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Abstract; In order to explore the effects of Hydrocotyle vulgaris on seed germination of other plants and to screen the
main allelochemicals, the seed germination test was used to investigate the effects of leach liquors by different chemical
solvents on seed germination, and the methods of gas chromatography mass spectrometry ( GC-MS) and liquid
chromatography mass spectrometry (LC-MS) were selected to analyse the compounds of water extracts of H. vulgaris and
its rhizosphere soil which could affect other species. The results were as follows: (1) The different extracts of H. vulgaris
inhibited the seed germinating of Raphanus sativus, Brassica chinensis, Cucumis sativus, and the inhibition effects were
significant for Raphanus sativus. (2) By GC-MS, 35 and 17 compounds were identified from water extracts of plants and
rthizospheric soils. The main compounds included dibutyl phthalate, 10, 15-Octadecane diacid and 2, 4-Di-tert-
butylphenol in water extract of plants and oleic acid amide, N-hexadecane and ethyl palmitate in the water extract of
rhizospheric soil. (3) By LC-MS, 109 and 93 compounds were identified from water exiracts of plants and rhizospheric
soils. By ESI", L-phenylalanine and luteolin were the main compounds in water extract of plants and L-phenylbutyric
acid and palmitamide were the main compounds in rhizospheric soil. By ESI™, L-phenylpropyl dextro-quinic acid and
chlorogenic acid were the main compounds in water extract of plants, and L-phenylpropanoid octadecanoic acid and
sucrose were the main compounds in rhizospheric soils. (4) These compounds included butyric acid, octadecanoic acid
glycolic acid, oleic amide, palmitamide, ethyl hexadecanoate, benzoic acid could affect the growing and surving of
companion organism directly, which belonged to fatty acids, amides, esters and aromatic acids. These compounds
included oleic amide, palmitamide, ethy hexadecanoate, benzoic acid may originate in plants or transformed from
secretion of plants by soil organisms. The input pathways of butyric acid, octadecanoic acid, glycolic acid include
seereting of plants transforming of micro organisms and soil animals.
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Table 1 ~ Compounds of water extracts of Hydrocotyle vulgaris and rhizosphere soils by GC-MS
TR KR W MR L HK IR IR’
Water extract of plants Water extract of rhizosphere soils
eSSl . LS .
Type ommon compounds N FeA] N LA
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P (%) pomne (%)
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13,13,15,15 hexadecamethyl-
ke — — — FIFIT My 171 =R 1.98
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i — 2-F 7S 3-F b A S B 2- W 10.14 — —
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Y- LR N- HEE; 5,5, 8a-= H 3L N A2 E-4K-4a (5 Ethyl palmitate; (Z)-9-Octadecenoic acid
[24-5 3, Ta, H)-LBRLHTR; 2 - %-1, 17 BN 3-( octadecyloxy ) propyl ester; 1, 2-
120-= W 3L BE R Be-2-8 B TS Rel-9-+ A\ IR [ (257 )- Propanediol, 3-( hexadecyloxy )-, 1, 2-
-SRI HS-24- 0o ] L 3-T AN PR ] Aot BRI diacetate; N-[ 24-ox0-3a, 7o, 12a-tris
] H =R F R fi;2, 5-+ /\ bk MR WG 5 1, 2-79 ( trimethylsiloxy ) -5B-cholan-24-yl ] glycine
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12, 15-Octadecadiynoic acid methyl ester;
10, 13-Octadecadiynoic acid methyl ester; 3-
Methyl-, 3,7-dimethyl-2,6-octadienyl ester,
( E )-Butanoic acid; 3-Methyl butyrate;
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Water extract of plants Water extract of rhizosphere soils
:ﬁr&ﬁﬂ . HHLEY ;
ype ommon compounds ) g6 , L g
ijﬁﬁoj? ds Percentage Cgﬁﬁj? ds Percentage
pomnes (%) pomne (%)
[0 2,4-T T R 2,4-THUT HIEE) 6.81 2,4- AT R 1.69
Phenols ENL 2,4-Di-tert-butylphenol 2,4-Di-tert-butylphenol
2,4-Di-tert-
butylphenol
il — (6R,7E,9R)-9-¥2 Ft-4, 7-F 4L 3k —I-3- 6.59 —
Ketones @M 6-F25E-4,4,7a-—H 3- 5,6,7,7a7-PUE
HEIE UK -2 (4 %) -1 (14B, 208, 22R,
25R ) -3B-F8 H-Scr- L E-8-4s- 1
(6R,7E,9R )-9-Hydroxy-4, 7-megastigmadien-
3-one; 6-Hydroxy-4, 4, 7a-trimethyl-5, 6, 7,
7aT-Tetrahydrobenzofuran-2(4H ) -one; (143,
208, 22R, 25R )-3B-Hydroxy-5a-spirost-8-en-
11-one
Bt — — — THARTENE 26.47
Amides Oleic acid amide
i DL-FUHifass  DL-BiHrfit; D-(+) - H @bk 2.55 DL-BaHi7 4% 0.54
Carbohydrates DL-Arabinose DL-Arabinose; D-(+)-mannose DL-Arabinose
Mt — PR TR BT 261 — —
Glycosides Digitalis glycoside; Desulfosinigrin
100 0.88
g 903
%E 80 | %0
32 70 6.06
%: o 60 12.50
&S 50 | ‘
mh o L s o9 |
40 P 5 27 3[6.34 ] 2.9
e {0 i'hﬂ il 7 86 8,66 { 1
30 : W 1" ‘\J‘ o g A 9.07 11, 3[72812 Jﬁ
MW P SN
10 ]
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
BF18] Time (min)
Bl5 e R /KIR R LC-MS BB T i I&l (ESIT)

Fig. 5 Total ion chromatogram of water extract of Hydrocotyle vulgaris by LC-MS (ESI")
AR 843 5 3 200.36 .2 989.29 ng - mg™, £3E AW, AEXE 408 19 801.71,12 945.74 ng -
KRR A A & AR I B TR AR E mg FLAREXT A AR AL A W S E AR
e DL K 2 2 W, 5y B A 7 660.53,3 200.36,  FEMELASZZEE R A R, AN 545l 18 605.35,

2 704.13 ng - mg’',

M3 TLUE Y, e FRGUT KR 1R
WL ZICR2E Wy MR 2k e L R AT A9 o 32, A1
XF 2 4 o 23 455.88.16 959.38 .11 570.66
ng « mg", HHARXS S B R ALE Y WA ST
BRSO R DL K sk R R, M X o g ik
21 827.71 .12 369.30 .12 589.25 ng » mg"; #fr +
Berh LR IR W2 AT AR AL G o A

12 183.23 8 187.75 ng - mg' o

3 i h %

3.1 BEXPERRRRBHHZAINHIEH
ARG RFEM |25 ¢ - LANFEVEFI ARG 5K

I RIBENEXSE NYAMEEN, X 5%

FEERAE(2013) N I WF 5T 45 2R — B, U B R 28 KA
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Fig. 6 Total ion chromatogram of water extract of Hydrocotyle vulgaris by L.C-MS (ESI™)
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Fig. 7 Total ion chromatogram of water extract of rhizosphere soils by LC-MS (ESI*)
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Fig. 8 Total ion chromatogram of water extract of rhizosphere soils by LC-MS (ESI")
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*2 BMEXMESHRERELKREY LC-MS HHER(ESI)
Table 2 Compounds of water extracts of Hydrocotyle vulgaris and rhizosphere soils by LC-MS( ESI")

TR K R AR HRLBR - HEK R R K
Water extract of plants Water extract of rhizosphere soils
S WHELEY
Type Common P P
) compounds i i
Content Content
Compounds 4 Compounds 3
(ng - mg") (ng - mg™)
G BIAT LN R AR L LN LA L RA R L& 649550 L-NERR, LSE & M LI & LIF & 2325.93
7] SER MR LM MR L-EEE R LI & R ; L-J5% & R ; L-%% B2 L2 R a8 R R L2 A R 5 LK
Amino  acids & BR; L-9h & AR EAER; L-AA ﬁ,L-ﬁEWﬁ@, WA ; - R
and % 2 LSRR L-alanine;  L-leucine;  L-proline;  L-
their iR FES L-alanine; L-arginine; L-aspartic acid; L- threonine; L-tyrosine; Pyroglutamic acid;
derivatives L-41 & M; L-  leucine; L-methionine; L-proline; L- L-histidine ; L-phenylalanine; L-valine
KN & R ; L-  threonine; L-tyrosine; Pyroglutamic acid;
25 A R L-histidine ; L-phenylalanine; L-valine
L-alanine; L-
leucine; L-
proline ; L-
threonine; L-
cytidine;
Pyroglutamic
acid; L-
histidine;  L-
phenylalanine ;
L-valine
LS e Bt 2 B AR B s L4 24 BE G Palmitamide;  939.93 el Bt e 3200.36
Amides Palmitamide L-glutamine Palmitamide
(RIS AR A B 28.68 L1 B 467.79
Sesquiterpenes  Valerenolic acid  Valerenolic acid Valerenolic acid
el e # R AR K LR 65.46 AR K LR 186.35
Aromatic acids &R Benzoic acid; Phenylacetic acid Benzoic acid; Phenylacetic acid
Benzoic acid;
Phenylacetic
acid
[iES K B TILRE; (4) LR R H B 373.17 K 1050.71
Phenols Phenol Gallocatechin; ( +)-Catechin; Phenol Phenol
[IIrES W R AR DIIERR s SRR ; R K R 2651.16  WIMERR ; LR s KAH R 501.94
Phenols 2 ; K% R Caffeic acid; Chlorogenic acid; Vanillic Caffeic acid; Vanillic acid; Salicylic acid
Caffeic acid;  acid; Salicylic acid
Vanillic acid;
Salicylic acid
R LAk WHEENG  JR SIES  ROE IGENS 330.77 UCER NG ; PR IE ; iR 20 930.66
Nucleosides W IGE 5 IR MRSy DR W WE 5 P NS Hypoxanthlne, Uracil; Adenine
andbases Hypoxanthine ; Guanine ; Hypoxanthine; Uracil; Adenine
Uracil
Adenine
Y TES RBEE R ARBEER 2306.64  AREBEZH 2.68
Flavonoids Luteolin Luteolin Luteolin
HHBEA D-#H A B D-#H A B 31.19 D-#H A BE 101.37
Sphingosides D-sphingosine D-sphingosine D-sphingosine
=k iR 2 iR 2 821.01 i R R 2.34
Triterpenoids Tyromycic acid ~ Tyromycic acid Tyromycic acid
[[ES XA R XA R 62.39 X R HR 41.00
Terpenoids Paracyanidin Paracyanidin Paracyanidin
Wk R H M — Hie T B 198.94 — 0.00
G 7] Gardeniac acid
Sugars
andtheir
derivatives
B B D3N AR D3UERELRG; B SR 42k E BS; 701.80 42 D3 BN ; Je ST iR 2989.29
Vitamin Bk 5 JE ve iR i 2 B2 AR Vitamin D3; Nicotinamide; Nicotinic acid

Vitamin  D3;
Nicotinamide ;
Nicotinic acid

Vitamin D3; Nicotinamide; Nicotinic acid;
Vitamin B5; Vitamin B2; Riboflavin
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ZgR2
TR KR AW HR B - K R 4R
Water extract of plants Water extract of rhizosphere soils
s A A
%\}J Common A P
ype compounds waw A A way s
Content Content
Compounds 1 Compounds 1
(ng - mg™) (ng - mg™)
TeHLAR WL A 9.59 W 338.05
Inorganic acids ~ Phosphoric Phosphoric acid Phosphoric acid
acid
TERRE HFEHE HUR 107.42 HEHR 10.08
Coumarins Coumarin Coumarin Coumarin
Clifizes MR SRR s WHAR ; WRRAR ; TR 5 B-FRMIRG ; WO, 142999  BHAR; TWIRRIR ; T MR ; NI AR IR 10 561.55
Fattyacids TR ;W R Acetic acid; Linolenic acid; Butyrate;
iR ; IR Acetic acid; Linolenic acid; Butyrate; B- Linoleic acid; Oleic acid
Acetic  acid;  cyclodextrin; Linoleic acid; Oleic acid
Linolenic acid;
Butyrate ;
Linoleic acid;
Oleic acid
e L= LIERNIE 1056.76  HaBE W M BEAG ARG (16 < 0) ;ML 14.54
Lipids WILBEAEANGE W mBENE IR (16 © 0) ;¥ MBS AR EE L BRARME L RERE (0 2 0716 = 0) 5 ¥ ML BEAR
(16 = 0); 7 BERE(0: 0/16 : 0) ; FF MLBRENR Bt £ 1 M Bt LBEMELO 2 0/18 2 2(9Z,127) ] 5 BA i
MBEIGEEZ B [0 2 0/18 : 2(92,122) ] 5 MBI H i NEBRH IS0 : 024 5 1(152)/0 : 075
e (0 0/ TME[0:0/24:1(152)/0 : 0] ; BAHH I8 TR FARFNRFR H MR [ 18 = 3(9Z,12Z,15Z)/
16:0); ¥ i HIMEE(18 : 3(9Z,12Z,152)/0 : 0/0) ; 0:0/0]
WEIEEE B Sphingosine; LysoPC (16 : 0); LysoPE Sphingosine; LysoPC (16 : 0); LysoPE
[0:0/18:2 (0:0/16 : 0); LysoPE[O : 0/18 : 2 (0:0/16: 0); LysoPE[O : 0/18 : 2
(92,122)1; (92,12Z)]; MG[0: 0/24 : 1(15Z)/ (92,12Z) 15 MG[0 : 0/24 : 1(15Z)/
MR 0:0]; MG[ 18 : 3(9Z,127,152)/0 : 0:0]; MG[ 18 : 3(9Z,12Z,15Z)/0 :
fig [0 0/ 0/0] 0/0]
24:1(152)/
0: 0] H LTL fif
& B2 H b B
[18 : 3(9Z,
127, 157 )/
0:0/0]
Sphingosine ;
LysoPC (16 :
0 ); LysoPE
(0:0/16
0); LysoPE
[0:0/18 : 2
(92, 122)1;
MG [ 0:0/
24:1(152)/
0:0]; MG
[18 : 3(9Z,
127, 157 )/
0:0/0]
oAt WSl S AU Wl AU ek AEAE R A R RS 2 132,55 WS IR 5 7 UM E M bR AEAE R OA R R 4 720.56
Others WE S WERRR G ZELE R LR X 7 O BE A TR LI
# A ; X Indole; Hexahydropyridine; Quinoline; Indole; Hexahydropyridine;  Quinoline;

i

Indole;
Hexahydro-
pyridine ;
Quinoline;
Vitamin A
acid; Styrene

Vitamin A acid; Styrene; L-Nicotianine;
p-Coumaroyl quinic acid

Vitamin A acid; Styrene

BRAS S A 25 O ORIl 2 R X Sy AR B A

SBUR7/B2 I A (B

5 e A AR W) AR K R BE

73, BCE T A SR Wi Bl e A R BE A8 52 e
A W) A= K 1) W) i BE 71 ( Bonanomi et al., 2006

Fernandez et al. , 2008 ; ) K AE 45, 2016 ; 5P % He &

b

2018) , A A B 5 R B3 B A DA S R B £ 38 7K

BAR WA A W PR P 5 K =2 52 i H A AR ) 1)

ATREPI L

AT R A s Y OSBRI T
A=, A AS SCOHE e e o3 B 1 38 vp 32 2R3 LA
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Table 3 Compounds of water extracts of Hydrocotyle vulgaris and rhizosphere soils by LC-MS( ESI")

TR K R AR HRLBR - HEK R R K
" Water extract of plants Water extract of rhizosphere soils
W HAEEY
,&}JU Common e s
Type compounds et i i AR
Content Content
Compounds 4 Compounds 3
(ng - mg") (ng - mg™)
MM Lo & W L» L-Deam s L2 8 R ; L-70 & R L84 10 130.54  L-m& M L-REAM  L-EAEMR ;L-41  442.65
7] fi 2 25 L 25 L R L-FE 3 AR L- R TN &R AR
Amino acid A & 2 ; L-{'Sﬁl L-45 5 2 L-leucine; L-tyrosine; Pyroglutamic acid;
and KR L-cystathionine; L-leucine; L-threonine; L-valine
its derivatives L- leucme; L-  L-tryptophan; L-tyrosine; L-pyroglutamic
tyrosine; acid; L-phenylalanine;
L-pyroglutamic L-valine
acid;
L-valine
(ERRIES Y T T R T R B R SR 274.90 1 R A R 792.86
Sesquiterpenes  Valerenolic Valerenolic acid; Valerenolic acid
acid 1-Hydroxyvalerienic acid
Z I — 535 220.27 — 0.00
Polyacids Aconitic acid
T © TR 2 2-RFHETRMR, vh PR 21 23455.88 O MG AFERR 20 MR T oNEE 345.06
Diprotic acids TR, T AR, +/\}:)[34 ST I R A D #@&,HHT}%:# fig s S R, N R 3%
7N bE R 5 %ﬁﬁ,ﬁ;ﬁﬁ,ﬁbiﬁﬁﬁ IR
T —W&; 3 2-lsopropylmalic  acid;  Adipic  acid; Adipic acid; Limonic acid; 2-dodecenoic
SR TN R Limonic  acid;  2-Dodecenoic  acid; acid; Hexadecanedioic acid; Maleic acid;
BEIAMR Hexadecanedioic acid; Maleic acid; Malic Malic acid; Malonic acid; Succinic acid
Adipic acid; acid; Malonic acid; Succinic acid
2-Dodecenoic
acid;
Hexadecanedioic
acid;  Maleic
acid; Malic
acid; Malonic
acid;
Succinic acid
il 7ES HH R L N 692.16 KHR 3117.85
Aromatic acids ~ Benzoic acid Benzoic acid; Phenylacetic acid Benzoic acid
e 5 He-1-(4- (#)-WETFILFE LA E KB 0K 5 111,90 5-FHE-1-(4-F46-3- 1 AU AL 2R 0 JE) 2%~ 82.75
Phenols f - e =S I S (S5 E1- (4 L -3-H HIL-H O 3-Fif 5-Hydroxy-1-( 4-hydroxy-3-methoxy-
RO M) ) %3 cyclohexyl) decyl-3-one
2% -3-Jif (+)-Gall catechin; Catechin; Phenol;
5-Hydroxy-1- Hydroquinone ;
(' 4-hydroxy-3-  5-Hydroxy-1-( 4-hydroxy-3-methoxy-
methoxy- cyclohexyl) decyl-3-one
cyclohexyl )
decyl-3-one
[DIES W HE R B A OmERR ; SRR BTBIAR DR TR ;2,5- 16 959.38  WIMERR ; B BUAR ; kA% R 383.42
Phenolic acids R ; KR TR RN B R B AV BR 5 ) RS L A RE IR Caffeic acid; Ferulic acid; Salicylic acid
Caffeic acid; /KHHR; ZH R
Ferulic acid;  Caffeic acid; Chlorogenic acid; Ferulic
Salicylic acid acid; Gallic acid; 2, 5-Dihydroxybenzoic
acid; Ginkgolic acid; M-hydroxy cinnamic
acid; Salicylic acid; Shikimic acid
Bt B A WM W UREEIENG UL ; PR AL 386.55 YR ¢ UL 10.02
Nucleosides JlINER Hypoxanthine ; Inosine; Uracil nucleoside Hypoxanlhme, Inosine
andbases Hypoxanthine ;
Inosine
Y TES TR FEEE AR BRI TR 297.96 TR 956.28
Flavonoids Apigenin Apigenin; Luteolin; Gentiopicrin Apigenin
FeIER FILL MR8 RIECTHIEMMR 581.33 FIELTR AL IR 4 948.87
Hydroxylic Hh R Glycolic acid; Tropic acid Glycolic acid; Tropic acid
acid Glycolic acid;

Tropic acid
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%3
TR KR AW HR B - K R 4R
" Water extract of plants Water extract of rhizosphere soils
ype compounds waw A A way s
Content Content
Compounds 1 Compounds 1
(ng - mg™) (ng - mg™)
B RS REW REW 99.33 REW 4.54
Triterpenoids Tyromycic acid ~ Tyromycic acid Tyromycic acid
B R H AT DA MR D-MIATMEREER HEERE S L-(-)-PURLUTME 11 570.66  D-RIAREREER HEERE L-(-) -FURLIOME 12 945.74
7] B2 H o W B UL A s JUUBE ; EAE
Sugars L-(-) -F 7 A D-Glucuronic  acid;  Mannitol; L-(-)- D-Glucuronic acid; Mannitol; L-(-)-
and H B2, UL B%;  arabinol; Inositol; Sucrose arabinol ; Inositol ; Sucrose
theirderivatives TR
D-Glucuronic
acid;
Mannitol;  L-
(-) -arabinol ;
Inositol
Sucrose
HHEE RS RS 458.03 RS 4.09
Vitamins Calcium Calcium pantothenate Calcium pantothenate
pantothenate
Tt 152 L4 2 B e L4 2 B e 605.06 L-4+ 2Bt 20.90
amides L-glutamine L-glutamine L-glutamine
fi i R 2 WK R s Wil ERRAR ; F R s —F RRASHEER s WAl R ;4 705.66  PJRRER ; WM AR ; A AR ER ; BB AR IE — 1+ 19 801.71
Fattyacids MR KRR R B T ARIR ; 1L bR ; THiTR J\IR IR
HEER ; IR Linolenic acid; Octanoic acid; Linolenic acid; Linoleic acid; Palmitic
Linolenic acid;  Docosahexaenoic acid; Linoleic acid; acid; Stearic acid; N-Octacosanoic acid;
Linoleic acid;  Stearic  acid; Heptadecanoic  acid; Oleic acid
Palmitic acid;  Oleic acid
Stearic  acid;
Oleic acid
EES WAL IBEARIORN( 14 : 0) W MBEARMNAL 7 025.20  VAILBEAREEC BERE(0 0 0/16 1 0) ;% Il 2 900.84
Esters BEfE (0 : 0/ (15: 0) ;¥ LB A8 BE 2 WM (0 = 0/ WEARREZFERE [0 = 0/18 = 2(9Z,127) 15
16 : 0) ;1L 16 : 0) ;¥ MLBENRIE L BENEZ[ 0 : 0/18 : 2 VAL N E S BE NG [ 18 2 392, 122,
BEASEECEERE  (92,127) ] W L BEREBE C BERE[ 18 ¢ 3 157)/0 : 0] ; B0 A ML T il Bg [0 = 0/
[0:0/18 22  (9Z,127,152)/0 : 0] ; Ftgi 5 2 H i s 15:0/0:0)]
(9Z, 12Z)]; [0:0/15:0/0 : 0) ] ; B0 I iR H i s LysoPE(0 : 0/16 : 0); LysoPE[0 : 0/
WIMBENEEEZ  [0:0/18 : 2(9Z,122)/0 = 0] ; B fig 18 :2(92,122) ]; LysoPE[ 18 : 3(9Z,
BERE[18 = 3 BRHMIEE(P-18 : 0e/0 : 0/0 : 0) 12Z,152)/0 : 0]; MG(0 : 0/15 : 0/0 :
(92, 12Z, LysoPC(14:0); LysoPC(15:0); 0)
152)70 : 0]; LysoPE(O : 0/16 : 0); LysoPE[O : 0/
MRESRH M 18 : 2(9Z,12Z) ]; LysoPE[ 18 : 3(9Z,
fig (0 = 0/ 12Z,152)/0:0]; MG(0 : 0/15 : 0/0 :
15:0/0:0) 0); MG[0: 0/18 : 2(9Z,12Z)/0 : 0] ;
LysoPE(0: 0/ MG(P-18: 0e/0: 0/0:0)
16 : 0);
LysoPE[0 : 0/
18 + 2 (97,
127 )15
LysoPE[ 18 : 3
(92, 127,
152)/0 : 0]
MG (0 = 0/
15:0/0:0)
T — TRAEER A99 63.42 — 0.00
Plant hormones Gibberellin A99
iR — AR R 3078.94  EKE 188.18
Auxins Auxin Auxin
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TR AR AR B £ HEK R R
Water extract of plants Water extract of rhizosphere soils
s SA A
oH Common
A’&B A,\E
Type compounds =27l IS N [RES
Compound. Content Comnound Content
ompounds . ompounds ,
P (ng - mg") ! (ng - mg")
HoAtb FEH R, X R, N F AR TR A TR, 25532.60  GRFIM X F GBS T A EE TR, 11 490.84
Others LA TR KRR 3, 5- R k-3 I XK DR B 5 0315 7 38 A TR XA
FTEZE TR, ;AR A R R0 R h; B -1 R L 5 R R
R BRI Jasmonic acid; P-coumaric quinic acid;
Al 44 Jasmonic acid; P-coumaric quinic acid; Quinic acid; Riboflavin sodium phosphate ;
£ A R; B Quinic acid; Riboflavin sodium phosphate ; Indole; Vitamin A acid; Ribosome-1-
fR-1-f iR 155  Indole; arsenate ; pentanoic acid
BRI R 3, 5-Dihydroxy-3-methylpentanoic  acid;

Jasmonic acid;
P-coumaric Ricinoleic acid
quinic  acid;

Quinic  acid;

Riboflavin

sodium

phosphate ;

Indole;

Vitamin A

acid;

Ribosome-1-

arsenate ;

pentanoic

oleic acid

Vitamin A acid; Ribosome-1-arsenate;

KA I Ry P ERE  E R
W) B AE A 1R R B B R T R 2K | e
B VU SR Y e 3 b S R W 0, /R
5 MRS WM SE 2 D5 m IR YRk R
BB Y A LD SRR E I H X SRk
() 5T . Bk E B A AL AE (5 = 545, 20111
65 2017 AR LSS 2018 H IS, 2018)
T3 AME LIAE BRI 5 v 3 2 25 1) o 2 A Ak
AT (ZEEEMRAF ,2010) |, BRI AE H 3 rh i iR 2
Py s /b U 1y 2 25 ) IO R 5 2 3R R 2 1
FEA R AT B — L AR, MR e R
W SZ KRR VRORIAR PR+ S KR 4R T LR 5, +
BRI P Y R AR MR B E b
Be  TNIR OBE KRB R TR R R R
S GEZ AN HEE R A TR IR IR
i AR AL (M /NFR AR 2016) , T R 2
BEEH A2 AR AL 5 i b S B R T (X
2006 ; Bk E T4, 2013 ), F il IR | 0 i R A2 2 (1Y
TR B (BFR 4, 2016) , 5 HAH 6 4 k7 i ok i 7T
FIE 2 P 55 R 2 AR B - 8 v F 2 0 Ak o, i
E A N TR W 4 3 X 7 R A K MR s 25 5L AT

VR (TR IEAE ,2009) |, #5258 2 1% ] Al 2 58 2R kL S
AR 3 A A ) T (2= I ARAE 2018) , TR
LR 2, 4-ZBUT B R © 8k 50k B AT A B AE
(FFR5,2016) , BLLHI& I 9 vh 32 2 53 1)
SRR R (PRI AHESE ,2018)

THOK R FEY i, TR IE =N
M2 REE LIRS T 16 107 B2 28 il I ok Mg | s ) T Jie
J& T BN, FNR g JE THRS, KR N5 &
PR IE - Lke s Thekeds  xf e vk 5 1+ 58K
RARW 2 Y T, KR 50 32 2 W) o A A
MoK & A, PR 4 358 v Rl RE A AE
AL ECH AL A FE . LIENR IR £ 2R T
Y AR 3 810 (Otto & Simpson, 2005) ,
PRI - ST A T - S Sl ) mT BB 2 33 i s TR A
R At 32 R TR, 53 SR 43 W 4 TR 2 W) Jo 1Y)
3 M TRV AL AT R 2 A IR D R i A — N IR AR
TR L A A I e 2 T KR B b £ 24,
SRTTAR 9 7K 32 4 W v 65 A 1 K3t 1% Yl 2 R A A
TR, JSUAE A 48 vl dify TR T i AR A A Tk e 1) 5 B 3
22 AN A EURE 42 U5 T R R R R IR T RE R A -
R IR IR, ISR SR TE - E A
YK A R & &, Hi g X
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W2 LR A — 1> 2 A AT RESK IR T M 96 K Al
PR o bk R A M R E Y R, OF HoAR )
Beke Wy B A e ke M B X AR E , L IE
AR AR IR REIF N R R R RIS, OF
TR A A AR R S D B AR R S AR
R Y S R B R 28 W S, - 4 PR TR RT BESR A
TAEARBIRTA
PR, Xk o BT 7 5 K W =2 A PR K IR 4 A
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