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Chemical components of root exudates from allelopathic rice accession PI312777 seedlings. HE Haibin, CHEN
Xiangxu, LIN Ruiyu, LIN Wenxiong, HE Huagin, JIA Xiaoli, XIONG Jun, SHEN Lihua, LIANG Yiyuan ( Key
Laboratory of Pesticide and Chemical Biology of Education Ministry, School of Life Science, Fujian Agricul-
ture and Forestry University, Fuzhou 350002, China ).-Chin.J.Appl . Ecol .,2005,16(12) ;2383 ~2388.

In this study, allelopathic rice accession PI1312777 seedlings were grown on a paddy soil under near natural condi-
tion, and their root exudates were collected by using circulation method, with the solution collected from no
seedlings- planted soil as the control. The ether extracts of the root exudates and soil solution were detected by
GC-MS, and identified with the mass spectral database of NIST and WILEY Library. The results showed that
there were 36 compounds in the rice root exudates, including 9 terpenoids (peak area 10.97% ), 8 phenols or
quinones (5.87% ), 6 esters (10.68% ), 3 aldehydes or ketones (1.44% ), 4 heterocycles (68.04% ), 2 alcohols
(1.23%),2 ethers (0.57% ), and 2 others (1.20% ) . A distinctly similar structure was observed among the ter-
penoids and among the phenols or quinones. In the soil solution, 39 compounds were detected, and 7 of them were
the same of the root exudates. The difference of the compounds in rice root exudates and soil solution, and the
possible allelopathic mechanisms of these compounds were discussed in this paper.
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iR K 5 (Oryza sativa ) AE RIS AR BB KSR
F P131277750 . 43 B LA H A 3 (P, BTAE N OKAS ) A3
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FEEEW, ARHERMNT 40 CRBTERE, MEWAT
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min, L 15 T min 'F = 220 C, % 2 min, B 20 T -
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Table 1 Compounds identified from ether extracts of the P1312777 roots exudates grown in soil

WIS R uda] .44 Compound ST 15 T
Sort of Retention Formula Peak area
compounds time(min) (%)
[ S 8.947 Carvone oxide, cis ~ CioH140; 1.32
Terpenoid 10.145 5-Isopropenyl-2-methyl-7-oxabicyclo[ 4, 1, 0 Jheptan-2-ol CioHi160, 1.23
10.205 Limonene dioxide C1oH160; 1.23
11.339 Limonene oxide CioHi160 3.87
11.665 Benzofuran, octahydro-6-methyl-3-methylene- CioH;360 0.02
14.791 Humulane-, 1, 6-dien-3-ol CisHi60 0.45
15.397 Longiborneol CisHy60 0.70
15.524 Cedrol CysHyO 1.18
18.991 2,6,9, 11-Dodecatetraenal, 2, 6, 10-trimethyl-, (E, E, E)- CisHp,0 0.97
TR 10.342 Phenol, 2-(1, 1-dimethylethyl)-4-methyl- Ci1H;60 1.13
Phenol and 12.148 2, 6-di-t-Butyl-4-hydroxy-4-methyl-2, S-cyclo hexadien-1-one CysHz O, 1.67
quinone 12.446 2, 6-di-t-Butyl-4-methylene-2, 5-cyclohexadiene-1-one CisHz; O, 0.07
13.065 Butylated hydroxytoluene CisHz40 0.20
13.127 Phenol, 2, 4-bis(1, 1-dimethylethyl)- C14H,,0 0.21
18.403 3, 5-di-t-Butyl-4-hydroxybenzaldehyde CysHn O, 1.09
21.316 7, 9-di-t-Butyl-1-oxaspiro(4, 5) deca-6, 9-diene-2, 8-dione C17H203 0.82
21.746 Methyl 3-(3, 5-di-t-butyl-4-hydroxyphenyl) propionate CigHag03 0.68
[ 10.542 2-Butenoic acid, 2-methyl-, 3-hexenyl-ester, (E, Z) CuHis0, 0.17
Ester 13.705 2-Oxepanone, 7-hexyl- CpH, 0, 0.34
13.750 3, 4, 6-Trimethyl-4-hydroxyhept-5-enoic acid lactone CioH30, 0.74
14.447 Fumaric acid, ethyl 2-(2-methyl enecyclopropyl) propyl ester Ci3Hy304 2.56
20.394 1, 2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester "+ CyisHz Oy 3.79
22.272 Dibutyl phthalate CieH204 3.08
[ 4GRS 13.426 4-Hydroxy-4-(4, 6-dimethylcyclohex-3-enyl) butan-2-one Ci12Hy0; 0.33
Aldehyde and 16.506 2-Pentanone, 4-cyclohexylidene-3, 3-diethyl CisHyO 0.63
ketone 20.130 4-(2-Methylcyclohex-1-enyl)-but-2-enal C11H;60 0.48
& 8.264 1, 2-Benzisothiazole C/HsNS 28.30
Heterocycle 8.563 Benzothiazole C;HsNS 0.04
16.292 1, 3, 5-Triazine-2, 4, 6 (1H, 3H, SH)-trione, 1, 3, 5-tri-2-propenyl- C2H sN;0;5 2.59
17.068 2(3H)-Benzothiazolone CsHsNOS 37.11
L 11.481 (1R, 38, 7S)-Tricyclot®4-0-%1-3yndecan-3-ol C11H O 0.55
Alcohol 14.635 2-Methyl-4-(2, 6, 6-trimethylcyclohex-2-enyl) but-3-en-2-ol C1aHp,0 0.68
I 4.710 Pentane, 1, 1-diethoxy- CoHz02 0.22
Ether 14.105 4-Isopropyl-3-methoxymethylene-1, 1- dlmethyl- cyclohexane C13H;40 0.35
H 3.787 Benzenamine, 4, 4’ -methylenebis[ 2-methyl- } CysHygN; 0.44
Other 4.540 Methoxy phenyl, oxime CsHoNO, 0.76
o; HO ; ? 0 OH
= S RS ; ; j
(1 (2) 3) (4)
OH 2) (3) @)
OH
O 1 do, X
@ o~
(5) (6) M ~0
S 6
o N - N (5) (6) 7 (8)
) B2 P312777 LMW A S UH CBERDFBREREL S DL
Fig. 2 Phenols or quinones of ether extracts from the PI1312777 root ex-
® ©) udates grown in soil.
B 1 PI312777 + 58048 R4 W4 2 BEZE B R E 254k & M 25 # 1) Phenol, 2-(1, 1-dimethylethyl)-4-methyl-; 2) 2, 6-di-t-Butyl-4-hy-
Fig.1 Terpenoids of ether extracts from the PI312777 root exudates droxy-4-methyl-2, 5-cyclohexadien-1-one; 3)2, 6-di-t-Butyl-4-methylene-
grown in soil. 2, 5-cyclohexadiene-1-one; 4 ) Butylated hydroxytoluene; 5) Phenol, 2, 4-

1)Carvone oxide, cis-; 2) 5-Isopropenyl-2-methyl-7-oxabicyclo[ 4, 1, 0 ] hep- . . .
e bis( 1, 1-d hylethyl )-; 6 ) 3, 5-di-t-Butyl-4- b hyde;
tan-2-ol; 3) Limonene dioxide;4 ) Limonene oxide; S ) Hurnulane-, 1, 6-dien-3- is( . imethylethy ) ) . uty. hydrox'y enzaldehyde; 7)
0l36) Longiborneol; 7) Cedrol; 8) Benzofuran, octahydro-6-methyl-3-methy- 7, 9-di-t-Butyl-1-oxaspiro(4, 5) deca-6, 9-diene-2, 8-dione; 8 ) Methyl 3-
lene-39)2, 6, 9, 11-Dodecatetraenal, 2, 6, 10-trimethyl-, (E, E, E)-. (3, 5-di-t-butyl-4-hydroxyphenyl) propionate. .
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Fig.3 Heterocycle of ether extracts from the PI312777 root exudates
grown in soil.

1)1, 2-Benzisothiazole; 2 ) Benzothiazole; 3)2 (3H) -Benzothiazolone; 4) 1,
3, 5-Triazine-2, 4, 6(1H, 3H, SH)-trione, 1, 3, 5-tri-2-propenyl-.

4 i
4.1 XTEARWSKE PR RS B ey
Lo E 5

MREREZYH, HEETEPHKERRS W
WAL S o B R R AR K RS A X BR T VA A AL 5 B
SEBKES KR PIEMRR S WY T 91.43%
WY R R P =N, HhKERA L
WA R EEMEWE T . Flores ZUW N, IR
RE T RS E L ERNBEIEFIK S (57 5015 5 o1,
RBEERIEMEML G SR BREMSWZE
% R WA AL S, AR AR T LU TR K

BB AT, B R AR I A R -
B, TR I 5 2 S5 g Ao A2 R 027 A BR R
NRTEE I KR R TR P (ER
RER)RH, KB LR EY RS A FHE
KA R EMERBRRRER, THMHHE
ANEME B KRB R RO EERE
B MK TSR R 5004 o 2 16 0 4 4R R KRS
RASWYHWAREEERE 0. FEFRETA
REDHR RS WHFARGFHESREMT LEZR
FHIFF R 2336 YRR SHAWAEE
VMZHAHFEEENZE. KG . TEREFUREBER
B HAEENWN TR ES, TTRR S5 WY TR
RIRAS HIE U R AEY KR B AR A E M
B E, N ER-BR-BE Y 2 R BURE
H.
4.2 KRS RS Wb (LR R 5 15 ML
SEOG 4 SR R, FERET SEPR M O X T HIOK RS
PIRR W EHEFLBREAMIER BERE
A B EE R R 20 BE R R IL B st L
SR EMYEL BT . — RN, TR R &%
BMEKFTHERESK, HREERNHRR
BRUO.38) BERAKF B MERE TN EREED
EYERMRE 2 b, T B B W20 KA e e —
BERERE 23 %, BLEILRMH /ER. KE
WAL WY B HEERY T RoE gL, R psE
sy HERMERY S, B GC-MS KB IF] 4 F
Eeml 7 M E E AL, RINBEKTE PILHWEA
5 W)  BEFE T PG I BB B K, LIS
BAFE. X5 P BB BAL RS IR EMER
&6 FTE AR AR R PR 7E 75 5 IR 2 T g
B R R ERKRKE TRERME R H
HWEARERAEEGS AT TUEN. B RXY R
A A 377 A0 AL B B B 52 A8 X R 4, 1R R,
T 245490 T T3 3 B A A R TR R P L TR R A
HEETMMHE B E K= ERNR W, — S EG50
BRI TS, B L EFHTINRKTFEE
WA, T NREMBRZSSHEY=ERENBRR
K, MR L EYNEESSEEY=ER
BHBMBREY R, K2R XY RSB R
VIR Z [T AR W R VE I P REE, %
BT R EAERCR I R 48 TIESE . R RE,
INHEN B R R LRE A R ESERD,
HEEKBRHFLE RES B KEEEY B %
(243031 176K RS PI AR R 4 Wi & Bk



12 4 {AT R4S ALK RS PI312777 B AR R 4 W4 4k 22 B4 7 4 2387

R P BRI F A B RS B anE B
PIERER K ER R EHATEW S, RA B & B HK
MEBEAY R SEHNN - BHEEZRMT
& 0820220 T By B2k R R A e K R LR AE o
BRI FEFEATFEHS—SWE. ATATENN, BEL
KREFEA BRI REM AT R L
KB F |V 2B (TAA) K233 38 il 52 4k ATP
B TE AR D) T 40 4 v AR T | i R A 3 3
TR SRR ERAIER. BB BRER
R—REBENLBY R, B —REELSHIRET
AL AR 23 At B R B T R FE BR IR 1R
BT @ K B LR S BT R 1F
EMLBREAREMUEBYRGSERNS
5068.30) Rimando %012 \ fL R 7K #§ Taiwan Native
LTND MR R R EY 4 5820 B LBy
JREREE & EAE R TN Ay H 18] 40 B8R . Ak SO HE
RO R, KB LBRER S DS RFETS
F-MBmALeYE RN S REEMX, TREEH
KB Z RN ATE SR A IER
e B g, XL R AR P E Ay 5 FE R
e KHBR X R HER | R R B B BR AN
BLBR ) FEATH S 18] 9 AR USR5, A BB BR B B9 L
ERBIE R IR T &L S WTER S T a7k
B FLER A 20 2 RELT BT A AL R R 55 P R B e
AH P ILEENLE SRS ERE R
R, FHN AL Ao — T B AT 7T R
EY TS ER WS BEMERAYRE, R
ot [ JBU X AR 497 ) £ P ATL AR 5 A ) B Y Yk B
BX, MR E RIS R G R TR 5 1 (7,
M RKEARER, FEL2E AT A
W= Y B 2R A FE R AL D BT A Y AR SC & LA B fl
B RAE BRI T R, P B I RBgR
HRIER T R B E B A& R EERAN
B USSR EARASN S THRICH
T, WA T AL RR 7K R v R A4 A= B 3B 0 43 T AL
5 ZEH AL, F T R R A5 HER K
SR ERR R T E R WEEE (PAL) .
ALY (POD) B FE K ZBIHEE A &
JEBE (HMGR) fy 2= B I 42 3% 15 5 %5 A1 56 fal 7K Ak
MR e U S B 51 % 9, SN IR K 4 BR L EGTA Fil
La3 + 7] 55 A2 5 284 B i e S8 B — Wi R 4k
Bt 2 PR ek . B 7 T LA O o O SR g XA = 0
e, fKRF R B 540 W a9 A=A Sl A A
RE, T2 B R 9 6, SEBL R A& 7=

A FRELB R .
4.3 FERSRMAEZE

AR SEH SR A SR PR VA T 2 Bt M ZEEUR], ZEER
MEAERRREZSUDTHFREYROCHERE
PR AT &R, B R E R R RE & Y
JRAE B S FL R, MK RS
YR TE B P M BER K, —Riagk s GC-MC
B A4S T B, A — A DU T 2 Bt o 4 T 4 R 4 A
B FLEAEERA R LC-MS 23 EMR R4 W4
W3 B A E AR, (HER IR E FE S 5%, Ik
FER. AR, KRBT RBEYR RS WY
Moy B R, ESH LA EE AR g, T EF
ZRRAY . XA EY LV LC-MS &l X g 2
ABLSEHy, WA GC-MS fE |l R M 44, 7] LA
HAHYRFE, REEXEE BEMEN LERY
BRBEATER AR LC-MS 2 . X P RE 2 H eyt T
EM AT AT R R 55 T B

o 3

1 Bais HP, Park SW, Weir TL, et al.2004. How plants communicate
using the underground information superhighway. Trends Plant
Sei, 9(1):26~32

2 Bais HP, Vepachedu R, Gilroy S, et al.2003. Allelopathy and exotic
plant invasion:; From molecules and genes to species interactions.
Science, 301:1377 ~ 1380

3 Balke NE. 1985. Effects of allelochemicals on mineral uptake and
associated physiological processes. ACS Symp Ser,268:161~178

4 Chou CH, Lin HJ. 1976. Autotoxication mechanism of Oryza sati-
va | . Phytotoxic effects of decomposing rice residues in soil. J
Chem Ecol,2;353~367

5 Dilday RH, Mattice JD, Moldenhauer KA. 2000. An overview of
rice allelopathy in the USA. In; Kim KU, Shin DH, eds. Rice Al-
lelopathy . Taegu, Korea:; Kyungpook National University.15~26

6 Einhellig FA. 1987. Interaction among allelochemicals and other
stress factors of plant environment. ACS Symp Ser, 330:343 ~357

7 Einhellig FA. 1985. Effects of allelopathic chemicals on crop pro-
ductivity. ACS Symp Ser, 276:109~ 130

8 [Einhellig FA. 1995. Mechanism of action of allelochemicals in al-
lelopathy. ACS Symp Ser,582:96~ 116

9 Flores HE, Vivanco JM, Loyola-Vargas VM. 1999. “Radicle” bio-
chemistry: The biology of root-specific metabolism. Trends Plant
Sci, 4:220~226

10 Gu W-X(#3C#), Duan S-S(BFE1L), Luo SM(BE I ET), er al.
1998. Ecological characteristic of terpencids and their allelopathic
effects to plants. J South Chin Agric Univ(ERRI K Z%H),
19(4):108~ 112 (in Chinese)

11 He H-B({T#R), He H-Q({AI 4 %)), Lin W-X(BRICHE), et al.
2005. Differential analysis on terpenoids extracted from root exu-
dates in different allelopathic rice accessions. Chin J Appl Ecol (5
B HEBHR),16(4):732~736(in Chinese)

12 He H-Q({T4E8)), Lin W-X(#K3CHE). 2001. Preliminary studies
on allelopathic potential in rice. Chin J Eco-Agric (PE £ SR
%3%),9(2) :47~49(in Chinese)

13 He H-Q(fT%8)), Liang Y-YCRXIT), Jia X-L(F/NH), et al.
2004. Weed suppressive effect of phenolic acids. Chin J Appl Ecol
(RLF &%), 15(12):2342~2346(in Chinese)

14 He S-L(fI7K#K), Lin W-X(#3CHE ), Chen R-K(BRZIEL) . 2001.
Effect of EGTA and La®* on induction of sesquiterpene cyclase
gene expression in leaves of Capsicum annuum by several abiotic
elicitors. China J Appl Ecol (LFIEFF ), 12(2):272~274(in
Chinese)



2388 ¥ OB &

HiAy

¥ iR 16 %

15

16

17

18

19

20

21

22

23

24

25

He S-L{(fT7K#), Lin W-X(AKXXHE), Chen R-K(BRINHL) . 2002.
Induction of sesquiterpene cyclase gene expression and antioxidant
enzymes regulated by exongenpus salicyclic acid in leaves of Cap-
sicum annuum . Chin J Appl Ecol (N £554]), 13(5):569 ~
572(in Chinese)

Hisashi KN, Takeshi I, Noriko S, et al.2002. Isolation and identifi-
cation of a potent allelopathic substance in rice root exudates. Phys-
ol Plant,115:401~405

Inderjit KM. 1996. Plant phenolics in allelopathy. Bot Rev, 62:186
~202

Kim KW, Kim KU. 2000. Searching for rice allelochemicals. In:
Kim KU, Shin DH, eds. Rice Allelopathy. Taegu, Korea: Kyung-
pook National University.83~95

Kong C-H(FLE#), Hu F(# %).2001. Allelopathy and Its
Application. Beijing: China Agricultural Press. 125 ~ 191 (in Chi-
nese)

Kong C-H(FLEH), Xu X-H(#RZL4E), Chen J- IR E), et al .
2002. Allelopathy of Ageratum conyzoides IX . Transformation of
main allelochemical in the soil. Acta Ecol Sin (ZEZ21R), 22(8):
1185~1195(in Chinese)

Kong C-H(FLZE ), Xu X-H(BHE), Hu F(H  K), et al.
2002. Using specific secondary metabolites as markers to evaluate
allelopathic potentials of rice varieties and individual plants. Chin
Sci Bull (B8 14R ), 47(3) :203 ~ 206 (in Chinese)

Kong C-H(FLE% ), Xu X-H(#E %4 ), Liang W-J (B ), e
al .2004. Non-phenolic allelochemicals in root exudates of an allelo-
pathic rice variety and their identification and weed-suppressive ac-
tivity. Acta Ecol Sin ((EZ24]1), 24(7):1317 ~ 1322(in Chinese)
Li H-S(B#:%), Huang J-H(E ), Zhang X-Y(KBE), e
al . 2005. Allelopathic effects of Cymbopogon citratu volatile and its
chemical components. Chin J Appl Ecol (7 I A2 25%1R),16(4):
763~767(in Chinese)

Lin W-X(#R30HE), He H-Q(fT4E8)), Guo Y-C(BEEH), et al .
2001. Rice allelopathy and its physiobiochemical characteristics.
Chin J Appl Ecol (R #25%4R ), 12(6) : 871 ~ 875(in Chinese)
Lin WX, He HQ, Shen LH, et al.2004. A proteomic approach to
analyzing rice allelopathy on barnyardgrass{ Echinochloa crusgalli
L.).In: Fischer T, Turner N, Angus J, eds. Handbook and Ab-
stracts(4th International Crop Science Congress) . The Regional In-
stitute Ltd. , Australia: [79( The full paper are on line at www. re-
gional. org. au)

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Macias FA. 1995. Allelopathy in search for natural herbicide model.
ACS Symp Ser,582:310~329

Nardi S, Concheri G, Pizzeghello D, et al.2000. Soil organic matter
mobilization by root exudates. Chemosphere, 5:653 ~ 658
Olofsdotter M, Jensen LB, Courtois B. 2002 . Improving crop com-
petitive ability using allelopathy — An example from rice. Plant
Breeding,121:1~9

Olofsdotter M, Malou R, Artemio M, et al.2002. Why phenolic
acids are unlikely primary allelochemicals in rice. J Chem Ecol, 28
(1):229~242

Reigosa MJ, Sanchez-Moreiras A, Gonzalez L. 1999. Ecophysiolo-
gical approach in allelopathy. Crit Rev Plant Sci, 18(5):577~608
Rice EL. 1984. Allelopathy. 2nd edition. New York: Academic
Press Inc. 1~50

Rimando AM, Olofsdotter M, Dayan FE, et al.2001. Searching for
rice allelochemicals; An example of biocassays-guided isolation. A-
gron J,93:16~20

Roshchina VV, Roshchina VD. 1993. The Excretory Function of
Higher Plant. New York:Springer-Verlag.213~215

Takao M, Akazawa T, Fukuchi S. 1970. Enzymic mechanism of
starch breakdown in germination rice seeds [l . A-amylase. Plant
Physiol , 46:650~ 654

Vivanco JM, Bais HP, Stermitz FR, et al. 2004 . Biogeographical
variation in community response to root allelochemistry; Novel
weapons and exotic invasion. Ecol Letters,7:285~292

Walker TS, Bais HP, Grotewold E, e a/ .2003. Root exudation and
rhizosphere biology. Plant Physiol, 132:44 ~51

Wang D-L(EXH), Ma R-X(B 5 &), Liu X-F(XI 5 %) . 2000.
A preliminary study on the allelopathic activity of rice germplasm.
Sci Agric Sin (“PERILFI),33(3):94~96(in Chinese)
Weidenhamer JD, Macias FA, Fischer NH, et a/. 1993. Just how
insoluble are monoterpenes? J Chem Ecol,19:1799~ 1807

Young CC, Zhu TLR, Waller GR. 1989. Phytotoxic potential of
soils and wheat straw in rice rotation cropping systems of subtropi-

cal Taiwan. Plant Soil, 120;95~ 101

TEE®A  AER, B, 1965 £ 4, BIHE, B s FEN
FHYFESREETEHR, KRB 10 2H. E-mail:
alexhhb@163. com




