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RE:SRTHYNEREAHRHYRENRALE. HYREFESIH HAL L PFEFEFHEHNEREI WML R
KEHEY T BRILHERZELEEONB 290 EHREMEYPRAENEEE, EXFREYRSFEY S RIM N EA
WEMBT 120/, BENAENEYBEEIEEEAEKRE AR HRE HRIVEESRE LRBLNEENEKELR
ERESN. HONEEN RN E T ERBAEI AN A RS KBBL, AYERATANEYRBREY R, SHERS
FERYEEERBEIHYNERIUREFHY =L RARBASERBNFRERERK, B4 TEYNEEEMAERE K
SE RSN M AR AR ENRRIMATER AR AR ENREEURENEE
EAERTBOBREEEXTTHER, A MHEYNERENEDRETAERZRIRREENRNEH#T Titie. #A
HYNERENEDHRBEFETKENR, FEXRCHRESE ESEMESLE T EHER.
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Advances in the study of endophytes and their effects on control of plant diseases
SHI Jing-Ying, CHEN Wei-Xin, LIU Ai-Yuan" ( College of Horticulure, South China Agricultural University , Guangzhou 510642, China).Acta
Ecologica Sinica ,2006,26(7) :2395 ~ 2401. '

Abstract: Recent advances in the study of endophytic bacteria and endophytic fungi in plants and their effects on biological control
of plant diseases were reviewed. Endophytes with many varieties are widely distributed and almost exist in all aquatic and
terrestrial plants.Now endophytic fungi have been observed in gramineous plants of 80 generas and 290 species and more than 120
species of endophytic bacteria have been found in some agronomic and cash crops in the world. The host plants infected by
endophytes usually grow fast, have a strong resistance to adversity and diseases, and are immune to animal attack compared to
uninfected plants. Therefore endophytes-infected plants are more competitive than uninfected ones in adverse circumstances. The
mechanism whereby endophytes act as biological control agents is that endophytes inhibit pathogen growth by producing antibiotics,
hydrolases, plant growth regulators and alkaloids, competing with pathogen for nutrition, enhancing resistance of host plants to
diseases and inducing system resistance. The techniques of isolating,screening and detecting endophytes, approaches of controlling
plant diseases by endophytes such as artifical inoculation of endophytes to plant, and application of antibiotics produced by
endophytes, and utilization of endophytes as vectors in gene engineering were also reviewed. In addition, prospects and problems
about endophytes as biological control agents were discussed.Many factors such as ecology, pathology and morphology should be
considered in using endophytes as biological agents in the field.

Key words: endophyte; plant disease ; biological control

BB AEHRBEESTETE (04020593) ; " AERFZEREES LR EHR K B H (2002B60116)

W% B 3 : 2005-03-11; 48 1T B 3 : 2005-11-10

EEEN ARA080~), T, WEAN BLE, FENERERGERE LY AW . E-mail : shijingying2003 @126 . com

* FRAEH Corresponding author. E-mail: Ywm21081@ sohu. com

Foundation item: The project was supporeed by Guangdong Naturz;l Science Foundation (No.04020593) and Key Lab of Postharvest of Fruit and Vegetables Project
(No.2002B60116)

Received date :2005-03-11; Accepted date ; 2005-11-10

Biography : SHI Jing-Ying, Ph.D. , mainly engaged in biocontral in postharvest of fruit and vegetables. E-mail : shijingying2003 @ 126 . com


http://www.cqvip.com

D000 http://www.cqvip.com]

2396 £ 5 % W 26 %

FERAERAEAREHREYRENER T, BAEAERN TR, FRATENE, BRESF
B, EHREAZEESANBR, ANEYRENEDH RTRBERZHEN. MIXAEYENTFERERE
ARWNEPEMAAEE SENERERYERARET=ESHEYEER, TURREYITENERY
FRUMRENAEREBRR)E—SEHER, S E5HYN DI, B R HAY REL K ERAY LS SR
ERBWEENENY . NARMNEYRENEYBERRFENATIETHY¥R HYREER M
EMERUREBERNT ZXRENER, ATHYNEEREGEEYRE TR ERRRERRERN
RAFAERNREEST T ERATE.

1 HYREEHES

EREMEEANRENTASES AYNERREREERAELN —ENRRETNHBAERE T
FRHEYMEHASAMBEARNERSAH SR ENE FTEY(ZLREMN) AR LSMELER . T LHEHE
YINERBERAEDHSANER AN, REAYRAESREEPHRAEARAS, EMNANERETEELFH
PR AERAY, WERE TIREBRER FTENRREMEY . TELARZTERNHRREHE
B YA AR B RS B RE, M EY AL N BT e Y DNA M7 8 RIEH AR ED
2 EYMAERFENTIEY

YRR ERFEENES, AYNERSEYZRAFE-MERNIMES KR, BREE 100 ZEH
RO L2EZAEBREDALHARUEREDHFE, XX MEYTEXRPEREFRAEYNAER, EHTH
ARABEREIMERRERMBREVHSAR, FUNEENEEMERKALUREZN., EF 20 it
L30FER, RAELLERENERFNRESETE  ERERNLEARANEETERATRATRENE
HEMNE, XA F AR R ERARNBRD .

ENER-EYEE-RESYASRET HYNEREFEENAESHEN ., REXSERNY RE
MENARTENFEZHENRERE =Y, EMNEEZHEYEE, BERLM(BOEH P REERENN
RN, BltEAEYHERNAFTBERHHEKY

NERLTRAFAETENCHRELIHESMEERKEEY Y. BENINVRFERGRAREY MK E D
MRARENHERR, BRIEHAZLCOE S0 NE 290 EH AL EYTEARAETNAERN., EFERAEH
B ( Saccharum officinarum L. ) \EXK( Zay mays) JKFG( Oryza sativa L. )FERERRIEY P LR L FEEE AW
WA, M 20 tHE 70 ERF LR, FIEE - LEENEFHRARIME M BB & T8 42 (Abies spp.) . T2
( Picea asperata) \Z1XZ% ( Sequoia sempervirens Endll. ) ¥ ( Pinus Seylvestris ) ¥8 ( Cupressus sempervirens ) 5§ LA K Ig i
BRB ( Quercus sp.) FEW (Betula L. ) FEW ( Eucalyptus wrophyll ) SR BHHAEZBNEEBENGEE, H i
AT EHRME, EREZHEANELAEYURREEY RNEZEL EHEANRLEDPRLRATH
EREM(BORENE™

MREUKANEFEEFENEYEHEE, X T-FEYTS, NPT E BN EREM () HHEE
ERILHEILM, ENEZLHRILER, ERERHAEYPAERN XM ZHEETRRE ., Anold %' 4
T EEGHHREATEHEYH FHONER, SR 83 MERM F LA BNA AR £k 418 4
EREM (KD ERBARMILTEDH 347 1), FEAEHRNBURRE —ERNE ELEMBERE
it RS FREFXFALERA, A—MNEREALEESHEARRER"Y, KEFHNERHERBET
FEATA( Ascomycetes) , BIEZBE N ( Pyrenomyetes ) M ( Discomyetes) 0 4 ( Loculoascomyetes ) Wi 2
MEUREMNHN—EHER. EEZHEYFTZHABILANRE 2K EIE (Leptostroma ) . Cryptocline & U
3B J& ( Cryptosporipsis ) 1\ 2E &5 B J& ( Phomopsis ) FIt (5B & ( Phyllosticta)” . WEFHNEER T EEPETF
BRI K BB E B B& ( Balansieae ) Y Balansia (To1E B A Ephelis ) M Epichloe (Fo 1 B Neotyphodium ) P
B, NEMEGAERHUNAEY S, BNESHREDRERELFEY P RANNEAEC BT
120 (KRBT S41MR), RENEMARKEN L BEHEYFE, KPP BREKER ( Pseudomonas ) 2 HIAT B
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( Bacillus ) JG ¥F % J& ( Eterobacter ) Lk & + 3847 5 /8 ( Agrobacterium ) K 5% BB ,
3 RMERENHEYHREENNE

(DFERERRYR REERR-ERENFTUHEY FEKEE T TN BAEY WA KRB 4
B, EHYRENEYE D BB EEN A AN R EERENER, ST URRAE R4
RAEGRBIEN . WERFENRARLYREEEY RN, EEYENEE, HTFRESRER™ ., B
NEBFENTERYREEE 2,4—Z ZBiRE R (PHL) . BB R PR (PCA) . 25 %3 B B & (pyoluterin, PLT)
¥ MLk 1% B K (pyrrolnitrin, PRN) M % (PYO) \HCN F1— 3¢ T Bk X BS (butyrolactones) . 37, PHL #1 PCA BIBF5Y
BANRAN EMNA N E LB REARBNMHER, M EMEEROET - ENAEBER, FBMAT LS
Urijmoed HEFMNFEEBAM P B HRMNEEFARTSEKEBE ANZHBREREE BB ENE
BEHAEMHAER,

(QFEKER HYNEEEAANERES - NEENAEIH R EKEEE, LT REHER
R, XL KBABSHYRERENEE AR BVANEREN I EHARRBEILTRAEREE, X
KB LR ERNARESREBREFNERS, BARRE. —MATHEKERBERNANLER
W Pseudomonas fluorescens P AEM LT MM EWBMHA K F S EHIRRREE BTN XED , B4 HE
MILTEMERCEESARE, TURXERREAINEHR  AENEHNEE  BREHREER. BT
IR AERERNALAE, AR EEAMREE ZXZRORE™,

G)FEEPAERKATR HNAERGT=4AHEYEKRBERYR, I AA BEZEEY, L 55 R2H
REPELE N EEEEARSNE 0T 8B 7= £ 0/ 32 F1 8R4h 8 A KR R R B 803 ol S48 4 R B AR B =90
Xt He o — F 5 JH B ( Colletotrichum sp. ) KEEF MM BEA SR, ZHEESEEYE KB E 1AA, BERE
B BB R B &R & (Staphylococeus ) T BB J& ( Azotobacter ) LA B & IR B & ( Azospirillum ) N A 4 B B —
LHREAT=EHYERATYRENZH AKE AREDE, IBEEEYNEREEREER, EAK
SCIR B ( Erwinia herbicola ) RN RE= A BIEZ B, M HAB=EHM IR E . XY R EEH B2 #HE Y1
K. NBEFSEK 18 BRE R E 52 BE T 5 (Acetobacter dizotrophicus ) HE = A K ENEHT , EHER
BRBETRESHYMHEERAIEPANAEE R, i HE 0] A4 K E 8 E 6 A2ty 8, /2 3
MR, RiEH—RFREN, ™R E 0 K E (Kebsiella oxytoca )P ERK B KBHEEBNERNE
BREERENAWERY

WERFERZFERYE NABRTUSHERAERERZTFHANAR, ERERAEBAIEEH
EFAMET., RERFEHANEAERTERSERSREAZFYSLE MHEAYHAZHEW, RLEHR
TR - RARERERSFREZHFE, FEURARBABSKTEME T, BAEK T ENBFLT , Ak
HEIIENFETHERAAE™ . BFFHE" R KBHNEEHAETRFN AR FRET ESHKTERN
WERHRENERN,

(5) R FHYWERSMBREI S BRENERNHEY —BEAE AR A 4E BOEKRE K REN R
Mo WAERETHHRE EHMYX NP KEERTENRK., HEHEFIHEIREER - M RARMNETFREAN
AEEWE, 98 FNHENRETSEINEABAERBIA, FRELCEDTUNER SR KBELSE
BINEBEREHERE, AEETHEA KA Kallar B 5 435 B E & INE ( Azoarcus sp.)o AMTEDFFR X
HAEEREN ZRIA SELERMEYE S0P NRRE™ , BEESEP ANAERRERB=YESHRER
MBSO TR ER A A E S R AR R RE RN T, BTSN, EES &4
T EEANEEFRNBEEANRYPBERSELN POD.SOD MIEHHER FTARBRENEEBNMEMSE, AN E
HNRATREGSR TAEY K SOD FEHEAVEN , NI EYNIEUT=ERA BT W, FEHREH, BENE
BHHEY L RBRANERNEYRFERNI T2 BREHENES.

(6)FEFEY = ENTME XXM EWBHIEYLA, Van Loon™ 1 Van Wees 2 SURMB HIER ., MfiliAd
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BRUMAYAEERNERNMEYEBFHY =& —FHHE, SHAERR TFREENREREB I
(systemic acquired resistance, SAR) , i & N F £ B4 (induced systemic resistance, ISR) . ISR RE 5REHE S
) SAR H1L, B SR EXRE RN, B SR PHRASHIIENMHEBEERBEMXER(PR)K
Fer, HBTXS ISR BOPLHEDL B A8 8 R 10 SAR MOTTHERLE W, —RIAH ISR MBTHE S R E K F R B
BRYEBMBELAX., SRAMSARBFEESEREFHARMBR™ , ANNAEAHERSHEY =4 —BEH
J7 B3 , Benhamou 45 I 4 B Bacillus pumilus strain SE34 R EEH AP G, R HFRE, AR
BRAEKBHEAREMIIEEN , ERECEBRATAL, 83 AR MBEY R KR TR, X S0
BIME, EHRELTHRENERA

(HFEEEYE HYNEEBEITUEESHEYR, KEEYRNEEGYMBERRAEE, Kb —&
SR ERE HIBIEM ., Li % WE L BE( Tripterygium wilfordii ) H 43 85 3] — #k N 4 K B ( Cyptosporiopsis cf -
quercina ) , N FL ¥ 4 & B 7= 0 P 43 85 B — Fef 357 Bk i 2 0 988 (cryptocin ) , X #8389 B ( Pyricularia oryzae ) A 31 i 1E
o Elmi ™ #HMBRRTHEEENEEFHRNTLAES NEEE=ENEYBE X
4 HPRNEHWSHE. HEMRD

(MWHEYAHEER S BMgL HEYHOR.ZE 0 . RLSEENALAPHAERNEEAFAE. EFERK
PoF TR ERHEE, RAEBYBEYARASEN T ESEREY AR BERBESERN T ENEY K2
BHEE™, ¥AFRMEZABBRAN T EAAToBHMAESE, bR TREMAEREL A
5CHEE TR, et — 5 o mEs>

QEYANEBENTEE REMNFEEAMBERN RN AR, KT IEE 5572 R X iR 5% 7% 5% i
B, EIMEREEA KB N EERAM A EENREERIERRK D, BREBEEBESE
TXREENMEEI SEFEE LEHNZREENMIURENRAFA - ESEMR, T AR RMERESER
IR X REREEER KN EHEANNEREHRA - ERBRITFNEYHIEE.

KT Tk BEE R E M WA, Bennett 1 Lynch B T —F X EF R R LM EAXEFH T RN EEHK
FEMYRIMERE N . W REREHEERTEHYAEE, M F—-MHERNEYHBRE TS,
BEREEKRNERIFOEHE N, NERFEEERNERE THHFERESE, BREE RANEE -
SEFE S EN E FEME S ENRREY B RER, RRAERBRENER, XAEMWERR. Wi eFHE
— RN A BN TR FBEC RAMEENMENRIL O T M R PiE d — A R REYRN
WEEHE

GYHNEREMRRY BUEYEANRNEENTEREARD  RERARR B 6% 8 558 WE %R
WEEE , WERESIT,EREEAT , AENRAERH, 20 142 80 F LIk, — g JH I H R F B
FFHAEBE KRR, 2P BFEE 5 447 (Enzyme Linked Immunosorbent Assay, ELISA )™ 13 £ #b 2 5t Y % 43
#7 (Near Infrared Spectroscopy, NIRS)™ H i FHAEHWEERN, RAEFE EXETER . FHEXS
PEEREED Y AR ERE G TEMBEEARAY MATEYE T ENER BA TR AAENEN,
BRI AN NEAERAREZEHNEPFIBRE RS, W B REE, BT EN AR E &N
EREHEGBANMARFREAR . AEKREMEYREEFF 0 E H A B 2R BEEE, Bd0 R
S AEY) 16S (DNA FF3 AT G AT ELER A4 BT AMGE A s 2K, BT RS T AN T ERE
My, BRrT LB X O] LAE B (B RIT AR R , T HATRRK,

5 MANEHEHEYRENER

MWAIEMAEE ALLESALERMTEEEREENANEFEMIEYEN, RENEBER DY
WIERA. BERERAMALIRNANEAEN T EE 3N - OEREME ANE RSB R EEHEGRE, X
B UFEAEE#RAMYREA™, ORMEME, BB IHYNRTESEFNAHEERRTR
W — s A IE), FE AR K B R T AR I BT IC N A . OBk R R, A% RAX R
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FEA U E T BS-2 BREMAZSHEDEN,

FRAMALIERANEERN T EAEETES ATERNAGHAEREFE. PERI K2 Ak
B —F A B ( Chaetomium sp. ) , 2N TEEHENEENHEZRIEYT BROERH. AREEFEA
TREEDESHFIAN S —FE%TF B, Latch F Christensen I S N A EEH#IT T ALERRIR, R HE
L HE Y R ST, T R BB R 013 B BB BLZH™ o Johnson ZRIA G A LR TR TREELR, &
WA 17% W B LRSS

QFIFAALEEIRHTEE HYALEESIRNRERRNH AR R RENERERY R, NAEH
REF=DHNABZETAMHER, TUEEAANEFEORBEFYEMWEDRE, AERTERNTER
AUERNTEAERGH X —KE., BN LEW Pseudomonas spp. "E M — KRB EHRIREY R EEHEN
(thamnolipid biosurfactants ) #] & , i VK Ji§ B B ( Pythium ) SN F F B JRAE SR IS, 5 RS R 70 T 40 R EE RO K AR E ™
Xt /N R A BIRL B P . fluorescens CHAO RBF=4 — 24 M} & 2K (phenazine) ¥) i . Bacillus strains BE7= 4 — 6§
Z ik (lipopeptide ) K4 e EXM MY B MK EFEENMHEAY . NEHHED R ELHBEAD P.
fluorescens CHAO BE7 4 JLFHEEHEAQ I M 5 , (045 PCA, HCN A1 PLT %', PCA #l PHL A R HX R EE D 2
Bk, XA P ENERE SR - HAEEE T, KEE R E DB MRS,

EXNIMEEENRE HNAEAEERMNE“ LEE WEERK. BNEEREEEYRNEHE KHE 7
BRES BREFREAREEFASNEE T, ERSEY IR RGN, MHED AT WEE IR REWE,
XA MR R EI B R R R o Kostaka & I B H K E ( Cynodon dactylon ) 43 B B AR B AR R B R 15 A
( Clavbacter xyli subsp. cynodontis )R E|F sy b S o] IR IREB A MY T, FIRAX —FAHF
= & ¥ 8 (bacillus thuringiensis ) B ER A GRS EE BB X FNAE MR F, LI T XFEXM E K 4E ( Qstrinia .
nubilalis ) KIERIBIIA™ B THERBWEH. BH ST EEERAERIERITE(B. cereus) H, T
T F RS E R Biiat
6 HYNEEDAEYRENRARERIRRFENE

ETHYNEHEENERE RAEPERATURBATERIER, BERIREDR, REEF AR,
KA DHE Fh BHEHEDP BRI NAE, FIER TREENERNEYRERBANHIGBORNRE, 0.
RERP 2000 FHE T R A 73a A Ala X3 78 3 25 B9 H 1) BY R0 K 1 7= 0E L Ko 73a B H A B BKE
51.28% , R 18.15% B3R R . HEL 2002 F£ME T B 6 DR HINERF 5 N 4L B 0 43 85 I
BB, s 5 AN R R E B, P I8 Bk EE AR A YL FE RS . BREE 2003 Fift
T HAHE RN IR R PR R . Hoh A B BA7 X E A0 AR 8 K B B RS 74.98% 0 1]
212172004 4R IE T B A TE DT A0 B RO IR 0 RBTR R o H R BS-1 1 BS-2 B Bk X BUMUR S B B9 Bl R 10d
LAJS A 57.34% %o ~ 94.08% % , 55 HMNE H 8] X A5 e 70 1 B B 2 B 20d A AR W R0 , T B R R R Ol
15% . L ETE12005 FE4RE THEMAEREE N SFEY R EE O MBI R Kb Fa72 BB FEH
Xt K B AR B 0 T 1 I 28R 3 B A BN 75.68 % 1 66.11% o

EWAMFR S EANEEMBREYR ERLREENNAMTZNE, B B EEREDE ™ T HE
YIHNEREBIERE, EEE— S8, R AREZ —RBRERARE. HYHNEEEFSFRE-TEYERK,H
[AFRE AR ESTEPFEETHREEWALERIERANKIE,

HTHEYASGRE FEANMESRAE NEEABELRE T, WA TERBIFE S, ARED A
FMARFHEEOFENBEAER. BRNEEEYHRIERANRE, FAFZHABRR  BREFRNE
BibLE At a 2z ot HAEEAED AN EBORHAFNRZ -, Su FTHSHRERERNERESE
MR ER N EE R BR AL, MR EEERD , REBREY , YNEEMHESFIHEEN. N4
BAFEREAERE., A="HE-SRENREF, A—-—HHNEHEEERHED T EH REPFIEDRE
KM=MHERBENER, BYHEERERESFEAMEEN , FERKHENAEY N, ME=ZMHESEXK
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AR M EHELUE, NEEREREEAD L E R M ERNRFMEKS

WHEYNAERNATAET LR, REBRKRERES Y RRIE R, REHE, BRAFER, MESH
B AEENESREESFEERRWAEFRREER, B REYAEE T KRBT, DAL R EHE
¥ WHEFAESFETENER, NERENEYRENEYHRE T, 2HEBUTHE: 1)REE
WREEER EEXAFREL AR T HFEIHYRETERN:; QNEFSHYBEINREXRRRTSHE
MEYSHYBIKIEXRR B AEERNT; QREA ~LEY AR RN ANEARTREE THYE
HrEAERVItY R E R TRENAF LR Y EEER?

BHRUL, HY AR AERSRERE T NERRARRIRN EMRE, XELHEMNHEES,
EMEBNER HETFROMEDFTRR. CRGREYUR - ERRAEFERKNEYPEERE AL
B, X ARSI R BEEYR SR ERANEFTRNER. AETBRERATITH
AW-BEZRNHEEER BEBTTRALERNEYEFIRERARANESEER, S TEYETFRE
EREFFANE N THREEREM. 82, MYREBEREY R E R AP E S 0 SR8 T
BREEREM.
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