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Abstract

BACKGROUND: This study was conducted to investi-
gate the effects of different organic treatments and a che-
mical fertilizer on the soil chemical, physical, and micro-
bial properties in an organic pear orchard.

METHODS AND RESULTS: Control was referred as a
NPK chemical fertilizer (15N-9P-10K) and organic treat-
ments included compost containing with oil cake, com-
post containing with humic acid, and compost containing
with chitin substance. All treatments applied at rates equi-
valent to 200 g N per tree per year under the tree canopy
in March 30 of 2008 and 2009. Soil bulk density, solid
phase, liquid phase, and penetration resistance were not
significantly different among the treatments. Organic
treatment plots had greater organic matter, total nitrogen,
potassium, and magnesium concentrations compared to
control, and the nutrient concentrations were not consis-
tently affected by the organic treatments. Microbial bio-
mass nitrogen and carbon, dehydrogenase, acid-phosphatase,
and chitinase activities overall increased from March to
August. Organic treatments, especially compost containing
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with oil cake or chitin aicd, increased the microbial varia-
bles compared to control.

CONCLUSION(s): All the organic treatments consisten-
tly stimulated soil biological activity. The consistent treat-
ment effect, however, did not occur on the soil mineral
nutrition as the trees actively taken up the nutrients during
a growing season, which would have diminished treatment
effects. Long-term study required for evaluating soil phy-
sical properties in a pear orchard.

Key Words: Chitin, Humic, Oil cake, Organic fertilizer,
Soil properties

M E

FH T Age719] i 9 Ay E3kE Sk v
P FabEel oigt A S5 FA1717] Slste] A AlA
Aow {75 Aol gt #ilo] ok itk f7E
AE A FHI v=s %*u_i 1990t $HHFE] 5455
T2 =y, f7 s AR wid 20:30% oV 57t
3112 QltiGranatstein, 2002; Peck et al, 2005). =UjellA=
7] “sAbe ko] 2005114 2008'7H4] 4W%F 2,64 ©]
A Z7VsI9TtHChoi ef al, 2010c).
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of sitReganold ef al, 2001). 7% ¥l Z-lelx] o] ki
© FYE 1A b5y 34 B Az Foll st o]
Foix)7] witell oRte] Fejel oFu wE HF FEelA
BRI TS S Bk AEe] A F5E 5 ole
718 FHE EY U EAsks #7714 vsy 93 sE
=L el A 7HEA L] FU1EE FHE Ay
olojgt AlEo] 48 4= QtiLaakso et al, 2000).

W EokellA] A7I7Ee] FHiE Enlgl 714 EHIE 18-Sk
= 1 B¢ &A1} ARt fHaekar a=o] Skl
(Hati ef al, 2007), o= EoF % §7]% ko] Z7}dl 2}
gl RStk o)k RiE, f71AMIE A &sto] & 1
B S 5] 959 714 nlge] vt Fow At
B @49l Q1 9 71Ef S]] ESF Ul J4S xalste] &
go 2t Aalr 29 7FsAe BBt Chung and Lee,
2008).

= Tk 4FEoE, 171

stal Yhts waste] 7Iet A=A} o8
S5 sk 98-S 3tk Sakamoto$} Oba(1993)% "AE
Aol 7HY AAl o Fadolal 71 vEE AlS
Shol| we} | Ao Tk o] Eoke] M davt %4
Htkn Busilel kA EasE BEY F 718 I
Slof| Fofsto] AE9] RES FwshsHl o] Tt s
sk, nlAEeIY AEe] S5 Eoko] ad o IS
o] BEY T A58 W3t 55 Heeke slow ¢
A SkiLadd er al, 1992). =Hjelld o] o] &5 = 7IdE3|
n S A e} BAE AlGSE ] AP RoA AlEZToll= v
A= A 2 GAg/do] ssh|E ATl vlate]
Ao R FrVeI o Azte] Al wheh RAsAY St
It R s3It Lee ef al, 2003; Choi et al, 2010b).

AAl F71s BHleld S E] 5] Aoz AAel ]l
ake] o 24 5o FAZE vebeel whet ulf BHgolA A
o Ftras A 714 vlE 5 f714 vls AlEwel
Wk A7F AlEe] 8 Qlek 2 ATE FujellA] o]

v 714 v5g sesrt B =gkl vA|=
G} nAEA L] ATE WskE st vl §714

it

H

1520144 9] ©4dolH 67
AxAR] oI, 3= A 2AAAHE sl 2=l
& Frolal AR AR ARdelo] A2 velo
FNFH FUESGRALR). 71 Al 57k 3dzt
B AANE T, s W] 198 3 Sl 715 A8
erem, 20090l #7124k FHlollek 713l A
#elo] B9k &2 Table 190 AT

3
&
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Table 1. Summary of production systems in Boseong,
Chonnam from 2008 to 2009

Month Management practices

Dormant oil spray 20 fold

Jan-Mar. Lime sulphur 5% (wt/vol)

Irrigation

Oriental fruit moth trap application

Four different pheromone mating confuser
applications

Small tea tortrix trap application

Asiatic leafroller trap application

Lime sulphur (1%) spray 6 times for insect
and disease

Plant oil spray 2 times for insect

Fruit bagging

Mowing 1 time around trees

Apr.Jun.

Irrigation

Beetle capturing trap application

Neem oil spray 2 times for beetle control
Mowing 1 time around trees

Jul.-Sep.

Oct-Nov. Harvesting fruit

Table 2. Nutrient concentration of raw materials in average of two years (2008 and 2009) in an organic pear orchard

N P K C
Treatment Composition
%
z Soybean 10%, seed oil cake 40%, castor bean seed coat 35%, rice
0CC 45 15 10 40 bran 15% (Dongbu Hitek CO., Korea)
HMC 1.0 1.0 1.0 40 Natural humic acid (Korea Agro CO., Korea)
CIC 10 10 1.0 28 Pig manure 45%, sawdust 45%, crab shell 10% (Heuksalang CO.,
Korea)
CONT 15.0 9.0 10.0 - Chemical fertilizer (Dongbu Hitek CO., Korea)

chemical fertilizer.

OCC: compost with oil cake, HMC: compost with humic acid, CIC: compost with chitin substance, CONT: NPK
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Table 20 AAE AHAE o]83to] A 200 g/ <
O 40% o] H7He ENI(OCC) 4,444 g, FHAte] 37t
# FH](HMC) 20,000 g, 71¥lo] 7+l EH](CIC) 20,000 g
S 77 Al on, = HCONT) = 15N-9P-10K 23t
H]E(Dongbu Hitek CO., Korea)E Az|atlth wlvb:- 15
1RO 2 ebdgle] uj)y sukEo R Asigit) slehi] =9}
714 HI5.9] A8~ 2008\ FHE 2009177k 217 sl 3¢
3040l FaFlell A AHEsiith B S8, &4,
AR A AEiM Al 3927, A7z Sl
6929, 18]l 53 A9l 89 21Ul B AF St

EY =2y

e T ENE] 1.5 m Holxl HellA] Zlo] 30 cm
A soil core(£%F 100 mL)E ©|83to] AAS EQFO=Z §
A, 17, W, 7S 5798190, BT (penetration
resistance)T 30 cm Zolo|A 22 EA|(Daiki A-2207,
Japan)E ol-g&ate] Sk

EQ 3oty

EE 030 em E%S @5 cm augers ©|-&3to] AF et
AL, sA A A AEAR F- 2 mm A E T B
AlEE ARSIt B A2 sHHeTed Eoksieht
Ae) o] AL pHE EYY &2 1:5% E36to]
30:7F X1%gk ¥ pH meter(720 P, Istek Inc., Korea)®=
431903, 7152 Tyurind], A22% Kjeldahl S57+H<
o83kl FEQARS Lancaster W2 ARSI 28
Ca, K, Mgi= 1 N ammonium acetate® FE3¢F ¥ ICP(In-
ductively Coupled Plasma Atomic Emission Spectrome-
ter, Leemans, USA)Z #4513t}

nM= dA

FE 10 g= 25 CollA 2443t chloroform &5 §- 0.5 M
KSOZ FE3103 HETESE TTEST st v
©F 1okl 0.5 M KSOs = FE315ITt} Microbial biomass
C(MBC)<= Tate et al. (1988)2] Wil w2} 5743131tk Bio-
mass C=E./K.&] &2l gJste] A==, o714 E=
TTENTY THA B} ESEY 59 7HA 'k
2] Zjolo] . Ke=0.38°]t}t. Microbial biomass N(MBN)->-
7R e Ae) oF ANkS Afshe ob)ieE) AAEE
3Rz ninhydrin YO 2 Fi3lk S &9 2 mLe] nin-
hydrin reagent 1 mLE 7}slal 3 FERbelA 30321 24
A7 570 nmellx] v 5F 3191t Joergensen and Brookes,
1990).

EY S48y

Dehydrogenase €/3-> A% 1 goll 0.25 M Tris $%}
(PH 7.6) 1 mLE Yil 04% 2,35 triphenyltetrazolim
chloride(TTC) 0.5 mL$} 0.1 mLe] 1% glucose 714-&

7¥ste] 30°CellA] 6213 53k WHeAIZL § A4 E triphenyl
formazan(TPF)9] o= ZARIow, A dE TPFE 31+
485 nmellM SHE FHEZ BFA ot} 13wk
nmol/h/g AEE 3EA8ISTHJoergensen and Brookes,
1990).

Acid phosphatase 242 tha3} o] S4slth B¢
1 g°ll 0.2 mL toluene? 4 mL modified universal buffer
49(pH 6.5)2 ¥, 1 mL 0.025 M pnitrophenyl phos-
phate(PNP) 895 7keto] % 7+ 42 & 5745 2L
37°C oA 1AI7E wjekatoict. vkl ¥ $ 1 mLo] 05 M
CaCl,9t 4 mL9] 0.5 M NaOHE ¥o] 1533} vortex mix-
er® AgsHA Nk WFIth Whatman No. 2 o3&
o] g3l oJst & 9 400 nmolA] SHEE SJsl] BE
el oJsto] 413t 7S ug PNP/g/hE ¥A5HSI T Taba-
tabai, 1982).

B-glucosidase &4 SYHE th5 2otk ES 1 g
o 0.2 mL toluene?} 4 mL MUB 49(pH 6.5)& %1, 1
mL 0.025 M p-nitrophenyl-3-D-gluside(PNG) &5 3
7kt 5 37°C oA 1A17F vilFst § 1 mL2] 0.5 M CaClL$}
4 mL®] 0.5 M THAM H59(pH 12)& Yol 1537t vor-
tex mixer® EsHEA WS WAFSITE Acid phospha-
tase B2 FUS o I BFEIAMe| 2sto] Tt
= ug PNG/g/h®E %A8k3IthSkujins, 1978).

Chitinase &4 Trotta et al(1996)2] WS W75k
ZAKISI=T, colloidal chitin®lA] 2% N-acetyl glucos-
amine(NAG) 9] &R¥= o5 545t tHYedidia ef al,
2000). Chitinase?] 242 420 nmolA FHES S43 &
NAG #EE=Adell whe} ARbelar, ng NAG/g/h® 34
Erasy

AHESAXE

AR Al Bl o A5l 95% AE =
o4l Duncan’s multiple range test analysis& 63
IBIATHSPSS version 12.0, SPSS Korea Inc.).

Fru i N k-
F71E H|= /0| EY =20 Xl G

F714 vm Fo] w2 BoF E24S 30 cm ZoellA
A= RE §714 HE Aol 110 g/em® AFE
s thx7-9) 1.18 g/cm’Br} Sgkon} fo148 gigivt
(Table 3). E¥AE= 385 E As vlzTelA 17.8
mmz 714 HlE ARt O 2 S B0y §
ARG foak= QIgith Kim et al(2004)2> 4d7F WA}
S EHE AE3 HeElgrela FAe] 2 glshE A2t
Hjale] SAYULSL TAo] AAMEHA Yokt Busl L
Saha et al(2008)% F--7} vermicompostE NPK 3}&HH]
S AxEEe] 1.254), 14, 0.75 2 0.5 ¥iI&E 3zt Ag
St AlgTolA BhekA] el vlste] SAUET} F-o40 A}
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Table 3. Soil physical properties at a depth of 0 to 30 cm in a pear orchard in August 21 of 2009 as affected by different
organic composts

Treatment Bulk den33ity Solid phase Liquid phase Air phase iiziestf::&n
(g/cm’) (%) (%) (%) (mm)
occ” 1.09 a’ 411 a 372 a 217 a 172 a
HMC 1.10 a 415 a 36.1 a 224 a 174 a
CIC 111 a 420 a 36.6 a 214 a 16.8 a
CONT 1.18 a 426 a 355 a 219 a 17.8 a

Z0CC: compost with oil cake, HMC: compost with humic acid, CIC: compost with chitin substance, CONT: NPK chemical
fertilizer.
YMeans separation within columns by Duncan's multiple range test at p=0.05, n=5.

Table 4. Soil chemical properties at a depth of 0 to 30 cm in an organic pear orchard in March 27, June 2, and August
21 of 2009 as affected by different organic composts

pH OM TN P05 Ex. cation (cmol’/kg)
freatment (15) /ke)  (g/k)  (mg/kg) K Ca Mg

March 27

0OCCz 578 b’ 328 a 291 a 532 b 047 a 493 b 142 a

HMC 6.28 a 277 b 255 b 513 b 0.56 a 582 a 1.29 ab

CIC 577 b 304 ab 253 b 518 b 043 a 444 b 1.04 b

CONT 6.10 ab 262 b 254 b 570 a 047 a 325 ¢ 1.01 b

June 2

OCC 564 b 51.7 a 301 a 568 a 043 b 453 b 122 b

HMC 5.95 ab 515 a 224 b 488 b 054 a 751 a 1.68 a

CIC 6.14 a 47.8 a 221 b 592 a 0.50 a 623 a 173 a

CONT 6.15 a 389 b 202 ¢ 550 a 041 b 348 c 134 b
August 21

OCC 6.59 ab 46.8 a 220 a 593 b 0.73 a 714 b 1.61 ab

HMC 6.34 b 46.3 a 2.08 b 415 ¢ 0.65 ab 6.75 b 200 a

CIC 6.84 a 43.0 a 2.06 b 673 a 0.82 a 8.03 a 1.67 ab

CONT 6.23 b 36.8 b 1.54 ¢ 598 b 051 b 5.87 ¢ 147 b

“OCC: compost with oil cake, HMC: compost with humic acid, CIC: compost with chitin substance, CONT: NPK
chemical fertilizer.
YMeans separation within columns by Duncan's multiple range test at p=0.05, n=>5.

o]F HolA| ity Busigith & AT e A st O E UERITH(Table 4). 7% 37 fralAgelA 32.8 g/
o] 2dyte]l AuA] ¢ro} A2l 1t EE)Ad el Zpo)7F yERA] kg O FUNIE] 27.7 g/kg, HIET 262 g/kg R}t AA3]

WSke ZloR AlFHLE =7 Jebston) 71”18 304 g/kgohs SAH 2 FoA

Azl 7 eR A eokek kA E]elr] HdaE 291 g/

7712 HlE ZR0| EY S0 DXl G kg o= FUAkEM] 255 g/kg, 7IREY] 253 g/kg, thET
AlE APl 392 EY pH HMC(FHAke] #7ke 254 g/kg Bl FAACRE Fo4 A A VERLT

En)) HelgrellA 6.30% 7Hd EA e (P<0.05), NPK FAE FEE UETelA 570 mg/kg o2 7P =3

iz, OCC(FrHte] 71 ), CIC(ZIdo] A7k Hul) 714 Hlg A2 7t b AJo)7} §l9ltHTable 4). #|
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g ofol ZEsr APt TAHSE FoA S A F71E HE S0l EY n[MEY0 0|xl= &
ol e MBC(Microbial biomass C) Bt 712 vl& AT

 FEAE HulellA 0.56 cmol’ /kg o= 71EF A
73S BAtHTable 4). 242 B Azl TolA
)27 3.25 emol”/kg B} 3031 P<0.05), 15 fraf
AgelA 1.42 cmol’/kg % HZ7(1.01 cmol’/kg)ell ¥l
ato] =4 YEPFTHP<0.05). Saha ef al(2008)> $-H-%H]
¢} vermicompost A 2]7-ellA sFeml g ARt F2 A
34 ool 23} Yk Qs LS BTk SloiA 2 A
Hlst Auks Agich

o) Al 57191 629 B pHE 71R1EH] ¢} thztollA
AR #31(P0.05), 71 e f714HIE A
TollA tizTtel vlste] A ekt Table 4). A4
HIEH] 3.01 g/kg, FHAHEN] 2.24 g/kg, 7191EH] 221 g/kg
O thET2.02 g/kg ofl Wlst] EAK R o1 Ml =
Al VR fraQht s FEAE ) A2elA 488 mg/kg
o7 7P Wt P<0.05). EY & ZEd Ze 18al vk
g s5s FU} 719 En]TlA 7R E3THP<0.05).

o 2 el 89 E9F pHE ZIWIEH] A ollA
6.84% 71 =9k31(P<0.05), 71EF 1714 HeE]olM= gzt
(pH 6.23)Hr} =& B3-S Hlo} FA%Z o4 3l
+ 2ol= YeRA| gitK(Table 4). #4715 8= 7 {714
B & A2 7t 43.046.8 g/kg 2 A7) §19laL thE
T(36.8 g/kg) KUk /] YEFHATHP<0.05). FaEIAk> 6
2 AR} nEHA R, FEAE Bl A 415 mg/kg OF
7H SITHP<0.05). A9} 23] Fol2Ql THEY T
T3 vl FEE f71- ElFrela] dizTtel Blas)
A BAR R el QAL EIAP<0.05), Freld Sl
ARk =2 73go] JEsiTt

EoF pHE ZARZIERE gkl wio] lglont Nt
O W Al A3k pH(5.66.8) 5 UERSITE QrellA
At upel o] f718 Y A e A1E vs
AglTrellA dizrel vlste] w9k, olF f714 HlE Al
ol ME EXF f71E 3 Tl g Zo® Alsdnh
Tk AN OR =8 A9 {714 TS BAW ) A
T FYE A AA S = AAae) wasEe] AnE 9
GEthTable 2). ¥ 715 olx] Fait v5= 415
673 mg/kg 0% Azt xfo]7}k il ot AnkA o= uj
B ESFe] AR $1Ql 200300 mg/kg(FENETY At
H3A, 1999) Rk 20 % = YeptA] B 5 Fokst Q1
Aol dijgh o7t deshtar & 4 qlvk f714 RS Al
o7 Adet Vs T AAsks 21 Aok vig
=23t QAlu|(Marinari etal,2006), Chung¥} Lee(2008)+=
T4 vES AlgoR EEl §71E & T ol w
7152 AEAQ] ol 22 50 X3 ol
FAAATL SISt AFAGANE =2 F71E &
S B f71A R AETelA Eks A3 ol
o] A vEhd A% 99 Bae} v Widolgta &
S)tHTable 4).

) ot o mo ru
il

oA thETELE A7 B = s 1A
2k Fultellr 69 Al 390l 8974 ST 27}
35%, At 17%, 719 EH] 42%2 t)Z27-2] 4%KTF =
UERITHFig. 1-A). 89 ZAFATIA] 71]1 920 mg C/kg,
1903 mg C/kg, FAHEN] 847 mg C/kg OZ thET 656
mg C/kg Rt fro]dox %2 Ao Ytk Choi er
al(2010b) 9] 714 vIEE o el A&t Aol 3ls)
v 5ol vlEiA MBC7F @Al S7FstiaL 6€el vl 8
Dol B HgFella BAFe] F7ketalvhe Aol dxet
p=g

MBN(Microbial biomass N)< 7F/d 240 2
Ao Eokol| AR kar niE A& o]gE 4= Qi)
ol 4] gktiSakamoto and Oba, 1993). thE7-5 ¥313H
+ AglellA] MBNo| F7Fsh= A3 Yehiol=t, 8€ A}
A¥}elA] fr8 299 mg N/kg, F4F 244 mg N/kg, 719
EH] 325 mg N/kg O tZ7 161 mg N/kg R} 57|
UERTHFig. 1-B). 3HAIRE Aol e S7lehs A3 X
TR oFdolgith fukAElE 69 AN 71 7l S7)
(406%) 2 BT TR0 = t)274(229%), 7191(191%), &
AFER](183%) ol o), 8€Y FAllAE FIRIE M| ol ARt
S7FtaL 71ek Azl grell s ashs Ade] UEhdth
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T
—
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Fig. 1. Soil microbial biomass C (A) and N (B) contents
as affected by different organic composts during a
growing season. OCC: compost with oil cake, HMC:
compost with humic acid, CIC: compost with chitin
substance, CONT: NPK chemical fertilizer. Error bars
represent standard error.
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B March 27 June2 M August 2l A

(ng TPF/g/h)
N

B March 27

L

June2 M August 2l B

1.0

(mg PNP/g/h)
H

0.0 -

Fig. 2. Soil dehydrogenase activity (A) and g -glucosi-
dase activity (B) during a growing season as affected by
different organic composts. OCC: compost with oil cake,
HMC: compost with humic acid, CIC: compost with chitin
substance, CONT: NPK chemical fertilizer. Error bars rep-
resent standard error.

Mazzarino ef al(1992)°1 °Jshd MBC2} MBN2 7152}
T T2 TS Wo 7k WFo| gEbd 4 Qlttal Hys)
%t} Marinari et al(2006) 737F A58 F71% W Eoko]
2] MBC% MBN 55 NPK 3}8H| 55 A48 &k
Hjgle] AEA0% = FAE Hld, MBN 9 MBCS9
MBN H]&-2 AlZef| uje} Wettla B skl ol B
A0 o] g o] wet AR tEA veRithar 819tk Lee
et al(2003)>- 279} 71RlEel] v =] Al S % NPK 3}
S gt HEke] Al F 7093 130 ZAIA AnkA o
F Eorom Azto] Audtel| whet ik A Ee] itk
a1tk B ArA o= MBCS MBNS NPK 318 )&
T(ehETell vkl #7114 BlE AgTrelA BlaA w8 5
T2 FABIIAL Alzto] A ugtel| ulel Frkelks AEE Ko
Al Lee et al(2003)17-9= tHE A7 Wzt do] yebs:
ok FEARE]EY) 6 €A S T 2709) FALelA MBCTL 3
LAE AyRTE thh W2 SR FAK R fo4
A Aol UEREA] Sdott

A7 BEA g e B G4 574 uE Bl
< Fig. 29} 3¢ YeRSItE Dehydrogenase 273> 627}
84 FAPIA 714 EH] AHElFellA NPK sleh|ss A2
Stz vt AN O R =2 5 HITKFig. 2-A).
txTE X3t ZE APolA 69 FAMIA Tk § oAl
ek Aol Sl M SES Aol A

600
mMarch 27 June2

BAugust2l A

450
300 I

150

(mg PNP/g/h)

Acid-phosphatase activity

600

mMarch 27 Tune2

450 | I 1

mAugust2l P

300 A

Chitinase activity
{(ug NAc-Glu/g/h)

150 1

o1 CONT

oce M

Fig. 3. Soil acid-phosphatase activity (A) and chitinase
activity (B) during a growing season as affected by
different organic composts. OCC: compost with oil cake,
HMC: compost with humic acid, CIC: compost with
chitin substance, CONT: NPK chemical fertilizer. Error
bars represent standard error.

2] 5 697 ¥ THE(380%) % Bl F b 820 T
Sh= A3H32%) ] LRt FEAE] 86%, 7IRIER]E 170%,
ol 22% S7HEE WER - thA] 8ol Fat 31%,
718 8%, Wl 32% Fads Rt

B-glucosidases= 7125 2] B-glucosides 7I=ialfs}o]
=] T8 UA S AlEsh=tl, B-glucosidase 23
& Aol 680l 52% S7HES Bl F thA] 89l 34%
ass YeRlSlaL 7Iek At 697 Hoe &
7He HolA] ¢kkrHFig. 2-B). 8€ell= 7IFEH] 7L B-gluco-
sideE 29% S7HAZAL, FEAtEE] A2lel NPK iz
M= oF 17%9] Hads Btk olefsh a4l A7
HEAJNL ES AFT 687 8ol A2 A
afoll whE aagido] 3l nuwaiA ST 20w 7
Hth Saha et al(2008) -7~ vermicompostE A&l
uheh ZARE el 919 S 71 BlE ALERellA - v
S0} sfsnE A 2]l H]8ke] dehydrogenase E/do] =
25 AT, 31 AgatelA 7 w2 @4o] yet
FUELE %o] 18t vermicompost ATl A -
Fa W @S Hotky HasiGit 2 Aol
ik Aglelld 7P =9kl veo® Z1REHE], FEAE
TOoE UERiTE
Acid phosphatase &4 39 2] § &2 07 7}
She A%E Holed], el 3delr 89714 94%, F

B AT
=
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9AF 103%, 719EM]= 155%, NPK thzTol4 103%% 5
7HEE HtHFig. 3-A). 7714 HlEE tizTel vlste] &
°]A 0% %L phosphatase &4& H3th

Chitinase 8732 69 ZAbolM = f712 B8 A4
et S7vehs Z4%s UERIE], fEbHE A 68%, FH
30%, 7IREH] 51%, tiz=rollA 29%°] T7H-S HSITKFig.
3B). 8% FAbAM = Be f714 HIE Aol dizT
H]gto] dehydrogenase$} phosphatase 47 whxb7hA| =
o)A o w2 Ago] YElstT

Lee et al(2003)< A9} 7]REs] v gE HulE A2t
Aol Azl = 7047 13099] 22k ZAbelA] sk s
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