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Allelopathy of Welsh Onion Root Exudates on Cucumber Seed
Germination and Fusarium oxysporum f. sp. cucumerinum and the GC -
MS Analysis
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Abstract: The allelopathy of welsh onion root exudates collected by continuous root exudates
trapping system (CRETS) was studied on cucumber seed germination and Fusarium oxysporum f. sp.
cucumerinum, and the components of the root exudates were identified by gas chromatography-mass
spectrometry (GS - MS) . The results showed that the seed germination and sprout growth of cucumber
were promoted by root exudates of welsh onion at low concentration while suppressed at high
concentration, the allelopathy of ‘Yuanzang’ was stronger than ‘Zhanggiu’ . Inhibitory effects on hypha
growth and spore germination of Fusarium oxysporum f. sp. cucumerinum enhanced with increasing

concentration of root exudates, and ‘Yuanzang’ showed stronger effects than ‘Zhangqiu’ . Heterocyclic,
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ester, amide, acid, hydrocarbon, aldehyde, ketone, phenol, alcohol, ether, naphthalene compounds
were detected in root exudates of Welsh onion, of which heterocyclic, ester and amide were the most
compounds. Phthalate esters and benzothiazole derivatives had greater relative contents while p-cresol
2,2’-methylenebis 6-tert-butyl-, benzyl benzoate, benzoic acid p-tolyl ester, 2- (methylthio) phenyl
isothiocyanate had lower relative contents, which were higher in ‘Yuanzang’ than in ‘Zhanggiu’ .

Key words: welsh onion; cucumber; root exudate; allelopathy; Fusarium oxysporum f. sp.
cucumerinum

A TERAE P 2 R A B A AR g Jo Rt o0 BRI L e R A AR ) B e A R R B . AR ER
AFIHI M (Rice, 1984; [@l & 48, 2000). /@A QFEMLEFIFHEI N i MO EAEKKE
R FR P A R AR PR ER B W K T, e — I W e (M e B — e RS
WHEM K27 A 2 B EI/EH (Yu et al., 2000; Hao et al., 2007), Jf 525 B2 Ml priisl an
5i (Bertinetal., 2003; Kongetal., 2008), XARERFRIFRGL™ A FHEFZM (Yu & Matsui, 1997).
R RIS R B, AW IEVE S S AR R W IS, W R 0 i) e FeAb A R 5 1ok
PR A A ) R #ROS (Inderjit, 20035 52 RURARHE, 2003; 8L 45, 20100, FTAWIST
U TP/ (Hao et al., 2007). #JK (Yu & Matsui, 1994). @5 (HHAFAIFEA, 1999).
W GRRET 2%, 2005; X462, 2008, 2009). B (FEEE 45, 2005; k)74 %5, 2009) %%
2 T g SR 2R W A B F B A P R o AR T,k 8 s e AR S LR R J A 2k B s At
THR

B e IR B SR AR AT 2 Ch RO RLE B gk A6t 50T, 20100 FAEBFIT T B
ANWrHEE, A ZENLEE I RBHRN o AT CE RO TR 52 T 20 BEVE AUR R 40 it o5 I
FEZI 0 SRR (BFH, 20100 KmaAR 5270 WADO AN [F) 52 ARAE P A T I Al 29 9 Jo o R AR A T, O
WG T Rm AR R 2R 3 AL T CRIHERN, 2007) . £330 RN, RAFAE 0 2owiz
WA TOEAE ek, o RIRMIR, S ngn RS g AR, b ST ECRE, (R AR KR
B, #ErsE (BT 2, 2008; MRUUE 25, 2009). AATELR N, AT HES AR R s R AR A
A Ko M, ARSI T AN RS MR 2R 73 WA 0] v I S FERG 2803998 J vl IR I E T, 49y
WT AL 22 S, DA AR IERAE F A 5 4 s DR R AR 7 42 B TG AR B 5 PR L

1R

1.1 #7
A K2 (Allium fistulosum L) SRRy oo K20 A ‘T KA, #)I0 (Cucumis sativus L.)

WFICA B AR . BT ZE R R (Fusarium oxysporum f. sp. cucumerinum) M il Z= &k K2
el 236 i H D't 4 N R B JTCRG 2 Ak b 20 9 3045
12 RBIRRESDHYEIKRE

KM ZR 53 W) LA SR 3 B AR 2R 7 W L4 22 48 (Continuous Root Exudates Trapping
System, CRETS) (Tang & Young, 1982). K5 H 6 I H I 30 MR RZLN /N0 ZH, JER, BAk3
EAAR R WS B AR, WRAEK 3d JE, FEFMEZH I 500 mL Hoagland & 72, JF
BIEIAA, EE IR, i 2% 80 mL XAD-4 W #IE (Sigma) HIE A (2 cm x 30



8 JY] TR TR RN AR BTURE 3 B 2 MRS 22 99990 J o ) A B ) S GC - MS it 1513

em), TEHEIFFAE AT, PO 1~ LS L b MR RE I, ELESE 10d, B Gk,
567 500 mL 22 85 TV, A 200 mL FR RS . CHE 45 R B EORE R B T A 2R B R . e
WAE 30 C RIRIEIRAE AT, 050 mL 22 B TRV #, AATFD 2 KBS, H4HA ORI A
I, W N 12 g-mL (1 g-mL" Jy 1 mL KSR H o4 1 g SR IR R 2 W) GRIART %%, 2005),
S FRER 0.6. 0.3, 0.2g-mL" &,

13 KEWRR DX &M T 55 AL BAE R

FKIIEAIE IR (CATAR, 1999). 7EEHAR 9 om [REFRI P4l 2 22 thygdt, A 5 mL H
FROTULYIREREML, FSTFRI 20 R fd Bl (1) 35 IR, AR5 N as — )2 9T AL, BT 28 ClEMRES
TR R 2E . A 3 RIFUh, 7RG — 20840, RRANAR 2 mL MR R WYIHR . Lo
NEERZE TN A 1 RERSERGI M8, HERZEER, 83 RibE a5, 28
S RHEMZE. ARK R ZE e i . WRFER 3 K. KFHREGL = ¥ GF T RIRZFEU/AHN
(KR ZERBD . NS (RD, MAHET = XBE CH, RI=1-C/T; H{T<CH, RI=
T/C-1. Rl = 0, A{EdAEH: RI<0, AdER: RIZ480E 1K 5 E 9B — 20 (Williamson
& Richardson, 1988). fLIKZEERIN. (SE) JEAFFaE. MR MAFK. 2R i i s v 4
P GRERL %5, 2005).

14 KERZRDDYXHERFREE L ERIER KK

2R 3 WA 4D 01 95 L AT A 22 AR AR 19 A R AR A FH 0 2 2% TR (2007) (1) 5%

(1D MWL ERKPBEm: LW, Kt iE KRR WM BT 40 “CIf) PDA #53%
£ (1000 mL P &H LR 300 g BilE 25 g BERE 30 @) SAABURS), XRUIN 2 S KR A5
Bo AR S mm BT LA FTHORVE R B2 TR R b, BRI 3 v, fpAb®E 3 I, 3% T 28 CHB
W4 E FREFE, 3 d R ETE EAT, ok w2,

BZZANEIR (%) = CFIRILE % B AR - AbFE LR B AR / WRILE % EA% * 100,

(2) SR KA R NS A IR 4N ZR I, FEAR 15 mm (R4 FLARFTHUK
NIRRT E T3 b WO AR BR S IAR 2R - I )RR RN TR 8l 20 L T35 R0k |, 28 °C
PEIEEEIE 12 h J5, 40 F5908E N BEA I B A6 A RIS DU T VSR g R F . I A 3 IR

M RANEIE (%) = GBI R 2 - AR R ED / xR k% > 100,

15 XEIRRD W GC - MS 53#f

R E AR R WA R G R W4, kR 1.20 PEBET 30 C Rk k4i 21,
T 100 mL 2525 T /K fE H LR LB F AR LG 121 2KH0 3 WK, B IEAEGR, 30 C R EIRSE S 5 mL,
1k 0.45 pm ARG H T GC - MS 734t

BN Rix-SMS (% FE, 30.0 m x 0.32 mm BN FE, 0.25 um JEME; J57E 50 CLREF 2 min,
LL6 ‘C - min™ 3 THE S 250 °C, {4 10 min; ZEFE R 230 °C, 2/ He, ¥ii% 2.4 mL - min™,
HERES 1 plo R4 BT 0 2, AR 70 eV, B FIRIE 200 C, H13#7E 45 ~ 550 amu.

W I 1% R NIST 08 KA 8 i R e sy, RV AR A — 320 5525 i AR B e AR
igE— X (GC - MS - QP2010Plus) LA K& AbHRIEAE #4134k 1 Shimadzu A 7] .

1.6 ZEAE

K H Microsoft Excel 2003 R AFANHL st da £ F12 1, K H DPS #6137 77 22 50 Mt M dse
N R PERE: (Duncan’s BT & 221, P <0.05),
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2.1 RERR WA ENMT o5 & 02 & £ KRR

H12E 1 AT L, PRAS K LS AT 22 203 it 38 JOR 1 K 2F R 6 8. 2% 501 0.2,0.3.0.6 g - mL™
BN 2220 L U PSS I S0 2 1 A KRB REAE I, L 0.3 g - mU I 3, ‘TR KA IRAR
WA B TR ZF R 380 ARG R 2RI 2 1 5T 23 EEREHES N 0.86% 31.33% 16.17% 4 35%,
TTIURA AL N 0.86% 53.67% 16.62%F1 45%; 1.2 g - mL™" ik 220 WA J I o)
FONRARAC . RZFC, 2R e R I A RIE R, & e KA A2 0 B 13.33%. 9.24%F1
5%, TUBKE AEZ 5 BIFEAR 24.67%. 18.01%F1 15%.
F1 AERRS DO BN TFHRR S KT

Table 1 Effects of welsh onion root exudates on seed germination and sprout growth of cucumber

RE SR (g-mL™) R EEEY% REFAREL JEAR K /em JE 2K /em ZFHRE TR g
Welsh onion  Exudate Germination rate Germination index ~ Radicle length Shoot length Sprout fresh weight
A 0 100.00 19.83+£0.29a 6.00+£0.42b 433+028b 0.20+0.01 b
Zhanggiu 0.2 100.00 20.00£0a 7.32+0.33a 480+025a 0.26 £0.02 a
0.3 100.00 20.00£0a 7.88+0.67 a 5.03+0.29a 0.27+0.02a
0.6 100.00 19.83+£0.29a 7.72+0.31a 475+032a 0.26+0.02 a
1.2 100.00 19.67+0.58 a 5.20+0.64 ¢ 3.93+0.19¢ 0.19+0.01 b
T, 0 100.00 19.83+£0.29 a 6.00+0.42¢ 433+028b 0.20+0.01 ¢
Yuanzang 0.2 100.00 20.00£0a 8.23+0.33b 488+025a 0.26 £0.02 b
0.3 100.00 20.00+0a 922+029a 5.05+0.14a 0.29+0.02a
0.6 100.00 19.83+£0.29 a 7.85+0.66 b 490+028a 0.26 £0.01 b
1.2 100.00 19.50£0.50 a 452+039d 3.55+034c¢ 0.17+0.02d

VEe A bR SR 7 BER R AL PR ] Z2 5 2 (P < 0.05),

Note: Different letters in the same column of the same cultivar meant significant difference among treatments at 0.05 level.

HI 2 WL, AN[RIINE S b i) FLAR, KO AR 7 i it IR MY 24 iy 5 J i P A R A 1 i A 4
SHEBCR; AN SRR LEAL, UK ED IR WA T 5 T KA

MR EA 28N ] S WA AR 32 AA ) AR A T B (B, 20100 ik 2 A i, KA
i PRI 28 70 WA )0 S SR 1 1A A AN 28 B AR A (AR R R 5 RO g B — bR — 3
£ 2 KEBRRS DY ENFFHELNFEE RO LBIERTN

Table 2 Allelopathic potential of welsh onion root exudates on seed germination and sprout growth of cucumber

S ﬁ:mﬁj/ . PR AL RT .

Welsh onion g mL) VE Bkl JRARA Jh 2 P Synthesis effect
Exudate Germination index Radicle length Shoot length Sprout fresh weight

AT 0 0a 0c 0c 0c 0c

Zhangqiu 0.2 0.008 +£0.014 a 0.180 +0.034 b 0.097 £0.028 b 0.214+0.029 b 0.124 £ 0.008 b
0.3 0.008 £0.014 a 0.238 £0.020 a 0.139+0.031 a 0.264 +£0.021 a 0.161 +£0.006 a
0.6 0.000 + 0.000 a 0.223+£0.030 a 0.087 £0.022 b 0.225+0.033b 0.134+£0.012b
1.2 -0.009+£0.015a -0.136 £0.049d -0.091£0.029d -0.067+0.040 d -0.075+0.012d

TLH 0 0ab 0d 0b 0c 0c

Yuanzang 0.2 0.008 +£0.014 a 0.271+£0.038 b 0.113+0.026 a 0.229+£0.035b 0.154+£0.013b
0.3 0.008 +£0.014 a 0.350+£0.028 a 0.142+0.036 a 0.313+£0.029 a 0.202+0.012a
0.6 0.000 + 0.000 ab 0.235+£0.016 ¢ 0.116 £0.012 a 0.226 +0.027 b 0.144 £ 0.005 b
1.2 -0.017+0.015b -0.248 £0.030 ¢ -0.182+£0.036 ¢ -0.134+£0.054 d -0.143£0.020 d

Ve A b SR 7 RER R A PR 225 2 (P < 0.05),

Note: Different letters in the same column of the same cultivar meant significant difference among treatments at 0.05 level.
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22 RERHRMS DY ERMHERFEENINFIIER

A 1T R, BEAE K AR IR FE T s, X6 it BT BT 2 A R~ 5 A (1) 49 ) A1 FH 32 3 4
o TR X 22 AR A A BRI E 4 il IR 3] 5.03% ~ 22.03%F1 3.51% ~ 27.46%, ‘TG
WORA A E] 4.32% ~ 25.05%1 4.44% ~ 33.61%.

IRRMWPIRIE = 03 g-mL B, TUOKAD XM LAERKMIHEE KT ERAA WK
B = 02g-mL' I, OGEOKA SHETHIRKINER AT ERKA . BRI T
B AN R 2 SRS 8 2 A KR 110 A A R 2 SR i o, AR R %l 1.2 ¢ - mL!
I, ORI 22 2 R W A e b TR EiH 13.71%H0 22.40%.

0O Z [ Zhangqiu

30 1 40 1

9 B JUJK Yuanzang a a
=
- b =) b
© 5 )%_ £ o 307
HOE 20 [ ==
¥z a Es = a
= .8 b = B & L
R 2 i = 8 2 a
® 5 10 . % 28 a
= a a @ 10F aa
=
-
S im
0 ‘ ‘ ‘ 0 ‘ ‘ ‘
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1 XBRFRSBONEMMERRERLE KA THEZHMEER

Fig. 1 Inhibitory effects of welsh onion root exudates on hypha growth and spore germination of Fusarium oxysporum f. sp. cucumerinum

23 KEIRRESDHIH GC - MS 247

B2 2 ‘ERKAT AL UMK RASWHIR S S TR EEE, vTUEH, A KL
HRZR W o FOMI S A — B 257 4 GC-MS b, ‘B KA hfid 10 K3
59 B s, OGEUORAD TRATIINE 9 KK 48 ML (K 3). W EES A RIMED . BEE.
BERGS . RIS s, BRI, M. BEmER LA KRGV, Hrh, Z9Mb &9, BERFIBERS
AT e e, CBEERET ALY 58.31%. 30.48%A1 2.54%, ‘JUKA tRaralLY
62.62%- 26.39%H1 4.21%.

(= 1000000 ) (= 1000000 )
[mne (ne
300 A 25 | B
25 | f
3 20 1
E 20°F I
R L5 |
2 s |
e [ 1.0 |
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0 AT e S J. " ol L L A J. -
5.0 100 150 200 250 300 35.0 5.0 100 150 20,0 250 300 350
R R S ] /min R R S ] /min
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B2 ‘EEXE (AW TEAXE (B) RESBYHEBSFRAHEE

Fig. 2 Total ion current chromatogram of root exudates of ‘Zhangqiu’ (A) and ‘Yuanzang’ (B) welsh onion
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M2 3 nJLUF H, IRFFMEME . 2R IE ] |
A P 5,

RFFWEME ML SR 97.56%; TUiEK AL
BUT R AHIRNEE. AR -4 - FHEANE, 2-H

FIR — LT R P
BER B 60.50%,
97.32%. 2,2° -
B ik St S R AR e & T

WXL (4- HJE-6-

W & % R 39 ¥
R S oEhg . ARR %& T% AR
HARX E&mo T RAD MR W AR IR by

*Wﬁ%%?&ﬁﬂﬁﬂ

B PR AR W I I, (AR S IR

®3 TERMABRRSDMOLEES

Table 3 The chemical components of root exudates of different varieties of welsh onion

AR5 /% AR5 /%
[REL/EAR S Relative content AR/ EAS Relative content
Name of the chemical =T TG Name of the chemical En TTIER
Zhangqiu  Yuanzang Zhangqiu  Yuanzang
J&2% Hydrocarbon 2.08 0.26 i Cycloundecanone - 0.13
1 - FAE ke 0.38 - 3,5,6,7,8,8a - /NA -4,8a- “HH-6-(1- - 0.08
1-methoxypentadecane 2 3E) - 2(1H) 22 Wi
2(1H)Naphthalenone, 3,5,6,7,8,8a-hexahydro-
4,8a-dimethyl-6-(1-methylethenyl)-
gl g 1.70 - 6. 12 Acid 1.11 1.28
Azulol
3 - L -3 - Uk - 2,5 - b A - 0.26 4 - PR 0.18 -
3-methyl-3-propyl-2,5-pyrrolidinedione Benzenebutanoic acid, 4-methyl-
2. WE. WK Alcohol, Ether 1.37 0.67 BRERMF Heptanoic anhydride 0.17 0.22
ZIECE Ethylhexanol 0.17 - 6 - AT T R 0.11 -
6-oxododecanedioic acid
FEOR I 0.19 - —#8 Dodecanoic acid 0.15 -
Benzenemethanol, alpha-methyl-
9 7/:)1_@% 9-fluorenol 0.33 + =M Tridecanoic acid 0.17 -
T AW Epicedrol - 0.27 - B0k - 6 - WL - 3.4 - g TRIR 0.20 -
5-hydroxy-6-methyl-3,4-pyridinedicarboxylic
acid
3-HEL -1 - k-3 - - 0.17 B AR R - 0.93
3-methyl-1-penten-3-ol Benzoic acid, thio-
13- & -2- W3 -23- & -1 - N 0.40 0.23 TR EET AR - 0.13
1,3-dichloro-2-propyl-2,3-dichloro-1-propyl 2,5-furandione, 3-dodecenyl-
ether
14 - T B 4K H il g 0.28 - 4 - KRR 0.13 -
Butane, 1,4-bis(2,3-epoxypropoxy)- Benzeneacetic acid, 4-cyano-alpha-oxo-
3. 2 Phenol 1.52 0.47 7. Big2 Ester 30.48 26.39
2,2 - WHIEX(4 - FIEE - 6 - T KR 036 0.36 R OUHE SR Cyclohexane, isocyanato- 0.12 0.14
p-cresol, 2,2'-methylenebis[6-tert-butyl-
3 - BT HEEW 0.30 - PR LR S R TR 2.86 1.59
m-tert-butylphenol Cyclohexane, isothiocyanato-
2,4 - T 3R 0.86 - BEIRJ# AT Allyl enanthate 0.21 -
2,4-di-tert-butylphenol
58 - “FIJE-1234- U5 -1 - ZEW - 0.11 2R R 1.01 -
5,8-dimethyl-1,2,3,4-tetrahydro-1-naphthol Methyl benzoate
4. 2RJ¢ Benzene 0.15 - R = £ AR T R TR 0.15 -
Carbamodithioicacid, diethyl-, methyl ester
k% 0.15 - P2 AR F 5L HiE Carboni- 0.27 0.66
Cadalene midodithioic acid, methyl-, dimethyl ester
5. B, Wi2& Aldehyde, Ketone 1.98 0.70 KR 1iE Benzyl benzoate 0.45 0.49
3,5 - THIEGR PR 0.19 0.16 2 - VP e e U A 0.26 0.35
3,5-dimethylbenzaldehyde 2- (methylthio) phenyl isothiocyanate
% Z W Acetophenone 1.25 0.14 4 - FERFRT B 1.79 -
4-cyanobenzoic acid, butyl ester
3 - LHEIR I 3-ethylbenzaldehyde - 0.10 9 - HHR IR Y R 0.30 -
Cyclopentanecarboxylic acid dodec-
9-ynyl ester
PUZAL - 1,3 - M0E - 2 - G 0.34 - MR TR 2 - W ke T 1 0.52 -
Tetrahydro-1,3-oxazine-2-thione Terephthalic acid, 2-chloroethyl isobutyl ester
4- HEHE-25- Z4 - IH-2-WE%Ed 020 - AWK HR " THE Dibutyl phthalate 3.70 4.71
1H-2-pyrrolone, 4-methoxy-2,5-dihydro
2 - PR REEIN R - 0.09 AW HIR 5w T e 112 0.74
Cyclopentanone, 2-cyclopentyl- Diisobutyl phthalate
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4k 3
M S /% M S /%
WA AR Relative content LRy EAS Relative content
Name of the chemical T TG Name of the chemical T TG
Zhangqiu  Yuanzang Zhangqiu  Yuanzang
A% — /iR — Z I Diethyl Phthalate 242 3.24 9. Z*IMLAY) Heterocyclic 58.31 62.62
4B 2K — F R — F 5 Dimethyl phthalate 0.70 0.92 2 - Ok - 5 - Tk - 3(2H) - MR 0.18 -
2-hexyl-5-methyl-3(2H)-furanone
HHIE - 4 - FAOREE 0.08 113 3 - FUEER I 0.17 0.21
Benzoic acid, p-tolyl ester Benzofuran, 3-methyl-
ARIRZ R — 5 9.45 11.43 2,3 - AL -2,2 - ZHIFE -7 - ZRIF0R - 0.30
Diisooctyl phthalate 7-benzofuranol, 2,3-dihydro2,2-dimethyl
ARIR IR — R AR 1.05 - 2K Dibenzofuran - 0.99
Diisopropyl phthalate
ABIE R T 4 R - 0.56 2 - HHRHE A T e 0.44 0.86
Phthalic acid, butyl methyl ester Benzothiazole, 2-(methylthio)-
o PR R 1F - 0.44 - ZRIFWEM Benzothiazole 38.87 41.32
Benzenesulfonic acid, 4-methyl-, octyl ester
W2 - LK MR 2.89 - IR IFEME Benzothiazolone 15.28 15.75
Bis (2-hydroxyethyl) terephthalate
3 - SROHETIREE 0.69 - 2 - AR T 0.54 0.43
3-sulfanylhexyl butyrate 2-mercaptobenzothiazole
IR 2 - FUUR IS LI - 0.12 2 - FEEARIFOK M 0.32 -
Fumaric acid, ethyl 2-methylallyl ester 2-benzimidazolethiol
2K P L S SR B Benzoyl isothiocyanate — 0.17 2 - LHESER I 1.76 2.58
Benzothiazole, 2-(ethylamino)-
niisE AR - 2 - thia - AEHRERMR - 0.14 2 - bk - 4 - TR - 0.18
Picolinyl-2-thia-stearate 2-hydroxy-4-difluormethoxypyrimidine
8. M2k Amine 2.54 421 SEMEMK Isoquinoline 0.28 -
RO W 0.28 0.19 5H - Bfi[1,2-b]nkiE 0.31 -
Cyclohexylformamide 5H-indeno[1,2-b]pyridine
1,3 - ZIFC3EMR 1,3-dicyclohexylurea 0.72 0.71 2,2,4 - ZHIFE - 1,0 - AR 0.16 -
Quinoline, 1,2-dihydro-2,2,4-trimethyl-
RFEFE Cycluron 1.41 2.67 10. H'& Others 0.31 1.42
NN - I - 1 - AR 0.13 0.13 44578 - AR ER 0.31 0.61
Hydrazinecarbothioamide, N,N-dimethyl 4,4,5,7,8-pentamethyl-2-chromanone
2 - FIEIR A - 0.23 2 - WAL A - 0.27
Benzenesulfonamide, 2-methyl- 2- (Methylthio) benzonitrile
S - R FH I MY A - 0.28 3k -4-0- 3 - o-D - HEWEETT - 0.54
S-benzoylsulfenamide alpha-D-glucopyranoside, methyl-4-O-octyl-

PEPI Nt ECI
Note: - not detected.

ARG L5 KRN, KB I xs 5 JURE 5 i A AN 25 p AR S BRI B et etk JEE 4T 1)
PR, Sy GGRRNE 4%, 2005). Kk CIHERE, 2007) “EMIBFFTEE R —E. (HOBEERAMRA
SRR W EE T, 0 ST s IR ZFAE R e A E G5 O, 20100, EIRETRIZES:, 7]
REt TAERSE CRARPARRISZAR) A, iy HRHIAS R AR R o AR T35, SRR AR 70 i)
(RIH JBAE) RIS AN —FE

Fili g e s TG e 25 (0 25 I A b, B KR BR AR - Wik B T, 6 5Nk 2%
T8 Js T B 22 A AT i e (A P s o, X5 2 BEE L (B, 20100 KastR R 0
CRIHERN, 2007) ARG ZE0 0 Jst AL T BT A R — S8 U U SR E D AR R 364 vl LW
ARG 22003 o R A AN B, X AT REE 5 BRAS VR AT Rl e IR S 1 A i 35 () B st R 22

o
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GC - MS BEAT TR Ry AT AT o ARG (I 0 5 I K MR R A W) o 258 5 S AR I N5 0 i
FIFH GC - MS ST 7 i E AT AT

ARG LR, KA RSP EAMOEY BER. BEE. RIS, B2k B,
Wy, WEmA R DL 2825, Horh, ZROF M K HATAEY) . A8 2K — IR IR R AT 6] 2 S i o
AU B, ABOR — H R T I A2 BRI 3 TR 2R - i ) vh () R AR T, ) 3 IR 7 R %
AR KA BECAER, B RAMEER G &R 45, 2009; 85& 55, 2009; £ R 55, 2010a);
ORI FWEM: K ILAT A ) 02 o) B AR R o Wb ) h LA 4 (i &%, 20050, HABUE. A
BR . AR AE KSR TE (IHEE 2%, 2005). R, AF2E T R ERIEE SN A8 I F M ) 5 ]
RE ST KR R i ) v ) H AR IR T

WA FLR I, Kat R W16 2,6 - N EE2RI 88 b i Az KR I i 4k B T ()
HAEN, 20075 A TR R T 2,6 - BUT BERIAE 507 S i v e AR RIS 2298 S L
FeBRAR G T ARGk 45, 2006) o BRFIBE G AR R-WY T IR IR WER LT AfA A
FEH (Yu & Matsui, 1994; MiseBURIFAFEAEA, 1999); Hii AR 28 20 W4 Hh (4% B RS 15 vl 12
BT R P, (R R RS A K REAR 25, 2010b). - FAERHMEYI P 1) SRR
B 2RATT AL %) i 25999 00 s 1 R B 3ARI4E ] (Yamane et al., 1992; Olivier etal., 1999). HiltifENT,
KERR W R 2,2 - WHIEX (4 - FIE -6 - BUTHORED . AKHFRRES. KHER -4 - 3L
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