N 7 R

* W 00O

(Lecanosticta acicola)

it AR A

STUDIES AND APPLICATION OF PATHOTOXINS FROM y
LECANOSTICTA ACICOLA CAUSING BROWN SPOT ¢ ‘w ,
NEEDLE BLIGHT OF PINES E. /




NEIRCRIE R
( LECANOSTICTA ACICO.

sEMMASHEH

ERSMNFES. HLERNFESNRETERNE
FEENGHFAILAR

ZERMEHE
EfA



BEHERSE (CIP) HiF

MR BDR R RO S / Rk E. —R.
=ERH R, 2004.10
ISBN 7-5416-2041-6

I T NASBER - EEHE -5
IV.s432.4

AR AS B 51 CIP By (2004) 55 094528 &

TRPHE R AR R AT
( BTG B 609 5 =BT AR ARE  HRBI4RES: 650034 )
SRRRARRERIB DA RATIEIR  2EFHEHES
FEA: 787x1092mm  1/16 Epgk. 12.75 F¥. 300 5
2004 4E 9 HES 1B 2004 4E 9 A% 1 RENR
EN¥. 1-1000 E4fr. 38.00 ¢



STUDIES AND APPLICATION OF PATHOTOXINS
FROM Z£CmOSTICTA 4c/cdLd CAUSING
BROWN SPOT NEEDLE BLIGHT OF PINES

bY
YANG BN

Supporrted to Study and publish by
China National Natural Sclence Foundation
Yunnan Provirclal Applied and Basic Research Fourdation
And
Education Ministry Key Research Foundation

Yunnan Science and Technology Press
Kunming



T

]

M 20 42 80 4FAX Jewell F. F. 81 2 405 B~ J ok [ HE HE U AR 61 48 BEJ T BE 7™ A2
FEEWELE, MEBRREIREZNIASE T — N BRI R, EX R
t, BARDBIEE, fAlRERML R CERTAFHPR/NA, Xz E ™
EMERYEE T RBABMOPIE T, BAFE T ERXOEAMR, hERNELA
LB T RIFAEERE . IERBIAFLEROTITER, A A% R E R R R oL
JUFERBRE R, BET LRERENHBEEMIFER, EABE0mE MRy
AT

PE R A BEETIANERRE: 556, MITeiREER EEIM L i—F
EEWRERE, ZREY REERE, BEAR, NBUASRTEMIA B TRA THZR
FEWMMERVLIE, iR E T ReEh BT e AR . K, B REBUR R R R R EA
AR EBIF I EH— T BRAT, FRBREMBRASARHTRAERYR, Britt
HE S PA ST 48 B B 7 R AT R LR X AR R E M B R TR A PR SR L. 5B
=, BERBMHRPAEERY RAA B RBRE SR, B—MEREAMRTIITR
FRITE AN, T AR P T i 2R o 7R B 9 5 RS P25 TR B 5 e 5 PP AR L P T
[ —, Kb ESSAHT 5T R AT BEA BY T ¥ shBUW 5 2 7E Bk %50 77 1 §9 JF 2 71 8L A BF
Ko B, ZERYEXNIUREARKMMAMARIUR TR EEEAARER,
T L3 R X R e B S S AR A I MR B B RO IEAR S M . XBUR, E—RERRE BT
LAF| s R TR ot R RIS M E, XA B TInRTR & MR, H
1, MEAHEREREE R NEARRA O E Y R B RO A PR, i EY
P E RGN REHSREEENEM, RN ESIE TR ORI,

A YRR R FOR FE R ST AR S S MIRE, REAS—AXTH
ARREEERTIANES. (FEEABPREWEXTHEYRERZERITRN—BA
BAITEGR, HE, RTHRATKREN E, 2BAFREERE: HAAOREER
FERMPIML . MEHRFDRTT RO, MERITRETERN AR SHE . MEHEHR
WEERMEAEDR ., ME BN EETEROEYRN . P8R B r & B ™ 5 5
FF. MFHETORE B RRIE 0 E . BN EER LA - THE . b Ribra
BEoY . MASHIBBER R R LA - T KB difb RAEFEMBT . MIBIREER LA
-1, LA -1 WSEEE R BEAARIE . ARETA8 B0 B 3 2 X0 35 JEAE ) 40 A A A 4% 5 16 4
MEBBEREFERNF ERFBRENGEEM . MEBRRETEREZZEZN05F
YERE . PASTHARBEN o 2 R TR IR A TR To it 28 01 08 P RO FABIT ST . FA S48 BREJ o8 7 30
HEFLEGIER ., MIMEITREER SEZRAMREH FEFR MBI, iRsR
MRHE, XEAFKISTREEDFEMHRIDREERMA T EREHER. HE,



2 4B A (LECANOSTICTA ACICOIA) H4 8RS B A

AT HARERREMSEME, FEERTAMEA T HAL— L0505 L SR T
REDTRSG . EEN IR R 1k, SR AEE 2 B Mot 58 45 Rt 28
£, MEEEL ., FHRR ORI

ABBFTENEMN 1998 FEEZSBIEFK ARPFREE . smE N AR ES .
BOH A E AT I H e a0 e . fEE PR MR SRR BUR R RO M
KAREEZ N, W “WFERRERE R RO W E R RS E
gy, BEE) AR SRR EER R IR WEE SRR SR RS
FRME,

ABHBIRAE RS R P EB B R VYT PR AR SE R
BB R EET . XIETPRIR G . EEEER . R/NTEE, XISIBH+H%5AM
SFFRFE B VEE R AR RH B B AL AR LR Fef RS
SWFREIMRS . FEREE, WG . MeE, hENs, RS ARRRS

A5 A U RS B FEMEBIAT S 61 . SRR . SRR Rl . FOIE] 2 LA
KPR B R AL 2R RS R SR T B, FEL, RN FOHEA . RIS BB
SRR 2 AR AT IR 55 5l , A XA RE——F 2 BRI IR &A1 .



Preface

It has been a long time, since Jewell F. F.in 80" s years, speculated on the existence of tox-
ins possibly produced by Lecanosticta acicola trough histopathological methods. A lot of domestic re-
searchers, especially the research group leaded by professor Ye Jianren in Nanjing Forestry Universi-
ty, contributed a lot to the studies on this toxin produced by the pathogen ( Lecanosticta acicola )
causing brown spot needle blight. These researchers clarified basic properties of the toxin and laid a
good foundation for separating and purifying the toxin. Basing on anterior achievements, the author
and his colleagues made some progresses in this field and this book summed up the recent progress-
es.

To decide to publish this book mainly bases on the following reasons. Firstly, Lecanosticta aci-
cola is one of the most important pathogens on exotic pines in China; this disease spread quickly and
cause a lot of loss on the growth of exotic pine; studies on the toxin producing from the pathogen will
benefit for understanding the role mechanism of the pathogen and offer theoretic basis for controlling
the disease. Secondly, it is the first toxin separated and purified from woods pathogen in China, and
the new achievements would be used as references by researchers working on the toxin produced by
woods pathogens. Thirdly, the toxin separated from Lecanosticta acicola has weeding activity and
can be used as natural herbicide. Summing up the results would speed the development and ex-
ploitation toxin herbicide. Fourthly, Although the toxin is non — specific toxin, it indicates some se-
lectivities in hurting slash pine clones with different resistances and the selectivity of toxin is highly
correlative to the selectivity of pathogen. Consequently, the toxins could be used in the resistance
selection and breeding of pines to brown spot needle blight. Therefore, studies on toxins have theo-
retic value and practical value.

It is the first book on one mycotoxin produced by wood pathogen and it systemically reported
the achievements succeed on the toxin of Lecanosticta acicola . In this book the author tried to struc-
ture a common method of studying pathotoxins. However, limited by the deepness and width of
study, this book can only include the following chapters: summarization of mycotoxin produced by
wood pathogens; general situation of studies on brown spot needle blight caused by Lecanosticta aci-
cola ; the discovery and determinations of pathotoxin produced by Lecanosticta acicola causing brown
spot needle blight; basic properties of the toxin from Lecanosticta acicola ; bioassay of the LA — tox-
ins; the ferment and producing toxin culture of Lecanosticta acicola ; preliminary separation of the
LA — toxins; studies on separation, purification and chemical structure of LA — II; studies on sepa-
ration, purification and chemical structure of LA - I; bioactivities and basic properties of the toxin

LA-1 and LA - II; role mechanism of the crude toxin from L. acicola to the cell membrane of
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slash pine; the effect of toxin to the activities of protection enzymeofhost; studies on ettects of the
toxin to notorious weed Eupatorium adenophorum ; studies on the role mechanisms of toxin to Eupa-
torium adenophorwm ; application studies on selecting resistant clones of slash pine by using crude
toxin of Lecanosticta acicola ; studies on the control roles of Cercospora eupatorii — odorrati , coop-
erated with crude toxin of Lecanosticta acicola , to the eupatorium weed; and results and expecta-
tions of studies on the toxin from browm spot needle blight fungus. Most of these contents are results
gained by the author in recent ears. In order to make this book more systematically and more refer-
able, the author cited and compiled some published data , methods, and results. Therefore, special
thanks are give to professor Ye Jianren, Dr. Qi Gaofu, and Dr. Jiang Jihong for offerring the mate-
rials needed in writing this book.

From 1998 to now, three projects correlated with the toxin of Lecanosticta acicola have been
supported by several foundation committee. The author thanks Yunnan Provincial Applied and Basic
Research Foundation Committee, China National Natural Science Foundation Committee, Education
ministry Key Project Foundation Committee for supporting “Weeding Active Compounds from Brown
Spot Needle Blight Fungus”, “Studies on the Pathotoxins of Brown Spot Needle Blight Fungus
( Lecanosticta acicola)” and “Cooperative Control Roles of Pathotoxin from Lecanosticta acicola and
Cercospora eupatorii — odorrati to the eupatorium grass” respectively.

Most of the contents are finished in Nanjing Forestry University, Chinese Academy of Science
Kunming Botany Institute, and Southwest Forestry College. During the research, Professor Ye Jian-
ren, Professor Bao Hong, Professor Liu Jikai, Professor Wu Xiaoqin, and Liu Jianfeng give a lot
helps and supports. The author thanks these units and persons for offering experiment qualifications,
supports, and helps. At the same time, special thanks are given to the following persons for partici-
pating the research projects. They are Chen Bo, Liu Chengyi, Yao Jingpeng, Zhen Jinzheng, Si
Jianwei, and Ze Sangzi et al.

At last the author gives thanks to asso essor Zhuang Hui, Hu Ping, Huang Xiaoyuan, Cai
Sun, and my Colleagues in Science and Technology Department for their helps in the period of
studying and writing of the book. The author also appreciate the editors for their excellent work in
compiling this book.
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MRFEESEWRENR

IR TE KM S AR I BAE SRR, B B MR [ 25 A P R B0
P, IR BORTE R A B TR TR R EE R E R ERE, WA
AR BUATL IR AR A R Z — A RIBTFAN : RIEERIE0R K
NEEURRETEZ L RIEER RN R HYRERSORE T ERAEG: B XK. #
KKK RAMEBER | HEUSCAER AR E RS 5k 5907 4 15 R 80R -5 7 £
RIfER=AEREREYRA R, Hit, DFFEMARIERERER ZHAE RPN TR AA S
WIRHAREAER, EEMRAREFIIEA o BN R E R
M, MARRETEROEL B8, FHERNEME, FHILFRAB LA MES
MMARIRERER, FFEFRDTEW . FRVIE . 3R LT Y% SIS
TRNSERR R AL _EILASTT T B MATR IR m TR BT S, LAY
A IEMANR IR R R BT IR — BB AR

1.1 MAREEHFRAFUER

2 ZHEPTE, REEWHFHELEEWIMARIRETEREIL T, XMFERE
HALEE B RBT LA LT ILEE

1.1.1 AL TFHEARMESELEER

BERFERo TR 5, 0000a, HEUNEN EZRIANHEEF L FAHA™
HEE, MEK%THE [Ceratocystis wlmi (Buism.) C. Morean | & BF¥K P 42 B E| i) —Ffp
BAREW (Ulmus sp.) ERNEFERE 0 TREET 30, 000Da WHEER, HEHRHS
REAH 75 M RBERBHEAN . 1L BEKBEFTE ( Ceratocystis fagacearum Buism.) 774 [
CFRRE—2TREE 160, 000Da LK, —MIRYARIEL [ Hevea brasiliensis (H. B.
K.) M. A.] WA BIERE ( Corynespora cassicola Bres.) F=H: B E N—BERK, Hir+&E
7, 500Da, ZALEYITEM bk b R & BRI R AL LUE FEMBZE, 1974 4FUESE
BB E  ( Erwinia amylovora) FEAE M BER amylovorin W ZR TR, ZHBRESTE
165000 ~ 168000Da, FEM ST K LA BHE (98%), A EMEBEEAE, BRETFEERR
o RERFTYREZHREEORMEHEWESE, NETHIEN, RS,
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1.1.2 RAEBEBRTED

MO B P B —Fh E R R AR A [ Alternaria alternata (Fr.) Keissler] 7=4Ef) AA
- IBEN R, BREHMFFE ( Pseudomonas syringae pv. syringae) TERZRIE ., B
FRM EFEMNBUAEREZE™ETHEZR (syringomycin SR), TIAEMEER AR FaF4E
MERTEEHTHHFZEX (syrngotoxin, ST), XFMEFEREBLF ELIME, +TFER
AN, RHERRGEH, AR SR MAER T EQFH2ZEAR . FNER. HEARAKHNELR
fiEYr; STRRMEZER S ATER., 288K, HER. SERT—FREEHEER,
BRARFNEE ( Colletotrichum gloeosporioides Penz.) F=H ] CC #F R (aspergillomarusmin
A) REFREBRITAEY, nl5REE (Osmanthus sp.) MBE, RAGITE ( Fusarium oxys-
porum Schlecht) =4 ] lycomarasmin (N - FLER & Bt K & Bihk) th B2 —FEERATE
Y, LBV S5PIFBA [ Simmondsia chinensis (Link) Schreider] ZEHH X

1.1.3 FFXMeH

Oku AN ST HL ( Bursaphelenchus xylophilus Steiner&Buhrer) £A HI4H ( Bacil-
Ius spp.) FFEXNMWEHLEERANMLEYEE _BH (CA). XZ® (PA), XH®
(BA) FILFEBELEY, HA PR SRR B AR A 5 (A 7= A i X 4
MAFERAEBYVI LR, EHEE | Cryphonectria parasitica (Murr.) Barr [ Endothia parasitica
(Murr.) P. J. et H. W. Anders]| AR BEERFEREEZE anthraquinane skyrin B A ER 24k
B, BBBRE (Alternaria kikuchiana) 72489 AK R BARIRLEH, AE5IRF E4
GRS, ERRPERE (Altemaria mali) BEBE S AM BR, AMBREA 3 F4r,
X 3 FMASHERETER L BRAENAR, ARORARESBEYEENERE
Fo AMEFEM AK BFERMAMREEAER, BHATCRIABRILHOFEESHL
HEER, 5IENHARENIIANZLEE (Rhizoctonia solani) 74 ZFHA AR T HR
KER, UFECRKR. BEFRCR. REEFRE. BEFRWN (Morus alba L.) HRE
H#HE ( Helicobasidium mompa Tanaka) F=4 ) HM R REREBLEY .

1.1.4 REXMLEY

S N ] [ngnarduz laricina (Sawada) Yamamoto et K. Ito] =41 GLEZE,
Mycosphaerella astroma Aderh. F=AEHI%E3EF (asterontine) Fl Neocosmospora vasinfecta E. F.
Smith =4 Y eovasinia ¥ RERALEY), X LRI E K T IRE R HBER o

1.1.5 #WHEEREELED

HEIEAMBIREZEEZILE ( Fomes annosus Karst.) A ZFEEZLERZRE—F
ALY, T EGIREMNEH (Populus alba L.) FEFHEE—FEE Hypoxylon



g M &S

mammaturn (Wahlenb.) Miller 173 BIB|MBURE R R —F — 8K ALY, RITRAEE
( Fuscoccun amygdali) F=AERIFERIIER , R ™ 4 B9 KB B R o5 E ik
B . BAW (Cercospora sp) RIHRRFLEMEMRAEY . 5IBMAMBRIE
WARIRE ( Fusarium oxysporum) []— 264 (UL R PR 80 ST B bk b 35 BE 8 20 B B3R BR
RAFEMRFHEK

1.1.6 HAfh

REBHEYRIR R (EHEAARER) &L= ERRER, IMERFERTE
WERFFHEYALIRE . 51 &FL (Pyrus serotina Rehder) FIFER ( Malus pumila Mill.)
HBER A Alternaria spp. P4 RIZCHEMIER (Alternaric acid) AF WL EY . HAF
MBEHE Alternaria kikuchiana Tanaka PR ENIERMEY . MR EHHFIEF B —F
BB Phomopsis sp. F=AH OPT FHE A —FHENGENEE, EIEMMIKRNEIL A —4
IR MG NEE M EBURIER . B7EHE Chaetomium sp. 74 [ oosoporein i —Z RN
LSy

MAREHFERMLL, SRR, HCUHRESHNERY LRI T KSEEIIN
KR, HERREA, FTEEARWBE, BSEELHH#RGEY, AL
A] RERERE MEMRAR IR EFER A AHILELEY .. E-RE THERGHNTEN, A&
BT HAEFAPLH A, RS RS WS H St A RITAAER R T—1
I RE R A E]

1.2 AR EEHF R FHINENFTR

FRA R 8 R A B S AR S BT HAE ML R 20 . RN F EMhE LR
i — RS M EERR R S RV . AR A ERRG, 25 REEY A AR, B
WHEYAM MR, SIEMMEIEERET, RASBEMIKREAR, A B ES
W ERAERE . BAETEASNBUE LB ERE P AEE A S TERTT AR
JTH

1.2.1 H#FEALENHAR

1.2.1.1 BENFK

BREREAMSEFRIEEESF EMRBEE S OFAL. Akimitsu 7R 5 H 5 M5
F&HUEH (Alternaria kikuchiana Tanaka) F=A-f) AK BEZRXTH AR (Pyrus sp.) H-AHIAFF
B (Citrus limonia Osbeck) WHAHAI/EFAET &ZBL, AK F R 5% 5 ) 40 M B E /g —
Ff - SH EEARE RS A M SRS ML - SH EAAE S, JaRUESLBIE M -
SHEHN AK BENZEK, RSN -SHEAH THEMNER, AFAEXFTFENG
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AL, P AK FRLEIRFIBUR G Joneis 5 ATERF IS RIEH M ( Pinus radiata
D. Don) %M Dothistroma pini Funk et Parker /4= /) DOTH B R BT, N AR R
M8 AP E AL DOTH R M ZIRE M -, HZAEEMST' R 40, 000Da,
NPT AR MR ERETEER (CUFER) ERSEMRY . HAERMLSER
B (Ulmus sp.) MMIRAER —MEEL . HRPESTRAL ( Fusicoccum arnygdali Delaer. )
FHE R R A E (fusicocein) FERMPE (Prunus sp.) WHMBERE FAH -2 T8N
80, 000DaZAEH. EANMIR B R KM HBEZEREQFETHHE F, FHitE
YA IR R R RS B A ABGE S — M. R SR RIS &
JEH B — R 578 R
1.2.1.2 FENSFEHREEER

HYRIERER B AR ER L FSUM e, SHERN 0 FEWESTEEER R
ARG, HBEEEME S SR — B RN R THBURE R
Phomopsis sp. 7=A:H) OPT # &, OPT HE N —BIAGAEE, A58 HEE5, (8 OPT #
ARSRHA N R AT AL R AR IR, R TSI, XA R REEE (RS
MR, BARMN—EE A, BEREENERAR, REBEWE (Alenaria
kikuchiana) FAER) AK R A I, IWNEST, AK-15 AK- T ZEHZEHTET C- 12
EHWERAA—#E, AK-18-CH;, AK-114 -H, XF/NERME AKI BAEEENE,
VREE A 5% 10 "mol/L W5 AT B i JKIRFE, AK - 11 ZFE 10~ "mol/L B A 7] 5| & HLrt
BKIRFE, PO TEPEAIZE 50 ~ 100 1 . KRERIERSEE ( Pryricularia aryzne) FEF W EE ALY
RMBERIR, GRZYE C-3F1C-5 EREMNES T ERUL, HBEEEEREX,
XRRRNTFRASHIEDNRE, A AN WHRA 2N S ZERN ., FHilt,
EHERERMRTHESERYREEEEAMEERA +2EE, INFEEHER. SEFE
RLEBI R+ FF .

1.2.2 FEXHF 4 4R B

1.2.2.1 (FEHFIMMREEELZENT
BEHZNILFRBFENARAEXFERGEN RN, BEEET RS RIAN
HERBR, REEREERemERL. FCHER (RERAEE) NEEFERABE
LA KA ATP B 728 (HY), ff H* MR, K. R, RA, 5lEEE
¥ (PD) Ftkik. FCTE 30min NEPATSERER [ Prunus sp. ] ZHZIH #E4E 50 ~
60mv, X FPEER AL AR A — R 3 HE I % A B AL I B A9 2Rl . Moysset L %8 A ZEBF
3% Albizia lophatha (Linn.) Benth M F ] fusicoccin 4b 38 f5 S FL 3¢ P 1% 15 A b R IR AE 2 ~
3hN, BEMERELETE, FRFAEARLY, HMHEEFEA, £ I4E%REK
IES LA FHBCRS. EEX, HELCEFAEWMEEIERE [ Lecanosticta acicola
(Thum.) Sydow et Petrak] BURPLEEMIBIR P R : MEHBBRERE™ A BEFHER, X
BRAS TR/, BEK, PREMESER R H ESR B SAH A U A8 4 &
AR EXT R RN, FREH: MHBIREER (LA - toxin) FHHAF 40
4~Th A RKBHEAETFAHE, 5IRRESEMRNEBRRIEGE. BisdELE



