} 404022 a 464034 a 3.8+0.42 a 461052 a
252} 12.0+1.86 a 95+0.69 a 10.0+1.75 a 115221 a
352 13.1+1.96 a 1262082 a 10.3+1.02 a 13.140.83 a
452} 1364026 a 1444095 a 11.9+0.79 a 1394192 a
2=y
660:440=8:2 660:440=7:3 660:440=6:4 all red
153} 464026 a 43+050 a 47+0.37 a 47+0.16 a
252} 144121 a 12.7+1.30 a 6.6+0.05 b 14.7+1.10 a
352t 116+1.10 a 12.3+1.10 a 905+1.17 a 11.0+2.47 a
453} 12.4+1.67 a 125+163 a 85225 a 10.7+2.65 a

¥ Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

. 9=

5

8

26 o=

rlo
rlo
|
ol

2GS GES GRS 4N

=

o

Qg 7]

3z

A

FA T

M

E 26. 2xd % LED #9, ¥F & FAXudFo FAE gF x4}

(&9 : cm)
R
660:440=8:2 660:440=7:3 660:440=6:4 all red
154} 1.9+021" & 224025 a 2.1+0.19 a 22+0.26 a
252} 42+061 a 3.8+0.33 a 3.8+0.24 a 3.7+047 a
3FA} 434045 a 44+017 a 3.6+057 a 40+0.12 a
452} 40059 a 50+0.33 a 42+037 a 41+0.78 a
e
660:440=8:2 660:440=7:3 660:440=6:4 all red
157} 22+0.08 a 1.9+0.26 a 2.0+0.29 a 22+024 a
252} 48+0.12 a 45+0.37 a 3.0+0.08 ¢ 3.8+0.08 b
3F=} 3.9+0.61 a 44+0.19 a 3.6+050 a 26+025 b
A5 =} 3.9+0.37 a 41+0.82 a 35+045 a 29+042 a

¥ Values represent the mean+standard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.
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WAFH AT AT AT AFRE A 2 AR
A3 ol GAR AT 4 4 3

o
SotE A 660:440=8:2 F Z71o A 25.

1

ﬂ

X
o,
2
uth oX,
o

-1 U

rO

et
4w

R 27. 224d% LED #49, ¥F W& HA T S22 AT FA

(&4 : g)
o = A 3
660:440=8:2 660:440=7:3 660:440=6:4 all red
154} 9.05+0.74° a’ 6.04+0.37 b 579+1.18 b 6.210.64 b
252t 3914146 a 2.58+0.70 a 2194044 a 3.60+0.73 a
3FA} 6.76+1.03 a 558+051 a 257+0.35 b 3.25+063 b
A5 =} 2.99+0.01 ¢ 5.82+0.77 a 3.86+0.36 bc 4362020 b
e
660:440=8:2 660:440=7:3 660:440=6:4 all red
152} 550+0.64 b 5644098 b 879+0.38 a 6.29+0.82 b
252} 4.40+0.33 a 3.30+0.29 b 1.33+0.10 ¢ 4634021 a
35} 354+0.85 a 3.92+0.08 a 1.45+045 b 1.89+0.32 b
452} 3.31+0.80 a 3.82+0.96 a 1.78+0.18 b 2.44+0.03 ab

Y Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

okoll x| ~Elo| A 7}A FLo] =g
= X

do @ LED 3o w2 Axul A s 1l A2 ol A
o A7E | whdel] AT ddEAH R FrIEetEe] 660:440=7:3 oA A
Ko g wgo] & Aoz FolFAu}l (F 24, 25 26 27)
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o] o]& 7hsd& AAskaL A

6. FA F71LFujA Abgel g nFo A=AYEL 2 FH 54

7. BA) §7129uA s pH 2 ECY 384 54 ws

G A E <t FAF(LF) ] HA 22 pH 6.5U¢], EC 1.7~1.8mS/cm oW 7o = ¢
94 gom, B a7E AN2AL 9F JuUelA FAW 2 Febnd A% pH ¥ ECE
WaHE S 4SHArhE 28)

%28 ZIWESHE D B4 §/12FAY 22 pH @ BEC 5EW 3

e pH EC (mS/cm)
B 0F2 154 272 3FA 4FA |07 1FF 25A 33 4FA
@& 616 654 675 669 655 | 162 178 187 173 185

S ] 623 627 666 658 661 | 186 182 152 181 1.69

EEETE
e é}g‘rl‘a 623 638 652 644 680 | 166 172 169 179 143
FsaysetE 623 656 668 652 659 | 174 179 183 182 165
. g5

5
A AE Agetgh B AFAAE 15 99596 990 lemel 4 AW o] g3t
ARe Bl A48T ZAstd A2 A% FAE AESAT. A WA 45E 249 2
2w 299 e

¥ 20 2209 = AR E 159 FAE 5 XA
(&9 : ea)
e

13 =T TE Y = AR
152} 85+041° a 85+0.41 a 85+0.41 a 85+1.22 a
252} 295+2.86 a 245+2.86 ab 23.0+5.72 ab 160163 b
35=F 4204653 a 48.0+1.63 a 49.0+2.45 a 16.0£3.27 b
452 69.0+4.08 b 65.048.16 b 106.0£6.53 a 415041 ¢

¥ Values represent the mean+standard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

o4 F 1 FF AL olF @ WEe A A3} gxT % AN 957 578
S IR AHEZATESHE 70.2%, EFFEHE 65.7%, FETHEE 62.6%, T EA
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HAEehE 475%). AL713F o|F 958 ST A, BF {4 gle 9 2l SUHe
A& Al HE 2AMAS, AV ESHE thH] FaaSeE(46%)7F 4 wdeo] ¢
TIoH, sd=HETtae A3 A¥%E HAAvh S@dSsAH ST EE - 94%E tha v
AiE BT

o 97 2 95

(49 : cm)
I
e =3 TETY = A
15%} 87+0.05 a 88+0.10 a 84+0.02 b 8.8+0.08 a
g 27A 9.4+042 a 94+052 a 95+0.16 a 88+0.26 a
R 11.0£054 a 11.3+0.19 a 11.1+0.08 a 9.4+0.02 b
A2} 12.3+0.10 ab 12.3+0.52 ab 146+1.82 a 11.2+050 b
a3
EE] =3 R T = A
152} 3.1+0.15 a 3.0+0.03 a 3.0+0.07 a 3.0+0.10 a
sz 27A 32+0.15 a 32+0.22 a 32+0.12 a 3.3+0.07 a
BT 3% 3.8+0.20 a 3.7+0.05 a 3.8+0.05 a 3.3+0.04 b
A5 =} 39+0.10 b 3.7+0.07 b 44+0.35 a 3.7+0.19 b

¥ Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.
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¥ 31. 239 % A 139 FA4E AAFS ZA}

(249 g
s
EE] 44 ] EEERE
153 956+0.08" b 9.78+0.07 a 9.47+0.12 b 9.66+0.09 ab
272} 10.44+0.03 a 10.2141.89 a 10.60+0.78 a 10554090 a
3% 2} 17.77+0.79 b 20.07£1.65 b 23.33+1.06 a 9.31+0.26
472} 45.00+1.06 b 42.65+3.31 b 54.40+6.21 a 22.85+2.41 ¢

¥ Values represent the meantstandard deviation (SD) of three independent experiments.

“ Mean separation in columns by Duncan’s multiple range test, p=0.05.

AE713E 158 A% 5 159 AAT % A2TE vl da dE2T 3 APT EF
aFel Aol frejd e AdE HAw A7 3577 A 5 2R Ao, A S oA
AAVEZHE o] TFHEER14.6%) % FEySeR(2022%) % =2 AyE Hilow,
Al e ARV ESTE g EFHETR(92%)7 FarvEetnd44%)2 w8 A3
5 BT 1Fe AATE A A ddEAFE ALfsta AS Vo] AojdaE 4
Agel nEA S7tste A SAL 5 dlor dof Ag2A e v R Faa
A& o] &3 wiHell A A g AR S| o] T Bl Ao 2 e

2R HSHEAN PRaTade wgse

a9 16. a9 A5 R U]

* Mean separation in columns by Duncan’s multiple range test, p=0.05.
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oh FAAN F FAE A5 ICP 24

X

ICp #
Hj| & &
I

71

5 =
B ANt
ok %

o
N
) it
i
il

¢
%
%

[e] AR
Ao AR A4 F 1

¥ 32. FAE 95 0FdL ICP 24 23

Conc (mg/L)

Na K Ca Mg
153 2.0933 25.8038 17.6361 2.1762
. 25} 1.7891 22.0492 8.3811 1.9915
== 352} 2.4165 25.6651 8.4334 46977
453} 1.8897 24.0079 8.8717 2.4594
152} 1.7453 22.1336 8.9065 2.1252
goEgxsan 207 2.0105 32.3780 12.4631 2.4742
354} 2.0993 35.9938 10.7750 3.1679
457} 2.0290 35.4557 10.9339 2.9638
153 2.0258 36.4030 11.2859 3.2690
sageoin 252} 2.2032 41.0396 12.4461 5.5444
= - 3Fx 1.9291 32.5408 10.6737 2.6288
453} 1.6966 24.9563 8.4895 2.2772
152} 1.8389 23.9291 8.4374 2.2316
oo zay 2T 1.8378 24.3420 8.2819 2.3819
e e 1.7081 22.8917 8.4986 3.4288
457} 1.6351 17.9852 6.8262 1.6225
153 1.2555 5.6213 4.0042 0.8732
b E P! 1.3646 5.2990 3.7668 0.9036
TEREFISHE oay 1.3193 4.4225 3.9312 0.8444
453} 1.4108 6.8092 5.6159 2.3482
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£ 33. FaE FdH T nFLdL ICP 24 23

Conc (mg/L)
Fe B Mn /n Cu
153} 0.5268 0.0915 0.0872 0.0311 0.0217
[ 252} 0.4867 0.0907 0.1051 0.0305 0.0132
== 3%} 0.4779 0.0974 0.0883 0.0627 0.0133
453} 0.4734 0.0938 0.1175 0.0473 0.0113
152} 0.4153 0.0880 0.1142 0.0403 0.0111
Gemgasgn 2T 0.6946 0.1111 0.1047 0.0321 0.0263
L i =1 0.8048 0.1384 0.1568 0.0404 0.0230
452} 0.7455 0.1367 0.13683 0.0407 0.0215
1572} 0.7843 0.1340 0.1502 0.0476 0.0183
=52 5en 252} 0.9844 0.1611 0.1673 0.0584 0.0215
R 35} 0.7047 0.1235 0.1217 0.0320 0.0260
453} 0.5719 0.0916 0.1086 0.0266 0.0153
152} 0.5577 0.0914 0.0822 0.0291 0.0169
NP 0.5242 0.0901 0.0994 0.0329 0.0139
I b = 0.5066 0.0829 0.0930 0.0334 0.0142
457} 0.3059 0.0723 0.0665 0.0204 0.0156
153} 0.0992 0.0206 0.0245 0.0096 0.0077
b s 252} 0.0469 0.0204 0.0153 0.0131 0.0026
FEEFEISEHR aay 0.0718 0.0175 0.0173 0.0126 0.0047
e 0.0983 0.0268 0.0242 0.0143 0.0033
Na(es) Kzs)

25

15
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15 ¢

10

Caxza)

3.5

Mg(otauiz)
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=iz 15 |
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|
|

a9 17. ZF DA (Na, K, Ca, Mg) 159 459 &5 ICP #4247 vl
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