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ABSTRACT. Earworm is very useful animal in soil ecosystem, however it is harmful for golf courses because they introduce
many cast on turfgrass that reduces turf uniformity and play quality. However, no information has found on earthworm diversity
and seasonal fluctuation in different Korean golf courses. In this study, we focused to carry out earthworm species composition
and seasonal population structure in turfgrass of golf courses. During spring and fall season survey with direct digging and tea
saponin drenching sampling in 5 different golf courses, 6 species under 3 families of earthworms were collected. Earthworm
species composition and density was different among the golf courses. Aporrectodea caliginosa in Lumbricidae was dominant
species in Anseong and Dongrae Benest Golf Club; however Amynthas carnosus in Megascolecidae was dominant species in
Anyang and Glenrose Golf Club. Ap. caliginosa was collected only aclitellum in July and Am. carnosus was collected aclitellum and
clitellum in August in golf courses. Seasonal population of earthworm was different depending on earthworm species (Am.
hupeiensis was the highest in August and Ap. caliginosa was in April) however small number of collected earthworm species were
not dominant trend in golf courses.
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EQF Sof] AJsl= Aol = 2 5EF HlE7 (Oligochaeta)  (Edwards and Bohlen, 1996). o]2{3l 2|&o E
Aol (Haplotaxida)ol] &3}, S-2jubetoll= AF9iA"ol 4 oo IS JAstAY F8rE =g 5
7H(Moniligastridae), ‘A 4] ¥ o] Z}(Lumbricidae), A|Fo]a}  7HA[A FAHEA WollA F2E9] S EolAY &
(Megascolec1dae) of 2] & o| I}(Enchytraeidae)o]| 117550] &2  oF U] A2 ® WAAQ avts F7HA 7= 2420 avf
A QI g FE2 XFYo|HE 9001F0] A A 9l = Ho] Frh(Edwards, 1988; Stockdill, 1966).
t}(Hong, 2007, 2012; Dozsa-Farkas et al., 2015). @A =7} ZILAlo|| A R ol= oFHol &S 7Fx| L Qlt) Ak
2 7l=EE $58 maehE A & o} Agols Fo| Wl slato] YAHOR Syake 7] 2 Al
B W1 &S o Eold Aolth Aol B i of & dABR sto] Rzt (hach)} FHEE 25
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Wo] wale] 24T, B HelE WS 918 Aol
WAAS] B W o]l Aozt =t o5 &FH7]
rje] Bool 7 2 7lofg sk A Fel shit A
o]o|t}(Potter et al., 1990). BFH 2] o] }g—zﬂ o %
W 92 Yo| ¥ BHEL 1 A7t A71ES A2
4 glos] Felst ) Belo] QoiAE At H1 ek
(Bartlett et al., 2008; Kirby and Baker, 1995; Potter, 1998).
ofe] Ago] AA = H7|AEAA dedS F7= dt
i, A|FolE Hol=2 df= FH opFEEY Y w3
3|7} WA= 7| = 3tch(Lee et al., 2010).

ARt FAR| k= G E2Ao|U 3 Y X
At Aole) uhagao] Zleka glizu] ol shahuz
o} 3sore] WM AET EoF AelAS] o] A%
2 WAt A 2, i AR HH Bl
o glo] A&H 0= G5 el S4B Aole)
oIl f7l=o] A&EAom Wlsh= 444 B4, A9
olof] o] H.& A4 ok Mg 7} 5o 71Ishe
Aoz &4 A Qlti(Hong and Kim, 2009a; Potter et al.,
1990; Redmond et al., 2014).

shl H2 Sl Bl )3y
ek ol Aol Fol 7ol A4letd a0l of
T PO R o] AbH AYEfAERE ofYgf =
A M e BAES $HFX 7130 QltH(Bohlen et al., 2004a, b;
Redmond et al., 2014). Uzt = A A o A A6k
= Slel AIRT} B ISR Ak gel
Hole o5 LFFEG ME £E2 AR E F
3l= Ao=E %}E%ZJ] ?ltt(Hong and Kim, 2009b).
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Table 1. Soil chemical and physical properties of different experimental site.

Golf  Experimental EC OM CEC  Bulk density Partlftle Porosity Water
course site (mS cm™) (%) (mel00g™) (gem®™) density (%) permeability
(gem’ ) (mm h™')
West 6 hole 7.1 0.35 3.24 10.5 1.1 2.6 58 18
Ansung
West9 hole 7.0 0.32 4.10 10.6 1.0 2.5 60 179
No 10 hole 6.9 0.34 2.81 10.5 1.1 2.8 61 39.7
Anyang
No 1l hole 6.6 0.21 3.79 11.1 0.9 2.6 66 66.9
No4hole 6.8 0.57 2.92 10.0 1.1 2.7 58 35
Dongrae
No6hole 6.7 0.59 3.33 10.1 1.1 2.7 60 12
Maple 2 hole 6.4 0.57 3.39 10.3 1.1 2.5 57 17
Gapyeong
Pine9hole 6.5 0.47 4.06 10.9 1.0 2.5 61 17
No2hole 6.3 0.65 2.75 10.3 1.0 2.6 60 73
Glenrose
No9hole 6.3 0.43 1.85 104 1.2 2.6 52 39
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2 .2(37°1740.5'N 127°11'09.1"E)
19999 7R 2o g Hojfol9} HIe AR 24
E)Qith. A1E Wal AEsl 6c (~20.6~—17.8°C)F]| o]},
FARA] e XI5 el AE S S 2 (35°1544.0'N
129°05'54.3"E) 19714 7JAsF ZFZA 0 2 o] 9o|= Z&F
t](Zoysia matrella), 2] = FR| 2 24 =Tt A& gt
A AZRE 8b (-12.2~-9.4°C)A| o|T},

7} zArRIA 2R l0] EolsEhe: Table 13k )Tt

310
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9 A S0l Aol BHEst W
% sk slolglol 21048 Aele] AAsleich 24}
A

Aol e] wajo] we

3} YRS Shin et al. (2015)0] X[Fo] FHES} U=
ZASE X Fol A A st X Yol & AR BF =4
P‘i“iﬂk Aol A Z]= 483 59 Abo] Zdof 19
Y E 1099 13] & 232 AA] Ytk FZAF 2 A 0]
40 o) H Fejof ¢F AESH A= @ S AP0l
WEshE ofry] glatol 24} 948 FH RARI
QrFAE T EH o A= 4/29, 5/22, 8/22, 9/16Y A7 5} L
w Qb AE BT I 4122, 9100 AR
S AEZZE A= 4/8, 5/10, 6/9, 7/22, 8/26, 9/
26 10/284 sttt 7HEHIUIAEZ S0l M= 5/8
2], 10/7Y FHRZAZIZA A= 5/20, 10/17Y8 YA 5FITt.
TAgols) AHE B sk Ak W B
e Bl AS PEslel ARUOR HEdH AFYols
R W, H715 27190 ol Bl A71E Se w3
£ P So] gl (Butt, 2000) £ FAP AL TS 4t
o2 Solyo] Ay RABH: W} €] AEUS s
o] 2 Fo|Z YA5= HHHS A}835}9 ).
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HE Walo] mhe 43L0] WA TS EoF ZEak(TRIM-
M, =)} A2 Z47](Wet Sensor, 3= FANE ©]&
sko] FAlol ARSI A|go] M 7k 17.5cm, A
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A, FAFol
w29 2|2} o, 2 THe] A9 > 5
5} aL, EFA|Al= Sims and Easton (1972) 2]-8-5}%tt.
7y ZxAF Aol 2AtlA AR WA 71 ek
nZX]o| (Aporrectodea caliginosa)?} ZEA| X0 (Amyanthas
- Sh7t ehAs] Ad<sto] B 7E 7Rt

\
I
|
i)
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carnosus)2| 73

Hs| HSE A °L = “ﬂ (semlchtellum) tH7P R
X QAL mpr]of] YEhA] 982 u] A (aclitellum) =
Eoto] HA F=Ae] A H BE AES AYAIZIE
2 o] ZF A71E S-S EA o] HAdREE AT

ItEEN

= 7kl 571 E2AlA A = A"l T A
$E 0]83}o] Simpsono] F thfE 245 LT
Simpson2| EF*E A4l 3t FHORRE T S B
292 FE3 P = = WA e el =% E SE

2 thge] How At

1-{SniGni-D/NN-Dini = 2} 598 71315:] 2, N= % 74410)

AR 2AALF Ak s AR oA g1k 7
A H AHole] T A Z24d Zpolef sfet
QbpAER RGN ZAAIZ1E A Aol A el &
W Ao] 9 Z7ke] YA B LES HEE SASERT
2 (PROC ANOVA)E- o]83s}o] 7] H7t 2}o|= Duncan
o] gEAAoE EXATFATHSAS 9.3 user’s guide, 2011).

2 1

57 AP ZEAOA B3 7Rl AR = Aol 33}
6% 31870 A A TH Table 2). Z} Z=AH 4£20 2jo]7} Q)
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Table 2. List of earthworms found in turfgrass of different golf 30
courses during spring and fall season, 2013. s | A ODigging ® Drenching
1)
Individual at spring/fall o
Species o A P Gg o 520
©
seong Anyang Dongrae Gapyeong Glenrose g 15
Family £
Lumbricidae =077
Aporrectodea  65in5 ;g 93 o5 0f0 g5
caliginosa g .
Ilj;;nvajjos 0/0 0/0 0/0 0/0 1/0 Anseong  Anyang Dongrae Gapyeong Glenrose
Family 30
Moniligastridae s | B
- o
Drawida 0,17 o0 00 00 0/ 3
japonica 520
Family 8 |
Megascolecidae g 15
Amynthas 210
0/0 10/32 0/3 9/1 18/54 S
carnosus 2 ¢ |
Amynthas 3
heteropodus 0/6 0/4 0/3 0/18 0/0 s, ‘ ‘ ‘ ‘
Anseong  Anyang Dongrae Gapyeong Glenrose
ﬁﬂ ngj o6 200 32 016 13
40
Simpson’s C
Index 0.41 0.34 0.68 0.72 0.12 - I
of Diversity* £30 7 il
*Mean: probability that two individuals randomly sampled will belong é
to different species. 'g 20
§
£ 10 +
A=t T} FEHUAEZ Ao A= ulEA| o7} <
ATl e AFHEHZTHY Sz A= 0 : : : :
;7%;511;(] X] %017} v?_;g_z_ ]qu_(Table 2) % ] ](Amynthas Anseong  Anyang Dongrae Gapyeong Glenrose
hupeiensis)= A} ¥F H= ZEZFA F5H = YERY 40
= Folgitt. 0
Zh A A5o]9f Simpson THFE A= 7HE O] %
0.722 7} =911, SR AFIZALo] 0.1282 73 Wol &

50| A vl gl vl w2
C}(Table 2).

ZAL A 7] Ao = AFK| o] (Drawida japonica)
9} Wo| XX o|(Amynthas heteropodus)= 7} of|qut 2
Flo] a1, e LA R| & o] (Bimastos parvusy= B4 =
Atoll At 2% =] Tk (Table 2, 3, 4).

7y ZuAE g 23l 71Sof HAE= %
Zpo] 7} 31100 (Table 3, 4) A o] A7
AR Aol 2olE Kol 97t
2 EH YFupd ozl XHX‘ He S5 )l

B 7 ZAFEIR 2L 7HAF o]|2 A7)l 4% 228
of 2P} 43 B A Aelelat 20rCele] &
ZE2 Jeljglon obgdz| el A2 o2 xFo| A
MY AR 3 F EO] EoF Y %7} 2}o]E H GIri(Fig.
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Fig. 1. Mean soil temperature (A and B) and moisture (C and

D) in survey sites. A and C: spring season; B and D: fall season.
Bars are standard deviation.

1A). 7FEE ZAPolA = SRR AZ A o] thE Zaito
Hsto] w2 22 E%‘iﬂb} A ZEF A AR S
of W& FoJgt 2= 2pol= gltH(Fig 10). EF,ES
A 2AA= MR o] THE EotaL, SRlE AT
oA 7Hg Weko L (Fig. 10) 7HEE A= =
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Table 3. Survey of earthworm population on Golf Club fairway, spring 2013.
Mean number of earthworm + SD
Golf course Am. carnosus Am. hupeiensis Ap. caliginosa Bimastos parvus
Digging  Drenching  Digging  Drenching  Digging  Drenching  Digging  Drenching

Anseong Ob* Oc 0 0 4.5+19a  11.25%3.8a 0 0
Anyang 1.0£1.2ab 1.5£1.3b 0.5£1.0 0 Oc 0b 0 0
Dongrae 0b Oc 0.5£1.0 0.25+0.5 1.75£1.5b 0.5+0.6b 0 0
Gapyeong 0b 2.25+0.5ab 0 0 0Oc 0b 0 0

Glenrose 1.5£1.0a 3.0+0.82a  0.2510.25 0 0Oc 0b 0 0.2510.5

*The same lowercase letter in each row indicated that there is no significant difference among means (Duncan’s multiple range test, P<0.05).

Table 4. Survey of earthworm population on Golf Club fairway; fall 2013.

Mean number of earthworm + SD

Golf

course Am. carnosus Am. heteropodus Am. hupeiensis Ap caliginosa D. japonica
Digging Drenching Digging Drenching Digging Drenching Digging Drenching Digging Drenching
Anseong  Ob* 0.25£0.5c  1.0£1.2ab 0.5+0.58ab 1.0+1.15ab 0.5+0.58ab 2.0+2.83a 3.75+4.79a 4.0+2.94a 0.25+0.5
Anyang 0.75t096b 8.0tl.4a  1.0+14ab 0b 0Oc 0b 0b 1.0+2.0a 0b Oa
Dongrae 0b 0Oc 0.25£0.5b  0.5+0.58ab 0.5+0.58bc  0b 0.5£0.58ab 0.25+0.5a 0b 0a
Gapyeong 0b 0.25+0.5¢  2.0+0.82a 2.5+3.1a 1.5+0.58a 2.5%3.11a 0b 1.25+2.5a 0b Oa
Glenrose 6.7532.99a 6.25%1.71b 0b 0b 0Oc 0.75+1.5ab 0b 0a 0b 0a

*The same lowercase letter in each row indicated that there is no significant difference among means (Duncan’s multiple range test, P<0.05).

Table 5. Mean number of earthworm in Dongrae Benest Golf Club in 2013.

Digging hole + SD Tea saponin drenching hole + SD
Date g, Am. Ap. Am. Total Am. Am. Ap. B. Total
heteropodus hupeiensis ~ caliginosa  carnosus heteropodus hupeiensis ~ caliginosa  parvus

4/8 0+0 0.3+0.5b*  3.5+2.6a 0.3+0.5 3.8+2.6ab 00 0.3+0.5 2.3+2.6 0+0 2.8+3.2
5/10 00 0.5+1.0b  1.8+1.5ab 00 2.34+2.2ab 00 0.3£0.5 0.510.6 00 0.8+0.5

6/9 00 0+0b 0.5+0.6b 00 0.5x0.6¢ 00 00 3.816.8 00 4.846.6
7/22 1.3+1.5 1.5£1.3b 0+0b 00 2.842.6ab 1.0+1.4 00 0+0 1.0+2.0 1.0+1.4
8/26 00 3.812.9a 0+0b 00 4.5f1.7a 00 00 00 00 0.0£0.0
9/26  0.310.5 0.5+0.6b  0.5+0.6b 00 1.3£1.0bc  0.5+0.6 00 0.5:0.6 00 0.8+0.5
10/28 0+0 0+0b 0.310.5b 0.3+0.5 0.310.5¢ 0+0 00 0.3+0.5 0+0 0.5+0.6

*The same lowercase letter in each row indicated that there is no significant difference among means (Duncan’s multiple range test, P<0.05).

Table 6. Mean number of earthworm in Anyang Country Club in 2013.

Digging hole + SD Tea saponin drenching hole = SD
Date 4, Am. Am. Ap. Am. Am. Ap. B. D.
o o Total o ) . Total
carnosus heteropodus hupeiensis caliginosa carnosus heteropodus caliginosa  parvus  japonica
4/29 1.5%1.3 0+0 0+0 0.5£1.0 2.0£0.8 1.3X0.5 0+0 0+0 0+0 0+0 1.3+0.5
5/22  1.0£1.2 0+0 0.5£1.0 0+0 1.5%1.9 1.8£1.0 0+0 0+0 0+0 0x0 1.8£1.0
8/22 1.0t1.2 0.5%1.0 0£0 0+0 1.0£1.2  1.5%£1.9 2.812.8 0+0 0+0 0.5+£1.0 4.8%£3.0
9/16  0.8£1.0 1.0+1.4 0+0 0+0 1.8+£1.7 2.5%1.3 0.5+1.0 1.0£1.2 1.0£2.0 0+0 5.3+4.2
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FeeFo] Wokth(Fig. 1D). A|golet AujEAHol= ¢ YYLLE ZJol& Ho| F
FHHUAEZ TGO A A5 WA FGo] U HIE Aol 8ol 7P w2 Al AR E e HulE

ZAFeE Ail(Table 5) 2| ZAA] Holl A= € Aol  X[Fol= 49 7P W2 7WAIG=7F A = AT

7} S oLH(df=6,21, F=1.38, P<0.0237) T2 =] o]l UFHEGSHAA A5 AFo] WS ARE At
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Fig. 2. Mean soil temperature (A and B) and moisture (C and
D) at survey date in Dongrae (A and C) and Anyang (B and D)
Benest Golf Clubs. Bars are standard deviation.

gl tH(Table 6).

AE APol = RARE 3t Feiet S EREH
O] 2AA B 2w AR 2AMAF BEA A T A}
o7} 9l O LH(Fig. 24, B) EQF ~H T2 ZJo]E H A}
(Fig. 2C, D). = RAREZA B5 gof H|glo] 7}& 2A}
Aol BF o] Waton FeHulAET A T
Ae] AR Y] A9 109 28U FAF A] 7P R BEQke
ke Hui( (Fig. 2C).

ST TS AR v AN AR E L,
QBT FAHY A RE o] SHFo|olEl Al S o]
of WETHAY WE 24E Fig. 37 23k 4U3E 6%
M= A9 Hleol A vE e 7ol nlidAvt
A= At B Qrekat SRR AZEAO] - Fo|9H
IR 2ol o] A 5o A9 Hl&o] 7 &S
g€ o] e} 4¥ofl= A= HHE o n]AdA 9] HlEol
74 et

| B Clitellum B Semiclitellum B Aclitellum

Life stage (% of total)

B Clitellum @ Semiclitellum B3 Aclitellum

Life stage (% of total)

Month

Fig. 3. Changes in the population structure of Aporrectodea
caliginosa (upper graph) and Amynthas carnosus (lower graph)
in zoysiagrass fairway in Korea during 2013 (Dates were
collected from 5 golf courses in figure 1).
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UTHKim et al, 2009). -2{ute} S| A o] AAsH= A
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ok A Al A Wl Aol 57 el o3
Fo2 ey on QRY XY o (Amynthas hilgendorfi)7}
V) BEae] $EFOR ety
B ZA) AL 7 Zge] 2% Wl opfet Aol
A2 Wz o] g ARE @] flete] 2AE 4
asloich. gl BIAO U7k SH 0% walshe
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A W A o2 el Age] SEEE B
Wz ol wels] ol HHole] ojFo] AT
Sk B 24 A 712 Ao E B2 Aol
]

N %0 it

¢

N o |

o

o O
o] xfolo] oJgt o] ALt BxhT| 50} @3iie o]4]
71% Aol 7Ht) Aol A3k Aol 7t §el o]
Htelo] A= th UMY Holo] ofgt Ao 24
slch, ghl Zage] WAlshs HA| A|go] Erhepde o
uF 3577 AL Aol Hlstel AThEo® WA Lebgtd
ol & 2Ae] A9 B el HHE WA WS
FUsH Qo] 2AE F BAOR Sasle] T o
A EHEe] wae] e £ Hojgolghe thato® 4
sho] TRt A=ol A3 gt Avks AN B

> of

I

N

Q9] Thal ) BIANA HATE BEHOR Aol
tjede AR it 78 753 F W= U=T Aporrectodea
rosea’} $-7Z0]9) © v (Bartlett et al., 2008) Redmond et al.
(2014)°] m]=5 Kentucky== 67| oA AHFTA RO 2
A|gol oS 2ARRE vlell 95HH 6Fo] A=A,
DX FL2 Aporrectodea trapezoidesiTth. WEtAl 650] A F
H o] ALY Ait= HelofA =8 H o]& AYAt=

I~

o} v wf Z|go]o) thfA2 Aol Gl Ao g A7
] S-F] A 2 ZAPA = o3t vlare] F2
ofl Al ARG Aot FAFSHAl Aporrectodeas: @] | EA
Fol7t Sk EZA o] Wokou F 24 oAM=
U] A Amynthasso| &bz AP0 FE°| W
o} Z}o]& Hgicth.

et S A A= A ol (Amynthas)] WA
B olet AP ol(Am. koreanus), Ho]/d A o] 7} A 2]
56.7%5 AA|5taL, o] o] e = FR|Folite] -
77.3% 5 ApASFo] AR H o]t HEo] &2 o=t
Z}ol & HF+=4|(Hong and Kim, 2007a) o33t A1
Ao Fx/d0] Aol wjZol| ZZA ol AAsh= AF o]
O] TRAE HAIA GO W oY w=at Z}o]
7} Qe Ao A7 g vt FAEA ARl
A GAGole] FEo] F& AAStL ol B3t
i, A A G olake] AujEAgo|7t a7 ZZAdol A ZHR
o] H3laL, 53] M sl AEEZZYY TR
e =t ©] Aporrectodea; 0] 79~ ©|=9] FAYE A=
EE Zao|A wol HHE= AoR W HYste] A
AEW ME SEe A4S Ssis o deld 9l
T} (Hong and Kim, 2007a; Bartlett et al., 2008; Redmond et
al.,, 2014).

ag) = o5 WUE AFolo] oJat a7l S
+= A% o2 Redmond et al. (2014)2 KentuckyF ZZ7%
oA EHE HiETAIE 7= 685 F o T AYst
i, B Qg s TaAoA & ALfFol Hlsto] w

= 0=
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N
it
o
ot
2
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il
iu)

(0]
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o3t 2759 SRR Fu7|ete FE ArLet Z2
F AWAILE AT = e AP E AdEskaL Aot
(Seamans et al., 2015). -2|ue} S A o A== o] 2|7t <]
AHE A7 olo] FAHlEo] FobAal 3l=tl| Hong and Kim
(2009b)o] M=ol A o] U= HolE FARGH Hlof o
51 2006\ =olli= AR ool &dk= FE59] 240]
14.7%STH7} 20079 ZAMIA LS 472%2 H-9-80] ==
o ol vie whE L2 RS Fsily] fiEe
F74skSiet. ok&e] 7129] Al Al A A9 56.7%
£ AA8HE A g olake] A ool wr]go], Hol g
oo nlgo] AfE FAEHA HAtolAl= 355%4] =]
A GhQl=t] of2fgt Aol JeFo] el o) 159
2} Hlgo] oA ALf-F9] Bl&o] sy i
2 F733{ch(Hong and Kim, 2009b). whebs] £-2jufet
LA A= TFet ZAE o7 = APl 73
AFFETE WA ol gl £8h= &JE APl
T S7PF F8 1] shuE AzkEct.
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RABA| Aol o] 79 7|E SAYEHA A|PGo] BAfA=
AR b2 FE0|ANE o] Aol|lA] 43L2] Z2%Y
of| Al B2 AL Aol = Glek AP MokEA]
Fol(Am. corticis)2} o] FA| T o)< (Amynthas)o|| &8)=
Aol 59] U= FHiA FAHo7t wfj$- Agh FE0]
WH(Hong and Kim, 2007a). 237 ZAA] o] £2] A
SHAE 242 8ol ALt n AR &/ =]o] glo] o
E A PolE Aol A & At o] 7§35}
7} o]Folx= Ao R FHHr}.

HolJ x| o] (Am. heteropodus)= SANZAETIZAS A
QIRF 43L0] T oflA A E =T SolsHA 7HEE =
Aol B ZHHE QO Kim et al. (2009)0f 2J3HH 49
T 69| FAA ZAPlA AR H v glo] AFHoR &
A Al7)0l9E HAYEEA = QAL A AA| 47 Hol AR o]
SA] ke Ao Yz hE FAR0l(Am. hupeiensis)
= SZEAOA G o UAINE HE Fx2
A s QI MAIAIR o2 FaESsHEA AR E o)
= s ANA F2 A== Folth(Hong and Kim,
2007b). E3E o] F2 ZIZAo||A AAE Fopzt mE I
o 912 FHES HiEthe A o= dEA ¢t (Redmond
et al, 2014) S-2|iel FAEfA O] HHA 02 EAsh= o]
T A9 A IS A stAY S AA A
High g o]4] & A9 FxAFoR 9 F Aol
=2 TOo=R AZHEr.

oA AFolo | F Ux ¥k SEHUAE
2 A 2AR oA 8o AgFo] WeTt =2 AS A
stal= zbel7h fldlemw | F Ut X&H oz FF
e A HolA gttt 495 10971A] Ak, |,
zof, A, E= 5 57 T oA A F ol A}
F A= 49ollA 1092 ZE Y=z xFo] 7HA
7} F75h= AR B O (Kim et al, 2009) A& B2
QFe] HUpR oA | F A PGol S AR Aol A=
8ol 7 W& A AR E o EE AP B
o] ¢kttt (Hong, 2014).

FojEA ol FHHUAEZ A0 23 2 AR of A
= 49 8Y A} A] 7MY W=V =9Eo L tea saponinit
FAZA A= 68 9Y FAPA 7MY =2 HWEE HS
Edl A& Fre] B wo A= 1080 7P B2 7HA]
7} A =lo](Hong, 2014) & A= 2polE H AT} gt
A FujEA|gole] A9 7¥€oll= u] AT Aol =
o] o]= dolA S-3}RhA] HW2 AJto] HpehA] ¢k
2 o A7t &g e AVIE FAT
Ao R ek B35k A5 AR A oA A7 o]

H A717F 5~6920 AR B uf FulEA|Ho|7t ¢S U
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uEA| ol 7k ot MFRE YA O Y4stol 4
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o 2 A Aok Zolsk 9sieh oleld Aol
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A0 el gzt (Shin et al, 2015) FLAbo 4] A]
32| ole] HHE WAL Telsh] 919
A AEE7] ol 7-8%el S-Eafo] 25% Weldd w7t A
719 o= YZIE AT ol 7k o] 497} ol &
oF 4-Eepo] e HSolE EE Walo] Hobd 4 9g
o A YBF w7t S Befsks Aw Aol
EUE S Solt Fagh Yo AzE,
Fmagol A Agole] WAzt AR FRAE AeA 7]
e Al 2ol A GlotA whS- 7hx] 9]
= A3 - Ao Fel ek 53] 4|1
Akt] e FAsHT| QlolA XYl Azt
o 2 Fmol AEY Jof et ofsivh Wasiet.
7120] A Aol Aol U £ALS FalA] HelE
AR Aol7} o= FEL shepugicka 2 4 gie.
£ Ao 4] BRI gu| SR ol ThE ol 13
A A7t 25, AASE B7] tEe] ohE Kgolo] u]
A o e BES BaM B EHES 2 9o U
i FOE, G5 FUY mUEYo| Bast) WA
ook HAgolw MA FELFS HAYS 1 TLgo
A w7t Baw Fom Awwch

S ExA 24 A A2 ofitelu A =

!
X
X
)
T
N

i)
a=)
o
)
o=

o e off

=

A3 24P A gL oA Folat o A9E A
EgEo] 9 Ao F3Ht
B E BR FOR G F 24T ouX

ofashs pgelA o] Lol ojer 2At Hasic,

==

BN



Seuet Bl Aol F Py R AL 7

2 Lz 163

o o
el =

Aol sAHA Y 78 A= sholtt. Aol
FAEA HollA 783 BEolAT Ex A= %t
A= Wk BHUER sl 2trie FAR 7]
AR BAIE SRk QT et Seiuet
oA HPel |ole] & thabioltt AWH W
sfoll dfat i e B uf ik webd B g 2
2 oA Aol T2 ARE e Lot
H7] $1eto] ekt 570 ZAellA] wak 7R E 2
A ZAPAT AR BRI O R o] $5E 24}
3t A3} 33} 6% (Aporrectodea caliginosa, Bimastos parvus,
Drawida japonica, Amyanthas carnosus, Am. heteropodus,
Am. hupeiensis)o] AR = et A Fo] T2} W &
ZAEE 2po|7} e WAIA] o] PH(Lumbricidae) 2] 4
US| F O (Ap. caliginosa)7} M3} S| A EZ T4
$AFolql o A7 o] (Megascolecidae)o] AE2] 2|
ol(Am. carnosus)?} 1T} IR ATEA| $HFIY
o, @ Aol 7Hole vl A AYL AT, B
Aol sdoll nldAlel A7 A= AT A Fo] W=
of AMA Wsle U AolE mol EAFol(m
hupeiensis)y= 8ol Wx=7} 7 =9ton An|Ex]gol=
4dof 7P WE7F ou A AV AR | S
A7) WEe] 94 Zapol wisie.
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