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{ SUMMARY>

O The purpose of the study

A. Managing department

Using a BDP resin (Bio Degradable Plastic) which is 100% microbial
degradation in soil prevent the soil and environmental pollution and develop a
multi—functionality biodegradable agricultural mulching film with the addition of

Purpose& ) ) . . .
Contents a wide variety of weapons nutrients for crop growth and soil fertility.
B. Cooperative department
The Waste Agricultural film has many problems such as contaminatting the
farmland, destroying the landscape, generating additional expenses ans laber. So
developing of Biodegradable film reduce a additional expenses and sustain a
Agricultural environment.
O Contents of research
A. Managing department
(1) Development of film recipe that controlled biodegradable period for plants
growth and development.
(2) Development of Compounding processing and extrusion processes related to
crop growth and soil development.
(3) Development of extrusion molding technology for a combination of colors
biodegradable mulching film
Results

(4) (Standardized) suggestion of collective standard for The biodegradable
mulching film

(5) Biodegradability evaluation through Field crops evaluation.

(6) Estimation the variation of physics and chemistry in soil after repeated

cultivation through Field crop evaluation.

B. Cooperative department

(1) Verification experiment of biodegradable film for pepper

(2) Verification experiment of biodegradable film for onions

(3) Verification experiment of biodegradable film for corn

(4) Verification experiment of biodegradable film for wild herbs and vegetables.




| A=EWS | D-02

D Developing of biodegradable films that degradable completely d

uring 8, 12 months in soil.

@ Developing of biodegradable films added supplemented trace elements for
taking a crop root.

@ Developing of biodegradable films that a combinate black and transparent

color.
Results @ Certification of eco—friendly mark (KS M 724)
(® Establishment of collective standard in Biodegradable Plastics Association
organizations.
A. Managing department
1. Suggeste an alternative to weed control - difficulties of organic agricultural
technique.
(technological alternative of duck farming, viviparous malleatus)
2. Effect on Eco-Friendly weeding and reducing a mechanize operation of bulbs
and tubers & root vegetables
3. Reduction of social costs - biodegradable mulching film don’t need a collect
and recycle processing like PE mulching film.
Exp?cteg B. Cooperative department
Contribution
1. Effect on Eco-Friendly weeding conrol
2. Reduction of social costs by using a biodegradable mulching film
3. Reservation of rural Historic Landscape through using a biodegradable
mulching film - it it decomposition of environmentally friendly.
Keywords Biodegradation | Eco-friendly | Weed control PBAT Mulching film
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2. Y9 7l 43

O A & ANFAE
7h =l AlEAL B A A

(1) Bio Plastic A
(7hH =%7] SK, Wi, SKAWZ, sS4 3518}, gks), ol e gkel, Aj gk Fo] .
O AA T2719 A= JH.
@ adARZ HAANA, A, dEZ1d, FUALss &
(b e fdA=o] PLA A& =3 Ho| glo] Ao vdsirt 8.

(2) ¥98 4%

(7h A PEFAC &2 H7HE H7bete] Ll 25& Alxzstd GAE oy

(1) w=
h SFFdiEd 4o FAEY G858 Eo7] 8 FFA Absl AFT)HolA AR
34 Zetge g A &s] 118,
T8 7IddF

@b UCC : PCL (&, A}1&)

@ National Starch : A& (=4

€ CDP : PLA (Z&, €71, A+, ZEA)

@ EASTMAN : CO-polyester (&, AlZ, 2H¥)

EVERCORN : PCL, PLA, A& (Z&, §7], Ab=, &5 A, Z9A)
h
W Z Compost3t FAZ A
2z A g HE7HA Fod

@ Solvay : PCL (Z&, £xX)
@ Zeneca : PHB (Z &, H
@ AE BHIAELS T2 FFT7E0 299, olgg ol Y AE FAHoRE F

A

® 2009 ¥ 7] 1500mt A7t Eol, 20201 37,000mt o] o ® SojE A
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i

A, A=A

22 2~ (Cellulose), #HE (Pectin), 2] 2 (lignin), ¥ (starch), %A,

1. 3 2 EAA (Naturally Occurring Polymers)

s

ot A F o g 7Aoo A

m]

71€1(Chitin) s 71Z2=

]

= Ak

™

B/
02
o

to

H)
el

Hr

Y
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o

il

al

5
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™

2

!
~

i
e

X

fie)
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ol

0

P
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)

23|
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)

fie)

olo

el
oy
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2= X
T

§ 2R =A 2 2A Y 7}

CHOH

CH,OH
OH
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(1) Aol ARY Behage A5 FolA ARE 4 S5
(2) 747 ol B Qo] Hal A
(3) AAANA W ERG By A4 JRRZ o] o] T

(4) AAAZA L5 AATF F=A 9.

. g7tAaA AE (TPS, Thermo-Plastic Starch)

AE2 A4 ozt FA HbAdEH7] "o oy EAEES sAsty] Hsl
polyols(glycerol, ethylene glycol, sorbitol etc.)¥} #Z& 7[AAS AF&3te] AES 7F43}
A 71 ol 5 Gt AEolgtal 3t} o5 SR = A HA FEaEY, 7
= W18 FXQ EPdEd, EYag, ZYr2dd TAHE 4y 2% olddA w3t
A g FeE7F AFAAR vpE S Qo BA JA] dubdel ZEkage vjEd g
e 4 Qo

A QRS AR W TPS) WAl Beld A fiel Ak RS F4A7)
7 glatel ALHAT. BeH spgoll} wi 25471E 717 SHES ol gate] ARel
FANG £FAINE e AB, W] e AE Az Py, ARl Az 1
A ol 481E 2 nRAT AH HAA AGAA AR 254S Fols
W oGol gtk 254 ARES AR £Az $E AL wisHnz Seldga, B
s, e megd o e e 4840l Holtt

2k, 7]1E}
IR T2 g5S AR drHi don, desRese oM Awsd 8719
FHRE F&he d7t n

2. 3tk s+A 31 E-AA (Chemically Occurring Polymers)

shst A T ARG Akl dig AFELS H2d AR, FH 18 A
ANA HFHoZ egHo] gt aAd AEad AW ZYdrHE22E £8=

2] &2 (PGA, Polyglycolic acid), #& 2tE4HPLA, Polylacticacid), ¥ & 7} 2 2&(PCL,

Polycapro lactone), ©]</t]ofA| = A A= Z ol 2~ 8 2(Diol/Diacid Al AP(Alphatic

polyester)), &2] (ol ~H Z-o}n| =)/Z 2] (o ~H Z2-5-# ) A7} 3

g mEAe] AENAEL F7] TolAE A dErb AEA gFr] wiiEe] A

AbEetE dAl A= iR B AlFI sYshAl AMETbs ekt ey ESuE,

Ed A TR/l ot 1deA 2 de dAH E8l7F 7hesstth o] 52 ofbF shAe] il

AR Ak Bl A = AR FgaY AFY EER AEo] H7|d & ofF




D-05

<1
I
2
foi

= WHol oy, dF Agsrt Hu glom A&HAHow ArpAzt, AN, EANE
A7 Qo] Hu ek,
] oo To(C Tm(TC 22 A
AR ANE Eelo sz 2(©) | Tm®) | 434
Poly(glycolic acid)(PGA) 36 | 224~240 | 249
o F&g BIAL DDSAE, FoF/M =
/<,o V_A,l o W& xdA
Poly(L-lactic acid)(PLLA) 53~60 | 170~180 | A4
o 8 DDSAI R, #AA 4L AFHH, B3
Y A A, mAnY g AAEFS A
Poly(DL-lactic acid)(PDLA) 45~59 | - | 743
/(o i) DDSAE, 548 AAR7] o8 PAE
& R CHs 1 -16~4 | 180~76 | 243
LR LA
\Jo” ™~ ot > o = _ o
¥ 3g HYEE Smlr] AE T4
Poly(3HV -co-3HB) e e ° e
Poly (e-caprolactone) (PCL) -60 | 60 | A4
/ 9\ og/m=g 2IA, F=& THAL
~ -~ L
\\0 L h A3 g HHE &7 9 P
poly (butylene -33~-60 | 114~32 | A4
succinate—cobutyleneadipate) (PBSA) dse JRE APes] Js)8/
L~ U XA

me ox & X
oN

o ot

PCL2 vlud AHsA A= AT 2EA=2 e-caprolactone =™ =Z HFH
s Ftel o] &olsiAl FAAT 4+ da Ik PEeF gEAdo] vlaA Fa
e, AFE, FAdE 59 7

AA Edel st 4ol 60~62T= Sto} film
ol otk Uwkxom PCLY Ril&ms HE=

o ox
L)
[ A
o
o
of
o
i)
s
oo

PLA+ Lactic acid E+ LactideZ5H 384 FHu] &= g4 o3k g &
S E3le] A=, §40] oF 160~175TE 7]& FEaAH HEFA S FA
FastAN JhEAd W iAol Aeksta diF At B Vs it R vt

= =
7} grs) o] Folx 3 e

o

L Sk
s CT I )
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t}. PBS(Polybutylene succinate)
PBSE  dEo Zxotuix, dare]  SKAWZ 3t 4,
Ak o =2 AAATER Qo] AlGA o] l‘i—*f—fi F7d o] QL.

2}. Aliphatic Polyester

Aliphatic Polyester= 14-Butanediol, Ethylene glycol ¢ Diol?} Succinic acid,
Adipic acids ¥ Z& #7147 STl o AzxHed FoaE ThEAdo] E
BRAY R ws $sht AE AgAEe W BY ¥ 9 BEAol o
@ilo]l Qlo], HIZole T H4 % s54E grs7] fld Aromatic BEx=ME

&8-3 Aro/Ali polyestere] 47 7idro] &bs] e a1 Qo).

vk HE/U7tERAA AN Egd 2~ H = (PBSA)

aubA o 2 poly(ethylene adipate), poly(trimethylene adipate), poly(butylene adipate)

Sof A= Zd o] ~H 27} poly(ethylene terephthalate)5 9] Weks Zgjo ~HZHUT}
o fJA Adadan. e E olstst H AR Z oA I8 4 Xﬂ%% &kt
of FEZFE STUst d= AoE dHAY. o] LEAE dEFAY 72 ¢ =5 84
of we} Wslel= AEsAds vERATH
v (o 2EH2-ofn =) B (o 2H 252 &) 7|

Ao R AaE = EEoin=(Ud B)9k pElEe AEsEA AN B2 FFY
A gk EPotn = Eapgko] vt Eeoin|= gl E (o 2HE-dEh) S 1 LAY
AgAol vEsts £282 7l Faidh
ZY(EgotrE-d2H =), Ee(Egotr| =g, Fe (o zH=-Fdg) o] A
Eo Xﬂﬂ %@L‘X‘—E‘éﬁiiﬂ subtilisinel] 9Jste] 7kt He= o R W ol

] =]

il 71 01‘3}3 Eit

AL PBAT (polybutylene adipate-co-terephthalate)
PBATE= AW 4 H*@é% X]L]% co—polyesters=#] A butanediol, adipic adid, ter

ephthalic adic®] 5% WFgow A E+= =4do|t. PBAT+ PLA, PBS Xt} 2l=43
AAFEo] ol AFE EXFAY T8 HEol A3ettt. @A Basf, Dupont, Novamont
SolA AAsta 9lom | 7hAe] a7l ' o] Qith

0 0 0

0
| I | Il
%C—(CH,).—C—O—(CH: —O0 C C—O0—(CH)—O
X y

[2¥ 3] PBATY 3}a4 +x
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3. 7| AE A4 1 E-2FA (Microbiologically Occurring Polymers)
AL 18 AE v Ee] wrEoUE Bl aEA (Aol EEH)E &85

o]
=4S vEs AoRA, B SAHANA HojuxRt
!

o
AgE ] 7pA o] a7t o] gtk A o & PHA(Poly-hydroxyalkan

iz
=

0

AR ARZA MR o8 wEold vAE FeldaHze d7tad nEAR
45, A T2 &87F¥o] 7tsste=z Fg4 ool 7l ol mAE Eg o
2HEE AAAANA vAEo] A o= WES gihd oI R #E AP E]
uj A Eof ol 23ty 7] wito] s AAdA AdETa & ¢ 9
R, ,H
\<0 n
(a) PHA
CHs H NG W P
OA)Q(O&
X ¥
(b) P{3HV-co-3HB)
[2¥ 4] PHA®} (P(3HV-co-3HB))¢| 3}8t+%
U A E g5
n A Eo] AAEE RS ol o MER QA 9

7HA greFa Al AFE o X Tk

nj Ay Eo] Moz AstE A el EF S (pullulans)> “PF-20"¢]st W3 o=

AlF o] At F¢ Fofolle o] &H 1 Qi Ao F EFAEEAE o] FrtEI Q)

o =3 e g3 rete deAdel dEete] g, A FEAE 5o kA Eoly A

Al AFEAFES] A NGO E o] &AL Utk EFTES HHRHo] Fstal AR £ 2

o] dsloll ot EAAE I flo] FEl, 55, HA, dxAF T AF JAFA To= o

SE T} o]} o] TRTL AERof| F o] &H I YL, 714 wjite] ZekrgomAo A

g3lo] Ulg ARE o}z HIsith

B oAGE Falo] Adstax s AR Mulching Filmel WS AFS AASE @
Aol Al A edslor & A Eo] vk a7 A WA g ojof & FELS A 83zt
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sk A9 100% Al o fef 1 Ao AE] x|zt = WAl iz Eojof g
AL 0.0lmm =9 Film v¥A o] 73k, %2 Moduluset 7] Al & &4 o]t}

98 Mulching Filmell #&317] 9aire #H o= AL F<l Mulching Film(LDPE,
LLDPE, HDPE) &9 7|AA4=/do] gH wojof gr} kA ZAMG 2H7}o] BDP A&
2 a7 Axe] Zol: o 100% AR RS v PBS, PBAT, PLA
E AQstae FE Filmd 4E8 Hues AE80=2 JiE oA ow g A
qS 9t AELo 7 AR 7153 PBAT, PBS 59 BDP A& HESAUT.

PBATE Base resin® & €l3l o]+ € BDP X9 vwstdS wj, PBATZF 7FA 1L
A 5 T 9 E UbFo] sheske A=l dAl&o] LDPE 44 o] 54
AL Pge] AALEAEADA blend P& &

S

S 7
Mulching Filmo. & A4kstr|o) 7 A ehsk &

4,000
PHB PLA
3,000 PET
- L @ Biodegradable
& Plastics
E 2,000
o PP
E - P standard Plastics
§ 1,000 P?S
= PE-LD
PE-HDm ;
[ | PBAT >
: 0 2IZ:U 4&0 EIJIIJ 800 1,000
Elongation at break (%)
[Z2¥ 5] BDP & PE Modulus®} Elongation at break ¥ 7|
Micrial Degradation Speed Physical Property
Microbe Hydrolysis (90 Tear Strength| Stiffness
Ecovio F Mulch 1 1 5 3] 1
Ecoflex 1 1 5 5 1
PLA 1 1 1 1 5
PBS 4 4 1 2 3
PBSA 5 5 1 2 4
PHA 1 ~5 {adjustable] 1 ~5|x’;l.|sl3hb_| 1 3 4
PPC 1 2 2 5
PBSeT 2 2 5 4 2

[2¥ 6] BDP ¥ Degradation 4

t
HE
il
o,
=
=
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24, BDP #4¢ 71354 2 $454 Bt

el A @ BDP 4 & ALs) BHLEF 52 Base Resino] ¥= §A L2479
PBATS} HAnEAA A&, TPS 59 4 & Extruderg ©|&3to] Film3}ste] zzte] =
2lA 543 A v 5428 drksah

1. 37 35

7}. Tensile Strength
@ Model : AGS-J (1A &7])
@ Capacity : 1kN

@ maker : Shimadzu (Japan)

. Dart Impact Test
@D Capacity : 0730kgf/cm
@ maker : YASUDA

t}. Haze Meter
D Model : TC-H3DRK 2
@ Capacity : DC 220V, HAZE 07100, &4 2 ¥ Fa¢
@ maker : TOKYO DENSHOKU

2t FT-1IR
D Model : IR Prestige—21
@ Capacity : 4000-400 A
@ maker : SHIMADZU

v}, UV Condensation Weathering Device
@D Model : ATLAS UV2000
@ Capacity : UV 314, TEMP 30780 C
@ maker : SHIMADZU

np ke 857
@ Capacity :TEMP 07120 - C, HUM 35795%
@ maker : d-=F3}at

2. Test Method

7}. Tensile Strength

(1) e1& A& 7)o 1kN Road cellS H23tal Test SpeedE 500mm/minC & A4 gk},
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(2) A Hg " AlEE KS M 35099 AgAdA 182 Fn]3c]
(Axg =74 &% 20-C, AHFE 65%, 24H)

(3) AFA AL Sample?] -, TIHF L SFFEZ o] §F 9l AlRE AFH S

(4) 0.00lmme] FAZA ¢& F Ue

4712 olgstel, NG FAZ &£FH

(6) FAE 7S AnE AYAY7] BPRO Fol wnaAde AFPE, A4

AEH o FH 5HE ME

SNEggAR 2l

0% 0T HI X
o
>
@gﬁ
zglix

0
e
K
o

IR 5

Shzp StEY St 280
Al B Al B Al B )
\ .

(28 7] Alge] A3 ¥ (KS M 3503)

. Dart Impact Test

1) &3ld AFAFH $3)S st Dart Impact®] 93& =4S

(2) A A7 9 AEE 12cm*12cm Z7]9] ARE FHIZ & AX el nAAZITH

(AMEAL BH dS 7hA ok e oy w7 A7 8 )

) aHE A 5, v AR T4S BAs eSS AldH AA W SHFE=Th

(4) M E Gt 7o, AdHo] FFste T4 ouAE 7|53 h

(5) & WHo g 93] HhEEle] & =
2

(6) T A S] A

t}. Haze Meter
(1) Power ON 3 10720% # %= Stabilizationg+t}.
(2) Zero Calibratione &3 ¥ 12} =(BKG) #= F=th
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(3) 3cmx*beme] Al&2E 7} 3/ &=H|gE & AA Yo AlRE LAGAI I
(4) Calibrationg =3 3% % HAZE#HS =Aslo] 7|23

o

A

i
QL
LTI
(I

[29 8] Dart Impact A€ 7] & Haze Meter

2}. FT-IR (IRPrestige-21)

(1) Power ON % Initialize2 3+t}.

2) AZE AAHE ¥ A2 W2 =(BKG) Hel

(3) 3cm#bem ©]/Fe] AlEE FH|8te] AX|dlel A AT
(4) FA(R Source)s AlF:oll &of Ao T3 F+s S350

=
() %4 =HEge Bas] AR 54 How ¥, F48

vl UV Condensation Weathering Device
(1) 314nm UV Lamp% A g
(2) A A" AEE KS M 35099 1 gAdH 18 o2 v ghe},
(3) UV-CON. Wl 75 A< AL 5, CELLO A=
(4) Setting Points A3 7o utA Ao}
(7 : 8H, SPRAY, 60-C, 0.77m’, 4H 50-C)
(5) 10071 7F @9l &E A8 E 2}F slo] Tensile Strength 2 &S 7 &3k},
(6) 271(0A1ZF) thH] AlEo] 50% olst= elzts 4% AdS T8

[2¥ 9] UV-CON
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(KS T ISO 20200)

49

g

S

_Zrl

(1) 4mm AFAE

(2) 20cm*30cm*10cm ©]

(3) 45cm*6cm= 7] A|EE 370 o]

4) ANgg He ol F3 B 58-C, 50%9 &2

= 7IWA AR S H o

3T
=2

6) 5 13 A

Recipe 7]

=2
= =

3)

=]
-

A

I Film2] Base Resin¥}

9]

A&

3} Recipe

o] 7}Eetgst 7&

2]
|

tol 4

S

4 B2

o E
= ]

7}. PBAT 7}3-43

—f

7

59 2 Base Resin®! PBAT A+ 21=4]

W
"o

Tp

E Grade 1%

o)
=
)

£ BAR

o]
2R

to] Blown Extruder

oA o] ARgE L

7ol

B

A 15¢m

sho] %

o]

=
=

Al

=z O
[SRE=1

=8 Grade 2

)
=

S SAbe GAbel

(1) Machine Spec

: 280mm

- Die Size
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(2) Test Material
Resin 1 Resin O Resin I
Type PBAT PBAT PBAT
Density(g/crt’) 1.37 1.12 1.26
Melt Index (g/10min) 6.0 2.0 2.0
Melt Point (TC) 110 127 120
Maker Nationality German Korea Korea
3) 7t =
Unit 1 2 3
Cylinder 1 T 140 140 140
Cylinder 2 T 150 150 150
Cylinder 3 T 150 150 150
Joint T 155 155 155
Die T 150 150 150
(5) Test Result
Oh 4 B2t
Resin 1 Resin O Resin I

Frost Line 570mm
Die Lip Temp : 144C
HAZE : 15.1%

Frost Line 200mm
Die Lip Temp : 145C
HAZE : 49%

Frost Line 250mm
Die Lip Temp : 145TC
HAZE : 8.2%

_29_




F=HE | D-05
(b 24 B7}
Tensile Strength Elongation Tear Strength Dart
(N/mm) (%) (N/mm) Impact
YP | TD | MD D MD ™ | ™MD | (ksf/em)
Resin 1 - 46.0 52.7 818 492 163 157 2670
Resin 1T - 24.7 48.0 744 451 177 151 1266
Resin I - 36.6 415 839 286 177 145 1093
Dart Impact (kgf/cm)
3000
2500 -
B Resin |
2000
B Resin Il
W Resin Il 1500
1000 —
500
() (2) {N/mm) i .
Tensile Strength Elongation Tear Strength Resin | Resin Il Resin Il

[Z2¥ 11] a) ResinI %7], b) Resinll %7], ¢) Resinlll %7]
d) ResinI 30¥ 73}, e) Resinll 30¥ 73}, f) Resinll 30 73}

_30_




| Z=W3d | D-05

4= 7FEAdAA Resinl o] Melt Index”} =o} Bubble®] Frost Lineo] =4 FA %+
dalo] eSS4 Tensile Strength®t Elongation, Tear Strength & 7|42 Q1 &4 o]
pEA fFetdon WA i 2 9FE 9ot 35 ZWd THE Hv 22 &Y
31213t Dart Impact B7FAME €53 73 84S YElWTh 3k Laboll Al A A|
g Zrol A= HIrelA B Ao Bldte] AR =T wEA AP = AS gl

L. Matrix #7HA £24& &3 7 =4

PBAT 57% A54% £5 5402 skl PBAT 4 0%
dlof &= oj# o] St} Bubble ¥4 ©]%, Nip RollolA] ¢Fzho] &
2] ¢kol WME Winding®] E71s3 59| %ﬁr. ol gt MTAHE
Slip Agentt} Anti-blokingAl & AF&3H7| % shd & AFd A= HEE9 74
b il HAnEA EAS o] &ste] ARdAE =4 4 k

AN AAE o] FALE ALt v HAANEA 2HES A4 dxow dE5 A
Fol EI7bsste] HAunEA EF3 PBATO A% 7texAEsE ¢
Compounding 3to] A 28 Matrix Bl o2 A3t o]& A whEo]x z+zhe] Matrix
M/BE PBATS®} Dry Blending 3}¢] Blown Extruder

»

(1) Test Material

Matrix I Matrix I Matrix I
Type Starch Thermo-Plastic Hydrophobic
Starch Starch
Density(g/ci) 1.0 1.12 1.26
Melt Index (g/0min) 3.2 3.6 2.7
Melt Point (C) 110 127 120
Maker Nationality USA Korea USA
(3) Temperature % 7}&EA4
Unit 1 2 3
Cylinder 1 C 145 150 150
Cylinder 2 C 150 155 155
Cylinder 3 T 150 155 155
Cylinder 4 T 150 155 155
Adapter T 150 155 155
Joint T 155 160 160
Die T 150 155 155
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(4) Test Result
b =& B7

Starch?] ¥#Fo] ES4= AR Hr7l waA APFAvt D2 AE7H3A
tE e S 1d3dte] Matrix I ¢ Starch
% Starch %<& 50% % ot A5 AL + HA 40%, Al
ZAS 3 A3, Starch 3 30%0) A4 ¢HA A<l F
50% %} 40% <] Matrix M/B+ Bubble©] &4 3HA dAHW o

Matrix I Matrix IO

Frost Line 250mm Frost Line 500mm Frost Line 250mm
Die Temp : 138T Die Temp : 139T Die Temp : 137TC
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) 54 H7t
Tensile Strength Elongation Tear Strength Dart
(N/mm) (%) (N/mm) Impact
YP TD MD TD MD TD MD (kgf/cm)
Matrix I - 23.6 25.8 637 316 133 141 3532
Matrix II - 38.6 40.3 767 566 131 130 4290
Matrix I - 26.3 37.0 720 267 156 148 1767
900
800 Dart Impact (kgf/cm)
700
600 5000
500 i
:gg W Resin I
200 BResinm 2000 1
100 ¥ Resin I 2000
0 ¥ |

1000 -

(%]

(N/nn)

{M/mm)

Resin I Resin I Resin I

Tensile Strength Elongation Tear Strength

(th) BEsi= F7F

[29 12] a) Matrix I %7], b) MatrixII %7], ¢) MatrixIll % 7]
d) Matrix I 30¥ 723, e) MatrixII 30¢ A3}, ) MatrixIll 304 743}
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t}. pH W3lo] w2 BDP &A412 54 #H7}

E49] pHeE EYoltt wixo] &4 | Fhol2H") vx9 43 A=& = 7l
o8 Farol2MY) 949 B oz Aot = pH=log, ol/[H]olth &3 &9
[H]= 25Col A 1x1077¢]7] wiito] =53 =9 pHv logi ol/[1x1077]=7 o] S-S
ettt Aol )P FAste] 2(0OH)e F7F #3 S ol F+ ol ?io]%(Hﬂ
o] FAtsto] 2(OH)EY Wow 1 EgS Abdolal pH#Et2 7 olstolw w2 4t
o] Z(OH o] Faol&HNEY @wow d4ZAuAd ESS Yehlal pHtE 7 oot
pHH 9= 0714019 2 W9l 0765013 &zl M E 75714 o] pH 6575
4 WHeloll &3tk pHE Hol2 9] A9 Zaghe]m= pH 7oA pH 8% pH7F 57t
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[29 33] a) PLA 20w%, 150C, b) PLA 20w%, 155,
c) PLA 20w%, 160C , d) PLA 20w%, 165C

[29 34] a) PLA 10w%, 150C, b) PLA 10w%, 155T,
c) PLA 10w%, 160C , d) PLA 10w%, 165C
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A AAEo] FolA =
314 A A7} Extruder el
¥ ste] PBAT 4

9 e s 8 et B we] ¢E A B
| T ¥ PBAT+= BAFeE TAF

o7 dasttt. = TestE 38t AE

A7l Zhast
PBAT o]t}
Resin 1 Resin I

Type PBAT PBAT
Density(g /fci) 1.37 1.12
Melt Index (g/10min) 6.0 2.0
Melt Point (C) 110 127
Maker Nationality German China

3 14. Test Material

BAFe] Resinl< Melt Index”} 6.0g/10min% Cast Line®l
Melt Point= 110C=Z SA}F2] Resin2el H]3}e] 15T o)A+

2]
o
Lined 1% 7o) A33t Extruderdt 4+ MI % oluz}

oo} Fht}.

[(29¥ 50] Cast Line Extruder®] PABT 4% &% #H7HF: Resinl, $: Resin2)

dsslgon AFHFE=e A$ TD(Translate

Resin 1o] 94 2 4&=AHol vi 4
Direction) W&ol Al oF 50% == ©] = vEbh whE A= TDH &) A= Resin
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PN Ay MEE AT dart

D MD ™ MD D MD Impact

Resin 1 4646 5277 818 492 163 157 2670

Resin 2 2475 48492 744 451 177 151 1266

6000
B Resin 1
B Resin 2
e [ i
‘ MD D MD
AFTE uZE dlEzs dart Impact

[29 52] Resin 1, 2 to] A&y H7F A3 (Hv]stx4, 60T, 459 74 3})
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N FEelA ngder A He A T AT vFdaTr 2 g .
< UA2HP0) ok ﬁL HSI0,), LEMgO), F1HMDbO), H(Fe)e & o= A Hv v
Holl A HEHA FAHE =B (Mool 115mg/kg <7t s Th %
3008 71+ 18/ElE 1,0000) 3]Aste] &3 s A4t vk MP29 mEFda S
A tiH] 17100 FFelm® A 25 ol 10% ol AW =W d%7]Fo] 1,0000
M4 He 295 7Id & 5 vk

o = Z §jl— H] al
PBS
A PBAT (Resin 2, China) Base Resin #38]%= v
PBAT (Resin 1, German)
B Bio 8 (A3l 871€) BEaA 71 19 = AE
Bio 12 (A&l 127014) 37}

PBAT(Resin 1) + 7] 5AM/B 10%
C PBAT(Resin 1) + 7] M/B 20%
PBAT (Resin 2) + 7]54M/B 10%

AL & 97HAY] A RE F 199 o] 37HA] aF oz yiro] Adsn. ImAe] A
A $+E H7F & Resin 1(German)Z} Resin 2(China) ©]9jdll 84 2= FA4S 95t
423 PBS (KOREA) 100%2 A&so A¥aws 24890, 18RS 1A4ds 42

! Bio 8(AZal 871€)¥ Biol2(B&al 12714)] A& 8= Aol S Datast

F71 flskel s, A5Ces 7iEE 7IsdM/Be] & W7t el vA= &
S H7bet7] $18ke] Base Resin WHS o] &3] 7|5 AM/B gk H71=2 239t}

2 ARAE A9 A7E ATA Aol X8 FFolA Field 45 A3l & =3l
A, FEY 4= Ao Labo 2 72t Alnse] AEest ndE @A oisto]
Aol B HAv & AP Hus oo AL S0l obd, dnt FAA B
ol A '—3—%2 %Hvﬂﬂoﬂ ’ﬂsﬂ Q‘ii‘jr wheba E B skl A o] At = Halste] A AL

ofef AEA FARNAM WA A Aol THUGA G =t AP A A
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& Als ¥ Alg &
6 PBAT_G (PBAT, 5 Y4BAH
A 6-1 PBAT_C (PBAT, &= TA}H

6-2 PBS

2 Biol2 (B3] 1271€)

3 Bio 8 (W3 871€)

4 PBAT_C + 7]1'54M/B 10% (PBAT, Z=TAH
4-1 PBAT_G + 7154M/B 10% (PBAT, 5 <2BA
5 PBAT_G + 7154M/B 20% (PBAT, 5 <2BA
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=45 dol8 data logger (CR-1000, CAMBELL SCIENTIFIC) & Abg3lo] 4% =4
R AL, Al FYE 40D A RANES Z2aay g9 Dot 4 B
Hd 602 Bk gl A UR LFES CO, § Mol & H 49759%, 4697479% <
1= ﬂﬁgi deolg S A%ate]l CO, ¢ ¥4 zols 7538t

(19 67]. %20 %% (EAR)
(a) EAR &= 22 %;(b) EAR %A,

() Bk A4

TAESS 20159 3¢9 219 FEUSA W FF(GPS N36°37'297, E 127°27°20”) ©ll A
el 0-20 cm o E4S AAAoH, BEF AY AFA EFS 2mm AE A AL
gatgith. e d 7]k 20154 39 2395 201549 59 4U7bA] F 4093 A
FEl o, A HA AR vd FAE 20159 49 490 s, F oA FAE

-

549 13900 shgon sAT A B9 59 496 sk

(th B A4 A=

B oAse 2 10719 Ay tE 3wEow AFE At =57} o2 zhzhe] AR Al

S E 9dA 42 cm?, 7R 2 em x AZ 35 cm 2 59 ZE 244 2o AE
WoRE Zlol7} thE 3719 = (2, 5, 8 cm) o2& FE3o] AU EY Ad
2 Al Abge B FAE 350 g o)W, EF AH9] ol 10 cm® dHsiTh

BE
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Flacement of plaate S {a]
Tistad il et i e 3 B D0 s

(2% 68]. B A4 A%
(A" Wl BEsE Hd A
ES U AEHA vd;

(OEF .

pH EC oC NH; -N NOs -N  Avail-P:05 EA
dS m! % 0 mg kg '~
0.0 2 Sandy
75 £ 0.1 01 + £ 01 113 +14 31 + 07 839 + 18
1 loam

(h) pH ¥ EC #4

pHE E% 5 g & =A3o] =H4 26ml ¥o] 1652 F=39 1, 14752 180rpm
7oA Heste] pH Meterg o83t 43t ECE pH 54 % 3000rpm 33
QA EE3le] EC MeterE o] -&3to] =439 th,
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A2 3 7=

No. P A 2] - Ay =
(%)

1 Control o =
2 Cellulose AEZ 44,50
3 T1 PBS A A1 100% vl ($hk=) 70.11
4 T2 PBAT_C A A 100% vld (=) 73.50
5) T3 PBAT_G A A 100% vldE (59) 70.26
6 T4 PBAT_G+7157 10 T3 + 7]IsAM/B 10% 72.59
7 T7 PBAT_G+7154 20 T3 + 715 M/B 20% 69.75
3 T6 PBAT_C+7]%574 10 T2 + 71’58 M/B 10% 70.97
9 TH Bio 8 ATl 87§ 63.80
10 T8 Bio 12 A 12714 & 67.03

F 21 AT vide] AT =24

EY W #7718 g5 B4& Walkley - Black methodel wzh 423) 3Flo™, 150
mesh #AE 3 F4E 05 g & Zo} 1 N K, Cry, O7 A FS 7F3 & 3087 112
B A7 & O-phenanthroline AA %S 3 ~ 4 W& ¥ 5 05 N FeSO4 & &

(vh) B o Ak A4 3 4
05 M K, SO, EY F= |
Salicylic acid - H, SO, £S5 o] A&

£ 7tekd k. ol & UV-spectrometerg ©]-£-3}

Qi Dry Oveno & A% A7l ¥ 2%
] 3, 5 M Sodium hydroxide

1
o 410 nm oA FFEE =HHsA

()

-

o%
N

() EF W Gmujohd Wi FF A
05 MK, SO, E%¥ FE4L 2 ml ¥, EDTA €9 2 Sodium Salicylate—nitro
prusside, hypochlorite buffer(sodium hydroxide, sodium monohydrogen phosphate he

ptahydrate, sodium hypochlorite &%-8<) & 7}st & 10 %3+ Ed4519 0. 37T
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oA 10 & EoF ¥ A} o] & UV-spectrometerS ©]-83Fe] 660 nm oA 3%

(oh) EF U &<l (avail-P) 4
B 1.0 g S A3 Extraction solution(NHF) & ¥ & 714 A3st A7z =42
3l ¥ Whatman NO. 42 filter paper ¢ A14& o] &3}o] o3ttt o3ty €4 1 ml, ¢}
Mixed reagent (25 M H»SOs4 ammonium molybdate, ascorbic acid, antimony
potassium tartrate &3 €M), THTE 7FstL & HolFE F 30T A 10 & &< &
5%

AN AT o] & UV-spectrometerE ©]8€3Fo] 880 nm ol A

w

() £

£ 10 g & AFee] FHFS BAEHFLE WAL 0T o DL s f712S Faea
% A} ERSY AAAVAS 8T FEE AAL 01 N HO

2] E} S|

[
1l O 1o

Lo

O

= 11

Sodium Hexametaphospate) € %
o] ¥ HelEEon 47E v 1
AAN ) B Fol e A3 71z

Department of Agriculture) A+Z} %ol %3}"4 EdE 33}914.
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Oh s Hde wE EYG 5 AAl
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o] Yelyth. Cellulose= 40¥ 43 &

& Al vs EY T CO, A

| 3 me Aoz %39

al C
2 ZAE oW, o= HlAEo] & Ao Hls}

Ao ® oAz,

T8Bio 12) A7 A ©& Aol #Hlste] HluA #& CO, TAZFS
T5(Bio 8)¢] =7t & CO; Ao =&
F Ul vAEd g% Ealo AN FFE =
Hde] EY & CO; BAFS 2 Ao A&
T3(PBAT-G)®] CO; A= fFAkg Ao

fr
N
>
I
%2
%1
E
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O

& Cellulose?] ¢F 2¥] =& 53
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o
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i
0
2o

(W) AR wde] 2 F ¢

FEND7IGE 5 Celluloses] Fahievh The Azl vl e FEE dehiigln, 10
) Ak & oF 800 Rl Ao o %9
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1 a1
umol F__hr 100g soil

Date
48
(€) ® T-3PBAT.G
o T-4BI012
36+ ‘
244 Il
121 NRRIL L] [
04 i -
U T T ! I T T
Mar 20 Mar 27 Apr3 Apr10 Apr17 Apr24 May1 May38

Date

A7 T T2(PBAT-OA 79 F4 #alles °F 05% = the Ao Ha}ho]
& Aow AT v, T8(Bio 12)¢ 74 &= T2(PBAT-C)Eth oF 384
= Ao YERI, PBAT-TPSS @] =555 FaErt 55 JAo2 AR
frh E=d, ARy ng AFRT o] FrbE wde BEsh gRE B A0
2 AR AT

24
32
b uT-3 PBATG
= Control ( ) o T-2 PBATC
¢ Cellulose -

b — 18

= 241 0

] 7]

o g

g ‘O_ 12 4

?_ 16 2

T £

= o

-:8 8 64

o 84 w

: 2

[}

S 3 04

35 o

T T T T T T
T T T T T T Mar 20 Mar27 Apr3 Apr10 Apri7 Apr24 May1 May8
Mar 20 Mar27 Apr3 Apr10 Apr17 Apr24 May1 May38
p p p p y y Date
Date
32 80
(c) " T-7PBAT_G+715420% (d) " T-5BI08 N
o T-6PBAT_C+7]54 10% o T-4PBAT_G+7]5%4 10%

T: 24 4 ':: 60 -

0 o
7} 7]

o] o]

g S
2 18+ 2 40
FI. ‘TL
.:N .;:N

3 8- 8
L w 204
T °
E E
= 3

04
T T T T T T T T T T T T T T
Mar 20 Mar 27 Apr3 Apr10 Apr17 Apr24 May1 May8 Mar 20 Mar 27 Apr3 Apr10 Apri7 Apr24 May1 May8

Date

= vl

[29 69] EF = cellulose %

AR vide] HAA CO, st
(a) hx=+ 2
(b),(c),(d),(e) AE3NA v,

AZTZQ X~

Qo
no
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1

Biodegradation% (g g )

100

B CELLUOSE

(=]
(=]
1

L o
(=] (=]
L 1

S
Biodegradation% (g g ')

50

E
=1

[
=]
1

n
(=]
L

-
=]
i

T-5B
0 T-8 BIO 12
T-4 PBAT_G+71%4 10%

L ]
'
5]

0 T T T T - T 08 Il i 18 T
Mar23 Mar30 Apr& Apr13 Apr20 Apr27 May4 Mar 22 Ma;zs Aplrs Ap1|'12 Ap;19 Ap; 26 Malya
Date Date
12—— ———
N ©
~ o o PBATG
o Y PBS
o BI012
SR [29 70]. E% 5 cellulose ¥
5 R M FH R
LA
B ? (a) Cellulose;
g’ 0 (b),(c) AESNA v,
o
4 I T T I I 1
Mar 23 Mar30 Apr6 Apri3 Apr20 Apr27 Mayd
Date
PETRDY ] FAEEHE (%)
No. . A e T 10 20 40
Days Days Days
1 Cellulose 34.0 60.1 80.1
2 T5 Bio 8 279 34.3 42.0
3 T8 Bio 12 12.7 18.1 18.8
4 T4 PBAT_G + 7154 10 5.2 7.1 8.9
5 T6 PBAT_C + 754 10 2.3 3.8 49
6 T7 PBAT G + 7154 20 0.9 1.7 8.1
7 T1 PBS 1.2 2.0 2.6
8 T3 PBAT_G 04 0.1 0.8
9 T2 PBAT_C -05 -15 -1.7
T2 AERs R AR v rARE
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20.7 a

195 a
193 a

o

417 a 185 a 147 a 36.2 a

212 a

181 b

—

__AO

A

: DMRT(0.05)

+

Q. AR 2 Aele] AT ol

=
T

o]
—

JaL, T > A

kel
X

195 go& 7} %7

== O
=

S =7 A71AN (Dodd et al, 2000), thi-ie] 2]

B9 Y

7A
B

).

CH(Paulsen, 1994

()]
AR

7}A] 2L

Kol
=

o}

o}

- 118 -



o]
Aoltt.

=

D-05
3}

JQ =

ERTh ol 2=
o)

E7}

=

gk o] At

5]

9

Atk el A 9 h(Cooper, 1973).

P
T

1

kel
=

e

Eas

]

B3] 2R 035C 2oho} o]atEe] BAE o

o

&

)
o=

o

sl 2

A 1

200

190 -+
170 -
160 -

W0

o+

&

o

I

65770, EC 0.1270.17 dS m ',
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=
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pH
(1:5)
70 a'
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13 b
14 b
21 a
09 ¢
12 b

5.2 ab
46 b
6.8 a
46 b
5.0 ab

10 a
10 a
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04 b
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313 b
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175 b
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n A=A Wk F 389 . AREEEe] EaEW vt dREY
2] 1t Aol wold Row oA Fgoh AT 0.371.1x10° CFU soil g o]
Aar, AT AT 27 1.0x10°, 1.1x10" CFU soil g '& AEHDET w} 3u)
F =gk ol MAEATFS fFUIEHe] Be4E ol thi= Hil(lee and Ha, 2011,
Kim et al, 2012)¢} tt2 Axged HATFS A& 177 09x10° CFU soil g '& 714
ok}, Aw%i Ay FEE 22756x10° CFU soil g ! 02 &P > AR 1T > A7
a 27 = FEAT Foldon, folA AF e niel o] g 21l
= gt EYnAES g FdE A9 A%< Biomass C3
2 *@%éﬂ 27 > AEHT > BT > FEA o Foldly, BAEE A 1 5TAA
FIAde At EGAEAL AAA AEE o] 851 9dE Dehydrogenase TS AR
& 2 A+t 168 mg kg o2 7Y =% BT FoH3 AolE Ho] ARHIE
o7 WA 3lo] EGuAE AMAo] Eolx Aow dukdr)

z 1%
v
ACh
1%
i
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=

of o3 dytz 7=
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E 3R AW S35 A F ESIYEY LT
T Bacteria Actinomycetes Fungi Biomass C Dehydrogenase
(x10") (x10") =10 me kg leo
—————————— CFU soil gfl————————— g Ke
sl 1 0.3 b' 09 a 32 b 137 a 123 ab
243l 2 0.3 b 01 b 22 ¢ 147 a 168 a
7 3y 10 a 01b 56 a 127 a 8 b
B Lla 04D 228, DD s 8lb .
A8 A 09 a 01 Db 24 ¢ 92 b 87 b
" : DMRT(0.05)
a9 1022 FHAE g es dFgdy 9 Hrhd] B olth(‘ls. 6. 17.) S5t 159
& BRI, YRS BYBEY A FHE A HP gre] YR
g ALgoR 4R BEFFe] FRATA AGA} Ay ¥w ok v FET
Q) bAoAk BARE ud WATE FAE Qoo AT A,




D-05

o

1
T

a9 103

o] A

]_
R I ]

7

KeX
T

T

T

A=
uf o]

SES
?_:']__

[¢)

Q

214
A
4

A
ol

N
I
Mo
=
o

[¢

2

]

3

o ¥

[e]

7he

1

R

1o weba A

“7h g o}
[¢)

Z]

ASH
)

o
o

T

=

s

-

1

7}
=

A

P
T

BEE Azks & o

A

T

Al
™

of gyt HAEH A EAdA B

1

kel
=4

[2¥ 104]
2t (A184) 2 (37, =)o gk A

il WA ZE

39, 14 105)

)

g

60770 A ¥

ok
2

60780% <+

R AT (G

o
=

ke
L

HoEeE

B

- 121 -




D-05

&
(‘15. 3., %)

)
$('15.3)

k%
4E

45 71('14.10)

. D)

i 7H A7)

3

ok

SICN

1_|1_ 1%0

of

b
]

i

44

80

50

60

43

60

40

709

1.3

s

% ‘14. 5. 15. Elo]

b

i

| AZ2 A\ A

=
=°

)

o
3

[¢]

T E

50780%

[e]
=

3

i
|

4094 2t} Aok e 7t

=
it

oo}
=

gl

= Al

& YEHHIE ©]

=9 walle

%

50

ok
2

| &=

ol

<
T

]

(e}

o

Hu

- 122 -



D-05

3

pitd

Nlo
] Lo
Mﬁc e} LO
o0
Nlo
(] LO
Mﬁc LO <
O
T No
b= g <
s %
Nlo
LO LO
mﬁc o o
<t
Xfo
o o
Mﬁc o o
™
Xfo
@] 8
(e}
—
Xfo
o o
T W oo
o) (@)}
3
S Ne
S
o0
Njo
ol a
©
ﬂ (e} o
< =
_ Te} r~
7 . .
3 Lon
jul 7 N N
— [aN]
ol S
g woow W
= T ® B
ol ST S R
=0 =0

o
X ~0
vA
=0 Jo
N =
~a
. NjJ
N ry
g ]
Hw Ak
{ .
N =
X 20
|
LT
3 uy
No Bl
w7
X o
oy 50
o iy
= 3
To B
3 o
" 3
o<
o o
3 B
= I
] i
a ol
o
g
(@) <t
— 2
2 o
LO (o]
o X oy
= 0 —_—
1o 1o
o I

50780%

- wag 8%

o1&

_ B
RN

—_
o

ol

3

17> A4

9]

2 Zom, 3= BT > AR

Nlo
‘m‘h
3K
~

T
Ba

Ba
A+

\%ﬂ
Hr

e

A (cm) A=(g)

A g

50 = 0.25

332 £ 32

50 + 0.10

31.3 + 3.7

51 + 0.19

353 + 4.1

45 + 0.27

260 + 44

—

_ZO

nH

 ZAFY=}E - 2015, 5. 25.

TR

A

_Z,#O

—_
fie)

59 ofel %ol

o] AF Az

1t

7}4\0

1o
=

A7 3

=]
RS

go] 83t

31

71 AEAE flo] AR

- 123 -




D-05

\

2015720161 23t =3 #2719 A5

2 e,

FFE 1" 106, 1073 Zow, dxE e frAke 4

(BAF, g/1.2m")

j=e]
% o 13] A} 23] A} 33 A 43 2}
s B 7 i 7 e 57 L 570
A 1 75.3 16.3 135.0 26.7 81.3 15.0 57.3
A 2 82.3 16.3 154.7 31.3 78.3 157 51.3
20154
3 100.3 18.3 212.3 44.3 162.7 30.3 88.3
A 17.7 5.3 48.3 10.7 61.7 12.0 39.0
AR 1 95.7 20.0 205.7 45.7 1153 26.3 96.3
A 2 104.7 21.3 203.7 43.3 126.0 27.3 87.7
20164
3y 103.7 21.3 247.3 517 209.7 447 122.3
A 40.7 8.7 94.3 21.3 94.3 21.3 88.0
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¥ 221 AAE 7FSAA(C14. 99)F 2015720169 WxbdE S F2AN1.2m, 205 thAh)
- 20154 : 5. 15, 5. 31, 6. 15, 6. 28. 43
- 20169 : 5. 6., 5.16., 5.28., 6..10. 43)

¥ SDD -
500 a
a
400 400 - 1 b
5 = 3034 b
g b =
B 300 - 3288 B 0 -
= b % C 2093 3045
& w
4k 200 4k 200
e < 2036 2139 =
i 0 1851
100 - 100
972
0 : : ‘ 0
ogs 4S¥HDPE BDP-2 BDP-12 Fhs ZEHDPE BDP-8 BOP-12
[Z29 108] 2015\ &34 % (2% 109] 201613 H3 %

ABAF AZE E G5

o,

F 433 2o 25 Aztel Egstetde 2 Afol7t glod

rlo

%43 23 AR AAANED NEAF Bdse.

ZAA 7] 2 pH EC OM Ca K Mg P:0s
A8 T (1:5) (dS/m) (g/kg) (cmol+/kg) (n2/kg)
A& A (14, 9) 6.9 0.18 236 6.2 0.48 1.33 632
=3 $3%(15. 7)
AR 1 7.1 0.23 26.0 6.9 0.53 1.39 667
AR 2 6.8 0.38 25.1 72 053 1.47 742
73y 71 0.29 24.3 73 0.52 1.43 767
A 7.0 0.38 27.2 75 056 1.49 761
37 €5 H(15. 11.)
s 1 72 0.25 20.5 7.1 0.56 1.27 637
AR 2 7.0 0.57 20.4 7.1 0.58 1.26 709
7y 6.7 051 235 7.1 0.59 1.32 789
A 7.1 0.52 24.2 6.8 0.53 1.30 716
=37 +23%(16. 6.
AR 1 6.8 0.18 186 6.5 0.48 1.15 586
AR 2 6.9 0.28 185 6.3 0.50 1.16 626
73y 6.7 0.29 21.4 65 0.51 1.12 701
A 7.0 0.33 22.2 6.4 0.48 1.20 686
=3 9 FRAA 2= gEiAE AEAEE AEad A4S Fdsded S5
ojA % dxd ek ¥ 447 2t
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T4 ARAEE A A 2 Suy A4, (kg/10a)
) 20143 20154
SERE: N N N N N )
154 23] 1894 284 337
AR 2 432 645 366 550 449 2,442
73y 455 750 290 322 - 1,817

% A A7) 2014, 5. 15.
T8 1dx- 2014, 7. 7., 7. 25, 2015\ #3y(23]) 5. 28, 6. 15.,
A E3(33]) 7. 4., 7. 21., 8. 5.

9 AIELE duA g Adow @ AR FAsA=E SolstAE 2= dg S0y
g Fejdzols #RAFEY AR EFo] ozt sk wkoy, TV AU § IE
o] wdH AREMEF ol EojA olFa H¥ mavF ey A ste] dAEE A
& 7l ol AEANEES Z=dlsh 2ol A dREo] A AstHAY Fx
WAE A3 vEe] A4 A=5A4E 1S o 55 2870l =2 2% g E
7Hd g dvkal A4 ey

ok (AE5) mEdar
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ﬁd
ot
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ox
M
:OL_',
e
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koi
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M
o

R art S RS 48 dAEE S ol tiste] T oA S
2} A2je 712t FAke] wolx]4x(Germination Index)E FalATE o]2] AnbH oz Eu|o] H
S S oR ol 2oju EF ol o3t AEAE A AFUHORE Wol 2 of
o] wolgol} BaE|Zol7} contold} ZUhE GI g 1000]H, GI el 100 B} =AY, v
oW A7]e| mE F2 &9, Y g9E 4 5 vk St 7o) WolAgE 1132, 1024(71
d 110, 11DE oG] £ g3} = Aoz FRIFALE

200

1132
i (FApgobAF ALk

GR = (gol& / control ¥ol&) x 100
RE = (¥g]Z4 9] / control ¥&]4de]) x 100

Gl = (GR x RE) / 100

A b
%T‘l‘

4o

(29 110] WFda 3 e 24

AR R wopA .
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B 9 =

Fo AEs o3 2R

[ 111 Sepst - SAke] dopx|E 917 HolAd Aot

ol S 2 e ez ok 28 110, 11100494 o] 9=
wobg ol o3k Eatr Holu Aol wmlsidlal, 9 T SR Apelrh =2A] ot

SENRRE e

a dreg g% AT 3 =7 - 2T AEE T
A
(%) (cm) (v (g¢/77)  (cm) (cm) (g/7) (%) (kg/10a)

AE3 3 93.3 395 20.1 241 8.3 318 1,167 86.2 5,069 a'
3y 90.0 385 20.5 242 8.0 319 1,078 87.3 4,895 a
" . DMRT(0.05)

E 462 AlPA-3o] mFdA S WstE HojFal ) vEdAE EYAA FEd st
= ol ol 22 Ydiolth B Hyt g 54AMB)7F oF 471mg/kg, ©FA(Zn) 64.88mg/kg,
UZHMn) 25854mg/kg, 7E1(Cu) 24.71mg/kg, =2 B ¥l(Mo) 1.76mg/kg ©Jt}. Eluets A&5S

10cm® 78, 849 % 1.20/em™S 18l8te] 10a® E%e] FA1S *Pi*}ui 120,000kge]|t}. 7]
FAa7t T8 A SRS o] A ool B Fol RS w 1 e TAMB)7F oF
41,480mg/10a, °}A(Zn) 31,720, A (Fe) 8390, W7HMn) 3450 T-2(Cu) 28,020, =] H=(Mo) 6,110
o, NFH E I8 = HAMB)7F o 7.3%, oFA(Zn) 04, E(Fe) 0.0005, L7HNMn) 0.01,
T-21(Cw) 095, Z2]EdMo) 290 s oItk A87]e dF Ea&o] 2730% U #ors)
of 1/3 o3t ¢ Folt}y. && v|FFdAvt 2 Aowdo] a7 ] wid
%— 7tk Aol FeEl= ofuu wgd At HERE B AYolE k|
k3ol wel B9 k= AEAE olFsRE o= A% v
% 4%% Aol mgol d AL Vdishrld offok(3l, 2003) 2 T o] B vk
a0 A o] grhal i ZEL K] gl HEA AFE ¥ AET ZA|E AztEch
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46. BAARE Eoko] ngds F Wk (mg/kg)

73} 4.69 64.51 14,987  259.54 24.95 1.65

iy B Zn Fe Mn Cu Mo AT
72 6479 15356 26134 2561 195 W

Lzl 471 64.88 15256  258.54 24.71 1.76

HE(AE 6) A, Gl okel iE ARel WE BHEE
L 74
bl ARABEL ATHT A AN @4 FFS E 479 2ok

=d &
12577 94%= #8+ B dgked, AEsds 2AA alde] &7 Fiso] ¥
= [e) A

N

53

YAE wh Fo /M A1 Bol| EHe] £E FHOR A% Ao Y20, A
Fo YT} 3980kg/10a2 ARADETA WS @k, FAAF AGon wug
o glo BAH weto] olel9] FF EIFE § olgd 299 AuE Age] Ba I 2
om Bk 19 1125 £37] 542 B0, 1Y 113E 8/ BF LHgns 4
Aol ASAFE BelFm Yu, FUoR Ao Aot AN ALABES A8
@ kel e pAY FHATL wE Felgoln 8T 23] Agol A Hef s
BE A gt Asd ARAAFS 4 A AN g0, gow

AEAA Y FRE Role ST

5 o EPE AVER
'E‘ x§:l o (0 7 %} T 0 (]
w3l 2 94 49 14 818 3,776
3y 100 52 12 809 3,930
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BALE
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% 51 A= AAA.
&2 QA (A) o]} 2 24 (B)
O S/MH= WIE O =1 ol
- AN 25 AFEAl F7HH]8) ¢ 94,860 - "AFANE A7 80,000
- AL g o] 5 1 420,343
A 500,343
O F4 49 d(B-A) = 405,483
(5) LT-m}k
TS Ao R 3 ARADE FHe F 523 k. 2o ztolzl A Fuj
of 7I7M9] A5 S a7 1,065,124 0] GATHIE 53). 2 A= 201569 F7FEAGAA
o]FolR AFAFog wntEog o]Fojx FAA o] ofHY 2016 FAAFS
Fsta Yoy aeke] 82 99 I AxjsirE Euxel ¥xg Ayl =E5EHW
E7bol 8l ua el 19 116 2015 wwle] WA s ASASS el
ATt
¥ 52 WAARYE nTvl £
T8 =% (kg/10a) 27 4= 2 (kg/10a) R 4=
AR A 3,184 3,078 194
7 e 1,814 1,587 100
‘1 5lg o4
¥ 53 HAANEE HAAA
&2 Q2 (A) o]l & 24 (B)
0 Z/MHt % o Z/19t o9
- A LA 25 AFEA] F7M]E) ¢ 10,000 -\ FAN L 27 80,0009
- A A o5 1 1,085,124
A 500,343
O F4 FoH(B-A) = 1,065,1249
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4 AE

Foe] BT A £A wmFHe] $E3} Beldgd AF EFAFY PH 9
# BPede Has dud 9y 4L gaon YRy BE A4S HsHS AR
dar. e 42F 95, PF 44 5L AL LR BAst Q4H, ofE, 3
Tob 5 AT FFF0 Dbt Qo) KAT Ao PRk A 23] vEay
MRS A, ARAY BE 2T BYEA 175%, olie RANA 4% wH) F
Aol Wurgol BP0 AL WARL, HAY LD, FAAMY A 2 Sohel ZaAs
= vy LES AAHow wasfor & Aoz Aztar

Kwon, O.D. and J.M. Lee. 1984. Effect of different mulching on the growh, pod yield and
nodule development in 3 snapbean cultivars. J. Kor. Soc. Hort. Sci. 25:212-217.

Cooper, A.J. 1973. Root temperature and plant growth - A review. Commonwealth Agr.
Bureaux, Slough, UK.

Doane, W.M. 1992. USDA research on starch—based biodegradable plastics. Starch. 44:216-219.

Dodd, I1C., J. He, C.GN. Turnbull, SK. Lee and C. Critchley. 2000. The influence of
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annuum L.J. Expt. Bot. 51:239-248.

Gracia, C., T. Hernandes, and F. cotea. 1992. Comparison of humic acids derived from
city refuse with more developed humic acids. Soil Sci. Plant Nutr. 38:3397346

Hatt, HQ., D. Decoteau, and D.E. Linvill. 1995. Development of a polyethylene mulch
system that changes color in the field. HortScience. 30:265-269.

Jeon, W.T., WH. Yang, S.W. Roh, and M. T Kim. 2006. Influence of controlled-release
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Kim, K.C.,, Ahn, B.K, Kim, H.G., Jeong, S.S., 2012. Effect of expeller cake fertilizer
application on soil properties and red mustards(Brassica Juncea L.) vyield in soil of
organic farm of plastic film greenhouse. Korean J. Soil Sci. Fert. 45:1022-1026.
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