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Advances in the investigation of rice allelopathy and its molecular ecology
LIN Wen-Xiong"?, HE Hai-Bin'?, XIONG Jun"?, SHEN Li-Hua’, WU Min-Hong’, LIN Rui-Yu'?, HE Hua-Qin'?,

LIANG Yi-Yuan®, LI Zhao-Wei’, CHEN Ting’ (1. Key Laboratory of Biopesticide and Chemical Biology , Ministry of Education, 2. Institute of
Agroecology C/ 0 School of Life Sciences , Fujian Agriculture and Forestry University , Fuzhou 350002, China) . Acta Ecologica Sinica ,2006,26(8) : 2687 ~ 2694,

Abstract: This article reviewed the recent advances in the investigation of rice allelopathy. The author discussed the advantages
and limitations of several bioassay methods commonly used in laboratories for studying rice allelopathy. Relay seeding co-culture
bioassay in agar (RSCA) is widely used in allelopathy research and perhaps the best method for laboratory bioassay. The author
described the present status of quantitative genetics, QTL mapping, genetic diversity, and molecular ecological properties of
allelopathy in rice. A discussion on the physiological process and its molecular mechanism of increased allelopathic potential in
rice induced by the stress such as lower nitrogen supplies or higher densities of companied weed was also presented. Based on our
proteomic studies, it appears that the increase in allelopathic potential of rice exposed to stresses is due to increased expression of
enzymes involved in phenolic synthetic metabolism and decreased expression of enzymes associated with terpenoid synthetic
metabolism. We also discussed the possible allelochemicals and their modes of action on the target weed. The inhibitory effect of
allelopathic rice accessions on the target weed seems to be resulted from joint action of many allelochemicals with different cellular
target sites. It is important to distinguish the primary effect of alleochemicals on the target weed from the secondary effect of

allelochemicals when they are released into rhizosphere system and transformed by soil microorganism. Finally, the author
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highlighted the important issues critical to allelopathy studies in rice. Rhizosphere biological properties of allelopathy in rice and its
mechanism are likely to be the key research areas worldwide. Recent development in systems biology and the systematic
approaches such as genomics, proteomics and metabolomics would be expected to be used to reveal the process and its mechanism
of molecular ecology on rhizospheric biology of allelopathy in rice.

Key words: rice ( Oryza sativa L.) ; allelopathy; quantitative genetics; gene mapping; molecular ecology
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Fi (Allelopathy ) /& 8 — Fh i& (R VE ¥ (ffE 44K ) 7= 4= 338 i3 8 & (Volatilization ) . #K ¥ ( Leaching) . 43 # ( Exudates ) 14}
f# (Decomposition) % 77 R M B K LA E YR ME WA BEREEAY(RE)WERMETRFELESER
gl

B 20 142 80 4£4R, Dilday %"~ ¥ So7E M A MR B 3 43 /K 78 S Fh X 2% 2 A B B 10 30 460 4 AR LA SR, BF X
AR SR T X BRAE A B R e bR isl & 1E, AN Z# M KBBRERNBEE " WBRYEI B S5
P AT RRENH T EFEETRARAN TR GRETEERASERE, REEX SR
RESBRE,BEFR, EZEAXBIIHXFTET . 2IENRTHRIEFAZE 7, BRI\ T 4 AT HHOB RS
AR LRERAMBRER, AR AR P WERRE "™, AL SEEWRBILE, BT 4ERK
BUBRERAERY FAESERRERRERASN, ULEEARTTSE,
1 KBUBERBOBTEMN A Z

By —ERF ERARKBLRBE TN TR, RS EE RIS RNNE, SERRAREHRT
K FE AL AE R B R0 B BT R 3% B E A3 AT R0 QTL R ALBF R, B 5IR AT AR M AR 7k, Y% HAK
FREYI AT EER

K2R A B iR B (Water extract bioassay ) ; fH ¥ %6 4 ¥ M i &% ( Plant box bioassay ) ; iR 3% 3 8 B ( Relay
seeding co-culture bioassay) ; % [ B {& F1 3L 3% 25 (The equal-compartment-agar-method ) ; B i iR #% 3£ 1% B ( Relay
seeding co-culture bioassay in agar)'™ ', XJLMITERE ANZNEYN XL, BEREHNFE., KBREW
BT BEFELEREMZASEERNE, MEXEREYSARSWYEESE LXK G, TE 4 FH
EYTRERNERS S REFEE T SRR A2V ZEEYERNER, TR T KBREENALE, B
FESRAR, HIERERE, Wu ™ A NEENEYI AT RS FLE&UT LSRR RE 58§
1B STEEAEM AR IZWEN YT TEEMR RS EM RIS ITH E%, B a4 Y ok 24 51 6 SURH# X
HEY SR EAABEREINES . BENEMRE —FHU KT EEEMHER U LR, JH, Leather &
Einhellig"™ i 7E HEAT (LB AE A S RO e 0, A8 BUEE 0 & B IV ES 1, A 2 B33 AL RS 6] 19 4 4 i 8 vk
[R] ik %ot ] — A~ i ol BE AT A AR R ¥ 1 9 ) 3G, AT SR A B BUBCAE A = R0 18 5 I 28 O 5 . BB IR 4B
1% B: (Relay seeding co-culture bioassay in agar, RSCA) ./ 3 {0 3B #& H 3% 1 (Relay seeding co-culture bioassay in
silica, RSCS) F4R & 43 A 4 1% 3% 1 (Culture in Root Exudation, CRE), RI&1E# T 5 MK SR ML BRAEREW
(AN BE ENIIR AR K AIME ), LUARBE Y — M & Wl AN KBEBREREYN R %, X3
MTBERERS SRS EEEHEYR UMY ZERAME W, BAE - EWal bt HLXRERIEK 1,

FEE 3 MAEYMRBEHSERAEE L, F— AR EAREYR KX EFRAFHFES, 0 Iguape Cateto 7E
RSCA ¥ IR {E 8 K, M 7E CRE ¥+ IR HES =L, PI312777 7E CRE ¥+ IR {E& K, M7 RSCS &9 IR {H
JEE 3L, BEFEME .5 KRS KL BRMER /7 3 AR P K FBRIEN Iguape Cateto (1
W # 46.17%) > PI312777(45.27%) > 1AC120(35.60% ) > Batatais (32.27% ) > Lemont( - 6.13% ), AJ b
Iguape Cateto FI PI312777 H)4LJRAE FH ¥ 71 B 3 , Lemont B35, ZAHX A AT R, 3 R APk 7 B 43 53t 5 A4
KRS G AR (X, X0, X)) 5| MR 3 R T R E(Y) AR, UL RSCA R, R B &
K, BB A RSCA BITFM 45 R 5 3 Rl i 0 Bk BRI X BOR B ¥ —B, o1 RSCA s R B AN EEM I ik,
HAMLEERC &) ZH A TARMERNAEBEESESr FEYFRRZ ., #EiHL, B M RSCA BG4k g
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Table 1 The performance of alleloapthic potential in 5 rice accessions tested by three different bioassay methods
5REMBE N KBRS THRERK RWHE

i%&dﬁt?ﬁ Root length and IRs of barnyardgrass by co-culture with diffenent allelopathic rice accessions
Bioassay method
PI312777 Lemont IACI20 Batatais Iguape Cateto
1.90 3.92 2.35 2.31 1.83
RSCA (57.2) (10.8) (46.9) (47.5) (58.2)
CRE 1.30 3.03 1.31 1.96 1.42
(43.2) (-33.4) (42.6) (13.5) (38.2)
RSCS 0.74 0.85 3.45 1.89 1.73
(35.4) (4.2) (17.3) (35.8) (42.1)
K F M Root length average 1.31 2.60 2.37 2.05 1.66
M R EISE IR average 45.27 -6.13 35.60 32.27 46.17

*HEH M E, FESSHMEMRK  The data inside the parentheses was Inhibitor rate ( /R) on bamyardgrass, outside was root length of
bamyardgrass; /R = (CK-TR)/CK x 100, where CK refers to control in the monoculture of receiver barnyardgrass; TR, refers to the treatment in the coculture of
rice with bamyardgrass
2 ABUBEAHUERBEEESS FEYESH

EEY THFEANEAEYNREZE, g e, R RARERE RS ESE,
WA RELENETLRNXCE., BFRERMEEETAEBNTIR T/, HFREBHEH#RE.

2.1 KBEHBERMERBRESEREN

Dilday % 8 7 FF B /K S 4k B AE A A 315 B 53, 1 R A B A AL B AE FIE 1 /K R S B PI312777 58 BLAL &
VERI¥E ST 8K B Sh F Lemont AT 432,12 AL MR IE H PR AL BRI R R B E, BB T KBHRE
PR B BB WS R . BIRIES T Rt R a0 G450 B 1 T MUAEY 20 E 5 5B fE A
HEEHNBEARETNERLBASH S, FES L RECEA, HERNDBILRIKG EHTX—HEAR
BT TH . BERERLIFSFEAATREX KBRS QTL ERBFR, RETHEHRE, W
FFARICHB T RABRERH AR REE TEENHRER.

Jensen %7 iz F SR ALBRAE A 5% Fh 5 5510 BRAE A S PR B A0 T4 3 S B4R (RILs) $EAT QTL . & BEA
& 250 NEHARXR,HEAR IACI65 GRILIEIE A ) CO39(F[ABAEM) . BMEPIFICH I TEL 121
MEHAZRRATLBEERAWREREY QTL B R K. EiRXE 4,25 R L5 (The relay seeding coculture
bioassaay method ) #E 1T AL /BAE FIWE 7 LA . FTAl B I3 BT & 140 > DNA ARic B KRS AT B9 12 KR e
& FERIC S BEE N 14cM. AR R B 5K RS0 B E FIAH G £ QTLs 7 S 4 B F 2.3 A1 8 Pefalk
L RERER 6.9% ~ RRMHTARALER, A LBBERAT R LM, X524 Firic KHMRLH X,

Enaba %DSJ%ﬁqﬂ(E%ﬁE%mﬂﬁ%(WMer extract bioassay method ) X 1L B AE A ¥ /17 F B, # FH iRk /&%
YER S PI312777 555 L AE AT & FF Rexmont M 243 5 F2 Wb kL AT L BHE A QTL B, R %
RETA QILAEMTHE 1.3.5.6.7. 01 M 12 efalk b BT 6 etk by QTL BA B KM AL RIERAK
DL, REMERE 16. 1% HRET R, Hibe MY QTLEEMEE 9.4% ~ 15. 1% RN KRBT R, SR KFELEEM
PR IE L2 R B, B R A F2 AU S8R 1T QTL B, A KRB 1, 33 7] B & v B BF
A QILBBERATRRMHEREFRA,

BAS BREE FARTE 8 SRR 17X B A5 LB B IERE R ERA AWK
DH ##{& , 7K 12 1R & ¥R, 7% (Water extract bioassay method ) 7F ¥ & 54 ff 9 1L B E I, I 2] 4 DK AS 1k
REAE R ERON QTL B EALFE 3.9 10 F 12 Jefabk b, REWRE P MA—EEHAXRAHEH 168
A5 F AR 818 5 B ¥ 2 A0 45 R A IR #& 3L 1% ¥ (The relay seeding co-culture bioassaay method ) 37 4T 4k B 4E
QTL 20 #7, 85 R R B 1 5 BIEMRA XM ERMBERE QTL, % QTL M FH 7 {t etk L BT
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32.30% K RBAF, FEF XRMWE 6 Xt Mtk QTLS, R T 47.83% W EB KL /L, B QTLS (L S BB
80.13% MERATH ] LERBLEE, B —FHEH,

Lee %!, L) Sathi x Nonganbeo 2438 ~R(F,) N & B & BB N L BIE RS AR Y , R BB A B3 KHE
F, REFR 8L BAERE 3T AR, ZEERE Fi2 A SSR 4 TARC B # AT BRAVE A B QTL 247, 45 18
BT ONEHBERAEXE QTLs AN EMEREE 1.2.3.4.5.89f 2 Lk HPFEMTE1IMES
Fefafk B2 A QTLs MALBRERANTTMER K, MBT 36 5MEBRER,

A B 3T/ 40 05 A E BR A B ALK B8 Dular FIIE AL /BR/K RS Lemont 22X =4 WG R E — B £ T T K
H—EFT 1B IMRERARAWEHBZR(RIL)FE R FESR K FUBH T EREBRE LT, RARIE
BEIL T IR AR R MG RN, SRR ERWER S, EHERMLE,E/H SSR 2 Firict R, g
T—NE MG TIRicEE 12 M EMBMREEIE, R S M S5ARIERA XH QTLs 2 FIHF 1.1,
5995 Rk MBT 23.97%.15.21% .13.89% .18.63% Fl 6.64 % I BIEL R, & BXT RE M TELE S
1% 11.83% .7.51% 6.86% .8.20% 1 3.28% . ARTMX L QTLs REL BT M AR, LHIRIER, &
EiE S BN RS TR T A BB A BB QTLs MIhEE (LIS A T ML BRI, HEXR, Y
Wiz AR E A RAFE ST EARFR PB12777 KRB BREAMEEEMEE, RN SHBRE XWEH
SR TFARRERREE 478 12 EWFEREMS, FANZERIERRIBS S RNBLEMELRLED
f9% B A8 (1 (PAL, HMGR ) %" B RIE QTLs (L A S BB A R E— R, WA FRBREE TH
i

B BRI, &% & B ALBOKREH QTL E WM AR ZHAR, RREFEE . — B S ¥EEME T
K B B 506 & A AR R (RS2 AR [R]) 5 R XK R84k B 4E AV 0 94 7 2 (R ik a8 R [, S 3o 4
AL BAE R TR AT RE R a2, AT W QTL @Rt . WL B Rl @AM AR T &%+
NEE,

2.2 KBILRIERAMWREESSHSTUH

KB BRERAMBRIEM QIL e RBREEH, ZHEREKE RGN, B2 EREFAEZE, BT
HRAKBUBERANBEESS S FHIRHBRARRABRERAFENEENS, XS NEERLBRER
KEWHLBEZ—,

2.2.1 hBKBHBREESENE MARRSREZHDY  AGABERNKBHETERSHLESR/D, 4
3% ~5%, RRZHERZAESH BEMANMBHEREFBEREERAFEEEEY , IR THER
HAEFABNER™RHEEEEANRXEKRE. MERXMEFTRERSHARNMNIZR, ENAEEA
FAK B 736 BB R 5k 5 BURY , R TS IA O A 3t 7 5 7o B I 4 P A b P A B R B SR (L B AE I R R
B2, BAFEAAE B BRRESBUERAS S BEBREMXRMARRBLOE R, #IL,
ABFE /DA AR FIRICEARB LT BABERBESSHERIE SR NLBIERAMEES L+
AEZEAR L TS, R E /NIRRT AN — 8 AT AR G F AR E B IR
I, BEEE/N BB NAZRBEKOKBHEIAN L, ARSI HEBW NFH R — B0 HE
A [R) 28 B 38 15 B B8 K, i BB R SR AL BOK RS, BT BT RE R E MW BRER , XN H TR FELFH
ERESEA, EFRCBKBHEERS & MREREKE

2.2.2 KEHBERAMETREFEARETEAFCHA  EEY MM AR LZENE, EEEK —EH
HNERFAEEBRREN, B THEERVWERIR-1TIT IR, B AERUEAR I BEERRES
FESEIMEERY, MURAFTAE R EEREN S ST BREESENHERSZESERENNN
B, AR /NARBIREREH N KRBEE KR TR R LRERENRERFRR, &6 LRER
EENREIOAR: # P ZRAARRTEEFHARTERR T KBEAR R ETHBABRERERG s EE
BASTE , R UHD BB ARM R BREROMERNER S EHRNEFRESERABE, 48
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WHERBETEABERRIRPERFENREERMEANBRERE, hFFRKBLBREALMET SR
BEH BREERNRFRE,

2.2.3 KEUBERMESABRS S FASKHEREMESSIEBEYLBERE IR A4, SHE RS
¥ HFTUESL . WU, Einhellig % # B #48 HIE VLB R K ™= 4 S BB ZIN B FE R AN m, 5% 5
EREE Y EE RS, MR BRY R A B, R B RY R EY ABBR BRI EH? ) Kim
FFREFH ABERKEE UV-B AL EE S REABML, B4 R B KL BY RE X2 EF PAL f1 CA4H
WEREHE, BEEEES, BRI ANEIABRET. RN HRERR, SUBKBES A FEEENELE
B (AL, HULBERE HEREZENMAMA B MR, NABBEX -0 FAEEENE, B
BAERFR EARMHHAS. STATEEYMTERE(EYRFUESHY BER BS LR FMERE K
SEVRBEGEN ) R SHH M AESERRP BE T —HFEABLEEYHREY -, Kb, x&BRiEE
BREMIRAFZHYSERHY ERURMAEYZRIMEEERANLEEES¥XAPREYN, SHERTE
TERREBEE IR BOFEERARZL., FEBREEFAHY SHYZEANHEEERXR MTERENT
AR, MAEPES I RABIERBENTUHEEINHAEFESB—BE, EERKRNRXE KR LIRE.
B /NA B TR T 6/E-3E % 4 B 42 W 35 (Allelopathy and Competition Separation-based bioassay , ACS) " | 3
ERARERBEARASEARFR T KBEAFRBER G THERN TN FABEIRSIH , &2 %
MERMEIEERES  ARULBE N KB THREEREARKWASHERAR ., BALBIEANKBE NE
M (EEES) T EEELEBABMNER MG e R EARKWAEFRE MARBIERNKEE
BEBEAMR A ERETE N ENMEE A R EERNETENED , FREH—HEH T ABLRIER
FEMEISHE  ANBRET RERMLBREACEREER S " X IMERLE—HSFEHEANE, sHERE
FA%¥TE, #— SRR MBREKE TR EBKEHATHERBELEYN S XEBBEAE
REEHER, MSRERELSYNREBEOREIFERS , IBRANERBEOAEMTE R B ERIRM
MR, AMARERIIEMARERAB NI B SHESRARBYEBEE L, AX—SBS, KBHBR(SA) R
MEYEEEREWAXRIN, GSESMNERNRAFAENIER. HKXKMAEHAH (proteome) KF L/ R T X—
HEBBR W T L.

3 KBUBRIERANREEYERN

EER,ARPHRARRS ™ MULBEAR - MEELMEREYEERE, B RAEZREYZ
B Z AR S T EBEYZBURMAEDEBRBZEANAERNSESHSS CR I HASEEE
B EEP R T,

PRI %> LA RK RS PI312777 FIHEAL B /K RS Lemont 44K, £ B W & 7 AR MK REHH &I (3 ~ 7 o
BOMPRMAEYX R R L EHEENE, SRR AARBRKEHSE W T L ERREEVBEZSHER
FRBEIE M, ALEOKHE P31277 R A H  ERAENEER TIEARKRE Lemont, MEHMWHEK T
JE4L K FE Lemont, S BAALE KT PI312777 M XK BHMAHE & E EREMWEKAREER M —BE
BHEKAMEER. #—F2WRE LBRKRE PB12777 MEAPE FAMEBEEE TR X2 RE.
BACHE DR ARE HRAFAEKBARAER, M RBAHE R AEE KA MEER. oMb
BOKRE PI312777 iR AWM Y X IR B BERR S ERE RS IS E R A R SEVE R, Xt o E AL SEE N 2 W HI4E A
ERERAFKBRAEYEERHNREERR S FIBEANGHE. HFEX, 28 T-RFILP HAFEAHURE
MERFHHEHRABKEN LR BEDEHEENE N, B TEFENMRGE, AR TEE & REH
FToath G T BEBAEYHERELSEY 10 BRMEDHENASL.

4 ABUBYREREERATR

KT AKBUEBRYENRHERE, ESRAEHENTRRE. BANCAENZREOHEMR R T AN

EABRERFENRERBRE  H-EFERKRZBRA_BRR, R _ERRBRAE™, EAELBRYE
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RERB M, ESMRLERLER. EHNFEAARKBETHFERIZBN BB LGOI ILBRY R,
BiIFERBAEEZENIBEBAEGY R RACEYR, A NTERMBEFRAETRERMRY F-722, BhE
BAYEAFMEEANERREES, FARZGTREXBIXNEKE, MEREDREARIPHIERY
BRI EAXMBAE, AT, RAFBRRGEI LB T Rk B TEMY T 5 R 5557 2 5 10ROk 8 (PI312777)
FIE LR K TS (Lemont) B R WY, AR EZEFHKERES DY P, HE I HERA B Bk,
RAE B BMAERAEAMEY, HPEL2HENYERS 60.4% , T HIELBOKE Y HabaP I fA
BEEEEE TABKBHBRARSWY ™, TR0, Bk kRS MR8 2 2 A M 0, {8 1k 3R 1E F 8 51 838 55 3
AERERBYMHFEEHBEBREL  BRESEMUEVESERANE R, B EXKEEEFRIT T B
RERIFFEEY R, NFEL BMEE BEAACEYESREKEZTHNZ LW E/ERN, EREH BFZHEF
EERYEER (B MARER, Bk, EAPRI - NEEARBENBRELRYEERETAEEERE
BATEEN ., ERHFREXE EEYMIEEYHR FEREME T KBURIERAER, Y, EREREAAS
BT, NEBREHKEHEAR B IEZ G L RWHKERZ N, 2R LB SR BOK ISR, B2
SRRBAREA, HRERREAE THE CNEELINESME R, AEEM GC-MS fl LC-MS 4
WEBEHRARSZG F ERBMKEKERAILER S REERASR  GRRBIET ZIEAETENAR IR
ERMLE. TR, BERNEHBYHRE KZGMN. BEXR, EE¥E Vivanco REBIR/NALZSEAEHE.
EPE MM ERALATESERFAR T IHIRARY MK EL IR ( Centaurea maculosa ) Xt 4= 3145 H) 1
RS gk R PR S H A I h A A — R 2 B Ak & 4 B0 T BE JL 2% & (racemic catechin) B ALY R, 1t
12 A EERTOC R EERN XY ENERAT R RS FIE, R T ZABYREAREETRHEZ
ERARSEHALAFTERBEEE(ROS) RHAXH B FBEESHEMNRBK RN, N\TT5 &2 EEHH
KFHEARBNHRE BREEZERARMBFMHEILT (PCD), R & R 7E(Science) I J5 51 B K # I M
A, REAARKBUBRYEZESNESEHES  UBEREITERRAYN T EIBLEEHWRY TR
BEAEHBRE,NMZEKAREPAENBLENTEEEZEBRASUYWEEERAMSET T EREHRAES R
GHEBTMEFARFENREEA., BREANZEERARAIFABRR L ENLBREREE, SR K
B OKMEEBRREN T HHAABIME SN > ERAREMNBRIRLE > BRARTHBRINLE, TR -1
HIRh K R M AEY RS ERAE WA, 2005 EER KA EEFHNE 4 BUBRIERA RS L, AV %¥EH
LY R LS PR T UM BERELE TS HFNTRER ST, HBBEEHE ", Weidenha-
mer' ' L = B 3 B %t B & # (polydimethylsiloxan-based materials, PDMS) 27 44 %} il & — b A4 9 44 #8132 B
(biomimetic extraction ) # 7 B3 It £ 5 2 Wl + 3 b 3 B 35 2 AL B R (sorgoleone) I BN 25284k o Rinu %'~ 5%
BTz ARE A F R IEBIE S5 B3 B) FTIR .NMRESI-MS .GC-MS . LC-MS R BIRAYE B ¥ RO E R
TEHAERSEERHEER, UFEABAAYSHY B SHEYD BEYSHEYZERNLERR, X
BrKkEUBRYREBRAESRETHITAHAERERIGRETHL,
5 #iBE5RE

LR, By —NEREXR ARSI EYNRE, BKRELRERBR T2, 0 8K #E 4k BR1E
ARSI, BARIERE R AN AR, KL ERE R AR08 % 58 & QTL &1, ik
LTABERAXHEENRS SR ERETE TR EARR, BRI 5TER R A 31 M 4R R #E 7 AL =R AE
AR BIET R RAENS, B L BEMS FIEEREARE S ZERBAYRIFENLEESFXR, B
ERARKRBRYRERANT ZEZ., BERFERSN, XBEELE : (DBRERITT—NT 2T EMH R
5, DAHESE 1 AR B AR P i — R L E D R BB I G I R Q) B AR ERERF A B FERSRE ML
YR BN ERIREEEHZERBRAER, BERIEADEWZEEDNERERKE, PHEEES
B, EBHTH . ZFEEYNKBLT, TREEFESEDFESEAWIS, BAmMoREm LERKREMERRR. R
B, Dilday B I LR B EBAXBN T E, KB TRABKEE =S, FEHRWER T XHEWH
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BEETHBRERANGEERRAEHTEERENTTHT , B, RABRX ¥ ESEENIFES
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