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Bioactivity of extracts from rhizoma and rhizosphere soil of cultivated Atractylodes

lancea DC. and identification of their allelopathic compounds

GUO Lan-Ping' , HUANG Lu-Qi'" , JIANG You-Xu®,ZHU Yong-Guan’ , CHEN Bao-Dong’ ,ZENG Yan',FU Gui-Fang',
FU Mei-Hong' (1. Institute of Chinese Materia Medica, Academy of Traditional Chinese Medicine , Beijing 100700, China 2. Institute of Forestry,
Chinese Academy of Forestry , Beijing 100091, Chinas 3. Research Center for Eco- Environmental Sciences , Chinese Academy of Sciences , Beijing 100085, China) .
Acta Ecologica Sinica ,2006,26(2) :528 ~ 535,

Abstract: Atractylodes lancea plants were cultivated in pots in a greenhouse in order to study on the mechanisms of plant
autotoxicity. The soil used in the experiment was freshly collected from a bare field. After § months, A. lancea was harvested.
Treatments of H,0, 10, 50, 200 mg/ml extracts of rhizoma and 50, 200, 500 mg/ml extracts of rhizosphere soil were applied to
test their effects on early development of A. lancea. Seed germination rates, extension of radicle and embryo, were recorded
respectively at 5 d,.7 d and 14 d after emergence, then one-way ANOVA and multiple comparisons were conducted to test the
differences between the treatments. In the follow-up studies, both rhizoma and rhizosphere soil were extracted by diethyl ether and
ethyl acetate respectively, and GC-MS was conducted for the identification of the compounds in the extracts, and the similarity of
the composition of compounds in rhizoma ana rhizosphere soil by same extraction procedure were compared with Jaceard

coefficient. B-eudesmol, which was found to be the major component in extracts of A. lancea rhizoma, was used to test the
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bioactivity .

The experimental results showed that (D Neither 50 mg/ml and 200 nor 500 mg/ml extracts of rhizosphere soil had influences
on seed germinations or the development of radicles and embryos; @ Germination rates, lengths of radicles and embryos decreased
with increasing concentration of rhizoma extracts, and 200 mg/ml rhizoma extracts reduced A . lancea growth significantly (p <
0.05) . Germination rates, lengths of radicles and embryos under this treatment was 11%, 32% and 23% of the controls
respectively. (@ 20 compounds in rhizoma extracts and 27 compounds in rhizosphere soil extracts were identified. Many
compounds, such as 2, 5-octadecadly3noic acid, methyl ester, n-Hexadecanoic acid, Pentadecanal, Tetradecanoic acid, 1-
Naphthalenol, Butylated Hydroxytoluene, 2-Methoxy-4-vinylphenol, etc., were allelophathic substances and detected in both
extracts of rhizoma and rhizosphere soil . B-eudesmol and Hinesol, which were the main components of essential oil in A. lancea,
was found in rhizoma extracts, @ It was found that B-eudesmol, terpene, most of which are allelophathic substance, at all
concentrations, had no effect on the germination rates and lengths of radicles, but 100 and 250 mg/l B-eudesmol reduced embryo
development significanily .

In conclusion, there was autotoxicity in continuous cropping of A. lancea, which was one of the causes of problems
associated with continues cropping of a single plant species.

Key words: A. lancea; allelopathy; autotoxicity; continuous cropping

BARE®E AR, 2 AR A SR B AR (Atractylodes lancea (Thunb) DC.) B 2K, F E Ih BRI
Je B E HE, BEBREREENSHA Z, HEFRO THLERZRIEEWERF, GRTHEE
Bro THENHFFILBRHBEAR, EAERBEAH EFEREREERTREW" . hERERKEEK
SR AHBAITRPBRERIH, AV FHHTFEMNBERETII RS, BERREHE R R E™
HOFHEREERE N, RARENR T EYAR B, A= P HFLH B EERR, XL EHmEE TE
AR E R

FIREYEFEROERNEIEG IRFQAE LRMAYRESWRE MY FERYRE MR L EY
HAL S WS BB T, o e 3R 5 R A Ah ¥ 4y R 10 S R A L B AR K L
E%ﬁﬁ%miﬁ%%ﬁm,ﬂﬂfm%%ﬁwﬁfh@{/ﬁﬁq(Allelopathy)o A # A A (aunotoxicity) B L BREFAM E
BREAZ - EREMYE WA RR RO RAERHEY, T E G A LAY EEEN —F
WE L ERMYIER M TER IR, F ZEYREERR S AR, B, A FEERATBREYE
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Al B SR B A B A0S E B A W B R A I R T ST AL R s 8 B G i B R LA ORE
MR, HE RS EH XM A RBOEE TR EY . I TIEEERM A FER, &6
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1.2.1 H#HEARN BREARRZE 40, B KE R, 25CIR I 24h, B/EME, EAF 200ml, BB HYFE

ARRRZE 200mg/ml B L EWR, Hi5 A200, K A200 5> BIFE B 4 570 20 1%, BRI MY FHEAMZE 50, 10mg/ml 3
B, HE AS0 F A10. BXEARMBR £ 200g, M@ KIE B ,25CIE 1 24h, BIEHIE, A F 400mL, B A Y F
BARE L 500mg/ml EFH, M5 S500, K S500 43 HIH B 2.5 A5 10 4%, B 2 Y F B ARMER £ 200.,50mg/
ml B, HR S S200 #1 S50, FHYEZE AL s W2 B BT

®K (%S CK),A10,A50,A200,850.5200 K S500 4 7 ~4b# , B EHW 3N EE ., §1EE R 20 B

F,0.1% HgCl {53 10min, LS ARFRKMERN 15em BIEFEMAF, 205100 A 7K 75 [7) o B AR 26 AR
FrtKIBR A Sml, 7E 25 CERIEFMNEFR. FAEIUE,BESRMBLFH B 7 RMEREEK, S 14 XM
BREHK,
1.2.2 REERBRELRBBTLBRYELEERMAMELRE BREARZRBRIESEE. ZBABH
264h HEZREE., BOETRARER L FRE, EFEBRME. BRANMAFEZBERE D Z BB, H
RKBBARHERCBRITHEER, BAIMIWERK. FBIBRIMIFERRK S P HREZE R NE
ACHHBEY , BEHHHAIHRZM LT 1ml %, 1T GC-MS 7M4F . ZBE R ZR Z BSR4,

SREKF{X#% R TRACE GC 2000, DB-5 MS 73 3% £ 418 £ 0.25mmID x 30m x 0.25um, ¥ # {6 & 250°C, 72
F B 60°CE] 2900°C,15Cmin ™' , SN He, EI IF,70ev, H OB 250°C , IR B 200°C , % 1 & 200°C , #E#E
B 11,35~ 650 &3 . B MAINLIB BUEBE R T B R R R RERE , TR MY EE .

1.2.3 LRBYFRAAEY¥ET ERBEABRETTERAMMFELWEIS R -RHE, #17ABEANEY
2, DIRER RSN R, —#F%i% 50,100,250 mg/L 3 K,

1.2.4 BiEAH il SPSS10.0 MF, FIHRAEFHFESNE S E2ELBEINMFRFR BRERIESF
KHMER,

% Jaccard BB AR, WERZESHFE L P LEGYMBELE ., J=c/(a+b+c)%,a AREPRAF
HAME b ARFLPBEASBE, c IBREERELPHERELHSINEH (o, b FIREKRASA - HLBESE
BATF1%,c FivEzPRIMILAFASHFELE—-ITHE LESIETEART21%),

2 HR
2.1 HEEMRSYEELE

FEZH T, 50mg/ml K& 200mg/ml PR H ERB M EARF FRFR BRRKEMFRKYLEEL R, 500mg/ml
REF L RBOBEARR T RERILEM, HNH T ERER SHFNMK BEEFREE(p>0.05,8 1),

BETHENNESZ BN RS, AR LR BORRE MK, KN EAM TR TR R M
FMKAMMEER B ER K, £ 200mg/ml HARBERBBARYEARMFEFE ERKEET K25 N

Xt R 13% .32% & 24% (p <0.05, B 1,% 1),
%1 FAREERAERNELENEANTFRS R ERERE

2.2 MEEBREFILEY GC-MS KFE KAHELE
g

FIH GC-MS 4347, W35 A M 25 i 3L %52t 20 4>
Ew WiEHIitSEm 27 Mo (B 2.k 2), K
2 PSR GC-MS B EILEE KT 75%
Wik& Y.

HERERBHRLFEH-—HEFERAT 128
AR DL RY, ZBEETUR P —H W AHMURECN
33.33% ZMZEERBEP _ERNHAMREN
90.00% (3 3). W0, AR5 R Er £ Z B3 BOR + BF

FiepRm
Table 1 Influence on germination rates, lengths of roots and shoots by

extracts of rhizoma of A. lancea with different concentration

wE KHE(%) MK (%) HEHFK(%)
Concentration  Germination rates Roots lengths Shoots lengths
(mg/ml) (%) (%) (%)
0 100a 100a 100a
10 99a 46bc 100a
50 69b 40bc 25b
200 13¢ 32¢ 24b

Fl-—Fl4r B RFFREREHEE2EREE(p <0.05) Values with

different lowercases in the same row are of significant difference (p < 0.05)
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%2 ERAMEEMRIATY GC-MS ERNHMFNLEY
Table 2 Compounds in rhizoma and rhizosphere soll of A. lancea identifled by GC-MS

& Samples HHL4E Y Compounds
aa 2.5- &+ /AR 2.5-Octadecadlynoic acid,methyl ester
B-# M B B-eudesmol B

2.6-Z T # X3 H H X Butylated Hydroxytoluene
¥ AR B Hinesol
+ 758 n-Hexadecanoic acid
+FL B Pentadecanal- ‘
+ M # Tetradecanoic acid ;
=+t 5EEE 1-Heptatriacotanol

ae a Z& M 1-Naphthalenol
2-F EH-4. Z B K By 2-Methoxy-d-vinylphenol
3B BE-3-E E-2- TR BE 2-Propenal \3-methyl-3-phenyl-
2.6- =T % X’f}‘éi B % Butylated Hydroxytoluene
¥ 4% D-Limonene
9_##5-2- 1 /\ 4t #BE E-thanol ,2-(9-octadecenyloxy) - | (z)-
Z 25 FIARSE Ethyliso-allocholate g
2.3-T A4 M-1- B X I BR Hexadecanoic acid . 1-(hydroxymethyl)-1.2-ethanediyl ester ‘
+ 758 n-Hexadecanoic acid &
+/\# Octadecancic acid
+ P &8 Tetradecanoic acid
1. 2. K BB F THES 1.2-Benzenedicarboxylic acid ,bis(2-methylpropyl) ester

sa 1.2- "3 FRR-(1-T % .2-38 2 ) B8 1.2-Benzenedicarboxylic acid \butyl decyl ester
1.2-3 3 B o 1,2-Benzisothiazole
9.4% -+ /\ B B 9-Octadecencic acid(z)-methyl ester
1-FRA-FPE-1-BE- T L Cychohexanol , 1-methyl-4- (1-methylethyl ) -
Xt B S % &) Mequinol
2.6- AT & Xt 2 B I BRAR Methyl 3-(3.5-di-tert-butyl-4-hydroxyphenyl ) propionate
+ 9 &% B BE Methyl tetradecanoate
+ A B Octadecanal
+/\ B R BE Octadecanoic acid.methyl ester
+ P # Tetradecanoic acid

se 1.2-Z 3 B 8 5 T B 1.2-Benzenedicarboxylic acid . bis(2-methylpropyl) ester ;
1.2-% 3 FEEEM 1.2 Benzisathiazole
3.7.11-= B %+ T4 RE 1-Dodecanol 3.7 1 1-trimethyl- “*
ARE -(1-FREZHE),1- 28 -3- K2 BB 3-Cyclohexen-1-ol \4-methyl-1-(1-methylethyl }- , acetate
9-1+ 4% 8 9-Hexadecenoic acid
HHH Azulene
2,6-Z T E % ¥ 2 B % Butylated Hydroxytoluene
#8% D-Limonene
+ ZJ% Dodecane
Z %5 518 J% Ethyliso-allocholate
13-+ H 45 F-12.13-Z + FLB# Hexadecane. 1 .1-bis(dodecyloxy)-
+ 758 5 P B8 lsopropyl Palmitate 7
+ 75 n-Hexadecanoic acid
2-JL4 BE Non-2-en-1-l !
+/\® Octadecanoic acid
+ PG &% Tetradecanoic acid
+ PO = B EE B Tetradecancic acid. trimethylsilyl ester

as MEEZ BT, 00 BFR L Z MM B, ae MEZBMZBEREBR e WFELZ P Z B8 E B aa means extraction of rhizoma by diethyl ether, sa

means extraction of rhizosphere soil by diethyl ether, ae means extraction of rhizoma by ethy] acetate,se means extraction of rhizosphere soil by ethyl acetate
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A1
Fig.1
T RFRELL 1 means error bars

Extraction of rhizosphere soil (mg/ml)

AR B AR LR R AR F LR R BB

Influence on germination rates, lengths of roots and shoots of A. lancea by extractions of rhizoma or rhizesphere soil with different concentration

FUEVERBKR A SERRWASNFAREL B BE(A B &R 05N 18.26% K 38.66%),
FESERROHAI N THHER(E -T2 TR 32.60%). RESGRIFLZBIEBEBB T4
FYEFEAYN, —EFRRRKNWHAL B HRPR_FR-FTHEA - LEITRDFN 35.36%.

35.37%)
2.3 BRI EYEEE

B-tEMEER A LA REMPHEER AL LN, b THESAREELZHP T BER, # 5HMA

H—BREAXEEREHMERNIBIRERS . 5%
BRESABEARBHO MR ZIBIBEERBE Y
YF B AR, M S RE K. ZRIGEHEER
SRR EE R bR R, B, X gt R AT 1k
BIERMEYFEE.

HRLW, BARAPTE AL BRI Y B BEXT AR
FoF & ZER R R A 1 & 4R R (1 B AEXS
R B 2K B 250 mg/L BY RE B E M B AR R AR B A
) ,18 100 K 250 mg/L B B-#%& 0t B 68 38 UM &1 & A
FEE A G, T H. 250 me/L /9 R-A% i BEXT T A R 2 1
FMmEER LRk EEE(p<0.05,54),
3 iWtig
3.1 BARBELRE L FARYEIHT

PARF A 8 2 SR 5 AR R IR L A

£33 BARERAKIFASLESWHAIGHEMBELR"
Table 3 Similarity of compounds in extractions of rhizoma and

rhizosphere svil of A. lancea ™

4 )l
Lot mEAsw T OEE gy EOE
e . No. of B}(%)
No. of No. of unique . Total no. of [ . .
Samples ds  compounds community compounds Similarity
compoun PO compounds pou (%)
aa 10 7 8 24 33.33
sa 17 9
ae 9 0 18 20 90.00
se 20 2

* Wb EAERRT 1% WHET 100 BEZBERE, sa HI7
T2 ae HEZ B 7B ER M, e RIF L ZMZEBERE
Compounds which centent more than 1% (total 1o 1) ; aa means extraction of
thizoma by diethyl ether, sa means extraction of rhizesphere soil by diethyl
ether, ae means extraction of rhizoma by ethyl acetate, se means extraction of

thizosphere soil by ethyl acetate
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B2 BRRERRFELZBMEZBIBERK GC-MS &R
Fig,2  Chromatogram of rhizoma and rhizosphere soil of A.lancea by GC-MS analysis
o REZMERE ca B LZ R IBE ae REZBMZBEF IR, e BFF L 2B Z BEE BIK aa means extraction of thizoma by diethyl ether,sa

means extraction of rhizosphere soil by diethyl ether,ae means extraction of rhizoma by ethyl acetate,se means extraction of rthizosphere soil by ethyl acetate

FEANEEAT KRBT IT, RAEM LR RO Bm A o 5 RS AR TE K 094 55 0 o o 06 06 1 2 R 10
IR B HARALE AARMES K EEY O L WERR, S ERETERIZW, K5 H1T TR F R
B 5 RACRRAE B R W10 0, AR AT S HERR T KA 7= A AL B 3 IR IR 25 R T4

FRT, NERREP L EH LAY 20 MK REFLFHREFHAEY 27 MK LFHL X5 8
BB, MAERTELZHERMRBE T HOLEY . 1E5 K115 & T LIS 5L T35 AT i 0k
OB, — B FREBN, MR . SRR LB LA RE N R R AR L T BN r R L K
RRTERANE B POl R R 0 MR HM AN SS, EhRE LKA TAILR BEMAREL

A" RERFABEE T LAY R I B4 ETHRSRUBL TN S
% % Dﬁ: , na [yg 1—§ 7&*&% & *E F/]—‘ + ,:P ﬂ‘}] 'é,'\ ﬁ m] %{J E E % Table 4 Comparing of bioactivity of Bezaldehyde and B-eudesmol
. _ AR FB(ng/ll) RER(%) B (em) #FK (em)
EK Eg ﬂ:!@%ﬁ » B *E% a ﬁ % o Treadment Concentrition Germination rates Roots lengths  Shoots lengths
AT BB E KRR L AL A YN ERK Wm0 o TR L&a | 192
HME A BERRT Jaccard MR BAR HEAM T 0 Mo e 16
. B Bezaldehyde 100 78 a 1.68 a 1.47b
B EABRRERBEE L PRE T EASY(H— 250 65 a 1.50 b 133 b
WHASEAT 1) MUEERE, —#2nomEk  FEur % 6 136a LTS
MM REEE 90.00%, ZRHERBIMME " e anIPe 0

BUAZ 33.339% 8275 + 51 R AR o 0 41 43 T FI— P45 A 18 7 A 22 5 % < 0.05) Values with
ﬁE%E%%%TE*ﬁM%&E%EW%&WF#ﬁ o different lowercases in the same row are of significant difference (p<0.05)
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3.2 BARRERARRLEERNEDFEBN

KRPEA, HAREAKRBERE R F B AR TR F R RIARIEZE M HB R KRB ER
MYRFRLERMEFHMRAMGEALEE. BF GC-MS BRI BB L P E&H R0 H LB
B MK LR ESERY R BR A N ERS EE ER R L ERM FAS AR S S + %
FABYRENRRERBER. KEREM, EERNE 34, BREFBENETREERE, B, RRE
HHBERF 22 BRIE, TS LA X,

ARREEREFSRERM BB BN BEREFNBKABEARER F— S ELERM A FE
FARM T Bie T H, BIRZH, WRMFAR KRB E BB RSB BY R, KT 4 R0%
WRIEFRFFOHA o FLBRLFEIT AT BN 3 B0k AR I 9 00 2T 81 {0 BRAE P b 30, 7E b
R BROK 838 T , MELT 81 A AL R AE A B 158 7 o AR AR ZE SR OB P 26 5 1 A0 — S5 A5 5 i 4y, B4R 7 AR B
TREEFHAREER BRERZRRELFHIARE, RAEBERABARTHERANHE FEER
BREEE N,

3.3 FHMFEN HHRR KRR

EEFRER, ERBEP LEF S RMERF TR HAARSHEEERBH EEREY . REH
TRER , ERABERRFLFRBENHEAFERRZTNABRY R, B, AIRBEEREEEBSAE
ERAE X,

ARENEEYEIRIR SREERBHNEELLYEMHAMEDH THEAKRNASK, C
BFHRERA, KR NE R HEERFTHAHEDAARE TESENLXEYIATHKR KETHFLEHER
BIR WER, BEEFAH BB R R R RBHEMERNREY X, EERR RS
BHBERY, AZ BE HE NBES, hTHREYEFEFE, BSFEREN THRERB™Y,
B R E R PR A BRI LT B S E R

EYEEREEFIBRF AW SR LERATEY RS BROZH, B & HEE G B0 HE R
FAMUL TR IR S ) AR B IX IR THY B B Y T, R B AR PR X L M E R 4
B ) R AR XL P AR BT RO A2 T, G0 0 A B 3t R O P B AR BRI B S AR, RGE R ) B
BHAEKRE A YW, EXAE X BV, BRI DS IR P 3 0 e TE B AR B 3K
BT HREESIK, YR e B A BIRER. BERRETHHNE  EYAFERNAFREAREMH L
W, BFAERAMET, AUEERL AT E, MRANEEANE BLEFSTRREMEERRT
PRGBS . R R B R 7 A b R R B A A R A T A R AT O o, AR o A%
R RE TR TFBMTE, MRBRRE TN ARRR : '
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