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Studies on the allelopathy and the identification of allelopathical

substance of Thymus vulgaris Primula.L
By HouWei (Landscape Architecture)
Directed By Associate Prof. Pan Yuanzhi

Abstract

The thyme (Thymus vulgaris) ,which would soon widely used as Landscape plants,
their natu;l;al growth might reflect their allelopathical potential. The aqueous leachates,root
exudates and oil essence from thyme stem, leaf were conducted according to the releasing
routes of plant allelochemicals in nature conditions,which had an obvious effect to the four
receptor plants of Raphanus sativus L.radish. Achillea millefolium. Chrysanthemum
boreale Makino and Veronica didyma Tenore using the bioassay method in lab.And the
main compounds of them were studied with GC-MC and PIT,giving some theory basis on
exploiting scientifically and dispose reasonably. The main results were showed as follows.
1. The effect to seed germination

The germination of the four receptor plants was all inhibitated by the aqueous
leachates, root exudates and volatile from thyme stem and leaf.

The best inhibitation effect of the aqueous leachates and root exudates was all at the
highest concentration (1:1).The percentage comparison of seedling germination among the
receptor plants in respective were 55.2%and 88.7% in Raphanus sativus L.radish,74.3%
and 64.0% in Achillea millefolium,84.5 % and42.7% in Chrysanthemum boreale
Makino,and 76.1%and56.0 % in FVeronica didyma Tenore.Except Raphanus sativus
L.radish,the weakest effect of inhabitation was at the concentration of 1: 10 in other three
ones,especially Chrysanthemum boreale Makino.Therefore,the effect to the other three
ones became weaker when the concentration reduced.The sequence of inhabitation effect
from high to low was carrot,Achillea millefolium, Veronica didyma Tenore,
Chrysanthemum boreale Makino.On the contray,the inhabitation effect of root exudates
was stronger with the higher concentration,weaker with the lower one.The sequence of

inhibitation effect on the receptor germination from high to low was Chrysanthemum
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boreale Makino, Veronica didyma Tenore, Achillea millefolium and Raphanus sativus
L.radish, wheras,the sequence of inhabitation effect on the receptor germination speed
from high to low was Veronica didyma Tenore, Chrysanthemum boreale Makino, Achillea
millefoliumand Raphanus sativus L.radish.

However,the effect of volatile from the thyme on the germination of receptor seeds
were different from the comparison.Compared with the ordinary plant,the germination
percentage of seeds of Raphanus sativus L.radish. Achillea millefolium. Chrysanthemum
boreale Makino « FVeronica didyma Tenore were 57% . 60 % 63 % . 63 %
correspondingly.The sequence of inhabitation effect on germination from high to low was
Raphanus sativus L.radish,Achillea millefolium,Chrysanthemum boreale Makino and
Veronica didyma Tenore; and the sequence of inhabitation effect on germination speed
from high to low was Raphanus sativus L.radish,Achillea millefolium,Veronica didyma
Tenore and Chrysanthemum boreale Makino.

2. The effect to the growth of seedling

The effect of the aqueous leachates,root exudates and volatile on the germination of
seedlings were different in different plants,and different spots in the same one.The effect
on the root length was more obvious than on the seedling altitude.Meanwhile,the
allelopathy also manifested the concentration.

The seedling altitude of Raphanus sativus L.radishwas decreased at the middle
concentration of aqueous leachates,in conversely,increased by the highest and lowest
ones.All of the four concentrations increased the seedling altitude of Achillea
millefolium,but decreased the Chrysanthemum boreale Makino and Veronica didyma
Tenore.The high concentration of root exudates increased the seedling growth of Achillea
millefolium, wheras,decreased all the seedling altitude of the four receptor plants above
all.Besides, it was obscure in Chrysanthemum boreale Makino. The seedling altitude of the
Raphanus sativus L.radish. Chrysanthemum boreale Makino and Veronica didyma Tenore
were all decreased by the volatile from the thymebut increased in Achillea
millefolium.Therefore,the comparison between the treated and untreated was clear. The
results were as follows:

The four receptor plants were all influnced by the aqueous leachates from the
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thyme.The sequence of effect on seedling altitude of them was Veronica didyma Tenore

(RI-0.49). Achillea millefolium (R1 0.38). Chrysanthemum boreale Makino (RI -0.33)
and Raphanus sativus Lradisk (RI 0.21); And the effect or root length was Achillea
millefolium (R 0.63),Chrysanthemum boreale Makino (R1 -0.61),Veronica didyma Tenore
(R1-0.47) and Raphanus sativus L.radish(RI -0.15),

The four receptor plants were all influnced by the root exudates from the thyme.The

sequence of effect on seedling altitude of them was Veromica didyma Tenore

(RI-0.33) ,Achillea millefolium (R10.26) ,Chrysanthemum boreale Makino (RI-0.12)
and Raphanus sativus Lradish (RI-0.11); And the effect on root length was Achiilea
millefolium (RI0.45) ,Veronica didyma Tenore,Chrysanthemum boreale Makino (RI1-0.32)
and Raphanus sativus L.radish (R1-0.28) .

The four receptor plants were all influnced by the volatile from the thyme.The
sequence of effect on seedling altitude of them was Veronica didyma Tenore (RI
-0.47) ,Chrysanthemum boreale Makino (R1-0.36) ,Achillea millefolium (R10.34) and
Raphanus sarivus L.radish (RI-0.22); And the effect on root length was Veronica didyma
Tenore (RI -0.47) ,Chrysanthemum boreale Makino (RI-0.36) ,Raphanus sativus L.radish

(RI-0.42) and Achillea millefolium (R10.09) .
3 The compounds of allelopathical substance

The three fractions were analysed by GC—MS. The result showed that there were
allelopathical substance,such as phenol and Sehaving founded in former studies.
According to the analysis of the component of agueous leachates,it indicated that the
Thymol was the main one.The Terpinen. cis-3-Hexenal. Anisole,2-isopropyl-5-methyl
were contained in large number in volatile from thyme,the same as phenol. And the analysis
report of the root exudates,was only taken to reference becayse of weak signal.In brief,the
results showed that these compounds such as Thymol. Terpinen. Borneol,(1S,2R,48)-(-)-+
Anisole,2-isopropyl-5-methyl. Cubebene. 0-Cymene. 2-Carene. Myrcene. Camphene,
1R-Pinene and so on,play an important role in thyme allelopathy.

There are allelopathical substance distributing in the aqueous leachates,root exudates
and volatile from thyme,which has a choice on different plants,and correspondingly the
allelopathy either increase or decrease the seedling growth of the receptor plant.The routs
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of rain -eclucidation and oil-essence are the main form of allelopathy. Therefore,if disposed

with other plant suitably,they would help to make an ideal plant landscape in the future.

Key words: thyme ( Thymus vulgaris); allelopathy; aqueous leachates; root exudates:
volatile; GC—MS
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WRER MBS T 2™, 1984 4 Rice 7 (Allelopathy) % IR H iK%
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"l TEMANE. N2 EENERY. ZHARORED. HEDRKRES
FLBEETIR. ARMERE S T R B ERER YN KEM RO THEH
—EMEUER, ME X REYLHBHER, ZH B HAKRER LR EDH
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.
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1.1.24.1 BREFRIKFRIFR
HERAHFENEEAORNTE, AMFEEHIKERTEERLMFIRE,

FAEME LB RET EVREN N T REE ANRRAIR.
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WALBAERIRAT TN, RTEEEMRTHAE, ARLBIESEEERT
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FORMBEALBIER, URPEBHTALBAEY. ZXFAHIFRESREBLSRE
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. DK R T B A A AL R LA RPN . BRI B LS
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EFRIE S TR, HYML R AE P A 7E 3 AL 72 P = 4 i — I BRSO & R
Wl RIS HE T YRR WD LS.

E#RE"N TR LRRGABAEHFFRITHRE £ FRFIBER
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PR, TR RS YT E RN REAT T R, BE, JFRBERTATE
ENEBRARLREN-SRE5RE,
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AEFIR, R T KERDLBERTRIETERNLRTE. £V TE.
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2. : .

e, MR IS K RBEE R A B A (AR T A KRB L R RI T RER
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HRAER™ . EREARATHIENFE ERNFARRAAL L HIIREARENES
FRE, FEBUFEEABEANFARR, BaEAKE. ERER, HATER
B FEENEARFHREBRRE R, it — P RrRR MR E R R
FEfE RBLBIR gERI 2212,

L14 HORBIERMRAZRLBMERTR

1.14.1 BFRF %

M TR ERFITORR L HAEEYRE L, EdMAFEYHHE, R LR
KW, WY, HEERDINZHERYORTE. EKENZHRGTHEEY
Ry, BXKRE, Ry, ERDER. RESHE, BREY) R
T GC-MS 7. WRERAMERMARFTHRERTEESH, HROZNIEHAS
REMR ST IR B AR R A B IR LA R BN Fh R 2 (o] B A0 EL M A AR (k. BEE AR (088
KIEH, AMMAERHIRIEAFZN LR E.

R, B30, BEH1999), BACHEINBETENLBERFRAPNEY
B HEEERFET . AELE B SEYLEE R BRI R LT T 2
BE™. W%, EOBAGERT ELBERR RS BEA LI LERNTH,
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FIFH R FREROAR R b Z A E R R A 2R

1.1.4.2 EHTHE

KEHFARES, SHEEPLBERNDREELENRRNKERE™Y,
STFEBAS, FHEE. BRECNOERRELSRRRHLDS Y 14 25

I FB. BR. E5FBEWHHR. £BE%): 2. AEREITEY; 3.
BFOER(FIR. BEWES): 4. MAENKBEENR. HER. BHEANRHZE.
A_FE. ZE%): 5. KERIRER. HFERS): 6. HEMAEMEATETE
BWEE), 7. 5B, XPREMTEWTER. F5E. X—REFERY), 8. &9
WO DERSE): 9. RREREE. BEES): 10. 205, ERUEYESF.
2—IRIEE): | EEBRRERG—RERKR. BEHEKSE), 2. PN FHRETGE
. IFTmE); B, IMKREE(EY. 3—REARES) 4. £5,

WRAERANERAFTUEN—H. RTHEYZMEEHOERETURE>&254.
EOBRENNEERER, BTEETIMMN—SEFER, FHBLTHEENRE
AR BUR EHMAE N BT, RETAMEZRMEERE™. €450 E4HE. £
ECEBAE Y RE AFIRY, BhFRATNME.

BPUENSF=ENEZUWSHEMERFE AT EHTHIN/NES R, MEREE
Ko BAEFRRFEQCE B MK A 408 F IR R 7 3 9tk 3R 26 B — 7 B
Lepidimoide R 5 GA # BA XLUNARER, REREEHREI\MERELTEY
B, BWFAE 7 EHPEERS. AFEORERESFHRERER, BERRKT
IBA+NAA S8 . IR £ & B RETEATFRREEREFEH, HERBERT
2 NAA BH™ . ["EEETHHENERNRERY TREMRAL BE Rt E
A, RERERRMERK, EERMEMIRE BRI T XBHRER. RE



HEEHLBEARRS SRR ERE

FIEERER T K ERAE S E KA REER, TimmkaR msEE™.
FF G TRFR LB EGFA N TREEDRHTHE. SIREKDH
fERMRRA, FEM TR IR SRR, B GC & GC—MS BEHEFRL
A9 50 £H, EAPFFERREN 3 MAEY: TRE— 1. EFELUEKRRE
i, HfEESE MRS, W T RETRAOBAR". RRIFRAURD
Y. BB LR . R R B X R LA TR R B iE i LB E R bR
WEMREBELEENNEK, FE—PRERMESIR™.

115 EYPLBIERFRRE

BRI ERENRE, WBERBE AR AR ER, FREREEA,
BREAT—ERR, BEREFIHRAEEESR. E5RORARFTEERUTL
A HREEA:

(1) BB E. BREEANEMREAANTE SR, T
YERAEYR I T ERER RS .

(D) WBIER EHERFHEFERRD.

(3) LB mMEE, FRATABRPEOTRWR.

(4) St AFLBRBOETRTRE, AREFERMEY, #ITATHE
VIR EER MR IR KR

(5) FRBAEDHER, ALY R EZHYBH RSB RER AR
BET, WERAEEY. WENREMLBERR .

GE, WBEROMANMAERIHR, NRRBFREIEBTRE, R
FEMR RGBS, WBES FTEENRR.

12 AEFRERNMARR

HEE (Thymus mongolicus) XAFEE. Hill, 1%, BERHEEEREYN.
KR 1825om, WETAMMLL. HAE, BANE. LR, HREL.
HARAE, BE. LH9 A, W, RE. B8, EUHE. SRR B
HK RO R EL ., EEAATHA. K. B85, WERAL, $4THEE 1100~
3600 KB i, B3F, RN, F+ERANH EYS 9, SRREREH R,



HEFWBFRNASLEDREE

HEEKX, REBRXERNAERERRKEE BRI ERTREER.

HEFEYEKRAEES, THUTRNFFH, HEENFENLAEY, £k
Tt EFsh,. KRS HENRRE. NEEFHETAEHR 53 Md
9, BET 40 FULEY, KPR (p-cymene)FIE BB (Thymel) & BHH"".
To% E R FERWEORA T, k4" R RISREE, GC—MS HEH 81 M4
EZR M A E EBY(Thymol).

BEFEXFELWEE, RENKYE, 2B, HTERRLIR5E: THRR
WRIE, HFETRRIERIE. PHESS,

-10-



BESLBEANASLEOREE

2 HEEMSENX

BHAS U ERERFAEENATRIFVARERE, REMEMN RS,
RIEVIFRRED . SEMMEER, EURBNESRASSIE, HTEHMEYE
LS. EUHEAERRANERANRES, RERCRENRESTERENE
ERHOULBZMBENRE. BEUEHMZES ERMLESWEDENRENEYZ
WX RET ARG, HHEMAE KRR HERBRE.

MEREEAELNRR, BELRMES, BNMEROTEE, ESERK
R i EAEYRE R R AR RSN ZRRKE. EARIEREZ
~HRQESERUMERATESHEYRRBANEEERLRENME, GAREFH
m, MAEYENARE, SRR, 8BS, SF0OEH, ANEEETRTALN
WitksE, RS OEE. EERKEESANEVBERSERERE. TEEY
B R RAESEWE R AL LEDME, WREEARIERIE, W, 073, M3,
TRERY —. AHREYEENELRRAEDEARRFNFRER—ERX.

BEEENSEADNEALRGR, FELASNESSHREBHEYER PR
EEXER.

EFEYPRRE, BIEWAL, BERHATEET. &&. FHETY, B
RS EMA A ML ET THEFRNFRAR. RXEREEZENFERYNGS
TReEE, REESHERER. Bk, SEMNRTAOEELEM, HH3HTIE
BRI ETARE. BEAFEABETXNRY, ZEEHERETELRIT, RERT AN
R RAEEREK. BRATRARENMRL, FERNFREATHR.

FHAEAENEE Z0H, BEFRATHEEDNE EFEATAGE.
HEFDSRTHR, BRABIERAEK, AARENRRESD. HFAHLE
fER, RSB A T EHEY R REBLKE.

~-11-



AR ELEERRASLRYREE

3 REMBEA
3.1 REHE

3.1.1 #iHEY

B BE (Thymus mongolicus),.2005 EHH, EFERERE P RELESE, 2006
FH Bk DAt R F A

312 EiXEY
ZRAEY R FEET N E (Achillea millefolium), ZBFEER (Veronica didyma
Tenore), 58 H BF % (Chrysanthemum boreale Makino), +F e KB b (Raphanus

sativus Lradish). XpTH¥E, BES, HEHHFHELREABLLR, XA¥
METHERR .

32 RBAE
321 HRElE

3211 £, tRZRHNE

BUFSE T BEEM, FUKmEE 2 M, ZIEAKmE 38, BEBKERTAKY
BYRL 6em KHI/ME. HEKSHBKREL 17 MEFAMAZEK, BT
THZ-052DR #&FE, 18°C, 60rpm, ¥ 48h 5, 0.45um MEBLTIERE. BN EER
B, MEH—BYEBEFNERE. B, S5k, pH §. F#TKE 4CHE. %
Bt AZEKEKREHREE 15, 110, 115 ZFRE, GYAKBRKv: v, TED
#A.
3.2.1.2 Rk R AH &

TEER B AR A RO R AR bR 300g, YE¥R, BUE 500ml AEEAK K, 48h BRI
B, BERMLYERER. 0.45um BRI IERE, MAKE 4CRE. LRAN,. B
ERKHBRSWHRBEE 1:5. 110 —FHRERA.

3.2.1.3 EMEFRR

3.2.1.3.1 KEBHHPUREYIHIHIA
 BUKIRW 60ml, A 30ml ZBRZFEFERM K PRt B, BMENWR. &

B: B 37%REBRBAKREN pH E 2.5 /5, ZMOEBER, B8E4AH S ; A 30%NaOH

-12-



BESUBHRAAASLENRESE

MIBEEN, A4y, SAFBLER.
3.2.1.3.2 W5rE A BRI I HIEL
BIEBR RS WBE Soml F 10ml —EFRFENR, REE%, BO0&H.

3.22 . HKRA. KRS BYLBERNENRE

3221 HFHEER

A 2 BEHEANERL (HZ %m) P, BEOMEANT R, £ 0.1%F
KB Smin FHRBKMEZBEZART (F b, T, BEH. HHEH) 50
Fro BRI 1:30 155, 1:10. 1015 PUFREEKERE 4ml; 1:1. 1:5. 1:10 =Rk
WY 4ml, B (CK) M 4ml FIBK, EH 3 K. HERLE TORBEFES,
B 25C, EEN 70%, BREESE. 8 24h LB A RREKSRARS WY
Iml, WEMAMK 1ml. TRIFHEEM 240 WE—K, URTREFIHE, ERR
FHHERE, SHHEH TR, THEMEEA 6 K. B b5 RERNE.
3222 S A KRR

ZREFE WA, RADFATEMNE. 75 100m? NEH S 8mm BLH
Tetb. WEEAHA S KR AEWF T, A 101, 15, 1210, 1:15 DR EKRR A
L1y 155, 1:10 ZRRER S E 6ml, X (CK) mZRMEAK oml, AFREESO,
ZRER. BT AREERES, BE25C, BESHEHR.

ZEMFHFEE (KR 2mm %), SREME 14h, BEEHTE 10h, JCERIRAE
4000Lux, MAXEDERRERN 1ml REEELEBNRBK, FRHESRER
HEBE. 2RES 6K, B20K, F25K, LE5HBEMA 2ml £ 1/8 3 hogland
AWM. HARBMLBBEAZREK. £ 30 RUTZSREDIRE, K, #EF,
FE. FTEREFHHMRE 105CAHE 4O0min /5, € 0CHEEE.

3.23 ERDUBERNEDNE

3231 A FHELEKE

B EEHBEEMT 32emx2emxllom BEP. KEBEHANTEE, 4
51 P R S R 3 L PR 4 RR B BRIP4 25 18) A 1 B,

VA T2 B 508, HWAIERERR omm HFELE, T, FHE
WAEHRK, BEAEAEHE, FEAE, MTERERE A $LE, RFER

13-



ALEUBERARELRNEERE

ENEBRTF APTE, B 140d' 25CEH FHE,; MEAB P LERZRAHT,
TEREXTEZNESR. A3 MESR.

|RMBEKRFERKEE, ERHRFHTH. 2B HEH 7K. THENE
BHG6R. BbsRERME.

3232 HELEKRR

RHEM 3221, WRHZEEYRFTFSHE 150K, B5RE 100ml PMEF, £
PR EE 6mm BAZEY . FkF L. M THEE, BGERA, SKEERE. 30 RER.
MEZLEAMORK, 2K, #E. TE, TEHEELHEAIRE 105CHAF 40min
J&, EBOCHEIEHE,

3.2.4 {LEBEBEM

MFERER: 1=2 (SXi+4%+3X:+2X+Xs). HP, X RTEM 24h K
T, X =uh RFRERFY, Xo=48h FHCFRMEFH, KKFEHE.

EYREER SR Williamson F K75 EABER NI RI: RI=1-
C/T 3 T=C, RI=T/C-1 3 T<C, Htp CAHXEE, THiEME, RI>0H{EH,
RI< 0 K40, #xEMKNSERBRE—H.

Spss13 MAHTEEEHNEMT 5L EHE (Duncun KEFFEHEE).

3.2.5 WEBRYRA S S

3.2.5.1 KiZ k. Pkl MR RS

3.2.5.1.1 {28
GC—MS B (. GC XIS : TraceTM2000GC (CE Instrument 28] ); MS &1 2.

Voyager MS (Finnigan, Thermo-Quest).
3.25.1.2 {UBBTEE&M
GC: ittt DB—5/MS H (60mx0.25mmx0.25um); FEFEFHE: SOCHEEF 1min,

BL 10°C/min FTERFE 150°C; 10°C, 6°C/min MEEAZE 210°C, 20°C/min FIEE
FZ 290C, % 10min.

MS: EI¥E, 70eV; FAEBE 29~540u; ENBRE 250°C, RiE 200C; {TLK
eI 150pA.

#5: He, 0.8mlVmin. BEFER: 1puL.
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HEFLBERTRASLERREE

3.2.5.2 BE BB 2H

3.2.5.2.1 {x 8
PTI—-GC—MS BRI PR RHE N #A S CPG-4010PTI/TCY (Chrompack

AF); GC BS: TraceTM2000GC (CE Instrument 2 %]); MS X 5. Voyager MS

(Finnigan, Thermo-Quest).
32522 B IT/ELH
PTI: R4IEH 20kPa; HBEOEE 250C; AMEE-100C Gmin); KBEH

B REE, WEAEH 250C: WY 2min, KK 2min, K3 6min.

GC: & DB—5/MS # (60m=0.25mmx0.25um); FFFFHE: S0CHERF (min,
Bl 10°C/min FEEFAE 150°C. 6'C/min FEEFHZE 210C, 20C/min FERHFE
290°C, fR¥F 10min. _

MS: EI¥E, 70eV; FEVIME 29~450u; #OHE/E 250°C, HE 200C; T£K
SR 150pA.

-15-



BEFLEEARASHENREE

4 BREHH
4.1 MNZAEYHFIHEERNEE
4.1.1 E, HkBmaE

50 ¢ i i

15
240 e —H | —.—=121
13 R s |18
Zwl - % | = 1:10f
K = k18]
51’0 -ri—ﬂ._]
H-"'
# 10
Ll

g — S W T T s P Mt

I 2 1 4 &

EDay (d)

B AEEE, KBERTFRERE PRTFHRNEW
Fig.1 Effects of aqueous leachates from the Thymus vulgaris on the germination of seeds

Of R. sativus L

o |

45 F
CEd
£ s |=e=—1:1
= 1 a—]:5§
g 25 1:10
Ea - 1115
g 15 —a-ck |
# 10
Lt

o b i

I 2 3 L] 5 &

FERDayn (d)

B2 HEREEL, HARETRREXNTFHERTHERNEW
Fig.2 Effects of aqueous leachates from the Thymus vulgaris on the germination of seeds
Of Achillea millefolium

= BRERS

AR BCerniration (g)

L I =

(1

2
o
Ll

EBDays (d)

B3 FEEFE. MARRBTRIRES HEF R FHRNEW
Fig.3 Effects of aqueous leachates from the Thymus vulgars on the germination of seeds
Of Chrysanthemum boreale Makino
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BERNBFAVASHBYRER

.-; L

20t g

# 1:5 :
2o | Vi |-.'.1'>§
= | Fs o=k
bl %

/’/-

Rl

. |
0w

3
F: Milays (d)

B4 BEEZE. hkBETRRENRESHTHRAES
Fig.4 Effects of aqueous leachates from the Thymus vulgaris on the germination of seeds
Of Veronica didyma Tenore

MEL B 2.3 4858, GREFZL, HKEREMRESHHE b T
%, HEHMEEARTHHR. SHEYAZENEHOT:

Fh: pHEEHMBEREKEE. KERRE 11, 15, 1:10 ANFHHRREESR
F 115, MEREEWHEEERTEE. KE L1, KEBEMHERER, B M6
BT REHXRI 55%. KE 1:15 6, KRBEPHHERARSE. KRBT M
FRAWRERGREEEENERERER ARG, BFETMRS.

To¥. LBSHBERREE. RE L1, KRBENFHNEER BAHR
FHFREFYRR, SHEEANEN 74%, SHL=MEEEREREE. KE
110 B, MEMERES, 5 11 AEEFAREE, BSKE 15, L10 2BEERD
Ko Bk, 8L, KEBIRERE, T THERFHENBHERRS.

HESH: WE 1L 15, LIS ABEEBEREE, LIORNSHBERTER,
HPWRE L1 158, GRBEREREE. KE 11 &, MEEIERR, BHEE
B REEIBEIIRK, BHRENREN 84%. KE 1:10 i, MHIEEHERS,
S5EM=ABERBE. AR, KB BHRAHRRREERERIKT
wwA.

BEMS: RELIALSHSHBEREE. KE 11K, KRBEMFHBREA,
BAHERRNEREEBEHRE. BHRENTRK 76%. KE 1:10 B, KK
INHIBRES, BE5RE 1115 ABERALE. Eit, Bhl, KEBKERK,
X AT I RIDEIE R s .
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HEREEFLEBERFASLED RS E

HEAT R, KA 11 B NHZ AR, B M Hb=RHEYE
ERE 1:10 HEMEIRT, BHEERARSUE. B, BRHBFHF Hb=
T MG RIIRE AR I E AT o

4.1.2 Mo

50 [ o
15 R =—"
E"ID L .!__._—- =
53
= 30
S5 /
=0 b /
=
gmlsr /
®wor /
E L/

F&ibays (4}

5 AEERSBYNE M THENES
Fig.5 Effects of root exudates from the Thymus vulgaris on the germination of sceds
OfR. sativus L

FlDays {4

B 6 T EFRSUY3 T ot WHTHERMOEH
Fig 6 Effects of root exudates from the Thymus vulgaris on the gerirsnation of seeds

Of Achillea millefolium
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AERABEAFASLBYREE

&
g 0
=26 ——1:1
] ---1:5
= L
'Em = 1:10
CRL ~-*-ck
ﬁ 10 |
' 5t
0 3
1 2 3 4 5 6 7
K¥Days (d)
B 7 H B HR S Sy R TR ES
Fig.7 Effects of toot exudates from the Thymus vulgaris on the germination of seeds
Of Chrysanthemum boreale Makino

50 r
a5
T
= L
= % ~+-1:1
80T .
S5t D
Ea0 t » 111§
& ——ck
£15
Rl
= 5t

0 I

1 2 3 4 5 6

FK¥Days (d)

B 8 HEFRS- MY RS THRGES
Fig.7 Effects of root exudates from the Thymus vulgaris on the germination of seeds
Of Veronica didyma Tenore

AE2, B 5, 6 7. 8B, HEBERMUY=MHRENIENHTHE. H
HHMERMARTHER, HPTHENEEHLABEMBERE LTS, AW M
FIEIBEAR R IRE 101 i ERRRR, SR TEHRBELSNA-F b 88.7%,
TFH# 64.0%, HIFY 42.7%, BED 56.0%; HRBRIEHSHH: ¥ b 8420, T
M 5747, HEFR 2787, BES352.0. WE 110 H, HEDHFHRDHMRR
5, EHTRHRELN: B b 94.7%, T3 76.7%, HEH 61.3%. BB 73.3%;
HEEEIEHANA: b 8833, THH 6947, HEE 3640, BEH 4693,

RAWYH R RV TR OMEINR DR ATNER, RETMER
5.



HEELBFRTASLEYREE

413 HEYLE

50
: -
40 | —HR
35
30 I
25 r *>
20
15 L
10
5 -
0 . R . M
1 2 3 4 3
K¥Day (4>

»

MaCerminaticn (g)

B BEFERMMY PR TFHRNYA

Fig.9 Effects of volatile from the Thymus vulgans on the germination of seeds
OfR. sativus L

FETRE R GCermination (g)
— b2
T O

10
5 L
0 ' 4 — 1 4
i 2 3 4 5 5]
F#Day (d)

B 10 BREERYNFHERHFHENEM
Fig.10 Effects of volatile from the Thymus vulgans on the germunation of seeds
Of Achillea millefolium

FFRPPNSCamiretion @

K Day (4

1t BREFERY U HHTHROEM

Fig.11 Effects of volatile from the Thymus vulganis on the genmmation of seeds
Of Chrysanthemum boreale Makino
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BREUBERFR SN RE R

1 2 3 4 5 6
K#bay (d)

B 12 BEFEAVMEEARTHENES

Fig.12 Effects of volatile from the Thymus vulgaris on the germination of seeds
Of Veronica didyma Tenore

AE3, B9, 10, 11. 12 FH, BEEFERYHNURHSZAEYHTHHEER
SRRy ETHHER, CESMBEREE. B b, THE, HHEH. £&
S B R EE S AR BN 54%. 62%. T3%. 68%: B b, THE. HEH.
BB RERESTRML N 57%. 60%. 63%- 63%.
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HEFURERFARSHENRER

4.14 F—REMFEHEDHFHEEMEILE

B & HEYEFHRENERR, HRKRENE YR RRDEIRERHER
%, EE R SR R ENER, TS RBAGRE F REY R0 E 5.
PR, B R,

4141 #. PG ALE

x4 Biailp Rz mULE
Table 4 Comparision among the strongest effect on inhitation of aqueous leachates from the Thymus

vulgaris
R ST AGHB G (%) AE AV 1
® b 58.5 575
FutH 74.7 749
HE%H 84.5 83.5
B 76.1 74.4

e SR AG: ACRHUKIE 1) MRBHRE, AT AL KA 111 ST0I8REBHE
W 4 Fir, ¥ MEARTREY, MASRLERNEHEE, REHRELE

(58.5%) 51 REBEIRBILEGT 5%)BR D, RMFHERER: HERZARENH
BEEME. THESZEARMNEEERTIEE, THEIMHBERTEEN,
Hit, AFEYHEZOHRERREEY: ¥ b THE, 24, HHA.

4.1.4.2 Msyrukdhit A

x5 BERMHIRR 2 BT
Table 5 Comparision ameng the strongest effect on inhitation of root exudates from the Thymus

vulgaris
E5 S HEFE AG/ZTHB G (%) AR B AZSTR T
¥ b 93.6 97.7
FH¥ 70.3 73.1
HE% 59.1 63.3
By 63.6 59.6

. SLE AG: RAEYRE 1 HEBBTRE: 4 AL RSBVIRR 1) HOBRELHR

W& s FiR, HEHSHREZRSWYIDFIRR, X 59.1%; F pEIMHIRS.
F93.6%. BEMNFEEEZWERR, B 59.6%: ¥ MEMHIRS, K 97.7%.

Eit, WA AHRESE EERSWYMHREHEIE.: HEFH. B
B, TH#E. ¥ b, HREELWHEEOBRIE . B, HHY. THE. ¥
B
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HEFUBEARR SIS ORERE

4.14.3 R A HE

%6 HEFERYMFARENHFHROEWLR
Table 6 Comparision among the effects of volatile from the Thymus vulparis on different receptor plants

B & AG/SHE G (%) ACEE AVRTRE 1
% b 56.7 54.2
ForE 59.6 61.6
HE % 62.6 727
EE 62.8 67.8

E: BRENE: SRERHREMBEHRE, BREMMREMN: 05 R R R

HE 6 FL, FEFERYHMHNUHEYH TR, BAHRESMHRES
RARE, B MRAGEE, % 567% HEFRBEMTIOET, 490%626%
62.8%. BEEWHREZRIMDEHZWERRK. ¥ MNINH5E, b 542%HH
¥EH, K 72.7%.

WREYHTHRZMGEEL HBREIFEFS: ¥ b Fo¥. €5, B,
HREERMEEEERIFOFN: F b, FHE, BES. 495,

4.2 MEREMHEE KM

4.2.1 2. MHKBRALE

WX 7B, ARBENRHKES RNRNZREDSHERERMTRR, XFE—EY
AFBEBAEKEROAR. SEMAEEKSERNT.

P b mEERE LBRE5HBERREE, REZNG, LBREHHEEREE,
HESTERIGEREN 111 7 1:15 B2, 7030 125 0 1:10 B2 20531,

HELBRNEREE, KE 11 REHERNRE, H021; AN 1:10 AR
BRLRSS, K 0.16. BRUBNEEREMABALERDE, KRE 1:10 HHEINNE
5%, 4-0.15, IREE 1:15 AN ETE, %-0.02.

A3 FAEH BN A F AR RMERN N, $ENTEHMREXTRE. 4
RAMBBERNTIEIR S, HESTERTHE, KhHEENBEREE.
B, KBBRKRET, B MIEZWE, RiKRERTASIRE,

Foil. OEEKERE. R, 8K, HESSEETHR, TE, LES5Y
BESREE.

MBS RIFTE D, RRBELBEERTHS. WRTLBNNEE
VR 188 0 T A5 BRI TOURS5 . AN R BIAO (R ot R B IR RTEVR IS 1:1 8, RI b 0.38;
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BSFERE 1:15 B, RIK 0.13. TR A<HT R 20 p 40 208 RIBE AR IRIR E AR T
g, WE 115 6, REZITEERARIR, RN 0.63; WRE 11 0, RKEREE
B%&$9, RIA 031,

HEY: RE, #5,. TEZINE: HEARE 1A 15 H2E06, ERE
1:10 70 1:15 B4 2 F{RiE, ELBRESHBUERLREERFEE. HH, RKEHE,
HEWRIE 1. LS. L0 AEEMBEREE, RE 115 MERTEE. RTER
5, HBS5HBEERALE.

ARFTZ B BIRN A T 8@ . KR IRIRAE o AR, X m il 4 Kt 3 04
AR, TIREZNHEERERERETAT, HHWRE 11 8, MBIRE R
H-0.61; IRFE 1:15 i, MEESE, RIA-0.16.

WA, BREKRETRRE T AL RZE0H, BEEEZIRE, RibX
FERZDH), RAAHESTELBHEENE. Bk, B EKRENEHHEHY
wHEK.

BB HBEKZFRAENS, KEANE, SESNREERIRE. AR
Kiis, WL, 2REXRAEZRKES, HEZAEENRERAEE. B
HESTENS, LHESHRBAZREE, KPEEAKRE 110 &, LBRS5WEE
RIERBE.

WRZFHEARTRK. BEERE 1) BH2IMHIEE, R A-049; 7 1:10
B SZIPHET, RIG-0.13. RAKFERAE 1:1 BT R WEIHRIR, RIK-047; 7£ 1:5 F1 1:10
&3S, RN 0.01.

BT R, 3 MEKRBEESNBICREN RS, PENREZMNE, AREN
FREDRETHENHEK, BRHHETENEEA,

4.2.2 RaHaa

W& 8 Fim, HEERSWPHIRZRMYFLEERRR, SHEMHEEK
HARRSEERBEAR. SEPHEERZERDT:

b EEKZ0E. BE, KELSHAEESHREERBEE, HAH1T
LBEVNBERALE. BEK. BELTE, LHESNEXREAREE.

BEZMERER TN, HRARKIERE 1:5 HZO05858, RIATHA
-0.11 F-0.28; A A 1:10 A SZ3MHIMSE, R1 H-0.03, TR KT 1:1 B 558, RI4-021.
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T EREREN I SR EE, SHEERREE, LFLBUMNEE
EAEK, HEXMBERARE. REZES, LESHEZRAREE, #E,. TE
BETXE, BEFIFHE. .

REZ BB T R RKERE 101 BT H B3R, RN 045;
7E 1:10 k835, RIN 0.29.

BEZEME, REKZEE, BABKZERBNBEXTEHSHH0EE, #
EETEABSHBERTEE. Eit, BF MBS BYRETHESHBEK, £
HERFEFHE.

HEHH: REN LI HHEBSERERK, SESHREREE, KMo
AHREER, SNRERTEE; ZHREHEBRAK, LHEMBERAEE:
BEEE. TENS, LBESTHE BERFEE.

REPTEALBREET WM. BRAIE, HRBZHHTEAREE. R’E
1:10 BE R ZREEART 1:15. MKEKE 111 6 0EHERRR, R $-032; #
1:10 B} 555, RIA-0.25.

BRERRERZES, ERETNH: RK. SENTEZNGE, BEREFE
E. Bk, BEL BAOUMEHEIDHHBRESOEEK, WHREHTHE.

BEN: HEEKZNG, ABSNBEEREE.

R ZHMLBRAR T . B 1:5 N EEMEHERARE, RI
4-0.33: RE 110 B, HHBWEEARH, RI¥-001, ELERERAEE. #
BYIRE 1:10 B, MEHRAEKER, RIA-044; 7 11 REB, RI%-040, B4t
HREEZRFEAKAEE.

BULAT R, R RS EROERS, ¥ b, HEH, BEHZN
B, FHEREHE. Kb Tr¥., HEHZREERERFRHE.

4.2.3 BZYA-TE

R 9 PR, BEFERYMEY b, HEFH, BEANEAK, R%TH#4)
BAEK, tBENBEEREE.
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HEENEBERRASLEYNREE

4.24 BF—RENTEEDHBHEREWILE

R RBRALERAE FIAN, W7 LAHCBET R4 3 & B K RI K3 A R 246
BAERRBRBHER.

4.24.1 £, vt KRR

# 10 ARAEYEERK R SBECET 6 HE
Table 10 Comparision between RI and effect of aqueous leachates from the Thymus vulgaris on the four
receptor plants

. B AEFE B RI AbE K RI R
¥ b A 0.21 C 0.15 R /4%
RRE ] A 0.38 D 0.63 {23
HEH% A £33 A 0.61 E1E

C 0.17
B A -0.49 A 047 58

#: A. C. DIAABRHARKE « RUALBADIES.
B3R 10 Bin, SHEAT, WERKH 1.1 6, HYHZHILBEREE.
KR T rHE GRS, MHER. BEMNEERME, WE MiEE
Ko s B R Rst, MRKUIE. A R 4xERPTUEH, HEZILEREWA
HSREIFROUNFE: BEA, T8, HEFH. ¥ b RESZOEEHHEPIH N
FrR. THE. HH%E. BE&4. B b,

4.2.4.2 ByukihieE

F N AREDLATHERK RI S5BEERN HE
Table 11 Comparision between Rl and effect of root exudates from the Thymus vulgaris on the four
receptor plants

B g M R1 i3] R RI i

# b B 0.1 B 0.28 £

K A 0.26 A 045 {2
B 0.13

HE% A 0.12 A 0.32 i
C 0.09

gy B £0.33 C 0.44 1G]

i#: Av C. DSBIRAWHFRIRE: RIAASH A%

HE 11 iR, SHERT, RAWYKERAR, AYHZHLBERRE.
EH BRI LR .

ROGBPMHE b HEFRBBAGEEK, BERETHEHEEK. N
RI #XHERDTUE N, HRZAUBEWEARZFRIUTFR: BEN. THE, H
A, B b MEKRABEWEBRBANTER: THE, BB, HE%H. ¥ .
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4243 L YL AE

%12 BEEFRYHRRMEMYHE A KGR LE
Table 12 Comparision between RI and effect of volatile from the Thymus vulgaris on the four receptor

plants
E% & & RI RERI P
L 0.22 042 E1E
T 0.34 0.09 et
HEHH 0.36 036 g
By 0.47 0.47 £ 17 3!

. RIALBHREY

AEERRYMNMEDLSEEKOLEER, EREE. ERURRETrHE
BEARKS,, WEA=REI NS L PEEIE L, BRI
2%, RIA-047; ¥ MEMHERMK, RIA-022. REMBILE, BENRKZMEER
B, RIN-047; HEFHZWERIL, R H-036,

RRMMBHVBEAS, BRYMNBEMGHERKBHLEER. HYHER
WBHMAHREIT N B, HHH. THE. F b RERABREH RS
$h: BEMA. HEHE. Fh. THE,

4.3 HBHRKS

43.1 #, HAKEAFTNEDNYDTRERBS

A8 R AR NIS7T98 SR @M REsElt: BRA-EEE.

B EFKREEIIRRYAS ML 13, 14, 15 fim. MERMESRE, FH
B ESRES (LB 13). Bk, NP ERLS SN EESH 1R 10 7. 9 F
WERS . ZHEAEM, BEESHEERRFEE (GERAR 14, 15, AR
AARXEHYFDESRIEEH. HPBEAY P EERMMAESHE RS ED
29.5%F1 59.6%: BAEA P, GEEMUN 11.7%, TOFTEERL S5 BB 71.5%: Fi#
Ao PRYREBIFIN 29.5%H 56.6%.
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£ 13 MEASRA AR
Table 13 Compounds analysis on Acid constituents aqueous leachates from the Thymus vulgaris
wY g 7] SFA Vi o HEYERH (%)
No. time Molecular Molecular Compound Content
weight
1 174 CI0H180 154 5/ ®¥(cis-Terpineol ) 0.5
2 821 CI0H180 154 B 458¥ (o linalool) 1.5
3 8.95 CI10H160 152 (-)-Alcanfor 0.9
4 9.26 CI0H180 154 ¥ K (Bomeol) 22
5 10.99 CI10H180 150 B BAYThymol) 295
6 11.41 CHH10 142 F 22 (Mcthylnaphthalene) 03
7 12.64 C6H1005 162 3,4-Altrosan 26
8 12.82 LEo e 1.0
9 13.03 CI16H1204 268 anthraquinonel 8-dimethoxy- 15
10 14.69 C6H1206 180 P& (d-Allose) 59.6
11 1645 C15H260 222 Epizonarene 0.3
F 14 AR T ER
Table 14 Compounds analysis on Neutral constituents aqueous leachates from the Thymus vidgaris
£ Lt L B[R] 2FH Vi HEYEH HE%)
No. time Molecular Molecular Compound Content
weight
1 775 C10H180 154 #5 5B (cis-Terpineo! ) 1.9
2 8.95 CI10H160 152 (-;-Alcanfor 1.8
3 9.27 C10H180 154 %k (Bomeol) 3.9
4 11.17 CI0H140 150 H £ §)(Thymol) 295
5 13.91 C6H1206 180 B {587 (d-Allose) 4.8
6 14.47 C6H1206 180 FT#E% (d-Allose) 56.6
7 15.7 C4H80O2 88 Ethyl Acetate 7.8
8 16.48 CI5H260 222 tau.-Cadinol 04
9 18.46 02 32 Oxygen 03
RISHHATRAMTER
Table 15 Compounds analysis on Alkalin constituents aqueous leachates from the Thymus vulgaris
®E R Vi TR HamER R
No. time Molecular Molecular Compound Content
weight
1 7.76 CI10H180 154 5 & B¥(cis-Terpineol ) 0.8
2 8.26 CI10H180 154 B 25®¥ (e linalool) 02
3 8.96 CI10H160 152 (->-Alcanfor 0.8
4 9.26 CI10HI80 154 ¥ H (Borneol) 1.9
5 11.08 C10H140 150 H R E)(Thymol) 11.7
6 129 C7H160si 144 (2-Methyl-but-3-enyl-2-oxy)-dimethyl-silance 4.3
7 13.86 C6H1206 180 B 87 (d-Allose) 8.4
8 14.69 C6H1206 180 Bl (d-Allose) 71.5
9 16.46 C15H260 222 .tau.-Cadinol 03
10 20.02 Cl16H2204 278 Phthalic acid,diisobutyl ester 0.1
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13 B EiE PHRRYAHE SR
Fig.13 GC-MS of Acid, Alkalin and Neutral constituents of aqueous leachates from the Thymus vulgaris

EXIC-MB 5 Wy oyt 34 200T-4-3 145444

070403 4ky-hw-s-1 #8628 RT- 1100 A1 SB 1 1160 N 1.20E8
T (0.00 » ¢ El cat=250.00 Full ms | 20 00-540 00)
1350
1

Rl ve Adurciainee

14 KBB4 5 RET TS 184 11.0min (K)FEE
Fig.14 GC-MS of Compouds of aqueous leachates from the Thymus vulgaris retained for 11.0 minutes
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9 m8 5HINKY P - A0 TSy -trwy -f5-2 2007-4-318.153¢

070403 tky-hw-fs-2 #1258 RT 1462 Av:1 SB. 1 1180 NL:360E3
T {0.0} + ¢ E1 detx350.00 Full ms [ 25.00-540 00]
800

B 15 KERBASREFER 14.62min K FHESE
Fig.15 GC-MS of compounds of aqueous leachates from the Thymus vulgaris retained for 14.62 minutes

43.2 R PHEIRBIE S

B SRR RERE NIS798 SRE AL EEN: BRA—ZEER. —&HF
BEAREAR 1A /Y I 45 RAF S5, BB IS HER 3% 5.48min F 7.82min (1

B 16, 17 XFHMEY. BEFRIBY _EPBREFYRBWE 16 Fin.

*® 16 BEEFE - HPRBARS WA MER
Table 16 Analysis on the compounds of root exudates from the Thymus vulgaris

W2 HGEE ¥R ATR HEDEHK HRO)
No. time Molecular  Molecular weight Compound Content
1 5.48 CSHINO2 151 A=, PEE-EE Oxime-,methoxy-phenyl- 0.7
pA 7.82 C6H18038i3 222 Dimethylsiloxane cyclic trimer 03
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M 16 “MHHEREUR S YA S UG ER
Fig.16 GC-MS of compounds of root exudates from the Thymus vuigaris
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Fig.17 GC-MS of compounds of root exudates from the Thymus vulgaris restained at 7.82 minite
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BEFHERYFESEH 25 ME VLE 18), STEET 23 BlS. KFEEX
SHE=F: K. BESNSHEE LA 19, 20, 2D, SEMHA 283%. 16.7%
M 153%. MEEYRTRE, BERUFMSHRSIELRE, BX BX BX

#®17 HEFERWAKITER
Table 17 Analysis on compounds of volatile from the Thymus vulgaris

& bwar A7 4TE LEPEK R
g fA (%)
No. time Molecular Molecular Compound Content
weight
1 1154  C6HI00 98 3- T # 8 (cis-3-Hexenal) 153
2 C6HI20 C6HIZO 100 3-8 (3-Hexenal-1-0(c,f) 21
3 1440  CI0HI6 136 Bicyclo[3.1.0lhexane,4-methyl-1-(1-methylethyl)-, didehydro 14
deriv ]
4 1465  CIOHLI6 136 IR-FEME(1R-Pinene) 0.7
5 1504  CI0HI6 136 ¥4 (Camphene) 0.5
6 1524  C8H160 128 A5 7,352 B (Amyl vinyl carbinol) 5l
7 1542  CHHI6 136 FE:H(Myroene) 29
8 1553 C8HI80 130 IF 3 MRE(n-Octanol-3-o0l) 0.3
9 1609  CIO0HI6 136 2% }5(2-Carene) 20
10 1620  Cl0HM4 134 R B(IERB{0-Cymene) 3.8
11 1672  CIl0HI§ 136 5 Fh%5( Terpinen) 283
12 1697  CIOHISO 154 5 B (Terpineol Z-0) 20
13 1722 CIGHISQ 154 E 418 (o linalool) 0.9
14 1746  CIDHISO 154 M HE & B (cis-Terpineol) 1.5
15 1861 CIOHISO 154 ¥y (Bomeol,(1S,2R,4SH(-}) ’ 28
16 1901  CIHI6O 164 1 % B#(Anisole,2-isopropyl-5-methyl) 16.7
17 1916  CI1IHI60 164 Benzene, 1 -methoxy-4-methyl-2-(1-methylethyl)- 5.7
18 1950 CTHIINS 141 Cyclohexyl isothiocyanate 03
19 1973  CI0HI40 140 H B &}(Thymol) 23
20 2211 CI15H24 204 B2 78 i 4 (Cubebene) 1.9
21 2222 CIsH24 204  Cyclohexene,)-methyl-4-(5-methy}-1-methylene-4-hrxenyl)-(S) 3.4
22 2226  Ci5HM 204 s 02
21 2247 ClsH24 204 F 17 #%(Caryophyllene) 09

-36-



HEFLBAARRELBYRAEE

EXGO-MSA I AL N0T0420- ey -fiw - pli-bix-p 2007-4-20 11 4950
RT: 9 68 - 25.67
16.72 HL.

+ 185E7
0 M
070420+

8 Iy hw-pli-
8 bixp
c
B & 19.02
c
=2
2
H
1
3
[
18.73 NL:
102€6
TIC MS
070420-
Bl ley-hw-ph-
7 bix-blank0z
40
1948
2 1801 R
101288 1158 130 1357 15231590 1030 =
Ty T R T T T T I N IT T N VA T [ AT [T P A T T v U r e v i p vy Ty
10 12 1 % 17 18 19 20 24 2 232 24 B
Time (min)

B 18 FRERRYAS UHEEE(EAERYE S, TAXEK)
Fig.18 GC-MS of volatile from the Thymus vulgaris (compounds above, oringinal below)

EAOCAS5}H B 2L h070420- Ky -1we - pti-bi-p 2007-4.20 11 4F 53

070420Ky-hw-pli-bbep ¥785 RT. 1156 AV 1 NL:2 06EE
T. {0.0} + ¢ £1 3e1=350 00 Full ms [ 15.00-540.00}
410

B 19 §EFERWERER A 11.54min 65T T
Fig.19 GC-MS of volatile from the Thymus vuigaris retained for 11,54 minutes
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Fig.21 GC-MS of volatile from the Thymus vulgaris retained for 19.01 minutes
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