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Abstract: Pine wood nematode (Bursaphelechus xylophilus) is the most serious forest pathogen in East Asia. This
paper reviews the measures of the control of this nematode, recent researches on the biocontrol (inéluding
nematicidal plants and nematicidal fungi), natural nematicidal toxins and their activity, and describes the
relationship between chemical structures and nematicidal activity.

Key words: Biocontrol; Natural toxins, Nematicides; Bursaphelenchus xylophilus; Review

A4k & (Bursaphelenchus xylophilus) 5% =¥
W — SRR E . R R, fUT I,
Bt A, HEASMDEENEDRES R .
B 1905 & 1981 &, RriLiiEsh, mE/LTLREL
B, B XK 65 77 hm?, Ak R 25%.
H & K B2 (Pinus thunbergii), 55#0(P. densiflora),
R (P. luchensis) Fr L)L, BRI =ED,
1982 FEERERHE KR, BEX B8 KB H.
WL, 2. & LR L, A A RIIT
B, ZF 2000 FEZEmMHACTEL 6077 m’, H
B&FHK 128 25 . HiZmiE#EES.

FARE R R I B VA CRA SRTHF R B A
S o 20 A2 80 FERLK, AR ATE N+ HBR
THEZ R, VB 6 B o] S X L 40 280 R i 3% 52

WA B 20: 2003-04-16 £ 81 2003-07-22

Hik. B RTBa IS HRFI A KBS, EBERARY,
AR =S (Bacillus thuringiensis, & Bt)
RHHIPL AL RRBREAMZRFHAIR
RIEATHOR , CUHRTAA R B BB VAR T A B

1 FAHA S BB 1R 1

BEl, ZERRMERmnA R EEL. mikd
VIR B2, X VRIE HIAA AR Rl i AR AL B, B I A5 4
HR X, X R A R B R E R AR AT ™
B BEAK, WRRER, RIURKER, BE
ERARR. )5 RRRIEGE R AL F AR E AL
B KM A58, RK AR AR R L 2
K4 (Monochamus alternatus); EL M AL L R

E2WA: BX ARRFESEAK BN H(39899370); hHFEWFEERBIGH; o BRI # 5 E AR BN H(KZ951-B1-110)
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B2, TR FT | ST U K B ARG TR TV It
AR R R E R BFENB R M &L i E
FRAIRFIAL B R A A i K& Bl R B
B 8" (Beaweria bassiana), f#ff (K £k B (Steternema
carpocapsae). & [ i BB 88 (Scleroderma guani), B K
1 (Dendrocopos spp.) 5K A M2 FHER HL; UK 5| A
A B A SR KA AR CATR e IR M 2
BT X, BRARER T RENEE, K
DT EFHK. B, M SURBE TR H i
UERAE. B, RZRE. R BRI ERA
MEEMRERSRE. B8R KEAM. HED
B BEEH, FE RSB BRERM &R, G
BB, AR ANIERERX . R, Biva AR E . R
P, PR AR TN B SN FME. B
FEFWBILN, BEERKE T AT, R BE
P EHAA R 100 £5LL L 37V HRiE 140 T
PLE, EEmERE AN A TRAIL 4500 TLl b
WA LTI 1992 ER IR ELIR, 28 A 2200
H A THRALHEFEERA 3000 Hx. HAMN
1981 EFIGHAM & RRPIVE EMARIIAE K
WE, BELRITEANRT 82 TAh. BRI
A R 2 R A LLSe IR BB . AR B T
2o B F R W BR AR A, B 0 0 A e
¥ 3«R” R ER, BIV% BB (residue). $i I (resistance) ., H
8 B (resurgence)'. Rl A2k 24 Y Bt JE SR 7Y,
AN BURE M RAERAR R E, HIEE R
WRKHELUHERINFRE. RERREYEER
AR EETSEE. N\ JEY . REY
I REERBMEDERYR, SRR R
B WAL B EEEH AR RY, WA &
ARAZFERED FRRAFAMEFH AL S
s 5 70 ) S R S ), Rtk E B bR K ol T R A B
TSR 7 —RRE#E NP RER.

2 FAM & R AEDBT 18

IR AN R &R (A A K
AR R B RESYE) Y.
WAEMBRARRY M EEREYS. Bt
BERBHBMARR A ZHEN, S R
A REERYBAURAER R HLALE
PEREAT LU R B DU LR TR 43k -

2.1 EYMERRRREEN

AR th R B fE A B (Pinus )KL Y) , [R] SE X FA
M SRR R E PR EP. d T AR RR R
FAREER BB BIR A [R); R — R AS R RE R /Y
PUBHE AR F], X5 AR B 2 AL S
5WMEIURREX RO NE. RBLER
5 R A2 (Pinus masscniana) i R @it 5 B - 9%
HEREFMXKR, ASMEMBERAMR T, B
RIS BB THRM &R EFNE
H. B AW G HE— S ET. Suga FNE
A B 18 F A0 B2 b 23 B B AL M B U iR
fI40 75, 40 pinosylvin monomethylether, (-)-nortrache
logenin, methyl ferulate, (+)-pinoresinol, 3. pinosylvin
monomethylether (K75 B8, i& 4 mg L' (LDy), fih
1 EL 8 T pinosylvin monomethylether & 3 6 AN 47
AV RBREN . XER L RATFRAEARLNE
YRR AL T KA

st A E AN EY T REGE Y
B BREHMAA 75 REMSFEREYR". Kt
CAE[ B BR B (A zadirachta indica)fg A S RY . YK
HEREHEFEREER. /1755 (Tagetes spp.)LA
BVr 2+ R 0 7 SR 40 #R T LLEE Sk ) 2%
', Begum 25N T @ FH(Lantana camara) 5}
1 4k, & ¥ lantaniside. linaroside #] camarinic acid, ‘&
MIRAREE & B (Meloidogyne spp.) HABGEKITEH .
Mcbride S5 I B2 Y KUK FRAVEZ
ARG R LA ENE. & 1 5K ERSEDER
57778

B U S 5 (Sophora alopecuroides) g
SRR R, FH & SRS R SRR
Zd 5 d, #7 G LCyw=2.63%x10° g ml'; X475 G Ag,
RIS A 1xX104 gml! 71 2.63x10° gml' B, 15d f/
FELFR T K 99.9%F] 94.3%., HELE T /D EEA
HPRTIREHESE cRHEBREMT. Lk
U T AR B BREE R AR A 10 A 14 FE
YRR E I3 JLME YR IR 8 U RS WA R
8 (Derris elliptica) K3 #2 b &% s ARGER TS, 40
HE (Cephalotaxus sinensis)H . = 2242 (C. fortunei)Zk
M. WEF R (Sophora viciifolia) Ff . 4 BE4t
(Paeonia suffruticosa) ZEH AL FEE, WREH
(Dendranthe maindicum) 267G % /G TR
i #E (Sargentodoxus argotaenia) 25 . B & K &%
(Manglietia patungensis)M-, 13 & (Liriope spicata)
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bk RIS ERK (Liriodendron chinese )iy X §2 f4 2k

BEEH . BEZ AEMA KR 100 mg kg' 175 B
(Meliatoosenlen azedarach) % Bz F1 5 52 9 1 K 4 Y
PIATFARA SR A SR BUEAE A AR SCERTLSTR[16] 3
KREFHRLER S . Kawazu' SEMIK T 61 il 4=

YD PR REER I . R B AU SR R AR 11
g AT, JE T T RB S . Matsuda MR
i T 7 5 (Sophora flavescens)F BE R HX Y B AR ¥A RS
e MU B IR LR B R SR B R, T LR
T T B ARG 5 RETE R R

®1 BAEPEREER

Table 1 Nematicidal toxins from some plants

izt wa Wi gk RERIEN SCRR
Species Compounds Nematodes tested Nematicidal activity Refferences

LA Lantana camara lantanoside 7 4548 1h Meloidogyne incognita 1.0%(LDy) [13]
linaroside 1.0%(LD4s)
camarinic 1.0%(LDg0)

Mucuna aterrima the ester triaconty| tetracosanate Meloidogyne incognita SHETE [20]
the alcohol 1-triacontanol

Terminalia macroptera isoterchebulin BNt 8k Caenorhabditis elegans  FE#HFM [21]

Curcuma comosa diphenylheptanoid 1 Caenorhabditis elegans 9 u g ml'(ECy) [22]
diphenylheptanoid 2 9u gml”' (ECyg)
diphenylheptanoid 3 0.7 u gml' (ECyy)
diphenylheptanoid 4 >100 u g ml'(EC,s)
diphenylheptanoid 5 1 ugml' (EC,y)

22 KB XEZRALGES

REHEREARHBXRF. KNERAWH, T
AFEELEFRFHLE R EREHRER . LINF
THAHBE L RUBEFREL, NTIRBAE
f. Ak, REEK DAY BT RIEEATZM
FERP,

20 it 42 60 £EX Olthof42 1 BL & ¥k 2k AR it 7=
VB AL LI R 5, Kwok M Bt 2% 3t i fH Je i -
(Pleurotus ostreatus)h sy Eaifb BE— MRk &
# X B 4% — B (trans-2-decenedioic acid), B J5 [ &4
RIEFRLREYTD. BT, ABEEF LR
KEMYER AT RAL., ERBTEETN
1997 FELUHT R 90 R FEREHE, FME
HFE TR AR, R K IR
4 & th (Caenorhabditis elegans) UL J p= 4t 41
F IR 4 2 SR i B2 F1(Heterodera spp.). {HXf T
AR A TEHERARBYRIER AP, KXk
HEHEMEERRR, (UERF.

Wagner ZP3%- 30 Cladobotryum rubrobrunnescens
71 cladobotrin XHRZELE . (Meloidogyne incognita)
AWM FHTEM 100 v g ml'(LDso), 8 K A T 8 ik #a #4
. Kawazu %)\ F5 B bk D1084 o1 53 B B3
Fh R4 depsipeptides, # % 24 bursaphelocides A
(DM BQR), &k | iR 100 ug IHE AMB
SRAREER AT T PV AR L3P I 99 BRELA
P PSM (potato-sucrose-malt extract)iZ FE 3L 3%, ¥

W EE A A KM EEBAMHER, &
SR IESL B (Syncephalastrum racemosum) B 7= %
SREPLER IR, RN E T A EE SR A4 T
FYIRI ARG IEE . RSN H R LG I LR
MBS HE PR AUK W W E RS 448
BHMEE, RIMHIRIERHERAT
—E R IE, N RABERR BN, R
Kwok 4} 2 1 i R B 46 — B8 3F A ik 52 A R0 AR
HE#. EHHBEYNH AR H § (Lampteromyces
Japonicus)EF A R Bk | 14k B BR AR 10 B bR B R
ME: E R R TR AN, IR R R R BUR
MR ETEAR  FEOEEL AR DR
R—MFHRENETE, & T W HEPleurotus
sp.), % 12 h pyrfRatt s BRI B0R 2k 90%LL L,
HEMARFET KBRS, AR EFREE ER
KB, SAGUR By Kazuyoshi b, HiAh % & 1K
VR R LG, EABTRFRRRED B
BT ERER FHNUNEEARERENEANGA.
N E BT R & R AR ERE R/ 2 H
BB R, MEREEEKR, B, 247
WHRINER . W& LM Pasteuria penentrans
EHRTI A TR IR 454 259, Bradfish PR
W = & B (Bacillus thuringiensis)if] & & 4 &K
AXESENF LR EEE. BUESEET
ZHE MR EN. Ali BRI Pseudomonas spp. (1]
FKEFEBRAIE R BB RG S B4 R BIER
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Clostridium butyricum FJIEFEM S HEER. NER. 2L
BB IR . RE TR, 4% 1l R BR R X 4k A B SR e IS
#5449, Mishra S4%0 T 800 BRBLE B R ERiEYE, K
W2 16 Bk B 15, W Streptomyces sp.f] avermectins
Y, RETBEREVTUE@mEENRERE
. &5HE ERAAGE LB ARERERERERN
MR R RHGE .

23 XRBRBEUARPFEDHRDE

—MAEYRTRTEESMREER, RILNE
HEFREHEREZAERNSER, (UTRE
VP REEHEAV S LR BR, WHRY ES
HRENE, BOHURPEREEREREERBK
5 IR TR :

BEREHAAGCEFRY K. HTHE RS
MERMREL EMERETRN, R TXEL
RN FE &4 T BEE M RN AT 8K, AR AR A
& £ 2 ©1 Panagrellus redivivus 1 Caenorhabditis
elegans fEARRE RS, BN BN HEARES,
R A R A R, MY ITEEIER, @4
ERKMME RN RN DA R EVERERE.

AEREEHNMRT, AL B R FMEG
. ARERBOLR, ANEREEER, AER
Chandravadana %%y 9} 4% 757 . BURTERR A T34
BLGRERATRMRAE, HEARS X R —H
8, EREE T A S REIE S, DA FRAE, LUR D
RS, ff THELLBRER.

I RRBRGHE RGBT

RRBREOLZ GG RAFEEE VIR, &5
ITHEW SRR R R, BH F R BB EY R YR
GLER AR BB B 2 AR E] T AR EY

BRI S 2P REEEZ M RXRINMUAR
HREX, AN TFIRERERORRLED,
/I AREEEOFLEY, U LEEX RRILE
Y AT W B, TR & AR S R AR K
LREX. BANXeyREL R mERE R R
BIFENRARA, N FENDTEHREREFBHERR
R UWRARNG THEMEGIEMNNRFR, —BAE
FIVLER 9, BRI X R T ERESERR
CIELc# ik olilc P

BRI RRREHREMNRIES, BE XM
gd, FTENHIH (Aloperine)(3). iAW S
( A "-dehydroaloperine)(4). /& JI\ & 3 (Sparteine)(5),
2 B 5 (Sophocarpine)(6) ., 1 fk 5, (Sophoramine) (7).
¥ 20 (Matrine)(8) ., H X BF #¢ i N-Methylcytisine)
(9). & G (Anagyrine)(10). B §e 5 (Cytisine)(11)( &
1), BETHMAESEERS LYWL ESEH SR
KEHETTHAERD).

Matsuda U R R R EBRB S HELE
VIR AT LB, A R B RE A A R R R
RERBPAE, RERBMME G T M3, B
ARRRMASHRAR RGN, E R0
RTHSTHEEERYR S S EARGTED R
MERES, EREY. ESWAKENRE, @
EE WA EAAT AR R AR R B R R
SEt, FILAAESHE LR O - NBEHKG
AARMBREXN REEEERER., Mo, i1EE
HBHEHASHEYRS B REREA &%
WA EMEE RN, - IEFEFARRER
M REE. BRRRREEMERBASH K
LFH - MRRFH, B, ZHRAERE o- Mg
R IR RV TR, TIARSE o - itieFER
ORI SHERRBAGRERKRL

B2 LMEwunBANAD FeERANRRAEEM
Table 2 Structural type, Functional group pair type and nematicidal activity of alkaloids

. HHE A%t Functional XYM No.of £33+ Nematicidal
£ Alkaloids £iHaREL Types group pairs double bounds  activity log(1/IDs)
%G g Aloperine (3) = GRA Aloperine B3C | . 8.67%*
EFB: 9% Cytisine (11) BB Cytisine C3C 2 823¢ . 818
% T\ S 3% Sparteine (5) PN SR Sparteine C3E 0 7.96*

FE R EFE B, N-Methylcytisine (9)  EF##gA! Cytisine C3E 2 791% 7874+
#2295 Sophocarpine (6) EH 1 Matrine C3E 1 . 7.8

559 Anagyrine (10) B GHA Anagyrine C3E 2 7.54*

¥R Sophoramine (7) = SR Matrine C3E 2 6.68*

T2 Matrine (8) &R A Matrine C3E 0 639* . 6.28**

* A% 51500 Matsuda 0B8] e 8 5 Measured by Matsuda K et al*' and Zhao B G, respectively.
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Fig. 1 Structures of toxins against pine wood nematode

&

LAY L SRR R A RIR(R 2).
R R T SRR DE 28 4 Yy xt #A b1 48 L B 2%
LR IR F E R4 T 4 4 B #8 A (Functional
group pair, FGP) K2 & K+ i) B e H MR R4
R, A D SRR WR B2 2 A TR Rt #A b1 % T A AR 0
HEERRT O TERTRIEREAN KR, REHK
Bgoe sl xt MRS R i A FG &tk 2 faffy
e s EYIRE LA RN E B ES R
FHAYBKREEE. REX R, #UR
B3C RN LY, 15522 B3B E6E
o B 4 YR T e R SR R A

/N PEE LR SRAR AT SRR E

EHRN RS MEEER TS SRS R
BRT IR A SRS, B B3C RIMEH KT
BRE T SRATR M C3C B, NTIE L TR IEXHK
I 4h, Takayuki S0 Y, A4 K B F B R
AR LBRNBREURMRRFREOFEER
PR AREEER R RV RSN L EL .
HWRANFAEEREMIEREELEY
(KR . ¥ 82 2K . cochlioquinone). 4 Yy 2k &4
(31 T 25 . bk 255, Wy IR 4 gliotoxim)., B 284k &
VI(HA R AR AT LR AY. g
BELEYD . KRR B E Y BRI AY TRERE
HEREALEY HRHEL SV EREILELLEY.
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BRI A YLLK AR S A AL & 9) R R AL
A ENRAUEY R EWEFY. BITRR
BREUERREHRREAR LY, IR X H 4L
M RER P ARERD . EREMIIALER
BIRAFTET &M, AT IR MR R FHE
B RS AL St IR G T 3R .

4 7%

R EATAR, JLSE RIS, 45 R X R Ak
EFERNFERBML B RREDHMIE, AL
HAYIBIAE RS TEMBTE . BRN T RRE
RROEE FREMERKELHKRR BHERX
HRMBEE. S ERZEOHELER. eI
FRAEYNTREN. RERAEREE RS W
B RBIICKR DUR R R & B w] B 7= A P WL S
AERBER, AREATR. BESEHANRNRE
MFEBARMKBENTE, B2 RAFEHFHARE
RIRITREFR.

FREFUKETFA T LE. BITERKS
1R R 7 ) A b % 0 R AT KT R 4 o) ) R
Bl F. HEMERAERTR MR, WAL
AR RYERE R RED NFEED . F
ERV NS BURN=FHNZ 5, L h R
RAEARBENARER. BRTttR EEHEn
HHEAHEE 200 28, WRERENHL 100
P, X—F R REBRFITR. MERRAE, NP o
BAURTAM R RERBIERAS M RRA.
FHABEYPG, B F T HE 55 s R A
& AR TRFES .

%3

[1] Zhu K G(%k 5% #8). Studies on pine disease caused by Bursaphe-
lenchus xylophilus: a review [J]. World For Res (i ¥k VBT 57),
1995, 3:28-32. (in Chinese)

[2] Britton K O, Sun J H. Unwelcome guests: exotic forest pest [J].
Acta Ento Sin (| $12¢4]), 2002, 45(1):121-130.

[3] Zhang Z Y (3ki5F), Zhang K Y (3K T %), Lin M S (#KH#A), et
al. Pathogenicity of Bursaphelenchus xylophilus isolates to Pinus
thunbergii and P. massoniana and incubation of the nematode [J].
J Shenyang Agri Univ (7B AR i A 222248, 2001, 32(3): 239. (in
Chinese)

[4] SongSY (KME). Literature analysis of research progress on
Brusaphelenchus xylophilus [J]. Chin For Pest Disease (ZR#k#5 B
iE ), 1997, 3:33-37. (in Chinese)

[5] WangM X (£#Jf), Chen L C (B5 K &), Ouyang X H (BkFH AL

[A)), et al. Investigation of the pine wilt disease [J]. Hunan For Sci
Techn (FRg MRV RHE), 1999, 7:16. (in Chinese)

[6] Liu G Q () E38), Gao I M(F#HY), Wu W J(RLE). Recent
advances in natural insecticidal constituents from plant origin [J].
Acta Bot Boreal -Occident Sin (7§ {b# 4722 #1), 2002, 22(3):703-
713. (in Chinese)

[7] Zhao B G (& 1§3%), Wu R Q (RiK), Li X P (Z/F). Field tests
of controlling the pine wilt disease with the alkaloid aloperine [J].
Sci Sil Sin (AkdV 1 22), 1998, 34(6):113-117. (in Chinese)

[8] Zhao ZD (E#& %), Xu FY (42#&7T). Recent progress of research

on relations between pine chemistry and pine wilt disease caused
by PWN [J]. Chem Indu For Prod(#k = 1,22 5 T k), 1998, 18(2):
83-88, (in Chinese) ‘

(9] XuFY (4£#7%), Xi K (& ), Xu G (£R1), et al. Study on the
Tesistances of various year classes of Pinus massoniana to pine
wood nematode (PWN), Bursaphelenchus xylophilus [J]. ]
Nanjing For Univ(dg % 4k b K 22 4R), 1994, 18(3):36-42. (in
Chinese)

[10] Suga T, Ohta S, Munesada K, et al. Endogenous pine wood
nematicidal substances in pines, Pinus massoniana, P. strobus and
P. palustris [J]. Phytochemistry, 1993, 33(6):1395-1401.

[11] Akhtar M, Malik A. Roles of organic soil amendments and soil
organisms in the biological control of plant-parasitic nematodes: a
review [J]. Biol Techn, 2000, 74:35-47.

[12] Mcbride R G, Mikkelsen R L, Barker K R. The role of low
molecular weight organic acids from decomposing rye in inhibiting
root-knot nematode populations in soil [J]. Appl Soil Ecol; 2000,
15:243-251.

[13] Begum S, Wahab A, Siddiqui B S, et al. Nematicidal constituents
of the acrial parts of Lantana camara [J]. ] Natl Prod, 2000, 63:
765-767.

[14] Zhao B G (##1# ). Nematicidal activity of aloperine against pine
wood nematodes [J]. Sci Sil Sin (#kMv#} %), 1996, 32(3):243 -
247. (in Chinese)

[15] Wen Y H (Sr#a4k), Feng Z X (18 %7), Xu H H (4% 41), et al.
Screening for nematicidal activity of some Chinese plant extracts
against plant parasitic nematodes, Bursaphelenchus zylophilus,
Meloidogyne arenaria and Hirschmanniella oryzae [J]. ] Huazhong
Agri Univ (£ R b k% 24)), 2001, 20(3):235-238. (in
Chinese)

[16] Jun Y W (E =), Bi QS (B ki), Zhao B G (# i ).
Nematicidal activity of Meliatoosenlen azedarach extracts against
pine wood nematodes [J]. For Sci Techn Deve (#\k %} 5 FF &),
2002, 16(5):26-27. (in Chinese) '

[17] Kawazu K, Nishii Y, Ishii K. A convenient screening method for
nematicidal activity [J]. Agri Biol Chem, 1980, 44(3):631-635.

[18] Matsuda K, Kimura M, Komai K, et al. Nematicidal activities of
(+)-N- methylcytisine and (-)- anagyrine from Sophora flavescens
against pine wood nematodes [J]. Agri Biol Chem, 1989, 53(8):
2287-2288.

[19] Matsuda K, Yamada K, Kimura M, et al. Nematicidial mﬁﬁty of
matrine and its derivatives against pine wood nematodes [J]. J Agri


http://www.cqvip.com

Fa4W

0000 http://iwww.cqvip.com|

FIR%E: BRHLBAMXRERTRHEE 387

Food Chem, 1991, 39:181-191.

[20] Nogueira M A, Oliveira ] S D, Ferraz S. Nematicidal hydrocarbons
from Mucuna aterrima [J]. Phytochemistry, 1996, 42(4):997-998.

[21] Conrad J, Vogler B, Reeb S, et al. Isoterchebulin and 4,6-O-
isoterchebuloyl-d-glucose, novel hydrolyzable tannins from
Terminalia macroptera [J]. J Natl Prod, 2001, 64:294-299.

[22] Jurgens T M, Frazier E G, Schaeffer J M, et al. Novel nematocidal
agents from Curcuma comosa [J]. J Natl Prod, 1994, 57(2):230-
235.

(23] Dong J Y (M), Zhang K Q (5k 5L Eh), Zhao Z X (B & 1), et
al. Current advances in nematicidal toxins from higher fungi (I)
[J]. Chin J Biol Contr (=7 B 4 #Ffi ¥ ), 2001, 17(2):92-95. (in
Chinese)

[24] Olthof T H A, Estey R H. A nematotoxin produced by the
nematophagous fungus Arthrobotrys oligospora fresenius (J].
Nature, 1963, 197:514-515.

[25] Dong J Y (###2), Li G H (ZE4), Zhang K Q (3K % &)
Current advances in studies of nematicidal metabolites from fungi
[J]. Mycosystema (g4 % 4t), 2001, 20(2):286-296. (in Chinese)

[26] Dong ] Y (¥ ¥z), Zhang K Q (3K 32 ), Zhao Z X (R #R), et
al. Current advances in nematicidal toxins from higher fungi (II)
[7]. Chin J Biol Contr (F E 4= #9B5 ¥4), 2001, 17(3):138-141.

[27] Anke H, Sterner O. Nematicidal metabolites from higer fungi [J].
Curr Org Chem, 1997, 1:361-347.

[28] Wagner C, Anke H, Sterner O. Rubrobramide, a cytotoxic and
phytotoxic metabolite from Cladobotryum rubrobrunnescens [J]. J
Natl Prod , 1998, 61:501-502.

[29] Kawazu K, Murakami T, Ono Y, et al. Isolation and characterization
of two novel nematicidal depsipeptides from an imperfect fungus,
Strain D1084 [J]. Biosci Biotechn Biochem, 1993, 57(1): 98-101.

[30] SunJH (7h &t #). Studies on inhibitory effect of soil isolated
fungi cultures on the growth and propagation of pine wood
nematode [J]. Acta Sci Natl Univ Nankai (B§ FF K ¥ 58 G %
245, 1997, 30(3):82-87. (in Chinese)

3 11 Xiang H Q([A£L %), Feng Z X ({8 & H). Nematicidal activity and
elementary characteristics of the crude from Pleurotus ostreatus
[3]. J Yunnan Agri Univ (z 8 R Jk K2 %3R), 1999, 14(Suppl.):
82-87. (in Chinese)

[32] Dong J Y(¥ R #), Mo M H(ELBAH1), Chen J H(BRITHT), et al.
The morbidity stability of different Lampteromyces japonicus
strains [J]. J Yunnan Univ(Z R k2222 4R), 2000, 22(5):365-368.
(in Chinese)

33) LGH(XE4A), Zhang K Q (3 = §)). A new nematicidal

basidiomycetes [J]. J Yunnan Univ(z 5 K% 2 #1), 2001, 23(2):
149-152. (in Chinese)

[34] Hong BW (3 4HE), Yu Z N (% F %), Hong Z P (3% & BB).
Biocontrol of plant-parasitic nematodes by bacteria[J]. J Fujian
Agri Univ(#g 82 &Rk K% %), 1998, 27(3):257-260. (in
Chinese)

[35] Mankau R. Biological control of Meloidogyne. populations by
Bacillus penentrans in West Africa [J]. ] Nema, 1980, 12:230.

[36] Stirling G R. Biological control of Meloidogyne javanica with
Bacillus penentrans [J). Phytopathology, 1984, 74(1):55-60.

[37]1 AliNI, Siddiqui I A, Shaukat S S, et al. Nematicidal activity of
some strains of Pseudomonas spp. [J]. Soil Biol Biochem, 2002,
34:1051-1058.

[38] Jonson T M. Effect of fatty acid mixtures on the rice stylet
nematode Tylenchorhynchus martini Fielding [J]. Nature, 1959,
183:1392. .

[39] Hollis J P, Rodriguez-Kabana R. Rapid kill of nematodes in flooded
soil [J]. Phytopathology, 1966, 56:1015-1019.

[40] HollisJ P, Rodriguéz—Kabana R. Fatty acids on Louisiana rice
fields [J]. Phytopathology, 1967, 57:841-847.

[41] Mishra S K, Keller J E, Miller J R, et al. Insecticidal and nematicidal
properties of microbial metabolites [J]. J Indu Micro, 1987, 2:
267-276.

[42] LiXP(FF), WuRQ(RIMK), XiaMZ (E R #), etal
Relationship between molecular structure and nematicidal activity
of two alkaloids, aloperine and A '-dehydroaloperine [J]. J
Nanjing For Univ (7 2 bk b & 2% 2% 38), 2000, 24(4):78-81. (in
Chinese)

[43] Zheng Y Q (387K #), Yao J R (B4R {2), Shao X D (1 %)
Research progress of the chemical compounds of Sophora
Slavescens and its application in agriculture [J]. Pest Sci Manag (/R
P} 5 EE), 2000, 21(1):24-30. (in Chinese)

[44] Zhao B G (# 18 )¢). Relationship between molecular structure and
nematicidal activity of qixinolizidine alkaloids [J]. Sci Sil Sin (#k
W EL#), 1998, 34(5):61-68. (in Chinese)

[45] Dong J Y (¥R +#), Zhang K Q (3k Tu#l), Zhao Z X (R ), et
al. Nematicidal activity of perylenequinones photosensitive
compounds [J]. Mycosystema (@4 & %t), 2001, 20(4):515-519.
(in Chinese)

[46] Gonzalez J A, Estevez-Braun A. Phytonematicidal activity of
aromatic compounds related to shikimate pat.h\;vay [7]. Pest
Biochem Physic, 1997, 58:193-197,


http://www.cqvip.com

