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Korean-Style No-tillage Organic Agriculture on Recycled Ridge
IV. Changes in Soil Microorganisms and Enzymes by Split Irrigation
and Organic Matter Application in Organic Farming of Red Pepper

in Plastic Film Greenhouse

Yang, Seung-Koo - Shin, Kil-Ho - Song, Yong—Su - Kim, Kil-Yong + Jung, Woo-Jin

This study was carried out to investigate the changes in soil microorganisms and
soil enzymes by split irrigation and organic matter application under no-tillage
green house conditions. Soil bacteria and fungi abundances were higher in soybean
cake fertilizer than in the soil without the soybean cake fertilizer under whole
quantity irrigation. Bacteria and fungi abundances in soil increased with increasing
organic fertilizer application rate. Bacteria and fungi amount in the soil increased
at half division irrigation in no-treatment of soybean cake fertilizer compared with
whole quantity irrigation. Actinomycete amount in the soil decreased with increasing
soybean cake fertilizer with whole quantity irrigation while clearly increased in
no-treatment of soybean cake fertilizer. Actinomycete amount in soil clearly
increased with increasing organic fertilizer input at half division irrigation.
Chitinase activity in the soil decreased in soybean cake fertilizer with increasing
organic fertilizer input, while increased in no-treatment of soybean cake fertilizer.
Chitinase activity in the soil increased at half division irrigation compared with
whole quantity irrigation regardless of soybean cake fertilizer input. /£ -Glucosidase
activity in the soil was higher in soybean cake fertilizer than in no-treatment of
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soybean cake fertilizer with whole quantity irrigation. S -Glucosidase activity in
the soil increased with increasing organic fertilizer input, but decreased in above
the standard level 66%. /S -Glucosidase activity in the soil clearly increased in
no-treatment of soybean cake fertilizer at half division irrigation compared with
whole quantity irrigation. N-acetyl- £ -D-glucosaminidase activity was higher in
soybean cake fertilizer than in no-treatment of soybean cake fertilizer with whole
quantity irrigation. N-acetyl- 5 -D-glucosaminidase activity in the soil increased with
increasing organic fertilizer input, but decreased in above the standard level 66%.
N-acetyl- B -D-glucosaminidase activity in the soil was not significantly different at
half division irrigation and whole quantity irrigation in organic fertilizer input,
while increased at half division irrigation in no-treatment of soybean cake fertilizer.
Acid phosphatase activity increased at standard level 66% in soybean cake
fertilizer, while was not significantly different in no-treatment of soybean cake
fertilizer. Spore density of Arbuscular Mycorrhizal Fungi (AMF) in the soil
increased with increasing organic fertilizer input at whole quantity irrigation in
no-treatment of soybean cake fertilizer, while decreased above the standard level
66% in organic fertilizer input. However, spore density of AMF in the soil was
not significantly different in soybean cake fertilizer regardless of input amount of
organic fertilizer. Root colonization rate of AMF in red pepper roots was not
significant difference at two irrigations regardless of soybean cake input.
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v 92 7 GAE AU e, I EdAE A7) A FEH R
(Hnad axe) & T3 7| E0] 2EHI 9
o) A mA ol WMAANY 5 T W AR F 7} ‘%}%Eb,\_ A, 3t
4-5AI7173 o= FEZ1Q ROl AAEoH, 4L 6Al71F ez & FAE Zol
sk 7S RE) 7} é/‘] H Ao 2 BFEI 9= S(Korean historical association Report,
1999) 742 ¢ &3 I ol IA 71od3ste] $Eth(Yang and Jung, 2016). 12y B
< o= E8ta ¥ Eﬁ& B B s7Ae sl o3 BEY e AARE B¢
oA o3l BES A daet e AR A, duA A &R T EA%e] T4
F2 JTHKim et al.,, 1997; Yang et al., 2014; 2015a; 2015b; 2016).

ojo} 22 EAIZ Y At stutE AT AES A w SR V&Y F=
I 1ge A F1P FAE U BEY =28 Y A, = g Aakhl o] At
AT A EY AENY IV & dAZFOE HUIEAL Ath(Yang et al, 2011;
2012; Lee et al.,, 2012; Yang et al., 2014; 2015a; 2017a).
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V. B&a5e 712l o7 A

F)=dl(Lee and Ha. 2011), 774 E2 #3) A EG) Hlste vAE A &4 =
o] Z7Fek(Lee et al., 2012; Zhang et al., 2012) WAFZT] /MA| 42 F71Z(Wright et al.,
1999) E¢F Ak o] ZXIHTh webA o]ef e EY nAEH EYas 4 EF
Aol Fa3% AYEXE7} DT Anderson, 1991; Kirschbaum, 1995; Nobili et al., 2006; Hu and
Cao, 2007; Kim et al., 2012). 7] ¥ F7]d H|59] T4 AH] 54L& 2Ed ¢S I+
st Aol AL f71Ee] FE S FEHS EY vAEY F vl T vAES vA=
B 37} 2w (Bardgett and McAlister, 1999; Boyle et al., 2008; Park et al., 2008), Al<5 =
EY nd@ty dFHAE 9&S v th(Sohn et al., 2008; Yang, et al., 2011).

ZHEA e Y FE AT AGgE Bt wea e ASH o] EeA
=4, Kim 5(2013)2 FAAujoA 13] T3S s2lHA 1Y€ 33 355 29 2d ¢
TES o=yl ECE FolH A2 o] F3lE o] Fr) F7FskA| T (Beniot, 1992;
Lee et al., 1998), 4717t Al&EHW 3] AF7F Bt Fdo] WA A Hrhekad
Th(Tadesse et al., 1999). =3+ Yang 5(2015)2 E&8AF+= ESFEL HAE 0|3 Ed
A& A7) W ZEel 52 A B3 Aol vt 23] &8t

Q)
=
75 A7t 1539 ASHE 47-49% S7HA 7] S 36~39% A= SFAAT

R
Ml
K
=
N

Hepd B AT TRS ABEH BFY AL B0l oA BT 4]
2 Aol B nAEs MAESE, BEFEL B0 A 9T THskuA

L &< 8l A

AE-2 19843 FE Al 2AE Aulstar 9l

Z E%O & (Yang et al,, 2015b), 2009 2¥ A3t 1717082 AAH FuFE H2eto

797 A FEstal, A FaFTF ALtEE 790l HASAS 1% £

TEAEH ZFEAN G AHFS FE 1 Ao B3
FAFE A4St 1294704 gk Bl Alde salskaith

2]
A EGS 2009 2€ 7B FHROE AT ID 5% HAEGEEE: A 30%;

HE 16%; 2ol 54%, AE: mAF 26%; HE 12%; 2 62%)% THTable 1).
NGTFE E AFHE ST AE FTE B B AT $TT A R
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AH] AEL ha@ & thF1K(Table 2) 3,000 kg2 F43F 2o} F FUoz Yo
o, AR FEL AEFS Adete] 33%9} 66%, EF

ol 100%% Fste] AL A ATHTable 3)
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Table 1. Composition of minerals at organic fertilizers used in experiment

Fertilizer pH EC a OM_] N d £ c Me
(1:5) | (dS m7) | (g ke) (%)

Soybean cake 4.6 12.3 50.2 0.31 0.15 0.48 0.74 0.46

Chenyengegi 3.84 185.3 81.8 8.47 0.14 3.85 1.13 0.42

Palm carbon 114 113.1 16.4 0.25 0.01 17.98 245 1.36

Table 2. Input amounts of soybean cake and organic fertilizer into soil (kg/ha)

Soybean cake fertilizer Standard fertilizer application” N P K
33% 74 21 33

No treatment 66% 149 42 67
100%" 225 64 101

33% 84 23 38

Treatment 66% 159 46 76

100% 234 69 115

* Criteria for fertilizer prescription of crops. 2010. RDA. Sanrocksa. Suwon
" Standard fertilizer application
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A =3
etk 159 5 4228 A7 35 mm, AF 21.1 cm, =& 29.3 cm FF°|UTh
Hre JA AT A L"E o] g3t S ol ek BpEsiglon, A dAE
AL 398 199 FE 49 20¥7MA = oF 4.6Y M4, 1 F 5€ 20474 3.8Y 144,
T TS 4535 79 647 He 259 HA 0 E AGEA T 39 199 FAEEH 8
< 453 T 238 LE Auf 717F 122 F8kel] %
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EYrAESY EXE A St 13rSs 45% 79 69 REIAFH 12 em
Z1o]7kA] 250 go] ESFe 3RO = AfF sl 4Co| WAl Ee dYstiaA nA=E
o] BXE BEASAY AR wiRo) o Al /] 73-%- LB AR A|(50 ppm cycloheximide
x3h, F3ol9] 7% PDA 1A WA, WA TQL-/] - HV LA 8] ] (50 ppm cycloheximide 3

. ETo A E AlFE %k | A EAEH2002)0] F3ke] Al REYF
343 F A A LDAA B NS FHst] ZH2bo wjA| o HFS= 3

1) 7|EIOtMI(Chitinase) &d

71dokAl E4 AL Trotta 5(1996)°] WS MPst] ARSI =, F2E 716
(colloidal chitin)ZF-E] 2|8 N-acetyl glucosamine (NAG)2] S =73} th(Yedidia et al.,
2000). 71€opAlS}] &L 420 nmoll A FFEES ST F NAG =40l o3t 737t
L Unit2 ZEASFFTH1 unit=1 nmol NAG /h/g soil).

2) B-=FZAICI0LH(B-glucosidase) &

L-=FIZATFolAl 42 Skujins (1976) *WHS WA, EY 1 go 02 mL toluene,
4 mL modified universal buffer solution (pH 652 93, 1 mL 0025 M o -nitrophenyl- 2
-D-glucoside ( o NG) 4 2 njFdt & 1 mLe| 0.5 M CaCL%} 4 mLe] 0.5 M THAM &%
HpH=12) Fo 7 thE NS A 400 nmol| A A3k o|w] A& FE3FAel 9
ste] gk ghS Unit2 FAISFE TR unit=1 nmol o NP/min/g soil).

3) N-OIMEl-B-D-2FAARIH|0|=(N-acetyl-B-D-glucosaminidase) &

N-o}A 9- g -D-ZFFAIH o] = 42 Boerner 5(2000)2] S M3 L, o -nitro-
phenol-N-acetyl glucosaminideE ©]-83}o] FZA}SIATE N-acetyl glucosaminidase 432 420
nmmol| Al FFE=E AT & p-nitrophenol EFFH] oste] 3 #ES Unit2 EAISHS

TH(1 unit=1 nmol o NP/min/g soil).

4) Acid phosphatase &%
Acid-phosphatase /32 Tabatabai (1982) & WHPF3AIL, EY 1 goll 0.2 mL toluene,
4 mL modified universal buffer solution (pH 6.5)2 23, 1 mL 0.025 M p -nitrophenyl
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M CaCL%} 4 mLe] 0.5 M

phosphate &4 ( o NP)°ll v ¥ttt v ko] € 5 1 mL9
B Unit= 3ZEASFATH1 unit

NaOHE o] X&sto] o343k & FZ34d0 o3t
=1 nmol o NP/min/g soil).
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bl

AU o g 24

Z2} B2l F2APE W (Daniels and Skipper, 1982)< ©]8-3to] SHu|2HEe] 2l EF9
(A E 1g9] BIE 097 e’y 8 FA 084 ¢, AE 53] 085 mL) EAE 45 ume} 500
pm =718 A2 ZFelste] 4T oA BystH A A A T H)| 7 (Stereoscopic microscope, Olympus,
SZX12, Japan)d}tol| A A4}t

T ZEE ZAME Phillips} Hayman (1970)2] Wy o2 M3 TH A 1
Formalin Acetic Acid (FAA)&oll Z+7+e] Bl & oF lem ZolE AE % 10% KOH &
2 90T o 2o A #ejo] Aol whet 20~3023t 7‘4310}04 FHTE 3~43] oA &
Tripan blue 444 2 (Brundurtt et al., 1994)°. 2 A3 3 50% glycerolZ ©A3IG T &
2 FHEA LS Mcgonigle 5(1999)2] W oz Al Bl dHS AMF] Z4A7Z3 F4
’FA (arbuscule), 373 (vesicle) 2 T AHhyphae)E 3383 1] 7d(Olympus, BX50, Japan)s}oll 4]

w3t 5 mm el FETE SAAEE %= YA
5. FAIEA

B Ao BAEALS SAS 9.2 (Statistical Analysis System Institute Inc. 2002) packageE
o] g3t EAstHon, Al 7t F24d2 one-way ANOVA (Analysis of Variance) 2] 0.2
“Tukey’s Honestly Significant different Test”E ©]-&3}le] HA 3} AT

L 2 v

1) M

13] A 2004 g5t £ AT EF Al = 2.8-3.8x10° CFU g' 0.2,

T B9 1.8~3.2x10° CFU g'oll Wlgted @tthFig. 1). 12]aL o 71 £l
Al fA71Av ] TRl EEANFS 66%7HA S7HET Al 7= STHENL
U, ol E ARl Zkelzt fifiTh
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- 2ZBFS 1A o3 AE 1F FUAN B MAEST B 540 Wsl

o Fat R 219 23] BE e 13] A7 Bl vist] Al 7 Bkth

AR ZAEARS] W& f7]E §EFel whebd 2EkA =l (Park et al., 2008), Kim
Lee 2011 =2 EY v = < A3} F FAME &3 & Al go] =}
=g A7t FAY vl FoF o g2 =4t Stk wEkA & Aol A o T &
o]

bl
ol Mgl F7kel THHA YL VA YA BekE,

5.0 -
= 4.0 i
8
T
S 3.0 -
™
(W)
Cl é + SCNT+Wal
A 2.0 -
g B sCT +wal
o
E 1.0 - SCNT +HDI
® SCT +HDI
0.0
50 100 150 200 250

Input of N fertilizer(kg ha-1)

Fig. 1. Change of soil bacteria abundance with different irrigation methods and input of
organic fertilizer in no-tillage soil.

SCT + WQI: Soybean cake treatment + Whole quantity irrigation.
SCT + HDI: Soybean cake treatment + Half division irrigation.

SCNT + WQI: Soybean cake no treatment + Whole quantity irrigation.
SCNT + HDI: Soybean cake no treatment + Half division irrigation.

N

) =EO0|
13] Agk B 2doA tiFuks
F-E9] 0.8~1.5 x 10° CFU g'ol H]3}o
o] EFAIBITFL] 66% (ha@d N A&
Ao, 11 o4 AlulEFo]l FUHEW
A = FYHA Zol7t gl
SHH Park 5(2008)2 8ol AFEA ALY Hl&o] 1, 4A, & AYFANA =g
o frlEEe] Fgole] ASol FAHAA FFES v A7) o (Bardgett and McAlister, 1999;
Boyle et al., 2008; Park et al., 2008)°]2}1L 3} T} o]} 22 doloz B Ao thFut
< BEANA FYT A7t FEYTF st FEo] Ut 2228 A= FUHE dQle
2 A7 =G

43 2] F#o] = 228 x10° CFU g'o 2,
HAA A BUdTHFig. 2). 13 F712 v 7] A
& 149~159 kg) FF74A ST Fgo| £ F7}

-
Fol St gaHE APolRot, o By
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4 1 4 SCNT+WOQal
B sSCT +wal

E 3 1 SCNT+HDI
|-
E ® SCT +HDM
(]
w
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: I
B
=
£ 1

0

50 100 150 200 250

Input of N fertilizer{kg ha-1)

Fig. 2. Change of soil fungi abundance with different irrigation methods and input of
organic fertilizer in no-tillage soil.

83 F8 AES AuUt e FEol/AlT HES ALtste oiFuk Fqlet R4
T5 vud 2, £ 13] dEgF B} 23] B A Aol A9 vlgo] 4 0.67%
L1, 75479 029 058 28] o] & 25 ETHFig 1 and 2).

3) dMT

= #7712 g An| o] Z71EW f9
ol o}, tlFul FEQoA = #7148 H]
Al S7FE AkFig. 3). thFHE

T AH| o] SV WA U AAS < By A9
23] B #olxe AT 7 FRE]Yel vlste] F7EE AT
3 Kim¥ Lee 2011 =E%2] v E #3 & 43 A3 73 F3ol= #3Y
I FA T vld] 51 A8 B2 el oy folFl Aol itk skt
)31 Park 5(2008)2 f71ES FYste] WAHHS 2AG A Fr1E A Fao] Al
UEE FFATHClegg, 2006), & AAaFaFo] &2 FH| AgFolA F+ D=7t =4t
o ol U4 §718a7t BEY vAEG viXE a9t &3] t2r] wio|g
1 &} THChang et al,, 2007). Webs] & Aol A TEAZ i Fa-& BQdsta f71d
o] BYFFo] F7tE™ AT 57 BAEHAT, ks FYstA] &2 AeddAe f
714 vlg o] F7tE™ W] dert @A A wolxl Ao E AHAT
S OjFERe Bt AEolA 23] £3 #pgt B M BT SUHE AT
a8y F3ols B8, anrt JIAHA st 23] £ #d EG 13 A
Fapol] Hlste] BEokaRo] WMalr}t 7] wjEoll(Yang et al., 2015b) M3 A7 F3o]
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3
V. B35 fr1ddel o Ad 15 {71 B vd=dd B &40 W

T FVIR 1F ol A AvlE 36%,
(Yang et al., 2015b) A3} HA 2] F7}
=3

3 7 #® SCNT+wWaQl

B scT +wal
4
SCNT + HDI
3 | @ SCT +HDI é

Actinomyoete (x 10° CFU g! soil)
(o]

T

0 T r

50 100 150 200 250
Input of N fertilizer(kg ha-1)

Fig. 3. Change of soil actinomycete abundance with different irrigation methods and input
of organic fertilizer in no-tillage soil.

2. B a4

1) Z|EloH &

F181S 7t Bl A N-otAEEFZAY AA S-S HESH= EY U chitinase 4
AL 13 AFds 204 tiFuhe Ut A7t 16.3~17.8 units g' 0.2 F-FEQ] 145
~16.7 units g'ol WISt =& IS B A H(Fig. 4).

o 71 Fdel e f714 vlse AlulgFo] 7= EQF W chitinase 432 7
g 5Fu B BEQo A= AW EFo] Z71E M chitinase A2 F7HE QY. 18] o) 5=
of #AR] 28] B AAH 2] EYF U chitinase T2 14.1~14.6 units g' &2 13]
o] g5 T2l vt S7FESTh

webA o Tk B3 28 dee i T 543 13 AR 23 vlste] EoF

13]
Wl chitinase A4 FHHQ IS VX = Aoz A4

r_l
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#5CNT+WaQl  ESCT+wal
SCNT + HDI ®5CT+HDI
1D T T T 1
50 100 150 200 250

Input of N fertilizer(kg ha'!)

Fig. 4. Change of soil chitinase activity with different irrigation methods and input of
organic fertilizer in no-tillage soil.

2) B-Glucosidase &%

B-D-2FZANH A E Aol tis] iz Eolds Holw fF71E U d3dFE &
dfete] T=FOo 2 ASNA EY mAEEY Yol dUAHoRE o] &T = A
o e 98-S 9dste A-Glucosidase E_LQ](Kim et al., 2012; Eivazi and Tabatabai,
1988) &3 ZARGH AFNFig. 5), 13 AZFaAT 24 diFdr B9 AHEe 13.8~184
units g' 02 F-EQ] 8.5~14.2 units g soil °ﬂ Hsle] =kth giFu Bz f71E

20 A

K

12

#SCNT+WQl ESCT+wal

p-Glucosidas (unit g'! Soil)
[=-x]

SCNT+HDI  @SCT+HDI

0 T T T 1

50 100 150 200 250
Input of M fertilizer(kg ha')

Fig. 5. Change of soil B-glucosidase activity with different irrigation methods and input of
organic fertilizer in no-tillage soil.
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23] & =1 Oﬂfﬂ )51 B 2919 B-Glucosidase T2 18.2 units g’ 2 13] &
FH5 8.5 units g'oll vlste] AAHEA FHE AT

$HH Kim 5(2012)2 153 AZA Y nAEAAE sty ESTAYETF
A3} B-Glucosidase®] 73-9- ThE BAERT A2 He] Zpol7} A YA, HIw|AY
AA A7 7P =& 242 YERAAT L s th webA B Aol A o Faks
Sk Aol eE 714 BlEY AlvEFo] EEH] 66%<! hald N 157 kgg 22
-Glucosidase®] AL ZHAH 1, tiFut FEJoAE f7]13 Hlggo] Z71y
aagdol F7HEAH

X

. o
S
o ore o o

3) N-acetyl-B-D-glucosaminidase &4

g}o] A (lysosome) & ARl(Yang and Lee, 1981) HIER-QI-olA " =FIAM| Y TholA|(N-
acetyl- B -D-glucosaminidase)2] EF Ul 42 13 A&FAF ZNA O FHe T4 A

= 10.5~14.3 units g' 02 F-5<] 8.3~11.0 units g'ol| W&t ZUATHFig. 6). LT3 F7
A vls BYeFo] F7FEH N-acetyl- #-D-glucosaminidase®] &4 S7h= o, o741t
Ex]go] FFAN Y 66% oA AE Sl el 2to)7} AT

O 7a F9] 24 23] £ AHE= 13] dFdse} Zol7) glley, g5 F
FdollA= 23] £ #7) 13] Aol Hlste] a4y o] S7HE AN

_—

16 A

12

#SCNT+wal BESCT+wal
SCNT+HDI  @S5CT+HDI

M-acetyk f-D-glucosaminidase
{unit g! Soil)
[e=]

50 100 150 200 250
Input of N fertilizer(kg ha™)

Fig. 6. Change of soil N-acetyl-B-D-glucosaminidase activity with different irrigation
methods and input of organic fertilizer in no-tillage soil.
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EQF N-acetyl- 3 -D-glucosaminidase &3 o714 -2 p<0.05, ¥ WH-2 p<0.01,

2o 5 B} x B 2 p<0.001 24 =0 {945 YERI U TH(date not shown).

4) Acid phosphatase &

E U f7]204+s B3l 718-3Hmineralization)ste] WA EE0] o]l 8T F JEEF =9}
= phosphatase acid2](Garcia-Gil et al., 2000; Kim et al., 2012) £ U] A4S o Fat

| 274 7714 vl5.9] Alv]EFo] F71=H phosphatase acid®] 432 SV« 74
U fFo A1 zkel7t I th(Fig. 7). L2y ik F 8 2oA = /714 HlR
o] EFAMFY 33% FTollA 66% Tl AA ha@ 148.5kg, U4HE BIEFFO R
2 57}=9 phosphatase acid®] 42 F92]Q S718 EIoU O o] AlR|Fo] &
™ phosphatase acid®] 42 A= I THp<0.05).

A EQF U FaQIAY] FHFo] aAggol T3 4TS shetl(Garcia-Gil et al., 2000;
Joa et al, 2011), U4tsErt BE3tH AHAARIMELS EAdo] F71SFR|TH(Wasaki et al.,
2003), pHS} A4HeTFo] &4 JHgRIMtaE A o] yrolx] 7] &l (Sarapatka et al.,
2004), 14ke] FEFL w2 Al EY 204 X% B AP 9 A= phosphatase

o

acid®] A& FH3trodl= AV AATH

=
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B #SCNT+wal  ESCT +wal

< SCNT+HDI  @5CT +HDI
70 ; . ; .

50 100 150 200 250

Input of N fertilizer(kg h*!)

Fig. 7. Change of soil phosphatase acid activity with different irrigation methods and input
of organic fertilizer in no-tillage soil.

FES AEET FAE EFAA WATITAMF)S EX 30 ¢ EATE 13] A g
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L RgBEeL K71 BAL % A 2F F

=

S0t TN REY o)A 4711 vRe] Rl FEANI 66% FEAA F7HE R
oFY EATE F7HEYOL, T ol #4714 vEFe] FhHY DEY TAGE 7

HATHFig. 8). Tk Y Yol s 714 wEgel BAglel E%F 30 g3 27
EAGTE 404102 Aol 7k GISiTh TE) 28] B BolA 2ie] EAFE 13 A
Bpel Hstel BTN PEYL el ZhEod BF A Aol Yl

50

40

35
20

SCNT+ wal SCT+wal
* a = a #SCNT + wal WsCT +wal

SCNT + HDI SCT +HDI

Number of spores[30g soil}
Root Colonization rate(%)

SCNT + HDI < SCT + HDI

50 100 150 200 250 50 100 150 200 250
Input of N fertilizer(kg hal) Input of N fertilizer{kg ha)

Fig. 8. Change of soil AMF spore density (spores 30 g fresh soil) and root colonization
rate of red pepper after with different irrigation methods and input of organic
fertilizer in no-tillage soil.

T3 WA 2o 15 el HAEe it
33%NA4 100%= S7HE A S 40~44% T2 {9
ZoA f71ANE EEAHF] S7HEH o F
3 et 13 dgdre WA 2799 15

& sevt A [ AL B AL
A 22 T 1 9 ZE A4 P&
Yang, et al., 2011). Kim3} Lee (2011)E =E42] WA
YEIAY ZH] A A F7F DY FA g vls] FoH
E Algo] B WAHIH TS Z7HA7I7] wolet

<
=2

PollMe f71dHlg B2 R
ztol7b gl o, o Fuk &
1S 24 tHp<0.05). 18] 23]
gl fro]&Ql Aozt AT
I AFHHoZ FF
Z A THSohn et al., 2008;
o] o] FH e} AeY, E
S7He UEiltH, ol 771
13 EH(Wright and Upadhyaya,
A7 7] ffste] =H)E
=

4=
ich
2 o 2 Hu
o2 2 ol Lo
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