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Abstract; Plant may release volatile monoterpenes into the environment under natural conditions. These volatile
monoterpenes play an important role in ecosystems, including allelopathy and chemical interactions among the host plant,
herbivore, and parasitoid or predator in tri-trophic systems. Allelopathy of volatile monoterpenes released from various
plants species could be achieved by both air and soil media. In this study, chemical constituents of the volatiles released
from Ambrosia trifida L. and their effects on the germination of crop seeds and microbial population in soil were
investigated. As a result, the monoterpenes are major components (84.2% ) of the volatiles from A. trifida. Furthermore,
saturated aqueous solution of the volatile monoterpenes from A. trifida affected seed germination and microbial populations
in soil, indicating that allelopathic potential of the monoterpenes can be mediated by soil.

GC and GC/MS are the effective instruments to determine the chemical constituents of volatiles. However, some
scientists who are not chemists often determine the volatiles components by means of GC/MS only, not both GC and GC/
MS. And this resulted in incorrect identification of volatile chemical constituents. Actually, the combined analysis of GC

retention indexes ( Kovdts indexes) and GC-MS data with the aid of the mass chromatograms of the characteristic fragment
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ions reported in the NIST and WILEY databases is essential for the reliable identification of volatile constituents. This study
clarified some mistakes in experimental methods, especially in determination of chemical constituents of plant volatiles by
means of GC and GC-MS. These methods and results of this study would be helpful to our further understanding of volatile

allelochemicals released from plant species to the soils in ecosystems.
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MY L S E R F P BREIE R YR, EHRE T B R EMRS A KT , X g R Y
B EZR > RERRRERLEY . ARAZWILE B , MY BB ER EAEAESRETEEREENE
B, R AR 2 s E R AR T | RE ARS8 T /R B R S E R R X R0,
T YRR 3 K T B X L B A Wb B AL B E R 2 B3R, (B R B RO 580 R PR AR X S B e s SO 3R
BB B T o B BT BT LR AT, B R B 7E T BATE i 18 & e RS i 7K o
PR T HHRE R EE , B YRR R 27 4 B LR R A ER R A i,
BATE BAAE R K, BRI RE S R F IS B E R R M e A 3, AT R A = A, AR
T AR PSR B M —— B St SR R R il B B BT s R TIE B T AR A A R B 4R B8 IR RO R
B AE R M AT HRE ST E WS B HE IR P E AT E AR YA T AR R TR . Bk, MY
B & M BATE R R A IR e = A B E Y

Z RN JRE (Ambrosia trifida L. ) JRF= I35 20 42 40 SEREARER I, BECRAREIL Y & E
B — HB KA RS BRFRKNESREER TERMEE" . BHEIEN, =R KEEREK
ARy R MR R R R ARE AR AT BRI R M AT Sl S S BRI IS L
YRR B RAAER T . R, ABST LA =M RE g 1), 38 5 3o L & e S 2 SRR AL ) B
5, R — S SR T PRI SR B, B AR MRE T £, T K B4 7% 4 O IR) B ) 25 A
1 #R5FAE
1.1 szmpfst

SEE B =R R A 3 5k B E RV Be vk FHAE AR Ll , &b Sl YR 4 B Uk FR AR R 2
L AR P2 B R A, BRF TR T A 1% R ERGIER, St R A

LRATIRENT G 2mm &R, TR NERE, AIASTEN12.40 g-kg™' , +ELASTEN
1.20 g-kg™' , HHELBHTE N 0.41 g-kg™', HIEBMAESTE N 102.56 mg-kg™', HIEHEFBPEEE N 25.20
mg-kg™', 1B K &8 K 75.66 mg-kg™' ,pH % 6.35,

SRAR B RN = B IR AR AT, V18R Sk #IR A R IR =
1.2 =ZMKEE R AR RL T

ZUKABREBRBN =R RKEFER WA SRR, R HEL5HE 1wl MR ASMH A
( Gas Chromatography, GC) F1SHH fa1%- R 1% H% F{Y ( Gas Chromatography-Mass Spectra, GC-MS) | 747 BAHE BY,
35347,

KA AL A Hewlett-Packard 5890A, W& &4 . HP-5 BAEH (25 m x 0.32 mm i.d., 0.52 pm) , 2
PRI A S0C 424 5 min J5, L) 2. 5°C-min ™' {938 BE FHE 2 280°C , #EREEIREE N 250 °C,FID MW BRE N
280C,H, (1 mV/min) RS, AHKIELL C; ~ Cu ke NI+ FI 5 il & B W B8 48 1 (retention
index) (12,13]

S MR- R REEE A Hewlett-Packard 5890/5970A, €54 :HP-5 4184 (30 m x0.25 mmi. d. ,
0.25 pm) ,FEIRAFIIRIREE A 40°C , 4EHF 2 min J5, LA 4°C-min ™' {3 BEFHE ZE 260°C , HAEERE K 250 C,
JRiE &AM BT BB, 70ev B, HH#TEE 45 ~629amu. , & 2 FHEH —K, KRUEHRE Ny 260 C, &A%
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WEE NI R NISTI8 Fl WILEY 138 $uiR B HEAT L B A o

A RS BRI T AT 1R SR G I 52 B BRFE HORI S - BB I B Y R I 45 AL R 2
1.3 AYrEdie

BUE B =M KB RN 500ml 23Rk, RS, R A MG B ELR. T EER,
P =S PR R R AR A YR (30°C IRV MR 9 (17.8 £2.5) mg-L™") A TFAEYIEMIE,
1.3.1 FTEHRREIE

R CA T EF AR R AT SRR, 7E B4R 9om BYIEFEMPI TR = 2B 4K, I 10ml =S JR 215 %
WRFKERIERE , B & SR RBVESE M T (ERMKES N 15 8, /NEMENE N 30k, BE. ¥
MBS 50 8L 43 B ST TE SR I rh . B UBLEELTR 6 T 10ml =240 FR B0 3% % i R K 7 8
MBI (50g) INBBEFR AP, 4 DI A & 2R YR F (PR S RERR—30) B #E, %
T RO T3 & SR LARIEAK X IR, B E R 5 W, BHEMMAN TS BRBFHE, BHEANEE
BE 25C LAt 12h-d 7" ,3 ~5d FiE RRHFHEE,
1.3.2 SEEKBIE

SRR A AR T e I R = S R R R T A FK I N R R B R S A K B, B 20 MR
(E#% 9em, B 12. 5cm) , 4> BIAIA 30ml 3 % AR BRIEE 150 138, RIE A BIBA T RN ERTF 6
B ERRMT 4 8, UIZEACHN R, S8 MCBEEE S WK, WHERAATSBEERM, BRANRERE
25°C , JeHRATEY 12h-d ™', BRAMBBAHFBEREEA, FNERERE LD 3 I, BUEC # & 2
IR R AR T E,
1.3.3  HEME R BEERIONE

LMY RN ERARBETRENE"  RRA 10g e+ B TORENEAERBHRN =AM
F, A 90 ml FREK, 3R 30 min, % HIEBRHTHEERE, B BENBBER R, —RIFESFHAEN
MABRAL07 ~107°  HABERF 107 ~107° B MRBEEE 6 W FRHHSKFEREE T 30CHHR—
RERH ] (Z0E8 2 ~3d, Bk H 3 ~5d, HH 5 ~7d) , #£4F CFU( Colony Forming Unit) H4{. F AR Lk
E A EE RS E TSR RS RS WA B AR B K 1 SR END TR aBrig i,
1.4 ¥R%ir

Ylmab B ScEk " BEAT , RAIMRIAE R ( R FoRALBIEETRS, B4 T =>C i, RI=1-C/ T,% T<
CHt, RI=T/C-1, v, C RatiR{E, T NALTRE ; RI <0 AW, RI>0 NARHE, RI il R/ 51k R
—3,

B DR EIR ¥R A SPSS 10.0 BMA-HEATAT AT , S I 507 22 M7 LA RE 0 R IG R #E1T
2 ZR5it
2.1 SR R R B

2 GC Ml GC-MS EHE BT, B T 31 MER MRS, X0 Ak 5 =R R E R B3 B
84.2% , F:Hh, JEHRi(Borneol 8. 5% ) B HATHE Y Z. Btk ( Bomyl acetate,15. 5% ) R X BRI AT, %
HOARRTE B% 24% (F 1), XEGREN, SR REERY T ER b E s AR S WA R, R % E H
R L2 AT X R — B W3 R SR — B I L2 MR R AR R, 28R 4 e 40 8
(Ageratum conyzoides L. ) BSREE 2R 5 B X ERAHEHIFMMLYE, FRZ T (F8 >30%),
AR g,

GC I GC-MS RXH# & WA YL HIHEAT < 1 B ST B BoR B, FIX PR 28 S ST W48 % 9y
B ARSI H AR 1B B RTF 2 EN2E L RIS E H % OUT GC-MS —Rp ATl et i R4 ,
KRBT BN RFIE SRS N SR REN YR ASER, X RBAR M, BN {LUHE 6C-MS —Fi
BRI ST e 5 AL BN , BRI BT AR R 3 FE B SRR i — — S ERE ™ . BSE |, GC-MS BRI
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I BEAEALE GC ity FID (KGR TR SR ) 5 —FEE R — R 3y i s M i R B G . B BT,
GC-MS [Fil# B RICMA MR AR ERMER . T EAFR %, HENSS HHERNSR, X2
WEZELUBIRELI LT GC-MS 4Pt E H BB EH R, 5L b, 5k 00 E € 80P b4 2 BE1T 10
SLHY GC 1 GC-MS Wl 5E , By & 45 i B 46 40, J5 & 45 M R AL 4510, Wi — B SE RA B IEF . g
s BB 48 B0, R Kovats retention index (KI) , "B 2iE 1T GC &k 1 # B8 it ] ( retention time , RT) F1& 75 A [

BRIE T RS SERTE ] — A A T RO M B e, Bt T3 AR prig ™
RTx - RTy
RTz - RTy

KI =100Y +100(Z - Y) x

ALY 1 Z BRI ELERE R BRIR T8, RTw JEFr 4258 B i I i 9iF B8 I IR] , RTy 1 RT= W53 3 2P
AR HERE S B B iAo

F1 ZHAMEEREZBADPHEERESY
Tablel Monoterpenes of volatile oil from A. trifida

s 55 Nomoterenes W (PS5 ) AR (%)
Peak No. Kovéts retention index Relative amount

1 a-JEH a-pinene 935 8.0
2 B-HEEM B-myrcene 992 2.6
3 #=4% Limonene 1031 2.2
4 o-TE b iEE a-terpinolene 1087 1.8
5 1E /% camphor 1143 2.4
6 JR=X, B-#AIHER cis-B-terpineol 1145 0.6
7 Je i borneol 1170 8.5
8 R FEE trans-carveol 1217 2.9
9 Z. B ifE bornyl acetate 1275 15.5
10 o-BER i a-cubebene 1350 1.5
11 a-Z BRFEFHEE a-terpinyl acetate 1354 0.6
12 SWYE isoledene 1376 1.1
13 B-A T B-caryophyllene 1420 4.6
14 B-1: /B B-farnesene 1450 1.8
15 KB4 )UK D germacrene D 1480 6.3
16 (E)-BERTTFEB (E)-methylisoeugenol 1500 1.4
17 ~-REFAHE y-cadinene 1520 0.8
18 5-FE% 5-cadinene 1530 0.7
19 longipinanol 1565 1.1
20 A8 L) caryophyllene oxide 1581 8.3
21 Bl 2 spathulenol 1583 0.6
22 T2 globulol 1586 0.4
23 BHE PIXEE carotol 1594 0.6
24 FEEEEE cubenol 1630 0.4
25 SFRE R Tl R isospathulenol 1638 0.8
26 B-HARMEE B-cedren-9-a-ol 1645 1.9
27 a-tEIEEE a-eudesmol 1654 0.7
28 BRI S y-eudesmol acetate 1780 1.0
29 ANEALE: B2 ATE hexahydrofarnesyl acetone 1844 1.5
30 SAEER isophytol 1945 0.5
31 {E44BE manoyl oxide 2000 1.1
— JE\BATE total monoterpenes — 84.2
— HAhF AR other components — 15.8

BRELI SISO, B BB BT L Cs ~ Cu 54272 HP-5 FEiR MG H 9 #R#E  Monoterpenes were listed in order of Retention index;

Retention index was calculated from retention times relative to that of n-alkanes (C5 — Cy) on the non-polar HP-5 column

Xt—AE I , FoH B e B A Bk R — B R, KT &/, R A 5 B P IR
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i, BRIk, B TFARSEFELEANSEC AN, B AIESE LR B gl e,
LW AGRHEER, FLVARTERTEB(EN K 5T AEBHMBENEIERS BEN). A7 KI,HE
A GC-MS [k PR h 451 (— R AERT 10 MEELE LAY FR) SA 00, FEd R,

=M KEE R AR 2E ST, 8 — Nk ig, GC-MS 25 i PI-NICELE 31K 95% IR o-
pinene Fl B-pinene, B JEE IR~ & IE B B9 45 SR B 42 GC-MS Joik K Wi, {E «-pinene il B-pinene 4R KI 43 5l 2
930 #1975, &I BB AIEIER) KT 2 935, XA & =R M IKE 55— BLHE 20 J& a-pinene Tl A J& B-pinene,
[FHESE 6 M aiiid, GC-MS 45 i BRI RLE ¥ [ f2 trans-p-methan-2 ,8-dienol , {H i% 35 14 (¥ KT J2 1145, T
trans-p-methan-2 ,8-dienol [ KI #8id 1500 A FREZESLA7 B 0, BRI, & ik i i Ab 22 B 7 A W BB trans—p-
methan-2 ,8-dienol , 52 M1 & T BC B 48 /NHY cis-B-terpineol (KT 1150) ,

&L, BESREYIER YA B T A F B B R, (B R AP B tH— iR X, EMER
T, HERAE T EVLE R B AE B TR, MARRREBE AN 21T,
2.2 =R SR AT K IS W X R B R A i AR R R e

=R AR AR BT AR ZEE M TR E A A RRERIRER (R 2) . R, =30t
FRE AR EAK SR EREMHAEMS B AR (R3) , XEHEEFNSR, BEBEER, EARKER
FZUTHEYNEERRAREEZRN, FAEER P, =R KE AR EAKIE B &R Z M #F
B9 R B HIE A R FUR4CE IR, 40 B RA K S 8 & 7R U8 402 5 Hh e ], B 338 5 I v J 41
YERJLRIER (3R 2) o X EREE RUAH , XHE R Fp I AR B A0 B o R A R R o AR ), /T DA AR R (6] |
HHRBAER

£2 ZHMEEAGRNAKREN YR THE BN

Table 2 Effect of saturated aqueous solution of the monoterpenes from A. trifida on the germination of test crop species
Wi 45 % Response Index (RI)

A PH R p—
Bioassay matrix - y)8 BE B b BE IhE XK XE
Cucumber Lettuce Radish Alfalfa Wheat Maize Soybean
BE4K Filter paper -0.40 £+0.05** -0.43+0.03** -0.34+0.05" -0.35+0.06"* -0.3120.06°* -0.32+0.06** -0.24x0.03°
1 3 Soil -0.16 £0.04* -0.23+0.02% -0.15+0.04% -0.11+0.03% -0.17x0.05° -0.02x0.02 -0.08 £0.02

tRBER, T FRE0S KEEREE,*0.01 KELELREBE,XI3IMFE 4R The results of z-Test for the significance of the difference

between the means of two independent samples are represented by asterisk ; * showed the level 0. 05, # * showed the level 0. 01; the same cases occur in

the following table 3 & 4

S = SRS LA IR 4N 2R E i 7 B A ST M 0 I R A LR IR W E 77 ik, X
— I R B R ALY T AR T B a3 RN B S E A RARREmE, XRE DA —FY R R
A R ) DR T BB B SRR T T BRI AR A, T A 30 ZE IR B AR W0 8 Ty vk R A . — P R
1 A YR Y B T BOFE T BB 2R T B A A S A KR AR RO, A BRI R LR 1.
U, e X R R B A I E R, SR SO ZERORE R ARTS E M HERR 9 4 2R

£3 ZHMHEEAREGNARRNEYHEERKBRNE
Table 3 Effect of saturated aqueous solution of the monoterpenes from A. trifida on seedling growth of crop
Wi N FE$ Response Index (RI)

HKFEFR Growth parameter

/NE Wheat E K Maize K& Soybean
i 7 Shoot height -0.23 £0.09** -0.21 £0.06 ** -0.18£0.02°
AR ¥ Root length -0.22 £0.07** -0.04 £0.02 -0.06 £0.05"
BT & Shoot dry weight -0.33£0.08** -0.17 £0.08 * -0.15£0.07"
T E Root dry weight -0.36 £0.11*° -0.08 £+0.03° -0.11£0.03"

— A, R PR BB R 5 A = SUBSENE TK , B2 E R BHCRW 0 T ALEAE &M, T 7K
hEE —E IV IR, R S AR K T VR AR B IR TR K. Weidenhamer X 31 F B A Y75 4 1) BATE B KV
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I ELRF ™ BRI AT P OB R RIR( <35pg-ml ™) B LA B BERE ST AN S
FATE R A TR RS 10 ~ 100 A%, BRI T 15 6990ug-ml ~' o L2, KVEHEIF LR Y ROF R R
BLH OC B AN , BIEA BRI SO AR R — E RO/ ¥ 1, SCRBZE R h i B R W R - R
RIBIR™ o cRE, BIRE , SR A SR IR BRI A4 F S5 S BRI LB — S B LB R

BB SN ™ K etk SRS IR ATHEAE o LR Y B S A B A o TRIBFEM R ER B R S iR K
FEEA T, EAMEYRIE R R BURBE (Salvia leucophylla) 7 A2 Y5 52 AR 4 S35 2 ) [ BEFE (IR
= Z B ( Brassica campestris ) {574 LA MIA 22 7 A, HALBITE T HmE 8 %) FoEd M w0
A 2V A% 5 A 2R 9 DNA & B, BRI A U B 4K 55 DNA & 2 B R0 , DA T 400 i L4l v
AR, Hit, G =RMKEAENNEY TR NE MR T LR MERE SRRl it EA L
T B AN R Y o
2.3 =ZRMPKERBEIRAKEE X IR A YRR R R R

RAFBOH BT, WE T =M KR AR EAKE BT LR YRR E R, 5RERN, =R
M R BAE AR RK P VR e O L SR A B 4 B B s/, HLALBE 5 3 R 2 ) 22 5 1k BAR B 3K, X TR
MEREN S, LB SR ZBZFARE (F4),

F4 ZHHEEAGFRIAKREN DR DB RORM
Table 4 Effect of saturated aqueous solution of the monoterpenes from A. #ifida on soil microbial populations

i Ny ﬁﬂjﬁﬁli ' HEHHER Ejﬁﬁi
The soil Agent B:ctena m_linbels ' Actl;mmycetes_?umbers' 3Fungl nun_lll)ers '
( x10°CFU-g~" dry soil) ( x10°-CFU-g~" dry soil) ( x10°-CFU-g~" dry soil)

23S MY Control CK 26.2+4.2 2.2x0.8 2.3x1.4
without plants VMT 9.8+3.27F 2.0x1.1 2.2x1.7
/N Wheat CK 290.5+2.3 159.3+4.3 95.1+2.8

VMT 93.212.1%° 168.2£3.3 92.5+3.7
FE K Maize CK 362.5+8.8 203.1+5.4 439.312.3

VMT 85.7+£7.5%° 198.6 +1.9 431.6 £3.2

* CK 27818k ,VMT 2= IKE B TERFKBE  CK is distilled water and VMT is saturated aqueous solution of volatile monoterpenes from
A wifida

TYE R BN RUE Y RA LB EE R, B — KRR IR NTTEE YR X8 ARt A 5 0
REHEAEYHEEYR T, RHRHEMEYR AR RER . — 7 R+ R e B R A
AL AN B BT HEAE R , 55 — 07 T e SR Al 0 LA B D BRUR (PR AR LRI D) » R NAT A Z M IKEIE R
Yy B SRR KV YR RETSCAE el R B I R I b ko L AR B R A A A SR B (A R
B o AL, Y R BARESE P 4R + P IR AR, 03k E B AR (Lavandula stoechas ) #E R Y rh #f
B (fenchone) i AE4R 1 PP AE A , AR HIRANB SR Y o FSL b AR — R A R LR R AR
B S HREYAAEY R T HEAERBRG T AT R EBRERE , T A LRERASRE
EEYTRAE YRR SRS (BEAE SEYX 31Y) o X, MBS T3R5 Y B SRR LR E
P BB B Y S A IR B o BRIt , 8 R R R A B AL R R 7 B0KE AR W/ S A
YR T/ ZAEYE D — YR BERRBIR A RS H ERRE R
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