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W T K 3 A 4 (GIS) & A K 45 A 4:(GPS)
AHEEEHE 2z ER

Al A
Ve s g MBI HE A
E e HABREE A

BE | i EF A H (geographic information system, FIFEGIS) &= —TEEEH A (input)
{# 77 (storage) ~ 43 4T (analysis) ~ [& 75 (display) A % ¥ (retrieve) % [H] 3 F\ (spatial
information) AJHK S A CEE L U S HEEAEA) « BT RHZE ~ SHEMAMYARTZ
Sh o IRBEE R EAN S EBREAT > AEME - GIST B HMITEYEAR R ZE
HERYH AR ~ KR - HbBE ~ SRR - FECE KR IRL TR L E A
FEETEARE » ETEHRBRULENMRETE o REEIFH(global positioning
system, FEFEGPS) HI 2 (8 f 7% S A B 9 2 R AT B IR 28 > FETHE ~ USCE IR e it
T EEAEAI AL o GPSATMEHIR BER A MBI REE > REGEEFRARK
B+ R o GPSFTllES (Y FE M FIRE SR £ HLIAAGIS » FEEZEEF » NBHEFHFEN
FEBREE M (monitoring) © AL RIS I FE KA E AR B FOTHEE > FIRE 5 0%
GISEIGPSFEA7ESME EH LR H B -

RARE I EFRM - 2EREMRME > BEEH ©

I

Al

BE30E  FLHE - SEHPHEALGRM - ZRFEEFRITFE R » BIRBA o PR ME
& FR M (geographic information system, T8 GIS)iE{EHES B BIRETT ~ 74T ~ B HIER & RIH &t
VB s MEETBMIERT » AERE > FEAZSEESE - SELIEL o flilE BbAy B ER
SMERERAEES ~ T -~ #thEE ~ KKLEGF -~ PREGF - AOHE ~ THHEIENEE > B
W DAFEFITERIRED ] ~ BARBIREEMMMEtEL o

HHN—EEAAEES ~ BT RHEE & — 2 3K E (7 X # (global positioning system, f&i f#
GPS) » TR RS » MR BHPEOENEEEL » ARE « B E TSR EE
(a4 RE e L& AT AFE = 3 - A GPSTERER I A E H B CATELE > TLFEHE—K
HEbE EILTY o SR KRS H - HMGPSEEE EMARKEGISHTIEE » FRERRETEE > &
O ERIZER o B LM RHE T AT LUATESREE LB ? BEEBEN - BHE L > ERE—
WGISHIGPSFEATE & E R IR R B FAE RSP 2% o

HAI4E CAB International £ 199548 H # SURAE #HE F1 4k H 18 LLGIS(& GPS) FE I fE 22 &
T TR (1) o #1BE R DUE RIRE T B RE 1 BB I R s R AR S PR R
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WAES » ([BAVEFEHE NS o RILEEROER 2L BRLEME - FEMHEREA
BFREIH7E®) MR SR ERBERE > AREERBRELZINKAT) - AXHHNMEEN
fBGIS ~ GPSUUER EMERSBE » LHERTEE LHEA o TMEE - MERAES BB SR
e » BETANMROERBEHEELFAOPE » ERRIAESRFME

Z=— ~ LIGIS (& GPS) JEFI7E82 Z & (pest management) 1 18R AT & 5347 (¥ CAB International
199549 A AT SRR E #1E)
Table 1. An analysis of 18 journal papers (obtained from CAB Intemational database by September
1995) that relate to applications of GIS (including GPS) on pest management

Year No. of papers Geographic Area No. of papers
1988 & 1989 2 North America 13

1990 & 1991 4 Europe 3

1992 & 1993 5 Africa )

1994 & 1995 7

I E R R RE R

GIS 2 —FEREH A (input) ~ £&7F (storage) ~ 57 HT(analysis) ~ B (display) L H (retrieve) 22 ]
% #f\(spatial information) VB R (A E LB EFEREN) - GISE-ELR » B LIFEEIRHEN
FEFE M » ARG FTIE K —EE FHE (database) » REBBEBRER ~ 907 BEERERD > =BIHE
S EHE ~ BT © K GISEFEAEA RS8R #i(decision support system, DSS) » H] LA Btk
EEBHETEAEY) - FOR - RER T HERNER o HLER » REEVRD ~ TENERE -
GIS— T LUB B MfF BB EE AR o GISWEMEH » BT fLE&E K (locational data » $
AL ~ 85~ T~ M - BEEEEE) DL K B Y (attributes » BB EL ~ 8E ~ BF5F) > MAEERAE
HER LA ELRR o Wit GISEEENRHEREERE THE LR —FH o #ARNF
HIGISH IS S EEIRE RRMHR AT AR » HREA LHEREE =HEIR -

BB R A S VOE B RENE A ~ B~ SR KRR o ERERHRATH -
B DA AR ~ R ~ BB (digitizen RS E AN - HEUEBEEHFESEEBLEMLEAL
(digitize) ° HEBULHAEESE A TH#(E(manual) » EH —LEHIZE B E#(automatic) ° BIAISEERY
7 H1 %85 £ (landsat) 1 — %6 & {5 B ¥ (image processing) ik fiBE%0 B B il @ E R GRS A G EE
AHNEE RS > L{EEGISER RS c EEARGHRMA R » BHFLEEIEHE (processing)
FI#FEE (editing) TIF » 3548 TIFARE RML T B ifirtE » BN EAEASCHEL - ERGISKE R
SARINBEEE A /A HE T Zo & B BE P (spatial manipulation) ~ ZZf&E £5#T(spatial analysis) ~ BUE
#1743 #7 (digital terrain analysis) ~ #8853 HT (network analysis)& » HPERWIBRBEBFHE >
GISHISITRE L BB % TTAL o &k » GISEAEASMSIER » B ZRTHK - FERE L > GIS
{22 f51 7 HE (spatial pattern) B /R HAE A B AHEBRER » AR -
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GISFERfEAME LFEFHHENES » ERFCELRKFEE LNEAMURMABEETER
R o DUNEARBH » KT ERFHEERRBSATERAMARIEC#H2,5008IL AR » KT
FERRERAT1/3 o AR EE R E A S8 7EARTE (quarantines) L2 [H » WEFILHT ~ BRI
S EEIRL > TIAEBENRREADRS o N AW BRI R £ 5T EST (Forest Insects
and Disease Survey, FIDS)SFEERFHE I &5 AR R S HIBIN > (R AR E R ~ B~ B ~
BEEYGEES ~ DR RBB;ENSFZA o %2 KTE1940 G AHN DU 22 F 2 (aerial
survey) {EHIARR S E U F LUSLE » 196041 » B L hAEDHABITHE o ERERAI MK
o MBEE-EE-F-ERESEEINNLS AEREUNT R c BELUANFIE ~ SHTHIZE
THEETR(ERERMNFREE) - WSEEEAGIS c FENMZERE % » EilMBEARER
IR R YL & 38 (polygon) it » WG EHBMEE - BRERE - £/F - MENE R FBIER A
GIS © fERIEREL th » SENBPIE HEFT— EBRER TLILAE B ER Lo HIHZK
EEMER - AMEENBER A ARSHEMEMKETE  #A%TE LEROENGELE - 5ee
ETTHN 8 E R E LI (FER Van Sickle!'®)) o

EXFE MR R FIOGISERAEREN A LMER S — » EBRHMEE (USDA Forest Service) &
HAHBE B4 AT R I ARMR B EN AR - B EEEH o 1869 FIEEUNG [ X BN HE
(gypsy moth, Lymantria dispar) FE20 {HACATE AR B EB R LB EENIMAEF & - T I e i B HA 1
B > LLI9S1ER G » BB 1,300 8 IR B LS - EENRETELURRIIREY
FAE ~ AFRERHE 5 B 6 7o 9 FE A GIS AT IR {5 o EEJ7 B #E R BUK B | LI B 2 [ (Great
Smoky Mountains National Park) AJER A] K 1% (accessibility) B2 5% 5 M FR 3 (defoliation) EEER
{E R F A GISHIE RS (model) Z 14 » RE TBEIFK ARNRENHE » WRBILEAXGERER
L FT 1 8 B FE L 8% A1 3% 7 (mortality rating system) #Fd A LB R A B A RE ZE AR Y i 55 12 T (
vulnerability) © BISRK /A B th 32 GIS it B B A & EH 1T B 7 (hazard assessment) » BN A HE
EERAARKBICCHHE © B TELOATAE » AEILERA RS EQEEENTEEFE
BEMEGEEREE N RERE T TUBAREZHN R " BRHEEIIRE AR
BB 1B TR th W] LU B GIS BT Hi 2K, Liebhold et al. () B SEHY E 52 L #AN A GIS /4T » 182
1900-1990 4= 1 2 F i A7 L SEIROR M AS AL D R DUE RS B2 » R B IR BRI 0 e SE B SR s 2R
IR B - (M e L B R R T AR B A S I WIRUHERR © Liebhold er 2l (') 3%
1T 1969-1989 4 T /1 £ 35 858 I MR PR IERT IR E » 1B Le BRI AGISE RIFREE D B B ZFHY
FRES (40 K JE R /S ZERA (loblolly pine/shortleaf pine) ) F1E AN 5 5% 5 HIMR i (B0 L5 (beech)
M) o SE— 7T AT AR R SR S R AT I A RS - B— A ERTTLMERKEM - EZZE o LU E
i BT R B A K BB I DU R ] | %538 7 (polygon) B Y) ~ &% » INFRRAGIS » LIFR
A HTHESERK ©

BT ESHS S BE & LIGISHE FAERM B SR T o 1987E FHE fEZEIE (western spruce
budworm) MR 83 & 4T L N EAISEE (douglas-fir) T/ » EREB A R A E R LK R E
(VAR o PRI ISR S EIZE R E » RIGERET TR BERTOBRE - A THZERRE



M EFIFZRE » #51983-1988E B BREEE & | 17 » FERER 12N ZFERECFE T HABIFMRAER
W - 36% EERIEWIREE - 15% B34 ERIRE > HH1%HMS-6 FHIRTE o Lee B LIGISH
FRARIT M4 (stand characteristics) ~ SRS/ (weather conditions) ~ #/FKF(topographic factors)
% /18 (parameter) BE (overlay) 7347 » B LFA/NEE &% (mountain pine beetle) R &R TERE Bl (haz-
ard index map) ’ SEH B ETHE - BB E A EHEE o Power and D’Eon (2 H[LL
GIS /& B B 53 55 # (pest infestation map) FIFRPRFHZ [ (forest inventory map) » DAAHBA & RHEE
H % #fi(relational database management system, RDBMS) & B UE K - (depletion factors) M1 CA#E
=t MM ALEME TR R A S ZERMM » B EEE EA2HEER (spruce budworm, Choristoneura
fumiferana ) %8455 .2 5 PRA% U8 (forest depletion) © Doggett and Tweed (*) It 88 Jb & ZB FHB M
1960-80 4EH & ¥} LAGIS Z2# ¥ /744 /) % (southern pine beetle, Dendroctonus frontalis) B3 B 53
o HIAFIFI A T 2R FRIARCK S B AR iy 2 EB(LUBE (spots) o) RF/NEESR I E1E
o L BER b BEATEREENME o

BESHEEATHTETN B REREHAZEHVHER » FREFITHRENNEL
{E o 7E82E{H M5 » Chamignon and Maniere (2) F1] FH BN 2 55 I SPOT 7 2 E I 1A B B R & U7
MAEZL T ERBEE o tMFISEUXSIEERRAESESEHARROKE ~ BF ~ F7HE) MRk
R R RE > T R A 25 0L 3% & B (multispectral data) DA R B # 16 8% R BEFF Y Larix decidua #%
Zeiraphera diniana B ERET © Orland (! V&% Hl(remote sensing)f 5 ~ AR FIGISHITR B
T4 AXBTREARZ(RERSA/NES) NWHE - BRIBHKE PINE 8B AT LU ARK
ERERTOR > BRI A AR RHINSE(EH > MRS E o Everitt eral (O ARG
5 F0 B 5 ST AT A6 R (near-infrared) $% & 82 1R {8 1 3 B & /N Lower Rio Grande Valley H)fH 1% #7 %
Aleurocanthus woglumi B2 » W &5 |FCHIEIE R (sooty mould fungus, Capnodium citri 1SR E
AN IK B G » SEMBEBIITILIMEELERE &R (digitized video images) I EERIEL AR
EMMHRBEE S > KA DUARZE KEEMHRHZERT -

GISERIFMESEME TE » BERHBTHMERMEYHEARE - REAF ~ A4 -
W R AR MR B TR A B R AL > GIS (B LE D ITIIREIERZETT o Bagtap!T) 1§ BT (Uganda)
2 RRENE T 2 108 0 4 fE R B BB B A GIS 7047 » BN SR IE B R R E K4 EBA IR
1% o TEHEFAF I (Douglas-fir tussock moth) BN EAEMEMDMFIRARZE » ERAERRIEERTC
MEABMEBREFTER H 1916 F 0 TS RICEMFBBIBBIIE Fr o B IBHA BRHIFFE1-4
o KRB B8 B IR AT B Fr BLAR AR b (forest habitat) HIRIEEI =B » FREETHE T i 5 L 9 & 3 FD
BASEREROBERERITI o Dull er al. O LLI6FEZ BHE (R ~ 238 ~ KX ~ ER
BR#F (balsam woolly adelgid, Adelges piceae) FIFE S FITHEFELE) MAGISHHT » HEEHEBE
S EH 26,610 halIERZ/ 1H2 (spruce/finfk » R AZSEEAETRZF o MFTHEHRMAEIIEC
A BBRIARTE AR S T » thE BRI FEE— o Veblen et al. 17 §7ER}
R % 0 1R B L R AR B s AR K~ ZE N (snow avanlanches) K E £2 /)N B & (spruce beetle, Picea
engelmennii ) N34 R ZERIFIRF R B RE A EAE B8 AGIS/ 47 » ISt EANE+ER B E -
A BE A [F T HEHZ2 IR AR o S RBURMK R FAETE470 ~ 1630F11870F M » B/ NEBARE
HITE1716 ~ 1827F119494F o KITE1633FE LUIR IR FHE @R Z EIF RN HE » 38.6% X E/NEHKHY
E > M5 1%HIZEIRKEE o FHIF 22ERE—RAEMN » B165FEF - XRNEHBKHE
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o KERABHETES % » SBNKIEEETHENNEY NESERARE » TTIRER
DUR M KIS EAFENRMOMEEERIRAR

2 HE A BB R AR BEIRE R T - AT IR ROB R B A R AR - HEE
B9 » GIST]LATA S5 s HE R R LAY I T (PN A RS RAIRBRIE L) » RBEERIEAR
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Fig. 1. GIS output map of study sites for a Lymantria xylina egg-mass survey along the
coastal windbreaks of Taiwan. Precise coordinate data of each site was recorded by
GPS and entered into a GPS system (Chao et al, unpublished data).
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Applications of Geographic Information System (GIS) and
Global Positioning System (GPS) on Pest Management

Jung-Tai Chao! and Chin-Hong Sun?
l.-pivision of Forest Protection, Taiwan Forestry Research Institute

2'Department of Geography, National Taiwan University

Abstract

Geographic Information System(GIS) is a computer software system (often including hardware)
with which spatial information may be captured, stored, analyzed, displayed and retrieved. GIS has
been applied for detecting pest infestation and early stages of insect outbreaks at regional or national
scale. GIS also makes it possible to quantify and evaluate relationships among pest distribution,
phenological factors, climatic variables, topographic attributes, crop mortality and economic loss.
Through the help of GIS, land managers will be able to decide an acceptable response prior to the
arrival of the inevitable damage caused by various pests. The Global Positioning System(GPS)
provides full-time and fast ground coordinates data within meters of accuracy by receiving signals
from earth-orbiting satellites. GPS has been used to record latitude-longitude coordinate data of
infested localities. Precise location data obtained from GPS fit nicely into GIS and this, combined
with other multiple data sets, allows a more accurate monitoring of pest dynamics. This paper
introduces principles and functions of GIS and GPS and discusses different applications of GIS and

GPS on pest management.

Key words: GIS, GPS, pest management.
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B &R E LS4 (Cuticular hydrocarbon) :

¥ B AE 8 5471 (gas chromatography » GC) S EBRERREEMNIE TS BF
KRG Z 2 FERMIBIT » B HAE T R B fuf (sibling species) Z @D o

EaB/EREY » EREEBESY EEIhEESREERE » HIF5 KGRk - BEIK
(LB E S IR A > FEIE SRR — S S R TIRE » 2T RLF T8 5% (pheromone)
o BN O BEIEEEEH > SERNMKIRCY » FAKEE —ENREN » THEIEY
RAB(18) o [ R BB S R AA AT - ARG - A B e R 2 A CO) o R
H R R E ORI R 3 6k > RS IEEFAMETT 0 A S RERRARENAEC A FARHGER
H#) » fEGCELENEHE FaER1D » EARKFFREHRELEE o

5 47, () Y 97 1.4 8% Anopheles gambiae complex 12 A. gambiae B A. arabiensis 1t {& 81
H 8% [E3R 77 1F (sympatric) » —HEIER /L &P QFHEE 2 C25-C29 BRI o BRI EE
Riverside 5 3% BF1 £ Ghazi Abad % & A L & a B MM EgaEABITD » BUR BT
A P PAME IR R 2 M HE SR o T HEEE 4> HO 15 B WS K ( Blattella germanica ) S 55 M98 ( Blartella
asahinai) HETER EEALE WA £ R 2BUE & (quantitative) 2R » HE M (qualitative) &7 » H
BB R REHETRE o I HEARBEREEZ B vaza IR RRENEEZR
8) o

REEFBECEYNE—SRPEEFT2EHDERERRDEZEANRSHRL o

S5 88 3 #7 (Chromosomal analysis)

{55 Pl g BB VIR IR AR DA 0 BE M o HERZEARMLE » 2B—ERE
(FRAZ S HR R E OB M > VAR A T ECY o R HEEZ M EIRE &
B BEEY 5 0 B GEET IR ERT o (EF ML E R BRT BE EPIRLUL » LS T
YR SRR T R R R 8 » E— B E R Eband AUELEL » A0C-banding ~ G
-banding K FISH (fluorescence in situ hybridization)ZEFEAH/IAT » (R E KRR FFYIFE R EORIHI L E
] LAFRIR Y o

JE P e £ B IS S E RO LB T RS H B BEE - TEREAHE EERKARIERL -
= 2 0 B B 55 S W (Hawaiian Drosophila * 2 R.Carson and Yoon Q00BN E—B » 7F B DUBEN T
4R i3 (Australian bulldog ant, Myrmecja)ZEﬂ:%%W(M) » B HE YL RS 3 AT Y £ T 7 TR L E R
%58 R L E RSt 2 EF © Myrmecia pilosula 388 15— & 7# (species complex) » FE1950F
—ERIER S ESRAEEE > REPEHESE o Imai FEECOTEREHLLOBEL
HHEHFICET » SR a A A AR REFIE(2n=2-32) » HPE D EE A EROREK
H52 2 E I » Bl M. croslandi (2n=2-4) » M. imaii (2n=6-8) * M. banksi (the greenhead bulldog
ant * 2n=9-10) * M. haskinsorum (2n= 12-24) 5 M. pilosula (the blackhead bulldog ant, 2n=18-32) °
1 C-banding FJ ST B85 » 76 FH RSB M. banksi 88 M. pilosula Wy A% P BU(E RS » 2 Ik —REAYFE
A% o Hirai 22D E i — 418 FIFISH $E Myrmecia FL{EFEAYDNATE R (188 ERI(TE » BIAE

=
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C-bands | » WS H @A S S B BB AEL » #5582 I H(fission) IR » BT FFE &
(fusion) 8RR © ‘
B 3 Bt B8e 5f = (B8 Tk (Isozyme or allozyme electrophoresis)

BT HARSFRBROHET » HRRAERBAMNERANHE > HBHE1950FFER
BT S P B IS (o FEAE R 0 ~ i ~ AR B T R IR — %) o EREEEEE |
E 1960 F 1980 FALHIRI BAE—IF » BB AR » ¥ T EHERRNEYR SR EREK - EHit
A B SRR AR ("find ‘em and grind’em" school) Z FBIE(23) o

Bk (electrophoresis) = Fl FH BBH ZEH EOE BN HE o MTHELHE ZEHIDRES
FHANRERNTE > ZERANEEREE - BRE - BROABRANRESHRGSE
& FHAENBE EBEERNERPRER o AT R REER A5 kBT (band)
St FEUEH N EREWERSE BERROENES R )R B (sozyme) B £ (1
(allozyme) © Ff 28 (7l oh B HERE Ty 18 — BE(E A OAE A 228 (substrate) MO TSN E 2 BE SR o ALK
HI| 275 A — E R EE (locus) E R [ B2 F (allele) FT TR BRI BER R AR © ILIEHIBREER AT IFIEAR
IR R (BIVERY BRI 36 8) BUR R P ARIR v BREY BT SEAR AR ©

e P Bk S DA B B B T R B F R AR » B HAE BT B I S5
EEAFEZ S EEMPRELCERTONEREARHOCY - B EE A2 ARichardson et al.
SR04 Murphy et al.(29) o

%5 4 # (Immunoassay)

A 4 9788 P9 19 571 B (antibody) BT 241 3 E0 2 F1E (LR » antigen)#& & (binding) » EERKEK
FE » B HERE BB HUR IR L (affinity) B2 B — P (specificity) TN » AT LABE A ZHEE #
BRI VEEIE o 7 E O EN RGN - HRERERGE OERRATELT » MET R EMH
BRI > BRI AR T - AMEBFENE » KEMRAME N TR 2 TR
W E T o

BT RERMEERFEEOENETE2HUTRRELEHTHBR » HHFEREER
ALSEATIFE? REC) @il - ETHEE - FERNENARENMEE RE&NYL
FRESRSFHETEAENHENREED » TEAREEHEEEY(NIK) B{LEE NI R
TEE - FEDURAR A E EA A E ORI o H5 B0 R HETEURMEE H/tube precipitin test
(15) s B BRERL PRI — LERAT - Ulpassive hemagglutination inhibition » radioimmunoassay £ ELISA
(enzyme-linked immunosorbent assay) EE.ZZFTHEA » LHEZERE —H © Stuart & Greenstone®”)
# Himmunodot assay#J 7 1% » FTLELISA B SR ~ RERFEH » M EENEEZ ETHRELISA
22 {f1%g spectrophotometric reader #7438 » I H IF & K FEIRBARE o HE BRI B Z R 275 (spined
soldier bug, Podisus maculiventris, Pentatomidae ) £2 JR #k (jumping spider » Phidippus audax >
Salticidae) § T8 £ K FE 8% (Heliothis zea »* Noctuidae) ©

W SRR AREEM S E » HOSERg » MR LARFEOBRERTIPEER
WEEIREA o JRTT - FEF I IEAENE A EE RS T LRI RR » HE—RERHERATR
BZER > TR UEATIE &2 185 » H s B AR B BT AT &0 o BI40Schatzki B A G2 LIL
BR%E [ (myosin) ELISA 5 {8/ NEEY 1 2 S H R R (Sitophilus granarius) TE1E o BEERRELT »
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BT DA B RS 7T FH B HIER 2 B (ki) » SERHERE ~ ORISR ©
LI SRR R A2 FLE T (DNA-based method)

DIA% RS (DN A) B BB B9 T A MR » 4630 2R R W e A B4 T EBIR 7L » Z B BRI
KiEE ST HBEEREYREEENSEECER A - ENSZIMERRER AN A EHEENX -
FREGPSBEET AR » FEMER T FRNssBNERS » B DURREPVERE P RERZ
MR - T EAALE ERAT o RILERE T RS ¥ERE ~ FHHESRFERAENBREN - WHEMU
A FEN S S E AR R R TR B RHIEBH RN T » TRIRPE
DEHIBER o

B A7 # & FE B i £ BN FE B B 5T (DNA probe) @Z&@%éﬁ??%ﬁﬁﬁﬁﬁ(polymerase chain
reaction, PCR)R AHH » T HEST /5 557 45 E £ (direct) B3 % 8% (random) I & » B0 LI PCR 5 E R A
B EERE AN RS 1% 1E S 8 X FE Y18 % (random amplified polymorphic DNA,
RAPD) ° [tiER 1990 A REE ZERY » TEREEREEN—HT [T (primer)#ETTPCR X
FE » REHLCIESERMAHER » BETRED RN DNA » #{EXHTE o Wilkerson ef al. 411y
B9 DA 25 8 T2 FE SR 157 £ Anophelis gambiae s.5. 53 A. arabiensis » BHACE5 T BEEFIHIME
%58 o Anophelis gambiae complex FI B &H A EF B BT MHE » RS- A
gambiae Jz A. arabiensis) BAIEE, » BIEMME FHERN EERE - FFEARBEMEERNREA
FIERY 17 » B R LS TE B IR AR TR DI EIERIIE o AP AR £k
(Liverpool School of Tropical Medicine) /3 HH1z — » Crampton f E F (1920 5 J7 A e SR S IE
N EEH— N —EYDNA - FIf s E R E S > RERNABHTEE - HRMiME
33 H T LIFEEFSMBISE Anopheles gambiae complex #IfE B ~ BRI ¥ERERYDN A SRS » I HL AN
RS L B 88 £ H(insect identification kit) o bR ERAR M A (8] -
HR— Sl 8 FTRE S AR — R EREHHIE, » TIPSR BRI E S ©

Hill and Crampton‘!?) &t LUK 8 55 BB A B AT £ I B B S E U AR e — 3L - ST EMELIRER BT
WAL RS E W N FERT /7 A A AT 4 (0 B8 B B Ik 5 B — AR TRl » BUR T R B BRI
WA R —EBEF—) c MEESFENE » HEET M EE 5058 - ki@
HEMBEN ETEBBA » Kt ERBH B RIFTMEE o

F— ~ EEERREIE Anopheles gambiae complex HIVURE Jj i 2 LB

Table 1. Comparison of four techniques for the identification of Anopheles gambiae complex

mosquitoes(lg)
Parameter Chromosome Isozymes PCR DNA probes
Costs per specimen (US$) 0.10 1.00-1.58 1.45 0.06-0.12
Capital equipment (US$) 9,000 12,300 12,800 basic lab equipment
No. specimen/person/day 30 40 40 200
Preservative Carnoy’s Liquid N, Isopropanol  Any
Specimen requirement Half gravid female or Female or Any stage Any stage

4th instar larvae male

Accuracy (%) 100 95 1007 100?

Period of training required 3 months 6 weeks 1 week 1 week
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ERREEEEEC) EITHHEE S K R SCanPest © fT58 B R R (expert system) & F8
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SR BRI ERAL T ERREBEFES -

it B AS YE4T B S 219 5 — B F B Dietrich K Pooley'®) $+¥f Dracculacephala JBIZEEF
% PR B B 7 2 # (automated leafhopper identification system, ALIS) °© R EAE ERIEARE
RIS T » HATE B GO IR B BT UK & 25 A A B (] ({50 P 38
2 FEENLHREET  BEEF—EER—(EER  EREBENFEATLEBNERN » AEE
A EHTE B B 1T B BB E 2 (B ) © Draeculacephala [& ™ % %(%& 7] LA F B EHIFEEE
MEFB 5 5 » Dietrich B T 26F8 18{E /M P Fr YR & ## 2 o {HH b 7 (8 B EE (species
group) L E RN PIET » FRELUEME TSR KIEEAE 0 o Dietrich FLUERERI BRI TT R
IR SR B T » AEERESITE » FIE-9-98% I HERERE » H R (KAIBRIS D. antica
group FRRTEME T B RIS o fb—RFRVERBIZR AR » HIEERERBETHRE LR -
KREDHEEE B R AREEEETWEKER » (IJEIINRERGOITRME o ML —FHK
BRNBEREFZ2HEL  EFEREK —SEEHWELARFARERHIEMET » ZE5EA
B » AR AREAEREDEISRFEOMEE - EEEBETEMHRERST » REE T EMRNE
o

ALIS: Automated Leafhopper Identification System

Specimen measurements, | Morphometric
pe Camera . | Image X-Y coordinates Iden':iﬁ ti
@E o jeee{ Processor fication
Routine
- aA|S 3
i §8ll53
T icl v Interactive|_oa 23| %
axonomic | gcharacters characters @3 ]
S ey ——— USER Yy S
Database Morphometric
Database

B— - FETFEHEERNNEESRINER o
Fig. 2. Interactions among the major components of the automated leafhopper

identification system. 13)
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by V. Four acoustic couplers designed for different shaped agricultural products. (a) a single-arm design
for spherical fruit such as grapefruit; (b) a three-arm design for round fruit such as citrus; (c) for
irregular shaped fruit such as papaya and mango; (d) for stored grain. (provided by J. C. Webb,
USDA-ARS Insect Attractants, Behavior, and Basic Biology Research Laboratory, Gainesville, FL)
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WebbH[E —HFess F g EH ARy E &N T RS —ELRERESS (piezoelectric
sensor) YIS TJA » FEUR - EEEMNRHM - I BEEEK L EBERHEER Y EE
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New Techniques in Pest Identification: the Application of
Biochemical, Computer, and Acoustic Analysis

Man-Miao Yang

Division of Collection and Research, National Museum of Natural Science

Abstract

The fast development in biotechnology and computer in recent decades provides many effective
new approaches in systematics. It also casts the light of new techniques in pest indentification. In this
paper, the application of biochemical, computer, and acoustic analyses is discussed. The biochemical
approaches reviewed include cuticular hydrocarbons, chromosomal analysis, isozyme or allozyme

electrophoresis, immunoassay, and DNA-based method.

Key words: pest identification, biochemical, computer, acoustic analysis.
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VEAX, A ) BT A M 9% IR TR RR R BT 2 8

BRI hmm HEY EIIR
AL S LYY

WE  AYRE B R AR AR SRR TR — o YRR B & 22 H
EEHEDEH SRS Y EN TE-— B o &SI (immunological
techniques) MAZBEH i (nucleic acid techniques)#E/THEPIK F B (G 1] ~ RETHEER
— BT ET o MLVE AT R R F B9 T BT DA S RRHTRE ~ BLARPURE RS R AT (T
(polyclonal and monoclonal antibodies as reagents) ~ P 3% SEE A B e R B O S 3 AT R
enzyme-linked immunosorbent assay) ~ oy % Y K RI% £ 5 A AR HIE 4347 (immunof -
lorescence and immunogold labeling) ~ BZEEH M7 A% B8 4§t (nucleic acid probes ) %
€ » RUMEHIZEN R F < RS #5 K IE (nucleic acid hybridization based detection
techniques) ~ i % EC 53 #T (dot-blot hybridization assay) * R o) e % B F %5 AU 43 7 (
restriction fragment length polymorphisms analysis) > DNA R & R 5% L 84 N RE D I
(DNA polymerase chain reaction) ~ {LE 5[ DNA K& & % FE 8 S FEIR UE ¥k (random
amplified polymorphic DNA -RAPD) - 2 EAZBEEE 5453 4T (DN A fingerprinting) 3
iy o ST » BRI BT F Bk () » SRR B R R R A BN Y B
FREE IR LR ERIE AT » A AR B ILEE & 2 ¥ 4 (high copy number) ¢ {52
7[R AR R A TR 0 2 S 01 A OB A P R o e 3 U 1 P B % LM (RFLP) S AT R
TR 3 B R Bk TR AR B A e 5 T M RO R > SR — P FR AR B A R T £
R L M RS T E A R A E AN — B ST > USRI ERRIRE 2
8 o B AT MROE) s B B SR GBI (R R e 5T L > LUEES|F DNA REBHR
JE AR FEH T (RAPD) 2 DNA T8 & % 258 #8 S FE (polymerase chain reaction » PCR) £
P ERE T AREAPEB(EN2EER E o Bainit » i R EEYRE
B AER ~ PETEE AT g AR RS RS I R B el
B2 S — ESH SR ET R -

N

RRE © T - R ~ (0~ I o

jll|

A

REHMELZEFAREOERKER  FHhEEEES  EITEYREEEERRM
(phylogenetic) & ] BB (RAVERRT © @EE&;&E%DNA&@F??UCPE—’E#F%erons » KB g%
HBIGARERBPmMRNA B AR e EREQEEY » WEEESHEY S ITE R
% R o ST > mHST AR A Y EM (modern biotechnology) IS » FTLARHI & 72 FE F
FERYIRR BEEE ., 2EEEE > TEEYHRREEZ S REE - REEAZFENE -

fEEZHABRESESEHCOEREE  BESNHLASESTEIER( - Rt -
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4 1 (bovine serum albumin (BSA))H ik — 223 H — 1 K FE » A0 — 3K S AU 128 B S RE RN AT
WA EF S RIECY o (BRWMRLIER -~ FE - RS A B NE B AR T 1S 2 S IR TT IR SR AT
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(zoospores) HETTHIZ T LR o M B S T B B 5 (19) o Wong % AR A SR T
FE 10T (TF) J B 617 55 8 2289 B8] (Fusarium oxysporum f sp. cubensc) Z B EEEE E M race 4 &
race 153H7C9) » Deway % A BLAE H 7 B A58 (Dutch elm disease) B Ophiostoma ( Ceratocystis)
ulmi . %) = R B J% (the eye-spot) B Pseudocercosporella J 7K i 3 W BA BRI EE
Hamicola lanuginosa X Penicillium islandicum SRR RLEBN #gg(18.19) o

BB EERREENRZEH LB

SEEETE > H 1A 4 W) H 1l (biotechnology) IS4 » R 1R % B R B B 10 S0 A i 2 4
(cytogenetic) » ZE{LJE K (biochemical) K H ALK THFiE - REEE - 2EES BRI L > ME
HEEE -~ 28 - SEEEZEM o £ DNA L EFIRER R MM - MEFRTES
IEFIEAE o —MBIRER » EERIRIS SR (mDNA) S T BB/ » RS TERMFHRALUEE 557
Bl 7 g H R o

O R AR R A B Y 451 -

B Y 7 5 S K% B (mtDNA) & T 2 8B B ## 7P 4% (slime mold, Physarum ephalpolycum,
Hansenula mrakii) » FE B EIEHERBIRGS T o HRIIREEKS T BA/NKKITEL8.9 kbp (Torulopsis
glabrata) E1176kbp (Agaricus bitorquis) © FTlA » HEFERREEBS TEANNIZRIERER
| ~ 2ETELSME o 40 Schizophyllumspp. P31, Ustilago spp. (56) Oomycetes 33). Coprinus spp.
(55) 5. B 4G BBIL T 2 FSE © Schildkraut % A B BME ~ BE - )Y RIEE EHIDNA B CsCl3R
VB B i 2 HE B 2E » BEEN VillaFIStorck #5 FH 14 78 (5L 3 2 BT 235 © nuclear DNA (nDNA) 52
mitochondria DNA(mtDNA)ZE £/t 58 f % & (CsCl density gradient) 32— E F ks - A] % 2 AE A
SV A > T LK RSV S B 1 EL 2 KR8 (total DNA) G BIEH & » — RIS » HKIARIGEH
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HIG+CE B H SRR RO 5 BRI G+CEEH g B P RO
RIKFEME » FRLAR] & % LY 4,-6-diamidine-2-phenylindole(DAPI) B, bisbenzimide Z BT »
DAEACSE R B D R R > (e 2 BB th O B (043 o 6 A - FA AR RS R BEAS BR TR
% EERIRE ST RS ARERRE - Bl DALREE R T 28] » LB RES e AT - B
LI—f% B2RER > KRR T S 19 T L ERIRTFRG?) o

EENRERMIRET EERER :

HAl» S ERRENSREES » fEREFECERBTEEHERREEC KRB
DAFE s R B b o S w B » FE— S ERPRE 28 o MR IRSt 5y 2
S T i R A P B ST B 1 B (vector) 0 B Y[R I B2 3E (testriction enzyme) 1B L% » IR LIS EE
F(ligase) HE{TH5#5 K E (ligation) » W (transform) E & 5 1858 H 77 (&7 3 < Btk > BRI
8 15 2 #8JE £k (transformants) o &7 338 25 5 LB i B BUE AR » W B SR A KRR B B
(insert) » FEHNLIES: (labeling) XS B &T (probe) © AP LRSI E A BiRE R E R » HEIE
ST FRSTEMAB E IR R4 » FILUR E ARG R RS T BRIz M E I £ VR B A SR | o
T AEAE YR B BB AORA 9T | » B RIERTE R Al ML BR TR e & B th B B V2 3t FE A BUW £ R By B &Y
(40,49) , A EE R EEN R E LB/ NERERI4C) » 410 Sclerotinia spp- 35) | Fusarium Spp.-

(36)  Fusarium melonis*3 | Peronosclerospora sacchari (60)

Verticillium dahliae*®) » LIR AT EESRE C S HE D o fIEsk > B T ERBHETY
T EIEFE ~ S E R E AR kA B NER B 0 RESE LRI R BRI o I EF R ARES LR
%% A (high copy number) Z B TR 1E®) EAR RB MR EE T P EE BRI ZR0CY »
B LA FE F 4% BRI 1 % =% B8 (8] %6 7Y 1% (Restriction fragment length polymorphisms, RFLP)43 & [
RN 2 RECO Rk MRS RS A B R > i — 2 R RSB
el eRR L EHBAEEE T EAREEANE —EES > DUHAEERCHERE 2 e
46) o fl4Martin FKistler #F52 Pythium spp. KRR ¥ % < RFLPs » S EH L RHRE A HIUEAE
80% LA L » MIEHRAERIZABIAE A ZL/NR30% » ATLART DA T MR R R KL IR B A BR o (K FEAH
EBBECY | Martin LA Pythium oligandrum AR BS I RASHER K — R R IE 2B Fr BR 1R - K HAE
B e o LU& 4 Pythium oligandrum J Pythium sylvaticum37) ; Chen®$ ARAZE Pythium spp.
Tl & K AE RS PR PRI Fr ER B R » SRR RS LAAHEL » A b - 0 FORT R RS A I PR ) B [
E AR P A1 R FE20% o StammlerE AW ST Phytophthora fragariae var. fragariae » 3 FIRIBRES
KRR EE R R T o Bl B Rt 2 WY > BF]—{E 1L.5SkbHU R AR RS BL R IR &1 » BLARFLPsH Tk » W]
W& 4> Phytophthora fragariae var. fragariae 2 Phytophthora fragariae var. rubi > H & L ERST B H A
Phytophthora spp. BREEIT IS K IE » #ERERFEAN R KRG 2RI EIFE » FH%
HEZ R B AC?) o GoodwinZE AR ¥ Phytophthora parasitica & ¥R B ER » SBIE H
BEEEE M RS » MINLUE S 8 R RIR AR TP R R (2D o Kistler F AMIZE
B Fusarium oxysporum Fi IR BB AL FR IR I BE R ERIBIGY » 3R/ VE B A s M 59 43 IR R R
1) o Kim%E AS#T Fusarium oxysporum f. sp. niveum R AREERZER 2 RFLPs » 2 FE 1 B by AR AS A%
FE R » ETTIR S HESHHER MRS B FE S I FE » M LI [ B AT & 73 % /N EIRFLP B » fHh 2682 R
AL R E B90% » B ER65% ) o 4t » KimE A X UHF AR & BEST » $1%f Fusarium

. Gaeumannomyces graminis(6 b,
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oxysporum W FL{E GEFE (formae speciales)” AR BERL RS 5 RUME AT TS » TS AEAEFT 2RV EFY
FHA—FE > BHESEHE HRAACUE SR RS ARAAMECY o Ll ATHEEERESERL
FHERCRIA » IR AR R b L) —REIRIR © 41 > EERE BEE P A ARFLPEM M E %
P R SE R B TREE R BRI B+ 378 Lepiosphaeria korrae®®) ~ Armillaria mellea‘®) ~ Sclerotinia
Spp.- (33) v Fusarium Spp- (32) - Phytophthora spp. (19,22.33.46) o H Bl 7£ B8 TR £ 1) B X8 kB AR
M REE £ > B—REB T ERA P RKEM B AIEMTE - Random amplified polymorphic DNA
(RAPD)(56’57)&%é@%i@@ﬁﬁﬁg(polymerase chain reaction , PCR)(M) o PCREFERELER
DNA t » BUFEER EWNEZHE S| T (oligonucleotide primers) - I IE (amplify) & B HY
DNA » TRAPDHIZFEREREEFN A —E/NEE ~ {LEHEHH5 [ F (arbitrarily-designed primer)
Fig 8/ BHIDNA » FTLARAPD X #E 8 Arbitrarily primed- PCR(AP- PCR) o MR A EEE B
¥ B REGERFERENME L o 20 ¢ Punja 5 AR £&%(E % FIGE R BREE DNAI(mtDNA) K &%
DNA(nuclearDNA)HI5 [F » {# FE4E Sclerotium rolfsii )2 DNA £ » FF 2FE R ERIIE HIBE R 717
PCREY) » BEHEHENEREFFAETE ~ HERHMBESEENERS |+ » LE—Z 04
(27) o Quellet K Seifert & A 1%t Fusarium graminearum R F|FARAPD /MR R HEEREMEH
BEFERIPSE BRI Fr B, » FEFI T (sequencing) th R — M B B2 #% » DIPCR & » BHREE
A FH R (R SR B I JR B & T71E © Assigbetse ¥ ALl Fusarium oxysporumf. sp. vasinfectum i3
B HUR M Z RAPD markers » DIHARE$E T8 % R # #99% L M R B¥ (pathogenicity group) K533 o i
S R —EF B LM RSB T o WIHE R 4E Fusarium solanf®*) ~ Colletotrichum graminicola

25) Leptosphaeria maculans‘*V) ~ Gaeumannomyces graminis(éo) ~ Neurospora crassa®’) FHEHH

LR e FRLAERIR L > SR BEFEN M EEEE £ BEMTACRE—EHFREELEE
A o BT EF R B A A (S Bl (detection) & 22 i (diagnosis) U H HY » BUHERE — MR
BiBEBR ¢ B & BE & 5B (dot-blot assay) FE B E B AEHY AL o Sauer, K. M., EPN:E! Ophiosphaerella
herpotricha W) E: KR EFEF] — B 1L5kbBYERET » FI R BB A HIEA2918 O. herpotricha BRI EM =1
PRIE B R R B I R PR ST RO IR FE » FE R EBUR W RS &R E—HIEE O. herpotricha BIFREE
BREERY [ E » LA AL PR B ST BO & BEYE 1% » T FH200mg FY s AR AR 8 22 R 9 4 B R AE IR R
BIREAE » DB BRI B BR S C2P EHO M B BUE TS 10pp B & » FHE R L ug WHE
BEMATEENKRE - BREERBL - ROTHRTEHEA » BRERPREENEHES
R ~ R - BREER TGS o

FEEZMRLUEBFRE N R EDNAETEREIEE - tREHE L = %804002-69
804002-14 ~ 804002-96 ~ 804002-28 ~ 804021-43 ~ 804021-67 ~ 804021-53 ~ 804021-29 ¥ Sclerotium
rolfsii ~ Sclerotinia sclerotiorum }. Rhizoctonia solani 7.2 BDNAHETTELHERC (dot hybridization) &
FE o IRME BT RILBOAT > LIRS804021-53 A H 1 o HLAKKEI804021-S3ETH TS E
B> OEREER MEKEERACIER o mHRKIREE I EIE A B TS ET
FEHEREKBR PP EGHRIRNZER » JILAE PR IR I BE R V)& F B 2 AU 1 (Restriction
fragment length polymorphisms, RELP)/ T RE R R ARA & 722 B CO) R Bikk 2 Rk IR EE A BR 1y 25 B
MRBEET)  ERHEBANEEE T ES L AEROE B DUREEE Sth FE A £ R
FZAEH £ o FIDURRIVASE AT » M EEPRFLPOEMEEAZ =8 % » HEERESEL
INERTRRR o R £RE804021-53 LB FERD I E/T R ST VB TR 1R » TR RUE I 2 B 6K 804027 2
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DNAEF 106 g » (EHIHESF804021-S3KI IR EE LR Fr BRF A SUBE E51077 ng o FRE1804021-533
TR S B BR > DI R IT B ATERR (B BN ~ S - BIIEA ~ S8 DU B
= EIISEREER S A I ) DA B O v T AR BRI E R > EHE AR E S 2107 ue
1076 ug ~ 100 ug ~ 107 ug ~ 107 ug ~ 1077 g © FHILAIH] » BERLTEERESE T ERTF L BR(RIBEFT
B R B ERETRAE(D o 2E DI EMIRTIE - FHEBERIREREIE L BAE RS -

F— ~ WERPEY) IR IR B R RS Bk

Table 1. Monoclonal antibodies raised against plant-invading fungi (Dewey, 1992)

Route
Fungus Nature Immunogen Freund's early Booster Screening specificity MADb class Reference
(amount per adjuvan method
injection)
Fusarium Spores 107 + ip. i.p. ELISA- Genus NGl lanelli et al.
oxysporum spores (1983)
f.sp.
Iycopersici
Tilletia sp. Spores 3 mg - ip. iv. ELISA- NSG IgM Banowetz ef al.
Spore spores (1984 )
extracts
Phytophthora  Zoospores  2x107 - ip. ip. 1F-zoospores NSG NG Hardhan et al.
cinnamomi (1986 )
Sirococcus Hyphal 1 mg + ip. iv. ELSIA-sol. IgM » IgG Mitchell &
strobilinus  fragments Ag NS Sutherland
Genus (1986 )
Glomus Spore 50000 - i.p. i.p. ELISA- Species 1gG Wright et al.
occultum spores (1987)
Phytophthora  Culture 0.15 mg + i.p. NG ELISA- NSG 1gM,IgG,lg Wycoff ef al.
megasperma filtrate protein sol.Ag A (1987 )
f. sp. Western blot
glycinea
Fusarium Conidia 8x07 40 mg - IF NSG Race IgM Wong et al.
oxysporum  Hyphal specific (1988 )
f.sp.cubense fragments
Armillaria Hyphal NG +/- ip. NG ELISA- NSG ND Fox & Hahne
mellea fragments hyphal (1989 )
fragments
Ophiostoma Hyphal 3mg + ip. iv. ELISA- Species & 1gG > IgM  Dewey et al.
ulmi fragments sol.Ag genus (1989a )
Humicola Sw 150 mg - ip. ip. ELISA-SW  Genus* IgM Dewey et al.
lanuginosa protein (1989b )
Penicillium SW 500 mg - ip. i.p. ELISA-SW  Species IgG Dewey et al.
islandicum protein (1990 )
Pythium Zoospores NG NG NG NG IF-zoospores Zoospores& NG Callow et al.
cysts,genus (1987 )
& species Estrada-Garcia

et al. (1989 )
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AR REFE P /E R ik o B IR » B ERAREAr EEREBEH hEREH AR A BT E > 8
HERWHEEZE O ERERERE L EREORBSRA L ZRIEE o hHE MBS IR A E
MRFLPIPAEEREEMRC S EHEE T > AR ELE RN EIRES | E—FE A
P EBEFEBURER WL -

G4 s REEE IR AIR G BRI 5E H PL024 BIMRA AR EERLES » DA pUCI8 BEBSESTEAE
BT B R 2RTH » RIES 4 {E25EAK A2-3 ~ HC3 ~ HCO K ES6 ° 4 Bl H B B M AT ARl
HRBERNGERBRUMEBNRETHESNE  SETEHAXLEER - SHEAHA 17K
Phytophthora &Ik ) Pythium splendens %2 BAZ B HEITHES K IE » #5RER ES6 BT HBITHER
BHEHE M o BHEOEBEEEE 16 B% Pyrhium Bk B (total DNA)EFTENE AT » HIEAZ
FRER SRV E —1 » FERVOEBESTEHE 16 SRR BEME FHEENFIRESE o KENEHE > ES6 &
STHYBBUE AT 100 fg BEHBRERREBC) o itz REBARZRFARE—&
EIREHAE > MEE BB XS EEL (plasmid-like DNAs) /R ERIEER S c A EEAR
I BEBEN - BAEREMFRERH LML E AR EMME M B L EEAADNA
(plasmid-like DNAs) B #5E & < [FRE M (homology) 2+ 1112, 13.14) o 5525 385 E B IRDN A (plasmid-
like DNAs) B2 [{ BB R A B A BT 8 - B REYRITHES > B
ER IR BB TGS ~ £RRRHE - BEBEEREERER RS TTINEEYEREEERRE
REERET o » EATEBI A ETHOEA RS R 2B iR SR » BRARREEME A REEHEE o

2 E SRk

L REG I © 1995 o AR B AR BRI B HORRR PR ST UGB B 47 o BT LR SHAE N B SRt 5
FriAEmX - 85 96 H o

2. BoRIE 0 1994 o &5 @SS B (Rhizoctonia solani Kuhn) U A& EE R R B 18R L S EERL
BRI R R EERERF - BRI PHASEYRESHEFRELHR > a3 63H o

3.FRED 0 1995 o BIFEIRAR L BRI ST B0 IH B0 AT o BISZ P B B YR B 2 SR AT I L
X B T3H

4. Anderson, J. B, Petsche, D. M., and Smith, M. L. 1987. Restriction fragment polymorphisms in bio-
logical species of Armillaria mellea. Mycologia. 79:69-76.

5. Banowetz G. M., Trione E. J., and Smith J. M. B. 1984. Immunological comparisons of teliospores
of two wheat bunt fungi, Tilletia species using momoclonal antibodies and antisera. Mycologia 76:
51-62

6. Barker, 1., and Pitt, D. 1988. Detection of the leaf curl pathogen of anemones in corms by enzy-
meimmunosorbent assay (ELISA). Plant Pathology 37; 417-22.

7. Beckmann, J.S., and Soller, M. 1983. Restriction fragment length polymorphisms in genetic im-
provement methodologies, mapping and cost. Theor. Appl. Genet. 67:35-43.
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Application of modern biotechnology on the detection
and diagnosis of plant pathogenic fungi

L.C.Chen,R.C. Yu,S.C.Lai andJ. H. Wong
Department of Plant Pathology, National Chung Hsing University

Abstract

Plant quarantine Plays an important role in the development of plant protection. Detection and
diagnosis of plant pathogenic fungi is one of the major work of plant quarantine. Immunological
techniques and nucleic acid techniques have been remarkable progress in the development of new
techniques for detection and diagnosis of plant pathogenic fungi. Inmunological techniques include
polyclonal and monoclonal antibodies as reagents, enzyme-linked immunosorbent assay, immunoflo-
rescence and immunogold labeling, and nucleic acid techniques include nucleic acid hybridization
based detection techniques, dot-blot hybridization assay, restriction fragment length polymorphisms
analysis, DNA polymerase chain reaction, random amplified, DNA-RAPP, DNA fingerprinting. The
last 5-10 years have been remarkable progress in the development of new techniques for convenient
identification of different isolates of similar morphology and physiological races, by using
polymorphisms and variation of mitochondrial DNA, and further cloning of specific DNA probes for
the detection and diagnosis of plant pathogenic fungi. At present, random amplified polymorphic
DNA and polymerase chain reaction are the most speedy and sensitive methods for practical appli-
cation on the detection and diagnosis of plantpathogenic fungi. Since now, new biotechnology have
been progress for the detection and diagnosis, and further development of new technology for the

identification, diagnosis and detection of plant pathogenic fungi.

Key words: Biotechniques, detection, diagnosis, plant pathogenic fungi.
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6 R I DT BB TR R T (LN RO FE R HH T © AR R R Z IR R 2R
P EEU — 4 A BB AT o 5 5T B 0 T 2 B B R A T DA R B A DA B
HE o FFHIER REYE D RE T B REMRERE > IWERE 19294 Holmes
B TMV FEEZEE Nicotiana glutinosa T E A ST EE R, > IR R A EER
BTREYEEE - EREA R FENRSE T % c BEEEZSHERHX L - £UR
EEEFERBW A o 1939 MR BT EMBENRY - EEUBEBHRETEA
9P 2 BT S I S S R IR AR RS T RE o (BRI EEEE S RS MBS SE (8 - A UPHRE T
R BTG K o SOEAKPAR SR HF] HMERERETHESRNEEHDZ
B o R H AT ~ i E - RETHASEEY  ESIRET2EHREEN
F R o HHRRHIES IR E i R LR IE B FETHIRIR S R
BRBEARBESTIRREEMNN Tk  Hb AR B2 RERKE
(immunodiffusion) * %% % B (SSEM) » S5 85 1% % (immunoblotting) » HHARE Fr ik
(tissue printing) > % H:(immunofluorescence) * ELISA » RIPA K P /i i (west-
ern blotting)%% o AW HINE K EREF AHABENEAIRES) —ERERTELD
TIPS AT A RIET © EAE19774 ELISA % Hi 3 LA iR B HTRE Y SR8 T D& B
BLHT B ST IR B R B A SR E U 0 E - B E AL B B T SR
(BRI ABE SR o IRXE AR o) LU R B SO I DU RE S8010 F AT R B BUE R 04T
R I B s R 0 LMLV A o v o U B B T M ST R 0 R R O L R T R
£ o BT A AFBATETC2E B EHE R EE TR A S PE
R NS RE E LB AR E R o Bl EE B ST (DNA probe)fi B £
WTRh R H i R o sy F I S A I B 1 — BAG I BT 10 S (8 B
T A% 5 4 T (hybribization) SFE » B SOHEZ K55 LU 1 SRR P E L
I o A FIZRE B EHE HIE MBS E S R PUILE R E ik o S i RaTE
B2 R ASE ¥ BRI R T » BB ST IIERE i » HRHH
B o B1% 19874 Kary Mullis 2 3 7 A% B 7 7 B4 1 88 S (polymerase
chain reaction, PCR) » [t ¥ ] ¥ — B BERL e Fr B N L BB A B > (R I A0 4 R T P BT ]
BB E (AR o HEURES L EREIENYRFREERLY - SEERL
e T L T AR 2 K R TP 31 i 1 M RE R T OB 5 | F (primen) AR B2 A
Rt 2w A E R > MARRRBRrE RS TRELEREH2mT K -
2 T B B 1 (0 B R B2 5 o T TR b R A R S A B B R > B
BEHBAR T EAE » 150 REAR RS e A H BRI EEE T
TERTHE—H¥EE MmN TE -

R AR HYAE  2ECEE
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TR AT YR 5 O R A [E1E 2 AR fR(irreversible infection) 0 20) o ERHL{R
TR A A G E R SN RERRENRRAEFESERT TEYERS
(vigor) » EE B (yield) B iE (quality) ZEI N EILE L BE o it B AT A SRR BR 215 JFURR
AR > TR BELLYERER S TR v 0 BHIEE S AT R AT EA - ARHRC EHES
W R R B R L T REEE SR ERSEEIREREZARGEHED « ERH - YR
B E Y DGR SRR PIRIRETC 23 « ATEZEHTABRBZZMN IR
DL RSN o REMEYRARERE R —EGBEHRARTERR &R > EERSKRE
Rl METERT SRS » HMEY R » RERSLFFRZ D ATREEBREIE BRI
oo EIHES T FHEZERSR S RL » FREFURSER B 218 » TR iFrEfl A EBREE— 275
TR E TREMLEZ () o MR EE—SEERPRELEEERIACSS » JIEEKEL
T E RSN TR - HERERSY eERENZ B > MFE—REHRPRESE £
R RN EERBATEZ k(18 19) o K SR H M A H— M 5 TR E R RTF2R
HEpgey —IHED o QRA ARZERERC TEHER S BRBZHR AR MREBARFR
W R AN TR ER o (HE R WAFI TEABN S » BB RS SO £ &G
FIj % S SEFTEAE o HREIR I & S BEY A B ESERHH - WM KE » K% » K&
BHETHRRES B EEERERMFMEEEA - — RS - FARZERSRZ T EIKETIE
s - AE ) B ESEARECRE  TRENFIFERETRSECHE  AEERER
BAEBLIRNRSEES R o K > BUREMIEGEEEIRSEECA » AMKLSRESE
FIE B A B LT RE AL o 2 FRZFESHRERITIEEHERBERS - HREELE
B R [ Y I B S SRR RS B O BT I DA A o IR R S PO & TR FE T MR 2 4B ELAF 1 - 5 HE
AEEER AR R IR TRIFTSRE o DU 25K oh i 45 2 5 5 FE 1 297 55 20 7 B 08 T8 RO i —
SR > PSR BB R IR W B E R BT I E AR R EF 2 FEA o

RBERZET K2R

EMBTE R

YRR B R FE F P YR B R T e 2 (6 23) o IR H 19294 Holmes #3
L)%W@@ﬁﬁ%%gﬁﬂﬁﬁ(TMV)%@@U'@% (Nicotiana glutinosa) BEHE o AELRFEE
ek o % R R i R B - F—ERERASFENRSEE AL 2D o A
SEREE + FEREIRI R A B DA 20 R AR 3 B8 8 5 15 % £ (differential
hosts) b » TRE A ¥ K ERE AR SH BEINUETE - (ERPERERESD R B#BRREIR
HHEEAS » WEFEERSBEEBSASCEEER - MEFASREBELATEE T SHE
R REAEE » SRS R SR BRE T MEREMRELR IR
FHEM 2 S E S EEE » Rk IR IEHERE R WA o FBEDEYRE < H—HEHEEURMED
= BT S RN K RERS s ERENREF LAEVRERRNBLATIREE L
fRHE L — o
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19394 & T EEME B AR T » (5 1 B B BUR Y 88 0 S BRI (E 3 8 JE AR IR AU 7T
52010 o [HEMPENFRALASRRIBEMNS - AABEEEPIGRKEEST o RiTH
RNIESTIS » AREEE N BET ECRAUKEERES - U AEAAEERERETR
# o T BRSRENRERD » mWEEERYR ABREERSENATREEHRE IR - MH
BB EEEFIFESEN BRSNS IEARBEREYZ B o ANE THRBSUEES
B A B ERE s BERERETEBUE R FERE - At EFEMEEZERTE
CHEBREM BRI o RTT I EAN R E A RS2 /% b —RES R RUR SRR AR X
KINE > AT TR SRR R ERSEERBS LE RO - RTEHEERZHEMEEN
8 th T P AR B B R Y TR R R R RIS RREATE RN
SBUEERCEIEEIBEIRECEEKRE o
NEBBRMBEEA

I 751977 4 3 B & B 5% R 2 Christie and Edwardson ﬁﬁﬁ%ﬂj%Zﬁ?ﬁ(g) s HEHEF
B AR R i B SR F IS SRR R ATIR - RERRESTERCENENRS
i P28 (inclusion body ) IAREE R » 5 2 E LS IS T aEmIRMIEE » BHIRET
FlR 7 B Rk 2 B 2 BURE R S (B A B B E B E) AR T B 2 IR B BRI 75
RIS W HSEC BB I EER T BRI AETEMBENTEEL A ERERENSZ
BREE o BATATIMA KRB BEA BT S » EERKE R 2B EZ R A S EREE (group)
B (genus)Z BR o HEH—BRFELAEMS » HERIFZEEYR - JIRMARAOTIAE AL
Ju R A B B A O R R T B KBRS ARTE » R I IE T H AR
HHAE BRSNS EHEENCBERE » fEeE LRIEDHER ©
AR

5048 (AR ETRE R B AR R FTHLIN A S 1 (T R S B (111359 o ik R T
KRB R R HE R ABAZAKES TUEGUR) TUEEE - HEESEGR)
AT A A T RS A MRS o RLRME R HRYREY) AT EZ R & -
EEHRBYER > FZEMERERRES BRI HBECE » ARSI B L F
ISR R T R o B PTEE EUR AR I AR B R O 7 Tk HARS B2 R I
CHEE S BREERENESRBRNTLEMAESBRSRRAE - i ERBIUR TR KES
WSS > RIRB G 2 BRSBTS c PR EARE - fE
MURSE EHER R IEEE ) TS PRBRSEPHRE TN T EREM) o MEREXBMSHBER
HETEEREAERSEESTRRERAN H ko HBKEE - BEHEREEAE
(immunodiffusion)?) » REFEEEE(SSEM) 1527 » ELISAUL12) 5 22 g2 B i % (immunoblotting)
31, 75 7 887E 15 (western blotting)(36) » RIPA(37,38) » EZ%‘&’C%%‘E(immunofluorescence)(g’39)
Fo

1. A B E (SDS-immunodiffusion test)
TS 12ml 0.8% MWHS (Agar) 29 cmiF& M AT _EERK0.5 A9 ZFLIR » FHENE
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BT » e —(E T A B RS A M - R IR EE R B A BB FLH
g FLR AT A LIS - 98- 12 /N AN AT AE R (R RFL/NE AR HELH
v S P T T I 7 kT o R SRR ST {6 PR ) (B R 9RO T IR R SR 2L
EE R BRET L » RS 71 AR N BB R ANER AR RS R R ADAR AR SRS R 1T
= S o R A T 7 o M 8 S i 158 AT A 5 S T AL 2 4 ST o {H1976 4%
Purcifull 8 Batchlor B3 T — R ¥ /1% » H AR T HIEREC?) o MFI7EBHE 1A 0.5%
SDS » X 7ES4f 7 FETH RS DL 1.5%SDS R R » 3t Rl F M B R (R 0 BB A R B B
K B {37 (subunit) 22 VA » T AENEVR b 758 g o 498 T 5 7 2 VLS FE o RGN (T AR/
= B BRI 5 R o T LI i R A 7 18 B T LU SRR o 2 T Y e — TR
7 MKBIG » 52 H 8 Fl 2 MR A RE AR R R g5 C2) o il b Bt EE R A MR e ds
LSRG S > AR —TER A L /i o HHE— BB BUREMIE - Bt —LRER
EEBRAI AR > ARSI AR H o

2 B E AL 118848 T /% (Enzyme-Linked Immunosorbent Assay, SIBELISA)

%EﬁE‘Jﬁ[ﬁl?%fﬁi?ﬂﬂﬁ‘éﬂﬁﬁﬁ‘é‘ﬁéﬁiﬁﬁ:%‘%éf&ﬁﬁééﬂ’\ﬁmﬁ&%muﬂ%ﬁ > BT
R RESEER R L EMEERACY o Bi¥19774 ELISA #EE » R EMREH
FET L0 S B B S TS B B R S A R B AR R B E S E T A
< FERIRFR AN AT © [ S T LSS SR R\ e A P D SO B I T AT O BB E M A4 0
HEREHEREERRS REFEZEHEEEHENE NG 1D o ELISAT5F] A Poly-
styrene 48 Ft 42 96 L7 (T IM & [ FE fE%E 2 ELISA X% 5 1 % % (direct ELISA) B
# = B 147 (double sandwitch ELISA)(12) o E LR HIREIRE H (1gG) W B R AE SR TL
el s RN 2 TR E B TR T A BT 0 2-3/ N R IRR R FHINACH#
FERIEE 2 1gC B » =F R AR S T R b G RIR B E R - AR ERRZ1gGY
SR E R R BT R 1eG- kS -1gG- BRI ETHE ERBIMAEEZBERE
B (subtrate) i HIl & 3 46 5 R RETT 25 AR BR (2 B » RO 5257 » AT FE R AR N DA
W BSFEER > Rt EREZFIF+2 & BT R A RREE i B HAt R S AR 2
TR VE AR £ BREBFIER A KD o BT YU SR S ER ARSI PR R T LA
R — AREAL BB R EEER TR L 1 I FEBEAE B 8 2 AL _E R (E IR
LR ISA 5 —TE B A ZER o ELISA B I B9 T I 477 8 2 Hpolystylene AT A HY 96 FL/ N -
AT LR S T 96 (AR S kg 2 » TIERURIRE » SALELISAFTE A Flss MR E Bm » 20
FER I B LS HE A SR > 1 E SRS B R E B+ R - BILELISA 7
AR BRESEHRERBERHZ HIEW o EEKELISA R E SRR R E DS
FHEEEE o DRSS R AEE A A E B REE E i (modified method) © HFEETS —1E
4] 2L 87 e S 4SS 7 T B 47 A B — 1 S FE Y — R PUHS (secondary antibody) EEIEEIET) o
R R TR N R A B SUET A AP IMAEEE  MEETEMRARL
R BN SERE AR EGRECEBREERRES ° HEE R EE BRI
(indirect ELISA ) © ST EERIELISA Y SREGHEME S 1D » WETLIATSHER ©

3. {2 & B & 7% (Immuno-blotting)
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WA B S SR FE TT 5 B ELISA 2 —FEE IE 5 » H R B SR ELISA 52 2R 220
3D o Ty FERIFMPBE E BB R R E B R R M B MR (membrane) £ 0 [
TENTREENAE & P ELISA W FERR » TEHE I b 2 SRR I EE » BERRETEIK
FE o 55 F o MR 2 HS (L (nitrocellulose membrane) » JTER N E L ENFEM B ZEKBEE
BEMED o FRAMEZRESBES TR - BEESFHELRAT EEE
DAFE A o %3908 26 v g R AR L B 3 5 X 2 R A 7 WL 78 23 4 B B Fr 3 (tissue printing ) 3
(25, HE FHEAFRHEESE XM o (WIET EHELISA & KR ZZE immuno-blotting
AR AR S B 55 BT TR S K/ » BT B RE A A A/ R S B 3K o AN EANELISA R
PR FEAR 2 R/ » (ESE SR B KBRS o HAERENE A LELISAH R R BN S HS
BN o T AT PERURE SLAE R EHMER B A KRESR o B4 ELISAFRZ
BT FES S WOREE » B o] FI M B PSR L B o MBI ik EE R EBPS —ETEE
A HEELI IR SR TT A R E AR S 2 Ak HEAREZAIEBREEE o T@
I TE R B R DR E S FE T4 E » AR ENEE Z RS RN i B AL - @i R— A
Bz AT sk o

. % & EFA/A(Immuno-electron microscopy, I #EIEM)

4 LT E I BB R AN R S E o ETEF LA F TR kA
vays o
a. & &tk (Decoration method)

R Ty R SR E E B ST L AR S RS ECT o EREZ
BRENAEGRABS EEMEEEEE T 2HEEBREE - e RS HIMERFK
SRR o R R E BRI R AR SN MEKBRFRCT » REEEDESETRRFS
HERYS o FREHR G E LBAEA -

b. SSEM (Serological specific EM)

k2 ST IS EEAEAR (1S o SLAEsME LTI EE - HRAERETITH
[ HE o FEIF K FE < SR8 _E BN AT 8 22 30 25 Sk JTAR IR (trapped) KRR RERL o A T 4
FAZRHT e BRI R GR - T B AFRRERERRCA » RIS HEREHE S
PITHBROE S S - e— 2 BB EBRAR 5 AUG IR ER Z IR o

S.78 73 8 & /A (Western blotting)

ik R PR R 2 AR GO) » L B ELE P western blotting (L AR b TE BT ZUHE
ISR T 56 S8 FE Ik (electrophoresis) /2 Bt » FFI B ik B At 7 TUi Bt 2 BB BRI L »
M 1% AT 2 SRS S RE R BB 52 2 AR GO) o kS BB ER TR E MR AT 1%
NEZ SR ENE BB RS T8 IR EEE S ER o western blotting IS BRELES
MR HOBE TR AR KRR ER > MEHESERFEESRBEEH °
& 8 Y& & (Immunofluorescence test)

BN BAFEEELISAR 2 » ZHEZREMERMELRMECY) o Ex
SRS E TS B ERERS » & FYEFITC Krhodamine » ETFREH S
VIRTHE BB FE R L R | o BOUBE WA EETIE TR ERER SR THERE
(PP BRIE R & I TR0 > EAWIRTEC &L o KILfERBEMSE T 208 LR TRS
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RE AR o FIF YRS & RS LIS RO 2 WAl R E B ERR
ARG REECMEREEERT Y o At ESE IR R E SRR SRRE
B2 THRERTD o RRILERMHRS BEER D %A B R BRSZEHR
7. [RE G Z R E /A (Rapid Immunofilter Paper Assay, BHIERIPA)

st AREMMERE R TR T B EERE LEEE SN » RS TETEHAESRE £
HAER  EEARS BRI 0B BRI IR T AET o B Bl Hag
FEBEAOHEAATRELE  TELEA HMBRSHEYRE SR LA o JIAES
— 19924 H AR SR HEIR R RE T B HEECT 8 o W& AFIFLE /M
A FBR €2 FLB KL (latex beads) » 7B HTAHRIEIHTEE o 4 B ELFLBALISS x 0.5 em (Z TR
& _EBE TR 1.5cm B B HRR — MR o B R T I = R R A h RERGE —F L E o Hll
ERR SR LB RN RER R EAREYITRERRS - HITRTEROR
FEL 0 MRS ERHELAILBR LRI B ALBAEE - EREtasaaail
BRI EE A _EIYA RS » IR A RS A aLBA I HEHBMERE LT - E3E
g sl Bk » LA LBHERFN RS RESE - MAERKA GLBRLZ BAIE
BEREVRREATRIALOME o K& BERITRPERSEE > I alBRREZEgE
FBRIFES » TGRSR - MBBEHE &R > —HEEG/ NMYFFACMV
RTMV ZARH] » $HARIFET S » HREERK L2 BEBTHETE » M FEACY o
RIPA B2 2 BEUEEELISATAE LT o ik vl DIEIR S E SR BIAERR - il FI AR
SLBRMES > HBEEFEY o HIEEREULINREEPIE » A LL7000m R IFH -
Eit 485 HEEE > TReE—EREAEBARRANTE - ARANGREENILIEFRE
RRIREE - BRI A BRBEAB LR DU EER M o

HWERAtrypsin N AR ELLE

ShuklaE A2 19884542 H — I AT LURS REHE 85 BIA BAEEM 77140 | ML R B MERDIE
F B trypsin ZLARBEFERE 1% » LIHPLCHI MR B H 88 Fr i #3008 > FEEWFRME
R E S I B L8 E 1% FE 5 A UL (sequence identities) & 90% I Al B A8 [E 5 &
2 R (strain) > BHEUUEERT5% BIHHEB T RZFS c MSHPASHENREZHED
trypsin ZUR B ORI B ERE » FIE —RARFAL T EREE % - BIR] EE R E
R ETER RS S0 o R EREREREREAES > I LR FEEREEEER
FERBREEERSEES HECY c BEFHFE XSO RNEERN - HERLEMH#EE T8
#if7(35) o

R R EEIZ S dSRNA B 5L 2 L&

FFHRNAK B RLT EEYH R & & e 58 AU A% BE 1% B8 (dsSRNA)?®) o Morris and
Dodds (28) F& Fi & 5. CF-1188f 5 7] LURHE D E 8% 2 dsRN A Fr ET7E A [ K T INEAS B - P
BRI I ERINAT o T FERSEETRZEBERHEEE T > HdsRNA FTETEE
BEESTREA/NMIGERTEE » FIHF Ak T DU RS Rt 2 51 A R 9 97% 5 8 (genus) D) »
B [F B 2 R B R (species) A Z M 5 » HERIEEE R o 77 EFRE B R & E T 50 8K
A 5 48 5 (fungal viruses) @ IHERSHPEELR S REBRERR S0 » HELE
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¥ #4148 T 5% (DNA probe indexing)

KT R S BEETEAT 2 2 ST DAL o SRR SR TR AR S R R R - R
I B4 T 1SR AR EREE T R AR o BIAEZER PR ST (DNA probe) BERBHREED—@EC 17
40) o | sk 7% FI| FE B T RS R A R T ELAS SE A U HE B SR U I B ) — B P R SRR -
S B A R B8 45 T (hybribization) SZHE » HCIF 2 FE % 58 A A DAt L Fc B o B AR S B
KT mLMEHI K - &@}%ﬁﬂﬁi’ﬁ”ﬁ%B@@i@fﬁ%ﬁ%%ﬁéﬁ[ﬂlﬁﬁi%“0) o A& HH A ]
R N T (R S B > SN — AR LM A 5 o I E A SR8 A U M T A - TE0E
Al LN AL E 2R o R BIESH TS B TASEAE L EHFERRESH D BEEEAR
ETRE » BB RTII SRS o B A SIERE T EERRBR LA BEE 6K
RS LB o (B HIE 7 % BRI S S ERE REURE REWHE » BH25ERET)
BISEBE  HoRBELERBABESTZIHIE -

REBBIAR BT A
1987 4F Kary Mullis 3 & i — fE 5 B 5% K DI #E & A% BE (% » 78/ polymerase chain reaction
(PCR)(2%) o 3% THFI| A B Y F TSI AT A& AR — 810208 H BREY A
W o FIFH I = T 185 | F (primen) £ & B 4% H B2 R R & B8 (polymerase) RITE UL T AT LA A Bk R
AR 7 FE T 465 2% B AR I P 51 i S B T P DR S T o T 7 P8 P B R R R A B BT I A
24 o FAZREFT | T3 00 R 2 B 2 1B SRR Fr BT 9 T 2RV » R ER B Uk AT S SR BT AT
E BT AR A 2 A B P I o HH BB 5 I B B R S R R o IR BEUE R ATH
BB EEDRE®E | S HEEE HELISA 107 521 _E » T H.DNA probe i 10% & o {(E2 R
H— B R U » SRR — R IEE A5 » BIATE AR B [EME (false positive) 5 [EERRF »
FEFRIS R AT o 539 » I IERT{E F BT IA SR SRR B L IR T B T T T RERAAT » IRl
Pk R EMN SN TSR SRS » FERIHEFRESHERZRE o il
(RS TR B AR » (B R Y BB i QB TRY - thEPCRIREERE .25 —JERE] ©
TBPCR E L1987 EBRE S » S 1T BT LR B # R ES g H e » HPES
—RHZ
1. F F 5 0 B — ML R P 5115 | 7% (strain specific primer pair) » B MATESR SRR ILEN (B Ry
%%ﬁzﬁ?‘f(22, 33,34) o
2. | A s % & B B R B — 11 5 | 7 %f (genus or species specific primer pair) » I ABRSH & 72
KR AL (21 29) o
3. AR EE M T E R T RS R esmry e 2200 o
4. Exéﬁ%%ﬁ@(cloning)%E@ﬁ@Zﬁﬁ%—FﬁfURﬁé\ﬁzﬁ&@}#%Z&M%ﬁﬁ(1) °
5. AT UHCEUR AR KRR T - (S — 5 2 TR G0 o
TEFFTE A B FEF RS 0T » PCR EASHES B BB RNFE SR ER I ET AT REABEE
1] o KIS B E RS MR B > 757 REI AR LEFE — I o PCR Z BRIz —H
B > 12 N BROEGZEM T  UPRENSHZE —fRREME - MIERLA o
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HRESREERBIERTUELRMBRRAFHNVEHBARE  MXZFRBEEBER S

Him o HE ERERMZBRIGEEREAAZIFTRER o MBS - REER TR o ATaERE
ANER > EHGYARE o mEIRENZAL - ANTANGE » TERERFTUEBE - ER
WHEB AL EFB R - BRBIHRESN » B ERF R EaTEF] o AMEFEE -
TR E E2 T BEE R ERE R T R SRR A - ARSI B R - T X EEET
BATT ~ VR ~ B S R R B IR Bl R i B A SRR R BT o
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Techniques for Diagnosis and Identification of Plant Viruses

Chin-An Chang

Department of Plant Pathology, Taiwan Agricultural Research Institute

Abstract

In recent years, international trade of agricultural products has never been so frequent ever due
to the fast developing transportation system in the world. It is, therefore, imperative for each country
to adopt adequate quarantine procedures to prevent the invasion of foreign pests or diseases. The
ispection of fungal or bacterial diseases may be easier than that of viral ones because of the visibility
of the symptom of the causal agents by microscopy. Detection of viruses in plant materials, however,
are not reliable based only by symptomatology. Many factors may affect the appearance of visible
symptoms so that it is necessary to apply some more sensitive techniques to diagnosis or identify a
viral diseases. In the old days, diagnosis of plant virus diseases has to go through a series of procedures
such as isolation, growing out for symptom reading and indicator plant inoculation. These procedures
usually are time, space and labor comsuming that do not meet the requirement for efficiency in
quarantine process. Since 1950s, people have recognized the urgent needs of more sensitive and
cfficient techniques than the traditional symptom reading ones to detect and identify plant viruses.
This paper lists and discusses the advantages and shortcomings of various techniques developed since
1950s for this purpose. Emphasis shoud be made here that no single technique can dominate others in
cvery situations. In other words, each technique may be suitable for some but not all situations. There-
fore, specific techniques must be designed and tested to deal with the requirement of each specific

situations.

Key words: virus, plant viruses, diagnosis, identification.
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Breeding Horticultural Crops Resistant to Insect Pests

Bing-huei Chen

Taiwan Agricultural Research Institute

Abstract

The importance of horticultural crops increases along with higher consuming standard, and in
order to reduce residual side-effects and provide consumers residue-free vegetables, use of resistant
variety for insect pest control has been emphasized. This review text cited examples of important
horticultural crops in developing resistance to insect pests; The current status in studying source of
resistance, mechanisms and inheritance of resistance, interaction of resistance with crop morphology,
biochemical analysis of resistance, various breeding methods, and the application of resistant variety

in integrated pest management.

Key words: horticultural crops, breeding, insect resistance.
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Resistance Evaluation of the Transgenic Papaya Lines
Expressing the Coat Protein Gene of Papaya Ringspot Virus

Ying-Huey Cheng and Shyi-Dong Yeh
Department of Plant Pathology, National Chung Hsing University

Abstract

The coat protein (CP) of a local mosaic strain of papaya ringspot vrius (PRV YK) was previously
constructed in the Ti-vector for generation of transgenic papaya resistant to PRV infection. The CP
gene with a GUS or the PRV leader sequence was transferred to embryogenic tissues derived from
immature embryos of papaya via Agrobacterium -mediated transformation assisted by carborundum-
wounding treatment. The presence and the expression of the transgene in the putative transgenic lines
regenerated were confirmed by PCR detection and Southern blotting. R, plants of ten CP-transgenic
lines with the GUS leader and three lines with the virus leader were established by micropropagatio-
n. The plants were challenged with three different strains of PRV originated from Taiwan (YK),
Hawaii (HA), and Thailand (TH). The infection of PRV was determined by symptom observation,
ELISA and bioassay. Four lines of GCP 16-0, 17-0, 17-1, and 17-3 were found to be resistant to the
homologous YK strain. Among them, GCP 17-1and 17- 3 were highly resistant to the heterologous HA
and TH strains, GCP 16-0 were moderately resistant to the heterologous strain HA and GCP 17-0 was
specifically resistant only to the homologous YK strain. All four lines were female and their horticul-
tural properties were similar to the untransformed papaya. The R, plants of GCP 17-1 crossed with
Sunrise papaya have been obtained and their resistance to PRV infection are currently evaluated
under greenhouse conditions. The broad resistance in GCP 17-1 and 17-3 indicated that they have a

great potential to be applied in different areas for control of the notorious PRV.

Key words: papaya ringspot virus, coat protein, papaya.
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How to Improve Rice Blast Resistance in Taiwan

Hsin-Kan Wu

Institute of Botany, Academia Sinica

Abstract

After reviewing the achievements of rice breeding in the past several decades, the author found
that it was very successful in high yield but not in blast resistance. The failure in getting persistent
resistance may be attriblutes to the lack of generic information of the blast fungus, Magnaporthe
grisea. In the recent years, however, this bottleneck has been partially removed. Genetical studies
reveal that the fungus has genes of pathogenicity as well as virulence. Virulence related genes (
MPG]1, SMO) have been cloned and characterized. Molecular markers were used in finger-printing
blast field isolates into lineage group. It would be very optimistic in obtaining better resistance if our
rice breeders are encouraged to indulge collaboratively with geneticists and pathologists in tagging
genens resistant to the local assorted virulent genes and identifying their presence in the improved

rice varieties.

Key words: rice blast resistance, pathogenicity, finger printing.
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4: B &l (entomopathogenic fungi) 2 ~ B ~ EE LR ER L AP HMEZ &GS - (E3ERGR
FHRZEH o D =fEA YRR » BERFTREF » BEA N AR EER  EEEERER  WERE
R E SREEPEYER » LITHaCE - KB _LiliEHR a5 K K5 T (macromolecule)
#I9%5 B /F i (pathology) » FARFE R AT S KA BR BB HEE R » SIEASTTERGH ° 5=
RBBBIRPE_RE > ROMKEMSE S | LEENERERBGENRE » 2 BATERG L
REHIERF » B L2RER > iTEREFHREEHAERENER » BHBRIE - A - FT8E - EEER
RIS o

DL Bt 2 B g sa Bl B 3 AE A B A L BT 2R BERH o 55— AR R E SR
WIRBRZW KR BB S T EEHHETRERNREEY AL TG HEGBP IR EREY
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SETY AR R R T A A T AR (L PSS E o B AR Y DR S B (L S A K H AR FER B (L B 0
B RHE A B H A MR RIS S o BA IEBITRE QSAR 2T (quantitative structure
activity relationship) © QSAR ¥ ERSRIR BRI MA EERFTRHE - BE(LERERET - 2
BT ~ BEAE 1 B ME B B & B IEE T T LLEE(®3) o QSAR 43471% » LlHansch-FujitaKy
% BYHENNE FHIESR 8 TSRS T2 - HEL 2B E RSB R - AER—RS
WA BB Y > S B ELFCEE (substitute group) B » HEAREME B ERERY T o BIANAEH HRBER]
$ 7 BRSPS R E D » MBS & —RIER B > FH B LR » B DL &Rl 2 A
HH(Kd) ° MO FABERCY » #— 5T kBER Z BRI IR BU(Kp) » - HLRTE REH &
B AR (Kp/Kd) o 2R 84T %0 5 Bu(Ki) © MR BuKd) A B A B BB R A S He
17 > FESHLESERER S T H o BRMIBE T EERNEER0204 » HEBHIMNF0452 » &
% (vapotone: TEPP)/Z0.434 © EHEREEER L BEERERES T & BT ARHESE
EH > BEARERAR o IR TS IH G 2 h R —EHELH 0 > EFATOEEET
RS I T A 8 » ff sk — (B B 2 (leaving group) MIH R ZREAL o [FIERME T R A M B R 2A R
T 2 B R R B B A B e T AR A HE > BILE ARG NN IE B B EE OB R R - b > SEEDEINE
AR BB HFE® o

B—{@AFIF » DDT K HEMPEI 5 FH I B EAE S EZ R EmM SR L) 2SR E
TER ] o DDT LA ALY L5 0k B 2 b S B s P 1) 2 | 53 > ECTE I AT BRSAME T8 » 1
BT R E Y o [ R T RFES FHITIEE S B 0 QSARSITI% » UL Hansch-Fujita — FREEFE FH B
o EHRBET —EF HEREF LA YIIE  ERARBEEN EEFARERPL
BT RS » REE 2 » ERKEREFTREB S FRBENAEBIGEERCRE o oITEA
LIS DA 18 B vk BB L ST R A S B B R H IR E o FIH B T(LBE TAMREZE
BB T — AT B B AR BRI B g E 1 (620 o

ERNEMEESImENT

B 2 L 38 % (resistance mechanism) FUBT 72 & 5 8455 10 FE RO ZEHE » I B BEI 5 7 25 AT
FALEFE IR R T » BN SR EE AR LR RSE MRS - DR R
BT » Mt EE NN ER R4 - RAFEEREITIES RS T8 A1 TRENREERNE
OB o BT T 9 B S AN 76 N A S FR S B 2 BT > BhABE A B R SR BRI A7 o ke o JbAl
> AR R R R SRS BT RS (EAER » Bl N o BadE i
WoRRZeEE EEARE | 1 BEEEEFNTEE 2 RBRABINEE 1858 - 3./F AR S RE B 5L
BGUR M  [EE R4 A2 S B 00 R BT o 4R IE Mullin Bz Scott — FK 8 BF# Carino & Feyereisen BT
ERANEBNEEESFEMBRIFRHAE » 78 THFEVSENTIEEBRHRED = L=
EHEHZ T o B2 ERER O 2 ERERE SR K3 BRRER Q0% » miE—EREE
R P R R 2 R R B (40 » BRI RN o DU E R =8 R 83 4 B TR R A% 1
{ERRES H /A ©

223 RURHT ¢ 2B g B R K IIFAR B AR SR TEHE A S BRI BRI > & B BB AT HIIE
REMEA R o BTE R TS BT - EATHER TS A EIIR K » a0 R 2R3 R 7 [F] i S A AR
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MR F R BUR S E U AR > HIE RS RHECY c RINERF » RHEFSFHED
e BFERR MM B A E S F o KR - R AN RARIEEE ST - MELERR
M B VE TR D T B TTREN o ARE A E W RS2 5 FREI_ ERZR » RfFERE o

RBITNEEZ 34 © 43 AR YA MR 2R S T A B B /K M Bk VA M e T W) BRSS9 AU B ARl 2
WMEREERE  REREWBRTEFESER BERENERER - CANVERBURIZE
PRl sk R MR S B FEM A (205Y » EHEEHER > EYRREE R AR FERER=
ey s AR TETEL K (regulatory gene) YT o 7EHIUR = (1280 &k » ANBKIEF & — BT
R > FIlY K T HEBR B R B 3 55 VU 5% K BIAHFER) E S AL AERL R (DNA) K B (amplification) © 3&
WE—SHEEERIIRS ) —SRETERS MEMERERIIES » B RaFiiEge - EEEER
ik o R HINEERRE RABAEENS A RBEREABIRBER - UEREAIBERR
VBN R R T84 B (amplified) £ S RER B 75 (DNA-sequence) » :EEE AR RIS
RIEC2) o EEFER T DIGAD » F o B R EL3 4- Dicholoro-nitrobenzene (DCNB) X
HHEEY) » T EL 1-Chloro-2,4-dinitrobenzene (CDNB)AHE A o HIIERIEFA T < HE R LKIE
HRVREERIO- EAEETRILEE(C?) - BARZENFE DN MR | O/ NRIBIREE 3
5 » HREHIDCNB fE RO A o BAERER » £/ NI FRIF S RGO o

BUBRME 2 PR | RS BIIE R #EIZ AR » X4 B A1 FIDDT R IE R £ 5 B Sl T @8
2 5B s B AIME A (knockdown effect) » FEPTEEMERY RIBS R Z AR HBAEEERNE T
BT B SR S B N BUR o 2. R Z RIS i Fe i B R BB R L B F RBERIR U
R B REEERYCBIKE o 3. ERRIRE 2 IH 4 EEYEGABA B RHE BT
HTRE R AR EENERAY - 4 S EEZELMBEE SRV ETRHERARUER I NETH
Bl i » WATRER&NE —HE o HATMfgE—SHRECe o

ERMEMREINEE

TiEBAFEEEINMTE » SEREH BRI » B4 LB R GE AT B R ITENH
i RERETE - RME —BieE HiEHaEn LEEA LR EZ2FENRETE » ME—BRE
FEEERER E A AR REEE ) o FUHEBEHIEIRE T H R IIBSEARE L I B B (
LDg o) Z AR ~ 73 1B ~ MO B R ERA RO £V BREEE - BEE
PULEFEEIN S FADEASER SN o hHR » KRN EREE - RIS - 4
K o (EEASH » EA L WERES o R > SESREFEARNLEYE » SEHFRERTL
WHAHE A - KRBT > T LSRR o

BE-FECRMBBRZIBE

BHEBRAI SR TR R RBBIEREE > RTERIEPEEIER &(
LDg,) > I & -FE 1 Z i £7 (dosage-mortality curves) FEF} © FREBZECHAESER R H
ANE > WILRTEELU LS o 7£1944 51952 4ER] Finney [CF A ZS 4T (probit analysis) » #4353
7~ BIEM S BRIEO Ak RECY o it R4 4B (WHO) K FUR B (FA0)2 7l 3L
TR R B R DR ER R TR 4 B 3 T £ B ER R B 2 2 M (susceptibility) B i o B E B 8L-- B4
ii%% (1d-p line: Log dosage-probit line) 434 » A& w] DU 44 3 B 09 IERBERY K » BE 0]
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watpr g ol > 2 ESKMYAEREEYE EREFONEER FRERNTRERNTH » 7
S /E R G RERR M B B E Y R R O85) o itk » BiRERN - EREREMS
EHEEN  HRTPEZBEERE o

B/ o FlIF S B A% fEA (inhibition) #YH /IR (synergists) VER T F 8RB (
synergistic test) ? m%%&ﬂﬁﬂ%@%%ﬁﬁ%ﬁ@%%% ° 13?%73ﬁ”@iﬁﬂﬁ“Zf%ﬁﬁuﬁm%-—%ﬁEﬁiﬁ'fi
P - T LIRSS B AR T A R B P R AR A R R IS I S A TR BT
¥ o EBTEL15 2 piperonyl butoxide (PB)REHI| L& BE3R » S.S.S-tributyl phosphorotrithioate BEHDH]
Kk fEBEZ | 4,4’-dichloro-1-methylbenzhydrol HEHNH DDT $EEBEHK © 4 S fE i B E R
FRBEREE N OSSRAT » AUERRERCS « RRHE AN HEARFAFIEPL M5
& AR A v B R A PASOTE (1B R I ATE M E MR RR REBIE]  FOBZER » BLAPbATHIHIP4S0
VEME B AN 2 B P AR R T A/ 0 e B I — MR R AR

(22) ,

ERERSREHIRHBE

et ke et e ST SR 20 ) A0 £ I T SRS R AR B R 0 AR RS RDREIUR E B ~ TR
BRI > A0 A 1B 2 6 54 R AR A B T RE S LA o iRl BRRS - AUTE
AR EENSE R R B R By B ARTREER BTG - R EEET
BEX50@2) .

R i D B S S B AGE T EER (In vivo study) B — ERIEFRES o Tl AR
MBI A2 DS BB (In vitro study) BERM « AT BRI LIMINERER TR - HAHEMERK
(50) o SR E B 2 LI A RSN - MR E O HARER - BT REFEENEELEE
B DA BORE IR T2 E AU H e R B0 FER B EE O o

S BREREMNERBZNEMRTE

ﬁﬂ%fﬂ?ﬁ[ﬁ@H’Hﬁﬁﬁ%{#5"‘]:éﬂ%?ﬁ‘?f%}“iﬁ'ﬁﬂﬁ‘[ﬁﬁﬁ“ﬂfﬁz%Iﬁﬁifbﬁﬁ%ﬁﬁﬂ(s7) » LA
LR A i T R B E R R B LR F R BRI EE T o DUE LR RIE BETIENR
BRI S EAHE T c B—EHE 2RSS ! LEIEE S BB R » 2. MR E LR
EHPRETERCE®S » R AR o giERIRA DR SREREBL I
G HEFEBRBE S RIBAFRR TS EM RS BB BREBEAERTER
(4D o %:fﬁﬁgﬁfﬁ:@ﬂiﬁﬁ%gﬂf‘]@ﬁﬁ%% (binding site, receptor) R > T BB R R
81 64 BT R N R o HoE R DA A R R (R b A M PR R A 2= » EZRI BB RN B
{b B i SRR B B At O B P SR VR 2 2 o B BTFT AR R BURII T —HI 2R SE M (den-
drite) [ » BM{EEY)'E Z B s #k A BS A% B2 3K (acetylcholine esterase) wHHERIEEGRBERNE
STTIRE » SERTEEME o — HIEFMEEIZE axon) - HIRURE ATAE Y K BEMIK F(Kdr) Z ShHMETBIRG &
(S DDT R 8% 2 HUR R E (132D o B 7 -Aminobutyric acid(GABA) ¥ & LGS HEH —
HEERERNERREE - TR A IR N BIFTREE A B2 o GABARE Z M EMEE
T B E R TR Ry (o WEBEEEZETL Ik LUE DL B T RS B R IR ST AR
EpvE AT DAYEE o 75 B VA T R E D B e o

AR EBHBSR - DUt —AER—EEOENES SV MEREREE » Al
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Wi E AL ~ SBES TR BIEAE —EEERE (locus) [ LAF — EBUERF KA TR
i) {37 B K (allels) (3840 fETE » HLAE R IEIHI R ) BAERESR (isozymes) AT BRI BRI T REFEE A £
1\ FEFE - BIR T EE MR E S EE R ER R R (37.47) o (% FE3% — 1% 2 E (general substrate)
AL E > MR E SR RS MAE R » FHEE T EEEERENEE2HNESRRL
P o FE/NRIRPTIE LR L HGEIZE E » F9F B Naphthyl acetate S » KL BRAZBERAUTETE < (HZ
BT VS » K25 BLIK BN S B bR RAERE R BE - 1540 AR R AN 6E/## Malaoxon » T
kBN BB AE ST % Malaoxon H B2 > TR E W KT Malathion Z#55 - BEGERH —EES
WBAEEANZE » ALEERSENEERSHR G  BRHRREEREME (Maa, un-
published data) © #2012 5 F5% LA Naphthyl butyrate 3{Methyl butyrate {HX{{ Naphthyl acetate » f
S T A EF B S — T A R A A 3 B S K A 8% 3% (carboxylester hydrolase) BYiE (1) o

DR B BB K — B — B85 B2 3 (glutathione Stransferase) M5 » HEIEEERLER
(g R » EEKKE 82408k (Spodoptera frugiperda Smith) MRS FIE TS - M BRE S E
[ATh ErgEER 0D o it B SRR G EWFA B E (inducer) 5 » MTEERS - HER
EEH ENREEEEE BT EMEERIESAREW0CY » B > HERN—REZE
UIDCNBEXCDNBATHI H R AV » RERENR B FIEEARRMM H M B ERE RS » 2L
YEE 5 DGR B/ NEIBRPTE BBBIRAET S - ESUEHBEIRTE » (ERIPIEEE RSN
R R EERE RSN » WA NREMEAZE » lIDCNB @ (FHEEME R ERREYE
HEH » EEERAR GO o

DL4> T2 (F B S B 2% (monooxygenase) & Ml 132 P450 B B B HTEEME < BRFBM S » &1k
EETH RSP SE  LESHEPASOEHESE - M EEMIEIEAARM - HHBEOEEE - £1
PR PREE 2247 o FE5—FTH » KonnoZ K ANHITSATH P45S0TE M AEFIHY S (B T REA
RE L EHNTE AR RP4S0ZIENEC?) o HE » REA/BRZEMIER (8- B S LR
M) SRR EENS » B ERRAMEE  TRERREP R FEREN
TEHEREE o

RSB ZEIEmiamES » SEMBN T BURERFCERR © 5 FEYE LR BRI T HH
BT » T A R SR H e Ae R e 3 2R E N R B9 288 o 3 — B/ PO BUR PR KT
HBEDTER EHzes » BEEDAEAH HERRIHER > TLLESEEERRT YT
FTEREERH o BIRTFTAN » PUMEBENER T 84 TTAUF B (silent site) H¥aZ 51 » thBIRPTUIEE HAR
FERyZes i | BN K FERY Tyrosine » BUR T FZRA B A FEHIPhenylalanine © LAFRIBRMEE
K P ATE AT B8 2 RE S B AR B R AT > AT S EIAE R R ORISR R IR E B 28
8 (point mutation) 2 RS EIRHY Z B e B A2 B2 32 51E MBS R 81 R RUR AT R 52) o

FAEH RS A SR M AR A B E s TR AL E Y - EHATREMETZEE
R RAE19TTERGEFIGL » BIKE MM T I BT R R R o A LR e TR R AR
B R 3% [ oh BAERE 3% » FRLL > DUAELE BRI S B R A0 vE M » RO RE B F s HUBEM: -
WEFED o MR RN E EZIENIT ©

RELECREEBRIT ZIRE
HAEEIS TS REE LRGSR » — BT » BayisEsHnmgERy @iz



18 > AL T B — T A B & - SR AR T » IBE B A LS B FAEME
RASTLEE M ST T LEE > B RSMREERRSIUR - BUERE > AUREEREMKEE
HHEE TR T RE AR EEETHEE23) » miF & K — B R R R R (
carboxylesterase) © & K T 2 £ ) e fi% B 22 {7 1tk B B R8 3 F B 487 Bt 2 PR 2 ARIE A (cross-reac-
tion) © SE X T FASRMEEZ EFERIFFNEZEY » REANEETNECY - ARNERY
IRE AR/ N IR SR RS = KB EERE - it " ERBERRRBIURARELNTE Ik
THECCHESKESN, UK EARNFEESERIE  BFAgHEHR —FERAIFES
HEGD o B RERNTIIERARA o [T 4 H5E K FE (polymerase chain reaction; PCR) A% SI¥HF
EE T RE A VIR GABA B2 BHHE BN E K (allele) W EEST 2R E HIE SR EF PR ERPIES R
(55) » BAGEEIESIE R < — B o B ALAERREENTESEEER ENTUR KR E IR RS R
R 2 AR F AT B » R 2R A DA RS e 9% A AL I B BR R ST F R H BT R 715
IR DR B Ss o ik BRTATE] » EMEEEW R RLARZT LIRS TEYER M SRERRK
TEFE YN RET o MO ATERAIE » (REMREIHMESRENEESENEY > AILAEFEA
B DA ARSI A IR BRI o A BT ELS ~ £lT ~ 71k » EA TR RYE E RIS
BRI EE & TIE AR E LRI -

MEBEREEME

LEE M Y E R S24K Georghiou & Taylor ~KFTE » BEREAMEEE 262D o BTN 1HE
MAEMRTLMRFEAS | LEHIAERNAEEE - 2 fiEEROEE 3 IEERIERESE -
4. PR R B A EE ~ 5. ERFTHERNFRFE N RARTEERMOREEM ~ 6. REETHI
B AR 1 R BT EERE TSR o RIZTESEEBRE AT - R=HAVAEEREFR
BEER > 51 FAEIHM T LAERE ~ 74 o

AEE E B RS —IE R R B e AT RHE TR B > MENER SRR ETTR E |
1ok PO A [ M T 5 R B o 2 s T B M A Al (bioassay) © ANTH S A AHAR S BTO SRR ~ IER AT &
DDT ~ BHC ~ B RERER C 2 REFEEZARNAYD ~ 8 RAAIER 28/ N R R L
FEMBENREE ERIEBEEESEAETRIS) o BHER TR THBIERHEST
7 » WA ERREEEREE R TERAFRALBE ©

B IEMRAEER SO HE  BEAMLE - BAE - BWEL - S TFEVERER
BT ERFE » LU E S T Er BB I BETEREGE R » DIHERE R ER T (&
RS REFU B ] (PTIE RR) 2 B E B IEE M o 8T AT A0 B S TS H] & S > B — B
(ER) » BREBITIEEEIGN S LR E FAIREFECS o B3R L HPE—HEERE
AT L) 28 i 0 ¥4 (single female-male pairing) fi§ Tsukamoto B /7 1E/EHUIE & HHY A S BR T 15 BHS
F(59) o HAf{E4E B 4% H 72 R B B (discriminating dose) » A DAfE R S H BRI R AR » 2KENREE &
=B PR E A PR o P —MEFIMEERSE » A LUH Tsukamoto Y /7KMo Akl - (HEE
ZA ARG E— ISR > A EE -~ B o B AL B E K FT % (quantitative
genetic mode) WIEERZKFA L o HE » ERSER T EBHEME TS - BREPHRERIKE
FIFRK » TRIT ~ BIERBEEE RN » REEEANFTET o M EBRTATA » FEFAMER
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WESERER » AW KB FEHMEY - RS HRERNEBERFENME » fARERE
e — RS ASH BB SR 2 EEF D) » WEMFEUBIEE 2 N2 Z 5 R B i 2 H
IR » th e RAETE L RS o AIFERC P HEBNEE TS ER > ERARSE  TEE
il ©

B=IER T 2R AR T BEMEIUESHIN T SR MBS R » MR - §
BRI T RO M SR B R — RER R o T LA —THZ AWl R 38 — IH i HUE A& oA LA
WA TUEA HI  FERR M o th AT R — B EPUE SRR R R » R AR I K 347 LARERA Ui
ERZ MR o BITRAMU ENRZRBREWR THRTEEGHIZERTFRERTZEE - &
RUNEA HIBMATSCH N (recessive marker gene) 55 A E R & E S 2 E E T EESE B EFRIE
fEERBS - REXBBZEREAEOEYRRESENHEERCERERHPESERERERT
BHHNEE o DUNEEBT S, B A TP REFRFSTSbob B AR E » AT D IREEH
B T AT RO R X - BRI B B ¥E5E (Maa, unpublished data) ©

FA ¥ K Tsukamoto 2347 /5 B LB EM R P R EAE R R RS - B EL R FoE
#EL B f B (simple genetic component) » 15 RAG RS It Z R {4F#Y R EE(Drosophila spp.) B &IETF
WREBRES » FINUEYBEENERLOEY 5 NP HRESRAR I EHERIH
FIETCHER - MEHE - AHE EAREERERLAEEEYD » #HFFRNS L o HETE AR
M BSBPUEREES T EWE EORA - ERERGERME  BRTRBEFCHEMS - Heit
B ANRAZE B IKIZEC (electrophoretic marker) I » R3] FIREEIZEED o HlIE—BRER R
549 > UE/NRER B ERIESTSbIDb » ATREW K T S B R KR A BURZ ZRE BB iR —H
K2 BRI 2 4 8% %] (Maa, unpublished data) ©

R—EHERINNS » BB DDT ~ 5RKRAFHRE » FOUBRE R TR T BURe IS
1EEE FYBIRY o MEMPEHSE - fEFEEE . QU Z i EMEsEREER ~ SE AN
BZEUORE > MPTHESEIZ BERRTDE2EN c AW KRBT B » & RENE
(49) o MHE - WHUESSHEEES > HEOEEIE_=+HUEC) » DUNRBTE » &
QB SRS T B 2FROIR 0 BA/MEZES D o Wit » BHE/RPEBIESRT TS
BHZIEBRSEEIR LA BADRWEERENEE HERETURR B » BiPitEE R0
FER B8 LB (7 (mapping) 88 20 f# PR 5E B 15 153 IR & o 2 LA » LAEARPTEE (monoclonal anti-
body) * K EEMBEMBET — BT — K& 58X E (cDNA-probe-PCR) F £ Y fiif (biotechniques)
FA DM R S AT i H E s i B R » PR R D EENEE T ©

BNEZARFTEZHHOMRREZ IEERFERINTE  LAEMZHENERZZE
FERRILT » FHRENER T o B SHERER TR LR =R R - HE
EHZNBOUEE » 2 MAREE - B2hEBEME » HRESETER 2 TEEOtE E
FEBRENTREMEREREFEMERTFERECRAE (@R - B2 » FARNBSLHE » 2
FHAREHM » A —EERMEN B A o EREN HM &0 4B RS A W TR B EEER
Ef o BB o FW  AWEREHSE - MR BIUSE R TE - B T EAEIEMA
BRIRH B R - 1728 T AR E © 2kt » ERTEHIRHERER  MEERRIT
SRR EZEEANETFERGY o 2UHREHMRESER AERHZHSOR%E
BHIEBZEAMEHERET T E AR HE ST 2% o stEhEEMNE » 2FRNHMATFRIREFZ
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E59] (monitoring) A7 FAZERIBTEI & » U ESZNTECEEREYY) o« BEZ W OEZAE
RS FAEYBNEMTITS - BIS BRI o

# B A Sawicki & Devonshire = G T ZH4ERIRAZE19:20) » by R B] FUEEMEBRET
B A DR A A LR R E AR 585 > EHEOE ~ MAEKEZER(MRNA)
T 25 SRR R F (cDNA) ~ SIS R A EE B (gene amplification) AR HI AT
M~ B K E B ER F E AL (methylation) » YR T IREEZ P K (reversion) © b —RFIH K
EFENEDFENER AR HERSEARSHERMEENED - R —ENTZ
FOHRF et AL R 2 PR E R EF(25:3738) o ERIEE B T RENHELABER
AT o T — BB E > A EERIEALAEREVLE - D TEEREVEMT
e HEARK o oA » THEZEREAMREIFAESR -

0 T et B SRR R M L BB 1T o AFUK A (dimethoate) HFHERSRER B »
CH—ERERRESE T AEFEREE » EEEEEEFIEE1R0E o HhdAETTEER T
HIRE BT ED » ks 2REERNBI R RBEEFR L BB ERROER
TSR % > % 15385 2 it » HEMRRAGRDDT R ARRENER o T W EEE
HIE YR n B > B E NI AT » TR R KBS AT o AT AHERITE
HINEREANREESUSETFERE  EHMSERBEC A » GEWEES - AFH > |’
ERETE{L S ENREERER > BZUERTET - RUEREAZER » WA REREAELER
B AR R4 o BRI T » B4 FHNNER FHRERIERR » §REMRBRZEM -
kN B B AR T o 205TFIETIA (chlorpyrifos) H—RE T - ABRAEERESC EEERET
TN AARE Y ZHEhimERrEEREC2H > HERLHE - - SRTCAEERC
FRIREARRETIEREAE > FBLS

ANEBEEERRE LERRENT - HERE TR - —MBEEELE » RIFE "R

YK~ SE 4B (gene drift) ~ E R U (gene flow) REAFAT » FIf 437 4 19 L 1 B RIS 28 (gene
frequencies)Z B 8(7) o fii = HEHHBIREHE AT B g tHE AL P FE H (resistance alleles)
HSEART > MBARERGREN EMEARHEAR > PEEELEFEN T - HE
— IR B A RE IR T BB R T s N BN LR FZ R e 2B (semidominant
in expression) RAFRMERI L RE ~ ZfEME o A 3 F R EME SR EATUEER
F AT S BAT - HIERE ST » BEASMEA o

LI T Roush & Daly — Fost#% & Bl 51 88 ik i 1b 2 B VA S BE SR o P ER R ) H P B8 e R U 31
(9 o
— ~ BRI AR - RETTE AR EE

1. N & DLk BE S F (heterozygotes) B 1% & [F B #5 & T (homozygotes) ©

2. RS [ REETEEERE CRERR

3. ST A R M B A M EE o

4. {5 FH 5 0 B AP i iR A 1 o

5. R AR FE R 2 R EE o
=~ BEETER S
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6. VR R B PR AT » (IS R AT TRUFE TR

7. WA HEZER B ©

8. (E IR MR ~ 1A BRE R ERH o

9. (RETRMBIIEE A B HEZE - 5 I REIRBEHE o

10. B UM FA 1 R A S 2 AR R A - (BB RIRAE R 2 o

R

B ¥ HH R B0 R SR A A S BIAE SO REART > BLUREFIA BT » BEBULER &K » 2KAF
IS HEFRHRAE ®) o 604 » MMM T AR5 RN BE - EERREFEANEES © 70
TPREET £902 EH R BREERHIHIERET  BEF ST (CREMRNRE
(224D, fFRRLE - HilE  REMERE EHSEFIART o SOFERRBHDHEE S2FIE - Tl
WALA R BB RER F i R TR ST R ER A T RS 140 o 0FEH »
WEDUR R L BB RS S0 T AR FORE TREEWRER » S LUEH S TIRERFINSE
iR —HEAR » SUMERR A L R E R B S B A RN R e 2 T REL YR
LIBTHE o EMEF R T FUERE £ R ENARATRET « RIS » B TFERKAEH TR K E
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A Brief Review on Insecticide Resistance and Perspective
of Resistance Management of Insect Pest

Can-Jen William Maa

Institute of Zoology, Academia Sinica

Abstract

This article summarized the history of synthetic insecticides and the associated researches of
insecticides including toxicology, biochemistry, and resistance mechanisms found in insect pests.
Detection and monitor of insecticide resistance and resistance mechanisms were based on both genetic
studies as well as different techniques. Major resistance mechanisms including point mutation,
change of a gene or change of a regulatory gene were revealed through molecular biology techniques.
Genetic studies on regulation of resistance genes in laboratory strains and in field populations were

perspectively emphasized in respect of resistance management for effective control of insect pests.

Key words: insecticide, resistance, diagnosis, genetics, management.
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Table 2. Average B.t. growth inhibition by various fungicides in the cyliner and plate assay
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BB 7 90. 6
B 1 82.0
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HAth 4 40.0
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Table 3. Requisitions for RBPR technical information and testing reagents

Bl w4 14 e
Argentina Dr. C. A. Andrada 19944£10A
India Dr. J. Thomas 1994 6H
Guam Dr. Mr. Mari Maruttani 19914 38
Korea Mr. Soo-Gon Han 19934 78
Malaysia Dr. T. M. Abdul 19934 45
Mr. Cheah Uan Boh 19947 38
Mr. Chai Lian Kuet 19947 95
Mr. Tan Soo Hian 19954 78
Philippines Dr. E. A. Verzola 19914 5/
Mrs. Paz B. Austria 19934 6H
Dr. A. W. Tejada 19934 6
Dr. C. P. Padua 19944 8 A
Dr. L. M. Varca 1995 6H
Ms. A. O. Marino 1995 38
Singapore Dr.R. Ho 19904 8H
Ms. J. Lui 19934 7H
South Africa Mr. C. J. van der Berg 19904F 6 A
Thailand Mr. Kiattisak Jelatiranat 1993412 H
Dr. B. Sikkamondhoj 19954 34
Mr. M. G. Wright 19924F 8H

Western Somao

Mr. W. J. Cable

19934 8H
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Table 4. RBPR training for other countries
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Table 5. RBPR training courses sponsored by the Food and Fertilizer Technology
Center for the Asian and Pacific region (FFTC)
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Research and Implementation of Rapid Bioassay for Pesticide
Residues (RBPR) on Fruits and Vegetables

E.Y. Cheng, C.H. Kao, C.S. Chiu, T.M. Chou, Y.C. Lee and T.L. Tseng

Department of Applied Zoology, Taiwan Agricultural Research Institute

Abstract

Chemical analysis for pesticide residues did not fit the diagnosing need in acute poisoning or
monitoring the safety of fruit and vegetable in the fast-trading market. A toxicological method for
the rapid screening and analyzing of pesticide residues has been developed by the combination of
enzyme assay, microbial assay and TLC technique.

Residues of organophosphorus and carbamate insecticides were detected by Ellman’s reaction
with the acetylcholinesterase (AChE) and then determined by TLC for its identity, while the residue
quantity was determined by the regression between pesticide concentration and % inhibition of AChE.
Fungicide residue was assayed by Bacillus thuringiensis (B.t.) and then developed by TTC color
reaction. One gram of plant sample was extracted with 1 ml methanol for insecticide test, or extracted
with 2 ml of EDTA-DMSO solution for fungicide test. 20 ul of methanol extract was used for AChE
assay, while 5-10 ul extract is enough for the qualitative TLC analysis. The thiophosphates were
converted to their corresponding oxon-analogues by bromine water treatment in plant extract to
increase the detectability by AChE.

Houseflies head AChE is more sensitive than the AChE from electric eel or honeybee. The 25%
inhibition was considered as the threshold for detecting the residues of organophosphorus compounds
and carbamats. Currently, the Rf values in three solvent systems of more than 30 organophosphorus
and carbamate insecticides have been established for TLC identification.

The growth of B.t. is sensitive to the inhibition of ethylene bisdithiocarbamates (EBDC’s) and

other fungicides such as chlorothalonil, dinocap, captan and folpet. The sensitivities of B.t. test to
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propineb, curzate-mancozeb, metalaxyl-mancozeb, mitram, mancozeb and maneb were above 0.7 ppm,
and more than 12.5 ppm for zineb and Sankel. For chlorothalonil and dinocap, the sensitivity exceeded
2.5 ppm.

By combining the spectrophotometric AChE reaction, microbial assay of B.t. and TLC/biochemi-
cal AChE color development, two neurotoxic insecticide groups and the ETU-producing fungicides
can rapidly be detected qualitatively and quantitatively. This pesticide residue diagnosis system can
be used for both medical and agricultural purposes. More than 60 RBPR stations have been
established in Taiwan, and the RBPR has also been adopted as the vegetable safety screening method
for Taipei Public Health Bureau. Started from 1995, RBPR has been officially adopted in a S-year’s
training program of the FFTC (Food and Fertilizer Technology Center for the Asian and Pacific
Region), and training workshops has been and will be held in other Asian countries i.e., Philippines

(1995), Thailand (1995), Malaysia (1996), Vietnam (1997) and Korea (1997), respectively.

Key words: pesticide residues, rapid bioassay, insecticide, fungicide, acetylcholinesterase, Bacillus

thuringiensis, thin layer chromatography, qualitative and quantitative analysis.
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B F Ok
4 K I A B

RE . REBNEETEDA  SEMEE T EERBZMEZ —  GEES 25
ST o TR K BE T W B R AR [ B B A BUEE M > 437 5 demethylation in-
hibitor(DMI) ~ benzimidazole ~ dicarboximide A phenylamide © JUEE M EBIEFLE »
REW TIERISAT AR EH » HOMKEEES IR R TSR 4 2 mTRetE -
TR BE M R o B 25 ~ Ml TSR I B SRS ~ BRI R ~ M s
R B ~ PISEME BEMERF A0 | OB I TOEETTRY » EEET R PIEE M B YE R,
(baseline) > MITRETEMIE /7 » HHPFRBE B /E RSN » ST EEE 2 8l 75T
e RE > FHERUESENTFRHE S FHFEIMHE - EHCEEREMERS
HIGHER  ERBEEFAHINWESNERFIBT - BFECHREBEERFRIERE
ZHHIEM o PIBEMEZ FHI B HI MR T(EZ B —HE » fJfTZ AN SR
MGG EER ~ SRRV OEA ~ ERIRAS A ~ SUBAE AR AR - [REGERRE
M5 — T HE R R HHERG IR RNS » Al FEBREPUR S ~ OBFHERA -
FAETRERNSE o

RASEE | RUEMIPUEEME ~ BOW - FEES o
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Al

FTERAE BN DB R B BIIGE — R RFME AR - IHEHINAERELRE 2L
PRITH) 3 R B RR 2 B E(R e Bl R BEE BRI c H—1E3E 0 > BN CELFREE - MHP
BRI REIRE - RESURIERRREREENEE » HEHERE R ERCEFEM  IMEMEE
IR o BISME B IR BB 2 TSR M T A I AR B R B UM R AR R Y R 0 EREEE
MR » LLUKBORR IR BTSN L R A o FEEMEYHF BB LTSS i > &
RINFRERENBRG U > BOFRCERWHER LGS - B EE - RABOEAE
ARIE— ~ PLEEM ARREES ~ = ~ FTE S Bl SRR ~ = ~ ETHUSEIERR M ~ 1Y ~ 0T
TSRS R A ~ BEUE ST RS - MK TS RN R EREEERREE > &
RBRFERTREEA - HET ST > MH BB H0R 5 H M B ETER » AU BB E R
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EMRRERNENECHE

—RAERRERENB N RERIEE FERFZ > MEE LRI EE R4 o MR
W URENIE » D508 — ~ EEERCTTEERET | BHEEERCITERENTRR » vREHR
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W~ IARERTERESERLARFER CRERIERRE S EE S = &
2 SRR T DR Y ~ BEER T AEEEWERE R AT 1 R BE o UM B AR T |
S AR R B o REE R L P B S i R R R PR G A R E YT B
FRENIEEM 7 35 4 (ECEAE ST 3 T 60 A — ER IR R e b HE R > RIS A S 2 P S8R & 2k
FrHIBE AR R B 5 AT b B — S R SRS R B REE (D) o [RIRE I E IR A]
55 3 B 0 1982 4F DA % 2% B B 2 4F A 3 BB 16 TP /S carboxamides, organotins, organophosphours,
dicarboximides, phenylamides A &z dimethylation inhibitor ° T E R B < LB R R RE & 1
0 AT E 2GR — EARBE S o HREYHRR EE &) RFHEP1962F
5 B S MR U (Penicillium digitatum ) ¥ Biphenyl Z$5 » DR BEARZ B MR B
AR > SO B EATE BB B I B B A4 SR 2 R Biphenyl, OPP,
hexachlorobenzene, Organomercurials, dodine, benomyl, dimethirimol, kasugamycin, polyoxin,
thiabendazole, oxycarboxin, fetin, edifenphos, metalaxyl, dicarboximides, triforine, triadimenol,
fenarimol, K imazalil » i ELAIEr 2 4 HTEE M 2 R IR (5L B HII G A BR Rk U (Penicillium digitatum
) ~ /NESEEFHSE ( Tilletia caries) ~ %28 K% (Prenophora avenae) ~ ¥ 5L B % ( Venturia inaequalis
y ~ 83X B ¥ 9% ( Erysiphe cichoracearum) ™ IKFEFEBIE (Pyricularia oryzae) ~ BLEPER (Alternaria
kikuchiana ) ~ ¥ %5 BUR (Penicillium italicum ) ~ 516 F1 $53% (Puccinia horiana) ~ T 7R BETLIK
(Cercospora beticola) ~ N\ BE & (Pseudoperonospora cubensis) ~ B3 KR (Botrytis cinerea)
FE $5 28 ¥ 9% ( Phytophthora megasperma ) ~ & UK R (Botrytis cinerea ) ~ I 52 2R IK U (Botrytis
cinerea) ~ KIREMF (Erysiphe graminis ) A RN AE B (Penicillium digitatum ) » 2 H F—A7y]
(8) o TS A $A B T ik 2 Helminthosporium solaniGL 7R 4 BT Hithiabendazole!!) o

EEE R EYEE EEREE HRESEL > RERHERSETRY » REZEREHED
19814E = HEW RS e @ T » PIEBAR S HBUR (Penicillium italicum ) ¥ 5583 (Benomyl) Z H1 %€
MWeRRZE » DU B WIS %576 B 859% (Puccinia horiana ) #1 F£{R {5 (oxycarboxin) %] & 8% (Colleto
trichum gloeosporioides ) AL (Mon) ~ K& FH(Difolatan) > RIEE ~ BETTRISE (Prochloraz) 5 JRIE
% B (Glomerella cingulata ) ¥ Benzimidazole ; 5 IR B0 (Botrytis cinerea ) ¥ Dicarboximide ; X
#8097 3 9 5L % {5 93 (Thiophanate-methyl) LA K 7K ¥ U 8 (Rhizoctonia solani )y ¥ 5 B4 1H (Arsenic
acid) B HEFIBRZE (validacin) 2 FUEEHERR » BERE —F7FI(12343.6.7) 0

MEMENZBHRERM

B Y R TR R BN T RS T TR A EEBEER - DEEERE - &
THEFT e B HE ~ BT TN SRS » DU SRR E B A MR 2R o (RIS /R# Brent, K. J. 198842
B s S PR By B R BRI THIMRIHE R, | — - BRI R T RETE
(investigate suspected cases of practical resistance) ; — > TE I BT ZE 1% [ R i B 4 (predict the
appearance of resistance problems) ; = ~ I % 1 3E M & H SRS (check resistance management
strategies) ; PO ~ ZEHNHIZEM: & HEE (track the progress of resistance with time) . A BEtEE
(i P 3 B .2 32 #2 (guide fungicide selection at the local level) ; 7S~ PLEE M 2 BT 52 (advance

basic understanding)(g) °
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Table 1. Fungicide practical resistance reports

flef P ZEH| 7 R B E®) E#&

1962 Biphenyl, OPP Penicillium digitatum TR Harding

1965 Hexachlorobenzene Tilletia caries IINEEE Kuiper

1966 Organo-mercurials Pyrenophora avenae W Nobel et al
1969 Dodine Venturia inaequalis HR Szkolnik et al
1969 Benomyl Erysiphe cichoracearum HH I Schroeder et al
1969 Dimethirimol Sphaerotheca fuliginea HH I Bent et al
1971 Kasugamycin Pyricularia oryzae IKFE Miura et al
1971 Polyoxin Alternaria kikuchiana Fl Nishimura et al
1971 Thiabendazole Penicillium italicum TR Harding

1973 Oxycarboxin Puccinia horiana 1k Abiko et al
1976 Fentin Cercospora beticola HE Giannopolitis
1977 Edifenphos Pyricularia oryzae 7K %6 Katagiri et al
1979 Metalaxyl Pseudoperonospora cubensis EH I Reuveni et al
1979 Dicarboximides Botrytis cinerea Hig Maraite

1980 Metalaxyl Phytophthora megasperma EHE Davidse et al
1981 Dicarboximides Botrytis cinerea B L Katan

1981 Dicarboximides Botrytis cinerea {li5g 5%k Pappas

1982 Triforine Sphaerotheca fuliginea A X Schepers

1984 Tridimenol Erysiphe graminis K Butters et al
1985 Fenarimol Sphaerotheca fuliginea EH L Schepers

1987 Imazalil Penicillium digitatum FHE Eckert

R~ EERERTEECHRRR

Table 2. Fungicide practical resistance in Taiwan

SR e AR

W%ﬁﬁ?ﬁ(PeniciHium italicum) Benzimidazole

% 1E F1#59% (Puccinia horiana) Oxycarboxin

HE MR (Colletotrichum gloeosporioides) Mon, difolatan, benomyl, pyrochloraz
fRIEIR (Glomerella cingulata) Benzimidazole, thiophanate-methyl
7& B K BU% (Botrytis cinerea) Dicarboximide

JK0% (Botrytis cinerea) Dicarboximide, thiophanate-methyl

FKFERUG R (Rhizoctonia solani) Arsenic acid, validacin
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Fig. 1. History of resistance to disease control agents.
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Fig. 2. History of resistance to disease control agents during 1982 to 1988.
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MEMEAREERZETE

FESE TS M B TAERT » e 3T S M B 2 FEHE B (baseline) » LU 2T REE Y B
OB BRESEE E » ECET R 2 R BIAHOEIE TR A - — ~ SRR M A ATEESL 0 =
(R [ S REAE ST 2 A [ o SR » R L v B 5T S W 7 R LB o TR e B 2 S R I 5
AR, —REHERAEE TYIEESR

ST B | K L PRI E T R S B LIS 10 ¢ o/ mIZ IRERIIEEE
2 LU, MR (T 4 R S WA R B E A A R (1020 o

MICHESTE © BLE B e s Wi o » I B R B E5RE 2 B ETMICERE - K ILE
CRMLITE St Ere e, FERE =) o

EE TRl DT R P S > — STV R L+ EE
¥/ N BN > SRS ISRk |+ EERNEE EMERADEATER
RS B AR -+ EAVE R RERSEET  EEREERSTRER > WEER
BmpT i ER(1220) o

BITEEC,, 2t 1 ¥l KB B dicarboximides i FTHETERT - 7 R R AR B T EE T B AR
CECs, B HLE » — bk — FhAs5E 8-308F » 7 FEiEerEn 24 (10 29 o WIE B RIIDMIA
B > JRF RV AR ZED fERT E ° HE e e R R i R .

Benzimidazole 3RS Fl 2 HEE M 850 2 L H B ET TORAT | 1 ISR IE B #RIG > 20 -10ppm
LRy R 2 IR S EMAE RS S 3. 5 E MIC(minimum inhibition
concentration) ; 4. L}LMICZZ%?}%E%@U%%%@Z%E%(12) °

g B

R (P M S B SE T 2 T R A I L B R AR YT 2 R B F B2 AF A
TR R SS TE, » — i 25 1 0 880 97 [ 1 o 1 P B 45 B £ A A BE (cell wall) ~ WU {F A (respiration)
adenosine deaminase ~ microtubules > PN 2 # (endoplasmic reticulum) ~ #ff g B (cytoplasmic
membrane) ~ & 1’8 & B (protein synthesis) ~ RNA & B 3 (RNA polymerase) ¥ & X (nucleic
acid synthesis)(®9) ; BEEI > {F FA# 1B A Rl Lt £ b8 - 7 AR ERRE - R
g B BRI RE T AT A 2R KIHERAEE SRR BT
demethylation inhibitor(DMI) 3522 %

Iy X S e G LA o T SRR A E R R T AR H T B AR A
[E » 3BT
LBEEAE L AEE0E - SRS B e B R AR HERFEAETERRE

Epls o POREME ISR > EEEEEE SRR EEa AR Z-RHERRE i Ex g
AFEED,  EDgs » MK T FIARE HBURE
BURE =ED., fBHEBR/ED,,, B FIETR X 100%

sensitivity index =EDs, standard/EDg test isolate X 100%
0. W IR L A R R R U A BCTIRA THIS AR 1L R
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Fig. 3. Build-up of baseline on MBC resistance occurred on Venturia nashicula.

Samples of infected strawberry fruit(sporulating)
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conidial suspensions

s
cgocoo0g0000 1
C = Unamended control Inoculation of agar plates

V = Vinclozolin amended Incubatxon(lG 18 hours)

B = Benomyl amended/
/

MlCl‘OSCOplC observatlons of spore germmatlon

7

Wild SensitiveBenomyl Resistant Vinclozolin Resistaidouble Resistant

B, KBREREREE BN E R TREENEE A -
Fig. 4. Scheme of operations for monitoring fungicide resistance in Bofrytis cinerea

and possible resistance patterns (Source: Gullino and Garibaldi (1986)).
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B - KIBRREREREE | 2 WIEER NS AN T3 HIFIEA | 3. e ZERIH B i
ERZIFEERID o

Benzimidazole 35 Z&

XEEER 2 B EE © (—) E SR MR FRF CHE T~ (OHEEER SR FEMHR
LINE ST ~ (=) BIE ZERB 3 B bk A R 80 7 R () Al 2 BRI Fm A MNHIEA © WA EEM
PAENFERTILE POHIERG R o ki b flE /5 » 7] Hibenzimidazole MR F i PTEE M B AIFTIAR
T (B TLRURE (wild type) B BE S BUREHERL ~ (DR USSR SR T ~ () PTEEMERE
B2 B~ (MFTEEEEHERE(D o

Dicarboximide 35 Z& 7 :

PR E & E SR SR R E o A T8 HF 2R T » HEERZFNE AR o #ER
BEEAEREIERE » DRFEHKEMESERTRERE  HEREERIZEEE L 16-18/)NF
BRPEMS THE » DHBFERBFERRE  LUREER EERHE - RIRAEMEHR
HEE » EITARIKBRC PIEEME » EESOEERMESABKHRFRE=S - REFBRETR -
BERERENEECHS » BREESBENFERERMoERO 12 o

= IKEOR TR < RS R

Table 3. The monitoring of fungicide-resistance occurred on Botrytis cinerea in Taiwan

Fi ENGE 3:iaar 1Efs =t MAAEERE

RIETE  BEE REE  ®RE  RERE

804 13 29 12 22 49
814 23 43 45 68 26 125
825 24 11 18 11 27 28
834 27 52 50 48 0 110
841F 26 19 26 21 0 57
Phenylamide 38 Z£# :
HIEEE T EFREZ .

— ~ JIZERFE | HCEBENR  BHEEEHEREEFNE  FREEYERRERATIRRE
RIBFR ARG EEC, ) RECy » 1 ILETHRFE ©
RF=EC | 11ue of field isolate/EC.
=~ IR BRI R R A R 2 S A
=~ MR —REP R R E VR R R EE R (RYS) ¢ HRET ¢
L BRATHAR B — B S B R g R B - R EDFIRE 100553 - 5T E
[E] — AR & < R/STE ~ PLEEMELLER o

value if sensitive reference isolate
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2 M AR E B E H A » BRI PRI S A o 3 DK M B B0+ 35
R/STE(Y o

05 BRI 2 SRR 7 T 2 R RS BT > — 0050 2 3R 6 T R SRS 0
B2 A TS o

BN TARS

PUEEMER S22 A B TS E R A FEBG PLBE M EE 4E > LURA R FTREME 2E 4= 2 A » 2
ZTERFETYIEE

FIEEHTRG /A B | AR M LAV E E A UM BB » WIREBER] .2 Sk 7 » IR H
BB A TS R R o

BRRAER | FIAMEXHREN LA ELROEHBENES ERREAHEA » 7R Eap s
KBEF) > MAEARGUEENE BEAE » I8 71 K% (8] /5 W] DA HERT B BEBR A& o A 2 3 F 8- 16) o Wiiphynylamide
FESE P B FC M BERIR S5 F AR TS M A A SRR 2D o

ER&RER | MEREEL FET IS BRI AR B ESEL RS
MR » RN LE R ABRA A FEERE L0 -

BERRESRGTEARBESER | T RERRNEARESE AT EERErES » &
CHORMEM  BITEPREAE o (HFE R SRS - TRk I B Bh o S S R R R I B K -
BB IE R E EARI A - HELEHEFA AR AT B\ FEE ) o

B hEFB 73 0 R e PR REHA ~ BRAI{E B R B ¢ A5 PR A AT A A2 SRR T R A B 2 R R BRI S
e > [FIRE A R VKRR T BE R L BB & B AE o R ET a8 B8 1 P SIS I » FEE B T 5 LIE R
RID —~ #ERBIRERE  — - ESEGH A EEARSER  BREBEH ; =  BRE
SARGH | 19~ BRRRESCRE  ERA ) A FTEREMAE o 5 Phenylamide AR
Bl RHEZERRERGRAERAY S  AEMA{TSEARBEFSTHAEREE  — « (EBTEWA
MFEEARA | =~ BEMAEEABHCREERESER ) = UBHSE » HEEEEERe
AEFR > BFRENERSHE . N SEXE S EHLER 2 4XEBR | 7 - 58/ A
AERERA o

MR AKR | TEZXEPRIEER N > TRACHERS » BESURHHES = (cultural
practices) ~ FHE TS GhfH (resistant cultivars) ~ TR E T B (forecasting) ~ MK IRE B 1€ hnkkiE
F o REEENE P IRINBOK TR R M IS SRR & B AR » FREC & BB 0 R RS e ds - B¢
RRWM o BREHETEMMEE T » AHEEERS AR  INHER T > Wi IKEE S 8Kk
TRMEBIEE » BE R o MR AR IE ~ S04 D BUBI UL b B2 B 7 R 4k B FE S L B A 4
ZE%“O’ 11) o

TEHIEITTMEME R | ERNFEERFET > TR THREEPHEERRE RN » FEig
BITHE - HIT Lt TEGEIE » DR EHEEM o B 4 o
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Fig. 5. Development of resistance to benomyl used alone or combined with maneb.
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Fig. 6. Build-up of mean fungicide resistance in population of Venturia nashicola(1981). Resistance

scores: sensitive 1, weakly resistant 2, intermediately resistant 3, highly resistant 4.
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Fig. 7. Decline of fungicide resistance in Venturia nashicola in an orchard in which

benzimidazole fungicides were replaced by other fungicides in 1977.

Spray schedule options

MIXTURES
S+M > S+M > S+M > S+M 2> S+M M should be strong

S+8' 27 S+8' 27 S+S' 27 S+S' "2 S+S' g and S' have different modes of action

ALTERNATIONS

M > g =M >3 =\ S for critical use in spray schedule
M >3 M =M =M More effective if S has short residual

COMBINATIONS OF MIXTURES AND ALTERNATIONS

S+M =M —=S+M M —>M When disease pressure and resistance risk
S+M = M —=S'+M =M= M are very high but the special qualities of
S+M =M =M =M > M qualities of S or S' are required

S = Specific-site fungicide with a risk for resistance.
S'= Specific-site fungicide with no cross-resistance to S.
M = Multisite fungicide with little risk for resistance.

B\, BEENES A SR e A L AR o
Fig. 8. Fungicide spray schedule options.
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RO~ FRNEEENBRERKBRRRIEE
Table 4. The efficiency of fugicides combined with super sorb on the control of Botrytis

cinerea occurred on begonia

& i IR (%)
11/19/94 1/18/95
K 7K 2.56 0. 87
7K +50% < [7] AT K7 Fil 150015 8.41 0. 64
7K +75% RIGEREF AT IRIER B 5005 4. 69 0.88
WK+ T ES A REK B 20001F 9.12 0.29
7K + 50% Saphire WG 20001% 7.91 0.19
7K + Kuf-6201 EC 10001% 4.15 0.28
HH R 5.45 2.03
1.47 11.79

RO~ EHEBESHEREBERBIRRR S

Table 5. The efficiency of hoagland solution on the control of Botrytis cinereaoccurred on

begonia
Ird 23 R (%)
11/ 9/94 12/21/94 1/ 4/95
EREEER 3.1 0.93 5.09
B BRI 7.8 1.87 1. 80
$IE L R 20.2 10. 70 10. 05
5 B

MY R BB USRI R R S A BT - B LRI R BRI R &
LEEEAER - TR B B IER TGS 2 B A - T —WFE T IgtrE LR £% -
AR E RO & AR BIEG IS E 4 2 B BRER IR » FRUKEAN - MG
RUIAFREEER c MERTRHXHH A £ - MU EYHITRARIEE - WEGEMA - PEwHRE
SERRPHE TR > DU RS HE - A HEH R EIEE 4 - BRERAIFRELNE
S BRI -
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.EZRE ~ J. R. Coley-Smith © 1987 o & % /& B X 8% ¥ Dicarboximide XHEER| .2 FIZEME © HHR &

F11 29: 327-336 ©
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The Monitoring and Strategies to Control of the
Fungicide Resistance

Hsiu-Chu Yang

Taiwan Agricultural Chemicals and Toxic Substances Research Institute

Abstract

Fungicide-resistance is a old and big problem of plant protection in the field. The four group of
fungicide was found to induce the fungicide-resistance is demethylation inhibition(DMI),
benzimidazole, dicarboximide and phenylamide. The purpose and importance for fungicide-resist-
ance monitoring are to investigate suspected cases of practical resistance, to predict the appearance of
resistance problems, to check resistance management strategies, to track the progress of resistance
with time, to guide fungicide selection at the local level, and to advance basic understanding. The
baseline must be determined before fungicide-resistance monitoring. But the methods to determine
the baseline are varied according to the fungicides and pathogen. The methods used popularly are the
germination of spore, the elongation of germ-tube, the inhibition of the formation of haustoria and
mycelial growth. Another importance work for fungicide-resistance is the control. New disease
control agents, the use of mixtures, rotation of disease control agents, limitation of use, integrated

control strategies was concerned the best ways to control fungicide-resistance problem.

Key words: fungicide-resistance, monitoring, control.
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Table 1. Quarantine disinfestation schedules using VHT and cold treatment against insect for

exportation of Taiwan fresh fruits

REiEHE B B 5k & 4 fiff B8 E
Vapor Heat-Refrigerate 1. Vapor Heat Treatment: /0 {& B March, 1988 H ¥iN
#H Treatment 46.2°CHERF 205755 BMKEEL LR
2. Refrigerate Treatment: /0 IEE  No.326
2°CHERF42/ Ny

3. ABEEAER LR 46 2°CHERF
209758 » e/ NFRBE R LIEE
W 22 CHERF42/NFF

4. Pattern:30°C 30min.—>30°C 45min.
—41°C 10min. =46.2°C 20min.—>
46.2°C Shower to 30°C

1 RE OEREIC AL
A Cold Treatment 0 BRI 14 March, 1988

1. BFIRE HARBRMKKEELD
TR Vapor Heat 2.Vapor Heat Treatment:46.5 °C 30 ;&
YHIE R R Treatment min. No0.944 Jul 8. 1988,

3. Pattern:30°C 30min.—>30°C 45min. 1991
—41°C 10min.—>46.5°C 30min.—~>
46.5°C Shower to 30°C

W
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R o HE R — B F MR A SRR R - TR B HE A EDBIS R BRI ERE LM E S B
25 FEHREE » FIREEERIE ~ B MR —E RIFAURZEREAAS - (RIS - AR
M BB A AR AN AT S - MU E R B —F BT Probit 9 RURRERRCR - T RES T R B
BTG E R M R o AN ARIMEZR > BRI IR HE R I RE ) M 5 R B T SR B AR
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Quarantine Treatment for Disinfestation of Fresh
Fruits and Vegetables

Fang-Chi Chang, Hung-Yie Chen and Jyh-Shyang Lin
Taichung Branch Office, Bureau of Commodity Inspection and

Quarantine, Ministry of Economic Affairs

Abstract

Quarantine treatments are required for fresh horticultural commodities moving through market-
ing channels from infested to non-infested areas to prevent further distribution of the pests. An
approved treatment schedule consists of all the conditions, parameters and procedures needed to meet
a specific quarantine treatment that adequately disinfests pest organisms at the required level of
quarantine security without adversely affecting the commodity. The research and development of
postharvest quarantine treatments, including chemical methods (fumigation, insecticides and
controlled atmospheres treatments), physical methods (cold and heat treatments) and combination

treatment.

Key words: quarantine treatment, fruit, vegetable.
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Fig. 1. The trend of the decrease of attractiveness with duration or distance.
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Fig. 2. The rate of attractiveness at the treated area where 4 traps are set in the grids
of attractant efficacy decrease to half. Steaded line show the range all the

efficacy disappeared. Dotted line show the range efficacy decrease to half.
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Fig. 3. The rate and level of total attractiveness at each site of the treated area where
traps are set in the grids of attractant efficacy decrease 25%. In the almost

treated area, the level increase to the double of single trap.
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I The 1st day of the application

II The 10th day of the application

IIl the 20th day of the application
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Fig. 4. The change of active range with the duration passed. Steaded line show the
range all the efficacy disappeared. Dotted line show the range efficacy

decrease to half. The range is imagined to decrease to half after 20 days.
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Fig. 5. The change of total attractant efficacy at the each site of the treated area on

the Ist, 10th and 20th day after the application.
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Fig. 6. The change of attractant efficacy of lantern type trap. The efficacy is imagined
to decrease to half after 3 months. The attractant is renewed every 3 month. Then
the efficacy flactuate between the level of 50 and 100.
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Fig. 7. The change of attractant efficacy of lantern type trap. In the case, the attractant
is renewed every month. The change of efficacy become more stable and flactuate
between the level of 85 and 100. But much attranctant (A)is wasted.
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Fig. 9. The comparison of total attractant efficacy between poisoned fiber board

(stead line)and lantern type trap (dotted line).
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Fig. 10. The comparison of number of accumulated captured male in the case lantern type
trap (dotted line) and poisoned fiber board (stead line) are used for the male
annihilaltion technique. The attractant efficacy of lantern type trap is imagined to
decrease to halef after 3 months and entirelydisappeard till 6th month. Such of
fiber board discrease to half after 2 month and disappear within 4 month. The
shade area show the difference of No. of alive male used those techniques.
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Fig. 11. Curves of number of captured male oriental fruit fly attracted by methyl eugenol.
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Fig. 12. The migrating movement of male fruit fly. In the case, the active range of the

attractant cover the main area of hot spot, but not cover whole the hot spot. Stead
and dotted line show the range of male hot spot and active range of A . center
of hot spot, B : site of trap.
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Fig. 13. The migrating movement of male fruit fly. In the case, the active range of the
attractant covers whole the hot spot. Also refer note of Figl2.
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Fig. 14. The migrating movement of male fruit fly. In the case, hthe active range of
attractant only cover a part of hot spot of male. Also refer note of Figl2.
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fig.15. The migrating movement of male fruit fly. In the case, the active range of attract-
ant cover a part of 2 hot spots of male. Also refer note of Figl2.
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Some Consideration in Practical Use of Insect Attractants

Yau-I Chu

Department of Plant Pathology and Entomology, National Taiwan University

Abstract

Attractant is highly useful materials for the monitoring of insect occurrence or pest control.
While in purpose to obtain the expected effect on the monitoring or control operation, through the
application of the attractant several factors should be take into the consideration. In the present paper,
special notes are made on the following 4 items : 1) No of trapped insects and percent trapped, 2)
Active duration and range, 3) Velocity of the trapping action and 4) Analyses of the data in the
trapped insect.

Although number of trapped insect can show the trends of abundance of target insect. The
accurate efficacy of trapping should be indicated by the ratio between the number of trapped and
untrapped insect. This is quite a same way that the effect of contact insecticide should be evaluated
with the mortality of the treated insect. The activity of the attractant do not suddenly disappear after
the certain duration or distance exceed. Usually the effectiveness of the attractant is gradually
decrease as the duration or distance passed. This is extremely important consideration in the case the
sex pheromone or attractant is used in mass trapping method. Also such conception is indispensable
to dicide the trap grid in the field either the monitoring or pest control use. When the attractant is used
for the male annihilation, velocity of trapping is another key factor to influence the final effect. As
in this method, male insects should be trapped and killed before their mating. Therefore, the trap or
dispenser with large evaporating surface which show big active range and high trapping velocity
become the preferable material for this use. The survey on the population changes of pest insect is
sometimes made by attractant. The data obtained is almost use for the analysis of the influence of the
climatic factors on the population in the past studies. However if short-term scrutiny is conducted on
the data, the result will afford some suggestion to study the dynamic situation of the habitat or hot
spots of the target insect pest. Such work undoubtedly provide the available information for the

inprovement of the further control operation of the pest insect.

Key words: attractant, attractiveness, percent attracted, active duration, active range, velocity of

attracting, curve of attracted insect.
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Fig. 3. Chemical structure of the sex pheromone of tea cluster caterpillar, (E,E)-11,

14-octadecadienal.
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Isolation, Identification, and Synthesis of Sex Pheromone
Components of Female Tea Cluster Caterpillar, Andraca
bipunctata Walker (Lepidoptera : Bombycidae) in Taiwan

Yien-Shing Chow

Institute of Zoology, Academia Sinica

Abstract

Octadecanal (18:Ald), (E)-11-octadecenal (E11-18:Ald), (E)-14-octadecenal (E14-18:Ald) and
(E,E)-11, 14-octadecadienal (E11, E14-18: Ald) were isolated and identified as major components from
the pheromone glands of the tea cluster caterpillar, Andraca bipunctata, in Taiwan by analyzing the
mass spectra of gland components and their DMDS adducts. GC retention times and mass spectra of
the components were in agreement with those of authentic synthetic compounds. The average amount
of 18:Ald, E11-18:Ald, E14-18:Ald and E11, E14-18: Ald per female gland (1 to 3 days old) was 121+
76, 50 =20, 187 =75, and 237 == 110ng, respectively, in a ratio of 20:8:31:41. Synthetic E11,E14-18:Ald
caught more males than each of the other three components or blank control in field trapping tests.
E1l, E14-18:Ald is reported as an insect sex pheromone for the first time. Male antenna responded to
E11,E14-18:Ald strongly in an EAG analysis. Furthermore, 4 hr after the injection of PBAN
(pheromone biosynthetic activating neuropeptide) into decapitated female moths (2 days old), the-
percentage of the E11,E14-C18 Ald in the gland extract increased from 0% to 75.5% , which was also
significantly more than that of unligated and uninjected control at 55.1% . All these data indicated that

E11, E14-18: Ald is the sex pheromone of the Andraca bipunctata in Taiwan.

Key words: Andraca bipunctata, sex pheromone.
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Table 1: Biological control agnets that are or have been commercially available

Control organism

Disease controlled

Viruses
Mild tomato mosaic virus
Mild citrus tristeza virus
Mild papaya ringspot virus
Bacteria
Agrobacterium radiobacter K84

Pseudomonas fluorescens

Tomato mosaic
Citrus tristeza

Papaya ringspot

Crown gall

Bacterial and fungal

diseases of cereals,
cotton and other crops
Streptomyces sp. Fungus diseases of wheat,
cucumber, carnation and
crucifers
Fungi
Trichoderma viride Damping off, root diseases
woody decays
T. harzianum Damping off, root diseases
of truf, beans, corn,
cotton, cucumber

T. hamatum

Fusarium oxysporium Fusarium wilt
Peniophora gigantea Annosus root rot
Pythium oligandrum Damping-off

Paecilomyces lilacinus Nematodes

Source: from Maloy S.C. (1993), and Lo, ef al. (1994)
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V5 BEHHE R BT fE P BRAL A FH%E © 1974 £E Baker #2 Cook!) Z EHABS R | EEA AR
M A BHEFREERIE » FEEYBRENMEY R E R LREYRETE - KRR
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A RS — R ERE UMY » HTEE A SURIRAY R R BB B (inoculum density) BEUR
RENREAREY 70 NIt B EAE I IaRRAE > @EEER L H{E A EmEsE A E - 5
E%%Bﬁ?ﬁi » B A B ¥E AL 2% (eradication) AR (protection) R ATy o 1EORME CRIT R
T $82 B BE F FR SUAE R BAEAE i 5 A2 (incidence B severity)®?) o

E R RREESRER T

WERNEYIHAERTS » EWPIEHRIE » /£ 0% LB T384 — 322 E 5
(Aristotle) BFHA(7) o B8 R EE (B HERE 4 W1 6 /5 % (biological method) ZEWImIESE o SAMIIEH
A AERE YIS REER > BIZER 1874 4£ W. Roberts ¥4I H 1 E.7E F TR
RIBEER » W5 [ ASEHTIEF (antagonism) — A AS A4 42 (6:12) o B4 RIBEE A M A H Y
P FEAWRE TR T HEYE SR MAEYRIE o S NFHRSZIEY | Ei#5]
ARG B EYIR E DL R HI9% T (suppressive soil) S HEEE LRI TREZERE o Hlt —F
BHRY 38 B0 R B —1L (unified) BLFH#%(L (organized) %%%Bﬁ?ﬁ‘%ﬂ?& (biocontrol knowledge) ;
B2 1965 JREN Carson " FEHIERE , HIRE » AW ET ERXR I SEED T EHEBREEHEN &
TR RIS DT I B R INAE | 3 8 7 B R RER 72 A SR B AR AR TR A IR R & (612) o g7
F R B B A I E R A b iG - AR E RS R M > HIB 2 (—)
9 HH93ERT ~ (2) EMYRRINE ~ () MAeEMNEES | AELE FE T o ENE T HEIAE
RER > BH S HEHEERERG67.8.10.19.24) bR i 77— 7 {2 1 B8 Rcut H B 53 1 B Y BB o

R LIRS « KEUM S » #I5 TEAE - RO BB » KEHEFCEEN HIBMEYE
BA(7:26) o PRI Ho W FCEARE FI R £ BB 51 RUFE AR B2 i R A 6978 S04 A 1) S5 FE R 41T - 2R Otk
ey > ETMZERRHERREFERE ©

AHYA0R - ARER Odum Z G " LA RERER (ecosystem) A — A SR EE & HIZR BiRF
BFTE » PR EMER B H BB RSN BB R T B2 % (tolerence) ; ) o FIEE I FHE
By - AN P R ENMAERA ST A ETMEY BRI MAEY ZHIED)
RESURALTEI AR B PTURRE NS KB EIRE IR 4 o MRIIYIREE A » LZAE R84 G
%o AEVIRIRE ~ EYEY R EMMAE AL EE  DRRamERZEELC3D -

ERMEMOBEES| A © Hartley BEME S ASEMEYE T HRGEMARERKEE
(712) o HBBEHRS S QAR DEMIG GRS R RO  HEE-FSRMEDZ5IA > DS
TEMIIRE L IGHIE » HIRIAT 1980ER(S) o BRI 5| B —H M 4e WS S EEMEY K
PRaTEMRE » BIFEAREEY » WHEERERMEY BT -

BRE YRR D HA R

— @R ETIGE - WERMR FFIZEGN | (—) BEERTHEEE R REIER (superior
strain) » % B RRAY S I 7T K FH &5 (selection ) » JRAEE Bl & (protoplast fusion) B¢ & K JE
(gene manipulation) 2 7319200 o (=) AT KB4 (biomass) m%ﬁ%ﬂ%ﬁaﬁﬁ;?:?ﬁﬁ?ﬁﬂgﬁﬁﬁﬁﬂ
FTag I ZE F 175 (shelf life) o BB EE 4 » W/AEAE(EAS LB EML S EERIHF - Rt
/R R AR S E MM LR B R AR W HE L HREE AR EIR T R > MYEZkR--
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o EERRME o (Z) HEH —EHREE R (delivery system) JREVE T —EREM I —MAEYHR — RI(EH
WM ERE B R EETEEN &Y EEE012433) o D) Trichoderma harzianum KRL-AG2, or
Bio-Trek 22-G (TGT.,) (Geneva,) (NY,) (USA) B4 o th—EARER R A TR &M B »
EH IS MRS (Pythium spp.) ~ LG ZHE (Rhizoctonia spp.) ~ $MUEE (Fusarium spp.) FI4BH
B (Sclerotium spp.) ~ WK B (Sclertinia spp.) L5 EATKFE(20.21.30) o fris TR mRERD 5 T 55
B EAEEEIEDES5 X108 4T (conidia) ; WHEAE/EHLL EHZE EHFERE
(24) o MG 5 QIR EY A BTSN H  BIAIF KB » BIAAREFEMEZEE (ryegrass)
AR I — R | EREY THEELES T —F 2 EEH -

S MRATELE MBLA R FE R B I KB RE

D TEEDREN RH R > REREAR SR EDIaEE » 5 T AREZER » (E5TER
HPSEE TREMORE - DA REEERRETERERE839 o § Ainf HERER K
RIS A AL I ek » SRR HEEIRS E - B RTERENZFIAC2Y) o HE{ELDD
EEHE R EEYA - BAERBFEE=TH ©

MEERME

EFAE ARRZe £ EBHPTAE REMR ARG - TREZ | —RE(TEEEN LT
A ZFH R BHEET SR ENER AR - RBP4 R B AR ER AR A g
TR AT R o BRI HER SR » EGT TR EliE o BRLZBRUT | )& E
ARARERMEDEZIIHRFE SR ERERR > OB FTEENERNERERMES
FEATARUBEEFHR  HIHEELNRESREEGHERCIIHEES » OOERFEAT4ARE
PRI A 88 B Rtk 0 FETT PRI ELINHIBE ST » (IR ARFEEN T ERH R EAHE (AIEERTE
FAFREKE ) - AREESEHMARTEYIIE TR ERZAR o SR © &4
BT
(A) Agrocin 84 : ‘B2 Agrobacterium radiobacter K84 Btk (%7 HPAG84 plasmid) AT &4 » AT H]I
%] A. rtumefaciens (%78 Ti- plasmid) 5 | & FIEREY) < RS (crown gall) ° FHH AR () &
{832 PAGS4 3 AMfA » B A ZE 4 agrocin 84 MIAHIHIBEST o L H AR PAG84 AL K&
4 agrocin 84 FIRE JXEM R C R EWIBGIEREST (i) B A. tumefaciens < A% Agrocin 84 H
TR » K84 EAREIREEMIFIR R < B (iii ) BEELIERD AL agrocin 84 BR A5 I w]
S22 %] A. tumefaeiens BE ) o 44> E R ERE FATHIF] F X E88H agrocin 84 #ERTERS
B EREER 1@3]23(%75%(575?@99”&*%%“9’37) ° A Coodsey & Moore BrHECEBE
PAG 84 HIEFRIEREN 1A E I 40~50 %13 © Schroth and Moller RIFE 5 K84 Btk Fi LA H
> RELA. tumefaciens B PP B EEWED o
(B) Pseudomonas fluorescens strain 2 — 27 1 Gaeumannomyces graminis Z FIHIRFR o L2 —27 &
RG] NBAR R £ B HIG — > BRZEZE siderophore 7 » S— IR ITA R o FEHIEHHE »
HULAFI A TnS B ZE MR (RE4 phenazine FUAEYEE) B » MAERFENH A TR2EMW
Poplawasky er al(*®) B3 & Tns HNFEA B EERA (1 strain) » EIERPTARENESE »
T 8 P A/ N AT R [ T A R BUR B AE S o
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(C) Pseudomonas fluorescens strain Hv37a | Pythium ultimum 5| EIFRTEHEEHE © James and
Gutterson & #45 Hv37a A ZE 4 /) 3@ ZEMEI4E P, ultimum £ 23 o Gutterson et al (1
986) & 2| A —7& cosmid clone bank TR FE 4L i A 2 B E Bk h A BRI E RIE LA HEERT
Bk © 35 —cosmid clones ] #—7& transposon 5 (M & transposon B #{5 [ ABF A BB fR T » LA
VEES B HRESE (maker exchage) » FF#&ithin layer chromatography ¥ 2 HIE » B HELE R
SRR RRERE 7 B R E %  BER » PARBEAIIHEAEN T o SRS B AR
FURPRHBBALTMNERE - ARBFAREFERGERERER REHEIREIZE
w—FELL LR o

EERPIME
FIES PR ROMEY > FEERBRSTHAZBRYE (A0 - &> K> SRHMEE

FEEARNHMETR) MBHHRESAR - BFERNRH - APERRFREUBREREY >

By E Ao R EN B A IR SRR ETI AN R R PR ERCY

Bt B RS SR T AR S AR S M T- 1035 P T S8 N EE B 4 siderophores RITRAE VIR o
- $E £E W) T BE AE 1Y siderophores S 8 SRR IE RN E N EB M F RERBF EMREHN

(B9, GiaN%t F. oxysporumf. sp. lini 3 Gaeumannomyces graminis var. tritici H¥J8EF+ » ATRMA

B10 ik (AT E 4 siderophores) B pseudobactin (siderophores ) —H&) M A HIHE £ (2°) o BHR

- S I R R A B A S B AR D P Fet O 2R © Bakker et al '@ F A transposon

element 5% Pseudomonas putida <7 4 siderophores )% B Ik (sid) » I E HHIFEFIRE

SEREM LG > HEEEMERERHRAN + ES » M Ps. fluorescens iR IR G HIsid- L&

¥REE Ps. putida i) sid” 2 BEIMREL Ps. purida B AEEMRE A BIHERE B R RAR®) o h—HE Ry

— AR » 2K E Ps. putida ¥ sid- B EERE FF Ps. fluorescensHIE 4 K] siderophores » [

Fge(to) o
BRSO EABRE BB IERSE N T % » A ERERPREERSE L o FIA0F A

R LY E K —TBERTH K siderophores (TEBEEHFFIA®E) » HIFEEHI5 | AFEE TR

FARBAHHE » B R ER (genetic manipulation) RSB EFIMAWHINE D ERIEK - T

BEREIZ HOF A 3 h 4R W93 W siderophores(12:27) o

BEEERMZRE

M EERWE » BERSHIT > (B RAERYRR & LY ERIED G « KA
B B A YR & 4 B2 (M attraction, reconition%)EU%Eﬂﬁé*ﬂEift@Ziﬁ{itﬂ@ﬁ%(18'38) °
ERERERBIEWIER » Bl Howell 3588 Gliocladium virens#)# 27 £ &4 B Rhizoctionia solani
B R TERENRER ) (RS G. virens R 24K R E 2 Bi%St » 18514 % viridin 1 gliotoxin
AH) » BAFESEIER  BEEARERWBERFK  BHHRAERBRESN » (HHEFEFEKRA
BRBHARE c WRET G. virens B HEMER R B EYBTIGH F S o T — RIS
T B BB R  AEMPAR BRAFRI T 0 DURGE IR FRSME R H KA AR R M (20 HI1E A
EFAEMEM) » RHERAEDB AR 2 ke (1) o

54 e A NIRERE S BT (protoplast fusion) HIBHRE » thiR it T FERBEAELYIIE LHER
Bl4nStasz and Harman 34 T, harzianum FEAFE RS A& - R EK » BEEBRER
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559 P, ultimum BIRCE (42 o b A PP O HE A T A B RS A I i By e o T L T A
R I R B 4 o

B K #5547 (gene manipulation) TEBA A LAY FE

EVAEHME ZRER TR 2R EREPIANEE » HEEPERAER o EREIER M
F R R B AR B R SR T RE DRI ER > ARERE/EYEGE &R EEEEYR
BARMAEY (RERBEY ) FCERRGHBHREDD o EFXEPHEYERE S B EEECHE
(Erwinia herbicola) » EH L E kg 8UE ¥ BL KEE (Erwinia amylovora) NIHTEYE » H&H
B =487 (colonization) » Fi| & RS FEE T =42 D ERER =G E LT AMERNEKS »
355 538 26 15 11 B 7E FH IR T ERE NAIHIAERE (P o HRTHER M EEIH Rt B R IE A EERE
Pt » (BEMPHEAEREF R ELNEREEE ) » BEPEEE - BT - i - ECAERK
B+ » BESEANFEBRYERE

o &

EYIRFIGR NS » APESIREE - BHIMAY - FERRERGEESHER THAEEE
A > BT R HE B TT i FE B R B BRI R E AT A AR - LRIEEEWREEASED
BEERRBN 25 - RS HBEY RIETIMEY LR » THEREREWBREI R (11634 o
ECRBANVEMETMEYERAR A LIRS - EHREUMERBERREVARLS » THER
BAEEAM IR VNI TE B I B AE RB2E L RIBRRY » A BIIR A P05 1h SRS B 58 2 B SR A o

SR s VRSB EEEREARER - THERBER AN ENHRACBREFERS > #
IMATEERE AR ERE T BB ARRAE R EWERE » IR LR R RE L1
B EREATRES IHIEE o
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Development and Application of Biological Control on
Crop Disease Management

Cahur-Tsuen Lo

Department of plant pathology, Taiwan Agriculture Research Institute

Abstract

Biological control is an attractive alternative strategy for the control of crop diseases. It also
provides practices compatible with the goal of a sustainable agricultural system. Despite the many
definitions accorded biological control, it is a strategy for reducing disease incidence or severity by
direct or indirect manipulation of microorganisms. The principle may be eradication of protection,
depending on specific tactics involved in promoting biological control. According to evolving
concepts of biological control of plant pathogens, there are three main categories including (1) sup-
pressive soils, (2) organic amendments, and (3) introducing single microorganism in application and
development of biological control of crop diseases. Recently, we have gotten more data of the
mechanisms of biological control of plant pathogens and of ecology of pathogens and antagonists due
to introduced biotechnology. These results lead us to the successful biological control of crop diseases.
Taken most successful biological control cases together, the basic requirements of a successful system
of biological control of plant diseases of other pests are (a) effective biocontrol agnets, (b) production

and formulation methods that give rise to high yields of biomass consisting of appropriate efficacious
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propagules of high viability and stability, and (c) delivery systems that provide a conducive milieu and

minimize growth of competitive microflora.

Key words: biological control, crop disease management, delivery system, ecology of pathogen.
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BREBEMGAEMREHERE

BE A AR 1A ~ Tk - HEEE SR BRI - B R - BEEERZER
FEmE S BTEEFE S ER ~ (LF ~ AN ERERNSEEREYHE S ESENREYHE
RS o BEMRENHEIE (composting) B » A {H ] BRI 5 Jeny ¥4 - FEHHT
BB R EHEIR > REBIEME R EERIREN ST o Bt > BREBEY T HMB R M
BOR)RENE » WA R AEAF AR B B S S (F IR RSB A TE R E A BRIl o
HAOWBA LRGN ER  FRAACEEEREESZRERTE A QRERE
BEHERY  IFHSESNBEREYSRNHEERTUIRR | MHEERERICERT
TR SUEREEY » RBHEET - 21 EEFREENNHREGEEETEX
S BEH ST HE SRR » R AL T 2N SR EBRRIEREHRH
EEERHE o R > A E HERR 0T A S R EAE A T R A IS B AR (
Rhizoctonia solani AG-4 ) (SR o MEAE AR B EHRE R AREEBR =Y —1
HER AR SSC-05E » KRB FIERN0.1~0.5%(w/v)EE ] ~ fky ~ £ ~ ZRFHEE0.2
~1.0%(w/v)HI RN 1% » BB EEERY - FIURHEATH—2HE > TEERIHE
R TR R RR o ERWBERRINEIR » R L HBRII~5%(w/w) B S5 K
7o EREHEIE > TR R TR A RN B T RATEN N o HUTEHEESHERER
FEIEHE IR B IR SRR o EEPHE M REHE AR T B A R TE RS S AR iR B (Plasmodiophora
brassicae) > 74 ARSI B (Meloidogyne incognita )S815 [\ S & 5% B (Fusarium oxysporum f.
sp. niveum) %A [LHIFE o BT HBALBEVRE L TTALEEECHEREVIHRRE »
R B I T B T 87 ~ (LB RR R E M E S B RKS-H, SF-21, GSEEFB N-5A %
& £ R MY (formulated soil amendments) B(7E24~28°C » #if30~45 K B R i 2 7% CF-5
$CH-100% & B 5 B4 N7 (formulated organic adjuvants) © %5453 B8 & W MBI R R
BN T S-HESWEHEERE - B8 AR ~ RE - WREEEMBHSEHATR
AT DA#E RS B 1a PR IR B &% ~ SRS ¥ (F. oxysporum f. sp. raphani) ~ JNIEREIRE(
Pythium aphanidermatum) K ¥ 15898 (Sclerotium rolfsii) & o SF2LEEWEHMRE K
Hll ~ ERSE ~ BAVEE ~ BALSTEIRIEERS » WL R, solani, P. aphanidermatum 5
F. moniliforme var. subglutinans =75 |#27 RAFLETHEER o FBN-SAREVWZHAL -7
1~ I8~ ZE0F 0 - THERSE - BREAZCOBEAICHENGRSYSREaTR » REVIEHE
TIAEFI(R. solani) B ZE R (F. oxysporum f. sp. pisi )HIZLE o Ht4t » CF-5 Z2FBN-SARGY)
FEAK PR R EY) » CHB A B IR - BE AT BER IS S0ppm ) BB B EAHE
HIZRE o CH-100 2 S-HIBE S ~ HE Tk - BRI - S5 4& AR SRR BRE
45K BHIIRE ~ FRATA0.5%(v/v)EREFr 8 R EY » BAGEREL ~ #il - HEFEE
WEE o IREEL S M - HEHERESERENHERSE > WAINEERER( Venturia
carpophila) » K& ~ Z= FA¥3 %5 (Podosphaeria tridactyla )S3E 28859 (Puccinia allii Y& o B -
REREEEBREY NET DB ERGENRE » EERBEARNSESN MEETHEH
PR TEIIRE » EMHEEEENKERE -
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BT AR Ry AR A A BRE - HHETYISEESRMMENHEE ) EHE
A\E P Bk VS A S IR B 40 Rhizoctonia spp., Pythium spp.82 Fusarium spp.% » & 55 [ &M
WENERNIRRNSEE | QOBEREFLER  ERNHBEEERIFEYIIRS » R EHET &
PrEf 5 8 TS BGA HAF R (E BE AR RIVEB L | Q)RR A LEEE - 5 HHRR
b BERBKHT | (OEBBEREACAERLHEBERN  ERBEREE | 6) HREREMEME
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B o Kt » EEHLMERERGANHSEEEBEYHRRE S EEE - TAEHARA 1
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GSHCFSZRAY(F—HET)  c BEARNMEHFMEENEEXELL » IFEHNHREEN
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25 BRI TR, (S e T BB § (3)7E 1822 B P R R AR 07T SR 5 R B B I 4
EVIRE | (HETERN BRI EIEYREERER | MR ESHNEERIYY
BIEYRENET - HRE LR EBREETHBEEAFREYAE BB ESEY B R EEETAE
HIEIED £ TR LERS » RIIEFR A E KR INYI AT - FE S £ B 2 R v 08 & By 3
TR > FREGEA o BB AZ WBERIE - SHERN T UREHNRE S KOS
HERES > FERBH M B R RHMETH L FE KD EEEIS~60%(w/w)tk » 18— BiFHEH
HERRELRRE » THERB ARNEE HAMYEY - EEGERREE N2 LREHEILHHE
R AR FESE R EE MY  BRTEANEUEREICR T TER R
% HEFZHEYE U THERRE AERERERMEBREE - BR - REBREEMHREY
S ENFEEHRERNEEDRFMYNEELSER
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Table 1. Ingredients of seven formulated products for control of soilborne plant pathogens

Designation

Disease

controlled

Ingredients

Reference

S-H mixture

SF-21 mixture

LT mixture

AR-3 mixture

CH-1 mixture

GS mixture

CF-5 liquid

Several diseases
(see Table 2)

Damping-off
of slash pine

Parasitic nematodes

of citrus

Southern blight
of lily

Bacterial wilt

of tomato

Pythium pod rot

Rhizoctonia blight

of kale and peas

4 kg bagasse, 84 kg rice husks, 42.5 kg
oyster shell powder, 82.5 kg urea, 10 kg
potassium nitrate, 132 kg calcium

superphosphate and 605 kg mineral ash.

150 kg aluminum sulfate, 25 kg potassium
chloride, 30 kg calcium chloride, 10 kg
triple superphosphate, 35 kg ammonium
sulfate, 750 kg milled pine bark, and

750 L glycerine (10%).

40 kg shrimp/crab shell meal, 40 kg castor
pomace, 10 kg marine algae powder, 5 kg

soybean meal and 5 kg molasses.

35 kg cattle manure, 10 kg chaff, 10 kg
crab shell meal, 5 kg urea, 3 kg calcium
superphosphate, 1 kg potassium chloride
and 36 kg mineral ash.

30 kg castor pomace, 20 kg crab meal,
10 kg bone meal, 36 kg mineral ash, 2 kg
ammonium sulfate, 0.8 kg glycerol and
1.2 kg L-valine.

4 kg gypsum, 15 kg rice husks,8.5kg
sulfur, 7 kg oyster shell powder, 6.5 kg
dry fish meal, 4 kg tobacco grounds and
5 kg complex fertilizer No.43.*

25 kg dry fish meal, 20 kg waste mushroom
manure, 5 kg oyster shell powder, 1 kg

sugar, 30 kg lime and 240 L water fermented

at 24-28 C for 1 month and then
mixed with 10% (v/v) allyl alcohol.

30,23

27

23

17,18

Huang & Yang
(unpublished)

* Complex fertilizer No. 43 is a product of the Taiwan Fertilizer Company containing N,P,K, and Mg.

(25)
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Table 2. Control of soilborne vegetable crop diseases by amendment of soil with S-H mixture in fields

(Huang, 1991)

Disease incidence (%)

Crop Disease name (pathogen)
Amended Nonamended

Chinese cabbage Clubroot 1.6 b* 46.0 a
(Plasmodiophora brassicae)

Cucumber Damping-off 13.0 b 89.0 a
(Pythium aphanidermatum)

Watermelon Wilt 32.1b 81.5 a
(Fusarium oxysporum f. sp. niveum)

Radish Wilt, yellows 20.0 b 58.3 a
(F. oxysporum f.sp. raphani)

Pea Wilt , 46.0 b 76.0 a
(F. oxysporum {f. sp. pisi)

Pepper Southern blight
(Sclerotium rolfsii) 0.6 b 11.7 a

Bean Rhizoctonia blight
(Rhizoctonia solani) 1.2 b 14.5 a

* Means followed by different letters are significantly different (P<0.05). (Student’s t-test).

8 8 RIS R fE R T a R E

15428 B R AR NS B SRR > T DU R H IR AE MRS SRR - AFEFEEY
FEEZERREEFYMES - —REZ  EEEONERGRIIBFINY S » ESEWEL LK
HHY) R Y FIEMNE SIS e R BRI R R BRI AR AT ER - 4
R SSC-06 M8 » BEBAZEBREAIEFRINFIY ~ BERY - RICEREMERN ETK
AR » R EN B HE SR B (Rhizoctonia solani AG-4 YWIREA » ERNEAREMEDIE
BEEBSL I EIRE R BRI T R AR - REEEEEL R. solani AG-4 £FH
W A INBRUBESERD RIS NNEYE » TEIEVTREERS — o EHEH
Hges-H #SF-2 1 R IR &b R Es » FEMBEIENOREZ TIER THRERANER
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Prospects for Use of Agricultural Wastes for
Control of Crop Diseases

Jenn-Wen Huang

Department of Plant Pathology, National Chung Hsing University

Abstract

Agricultural wastes such as rice straw, rice hull, peanut husk, corn cob, bagasse, rape-seed
pomace, castor seed pomace, tree bark, mushroom growth medium waste and shrimp shell powder are
widely used in land reclamation and in production of horticultural crops. They benefit crop production
by improving soil fertility, increasing soil organic matter and, in many instances, reducing the
incidence of soilborne diseases. Several container media and organic adjuvants, e.g. SSC-06, S-H, SF
-21, LT, AR-3, CH-1, GS and FBN-5A mixtures have been formulated by using agricultural wastes and
fertilizers for the management of crop diseases in Taiwan. Most of the formulated products were
designed to maximize the harmful effect on target pathogens and maintain soil fertility with minimal
negative impacts on the agroecosystem. The mechanisms by which container media and soil
amendments affect plant pathogens can be simple or complex depending on the amendments and the
pathogen. In some cases, control is achieved by direct killing of the pathogen propagules, in other
cases, disease suppression is the result of a combination of multiple factors, including direct poisoning

of the pathogen and indirect effects by enhanced microbial activity and improved vigor of plants.

Key words: agricultural wastes, organic farming, sustainable agriculture.
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HEFERS  HERERSHYZEA o 2818305 AR ZEBIEY (Opuntia
vulgaris ) Z [fia o BT » ZHROCEH=T6E— TS EEY L& o sTEIIAZE
(Opuntia spp.) ~ Hypericum perforatum > Chondrilla juncea ~ Salvinia molesta 4R
(Eichhornia crassipes) ~ 3§ %.( Ambrosia artemisiifolia) Z ik » HBRINZ B - £
MERRECBI DIF A EE S 1970 ERH - BERFMHRBER - CHZHIEY K107TH
B (taxa) 2 BB Re7TIEMY) o EEAREE > BETYIRRE-EY MG - Alternaria
cassiae (CASST)-Cassia obtusifolia ~ Cephalosporium diospyri-Diospyros virginiana >

Colletotrichum cocodes (Velgo)- Abutilon theophrasti ~ Colletotrichum gloeosporioides f.
sp. aeschynomene (Collego)- Aeschynomene virginica ~ Colletotrichum goeosporiodes f.
sp. clidemiae-Clidemia hirta ~ Colletotrichum goleosporiodes f. sp. cuscutae (&R —5%)
-Cuscuta spp. ~ Colletotrichum gloeosporioides f.sp. malvae (BioMal)- Malva pusilla »

Fusarium oxysporum var. orthoceras-Orobanche spp. > Phytoph!hora\ citrophthora
(DeVine)- Morrenia odorata ° S5 AV A7 B HER » —ELIZE ~ 3~ BAF SR
BEO O IFHUEREFEESE  HMIHEOREE  £28 - IHRE&
(Neochetina spp.) Bita/K £ S AR L SHERZS R - £VIHHBREERGEH
(integrate weed management) N iR 2 —8 » HBERKFAA » TREERTHEEK
BB BERSE o B SRR A S E » A YINEBH TGS 0 BRI R
=

RASEE | M= - WG o
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RHE . BERFSETIERESHPHESER0RT » B0t » ARTFENERELZ R »

BEP S ERYAE o ERFRFEZERENE LCEM  BREBRNITERERIR
FRRBBBEE AR - ot E - LEAREERIIIGE o B L WITE
WITH  HEAYME  PHAEYHE  HEERER | SEERKERIRREX
M2 e o EEEY  RENEHLNE ) G E o EHDRERBREE - FE
EE e ~ fFBRE T 5 IR - B R RRZ IR o A EREIR SAE
TR AR BN o SR RER ~ MRRTAERRIE R EEEMZ -
KHE ° Hotho %Uﬁﬁ%%%ﬁ&ﬂ‘] ERFERETRANREEE M ¥R
NFROER | BEASERWEH  REHEEHEIEUER RN R BEEN
ISR o X HERSER THEE B RREECBERRNREL LY
LEE KB ARSCPES R ©

R R PG > EEh e

[l

Al

1R RS B (Baculovirus) BEE LR IE B E ~ W E - BHHERBHESIHGERCD ES
60082 TERR AR TR R R (42) o BLHARRE B Bl (Baculoviridae) #: 57 5 = {E 5 4H (subgroup):A % % A
B4 %% & (nuclear polyhedrosis virus, NPV) » B. A #8% 5 (Granulosis virus, GV)# C.IE &S » 7
4R #%5% 5 (nonocluded, rod-shaped virus, NOV)(*3) o ffiiFrancki er al. (21 #&57 — T A B EAZAR
&Rl (Eubaculovirinae) » &5 = EF4H B E B AR RE F 55 FH(Nudibaculovirinae) H 9 » NPV [B5
7 AR EEM (envelope) 2 %75 8 (nucleocapsid) & S E M & 7 A R E LR - BB KB L Ain
F (single nuclecocapsid NPV, SNPV) » LI B % A 88K & (Bombyx mori NPV)RIEHERE | Z1ZK
# 1% % 4 8 9% 3 (multiple nucleocapsid NPV, MNPV) » LUiN I & 78 R # 8% NPV (Aurographa
californica NPV) BiE¥ME c GVBR SIS —BES —EEKRE » Bt —ERZFH T
(viron) » VEEERMERRIMELL E » DIEIE#RER GV (Plodia interpunctella GV)EBIEHERE o
BERFES - EEESE AR TECKE » D E K& 8 %88 K & (Heliothis zea
nonocluded virus, NOB) B 1Z#EFH o

AR ESINAR  EREREGRG TEME o HERR SN FRBRSRBECERE -
YL h g ARG - BRI B AR E A MR o R ETEE i MR g TE » MR AR
ZF R R I A A RSB o (Ll HES1H% B (extracellular virus, ECV) » ZEMWEHIER » &
RBGRBEMBE » WHSHHHE - 552 MIEEMHRMES BEREMEL + ZEMMRINEEZEM ©
FERRYL IR B » SRR T I TS (T A 0 1899 8 (occluded virus, OV) » £ 38 5% BLER AT R
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(68) o fRR P 27 F W Z FF R E > FEBARTBEERIITIR » IR R & ZAERE 3 > AR
EAAERERS | IEIGEE » BIERPAZBERTE  FAIREEIE R it 57 R ik 2R
VYRS % E S RIE RO TEIAMAEE > BRI  MVNIRAUE - BOR £ > HE RIS
67) o T N A[MKIRE BIETEN N » TR ARRAES ARG ES - B4 > EHERAS
ZIRFIR T » FAPIR AT o BB S A B R R E RO b T AR R R 1 o

LUAR AR 175 8 3R By 0 3 22 A SRR

4 HEER A E— A W — i A R R R AT AR R RIS B 0 r B K R 5 ER A IRES Y
SER RSN ER  WHEE F2H r HEKKEE( 1K continum)1190) o IREEEM R > F
BASH T ESH K EHE r-KFY(r-K intermediate) * T ERRHESETBENRE
TN EEEREFEBREHATEES - el > B/ BEERM  EME—ERBRDHE
EE, —BEAERILEURIGEEE/RARERE ) AR KES - REFEERERESD
HEEFEREMNRAERZBEARTEORRZH » DURHETEE RRNEREE » FE BT
#EE b —REBEA > HRKE > BT 5BE  HRBBEEE /) » HE B L fF
/NGB FEBGRLAR (21 o ANRERRIRE S 7E r K HEFTRMAIE » IERERET CHEN - meEE
FIERFE A ARG » TIREE A BMLUR R EE &1 o

AT R R TR

B VAR SEAY ISR TEART T 2 SR - FR— 7 R ARG - PR EIBALS - QIR T TR BEM TR
HIEES » B ARBBIETAGE - Fr AR BN AR —ERES - RITRRZENE A
F# RAVEREE » A2 ST mER P EERFERBEEEL T - RS EAIERREFRRE LY
&> BENTERZRESENRERBEFERTFBREN » BFFZ2EHET - HESRS ZIBHK
IV HEE - ERESRSIENES » GRS ENEE » SURH T SRS E o e
RBEFCAAES  MEERCHRARRE  WRERIRIM FOCHEIMETIEL o ZERFEIT -
FATER TR L » EEXARNABOBR % » gMBTTY) - F2EREHH TN
(Lymantria ninayi ) TEFERRAZ BERFHER - RIBATXF BN E LR M RE - ik
TERRACEARISH IR h a0 & PR RIS 8 » BITTIREMIRELT » RIFEREREILT » RENAEE RO ST
TERBEAT » BIERDIE1955 o

R EWBEA

BERZF % B SRS HEE A ITIER - §BEMIRGEE ERRE » BT8R RAUSHEBEY
F3# > BRI EGHIRIEIR » MR B YBRIAE] o AR EALHE A EEYE( Gilpinia hercyniae
VG % AR R S T HI R RS - AR — AR AIEIF o TE1938F A M5 | AL —F LT A
BES > - RENEAZEFHFAREUMNEL T AR ZREED » ERCRER B RBU
FEHTZRFH o HRABEHTHETE1970EE 1973 FHELEATEE R » FE TR AR
HEWRITER » <& REHEE(S 0% 1 E8) KK EN AR EE S mEeER - 18
TSR E BIEF @ BT R > A EWZFEORBAERZERT » AeE T R L EE
19) o



FI R REDA G (R E 5 163

£~ WHNAF R Er- KBRS BRI

Table 1. Routes of virus intervention in relation to host r-K selection

Route of Pest r r-K intermediate K
intervention strategy
Epizootic prediction unlikely valuable in unlikely

plantation crops

Classical biological control unlikely occasionally valuable unlikely
Semi-classical biological unlikely occasionally valuable valuable
control
Virus resource mamagement valuable in pasture  valuable in pasture, unlikely
and forage crops forage and plantation
crops
Parasite and Predator support  possibly valuable possible valuable unlikely
Autodissemination additive value additive valuable valuable
Early introductions possibly valuable possibly valuable unlikely
Lattice introductions unlikely valuable occasionally
valuable
Single unlikely valuable sometimes
Sprays 1{ valuable
Multiple often essential occasionally necessary sometimes
essential
FEBEMLA

Py A A B EH KRG CEIERFESEEENEN » HE T EFEE
HIE BIHVAIRR » M MRS B o =AY E A S (Orycetes rhinoceros) 5 7]\l 2
WIRE 0 FE1967TFEBBRBHEASBENFE % BEHEZHE BT T H2% » B
YUk 5 R BEE]30-50% 05 » AR TR » FE1975FEBERRUR % - BnZeRcBERE
&K HEBERRD A0 o

RERRER

FHfTEHESNREREERPNTERG WA TEREERL - LERETHRE
BRI I AL [ S G R R T R IR EE > (EMPE RIS » BIRIBIER( Wiseana spp.) IRAE L3R
BOF FREHE  RRMES ABBENRTERGRE > ASZRSRER LB L®O
41 FYRRIIERENE AR ANERIRESEEIERK - HER TR HE P
TR B RN IR AR | LR R R RO LB ERL - R EIROUREIRE - &
HIERE TR - RS F RIFAEN AR BEZEECY -

BEMMFEERBZ B



164 [ R o

HESR I AR A4 1 KRS B (B SOt g R8N T8 - ([EH LR TR W RBRAF R ERAL ©
RS B TG B I MR B B AR T KRB 1Y N (3R ) © FERALINAS IR (Lyphyroplectus
oblongopunctatus) 2 LK% % AR BRE » B 100 & FREBUMPAZEEE ( Neodiprion sertifer)i 2. —
B SIREET - BEE RO LRLEER (10 o

HARRE MRS SHEEE Y - EEENEREENRE » TREMREREZIE
SETTETE » e mP A XEISEpHES T HEFIMIECH(ERS) » SIALBES ARRES
Y7 B M AE R (Podisus maculiventris) PHEBEMEES » A FEE R Trichoplusia ni)ZIREE TE
DK KT » TEEERZIEHE » FrREA 4MREREYRO) o

£ BEEPEREENFEERSAT)

Table 2. Parasitoids transmitting baculovirus

Oder Family Nos. of species

Hymenoptera Braconidae 7
Encyrtidae 1
Ichneumonidae 2

Diptera Tachinidae 4

#£= - EREERETEERHERSR (D

Table 3. Survival of infectivity of bacuboviruses following passage through animal gut.

Class Other Numbers
Families species
Insecta Orthoptera 1 2
Hemiptera 2 3
Diptera 1 2
Coleoptera 2 2
Arachnida Opiliones (Phalangida) 1 1
Vertebrata Aves 13 27
Mammalia 7 9
Total 27 46

EEIREES

BB LR SR A FESER S > RS RENEEZSEENRE(EM) - HEE
REE LT ERASEIINA » TTAMTHEASE - £/ AP HEE 2 MR A8 &
EHEES o RANELENERY  SRBERLT - EASSEZIIFLEEERASEFERK
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AT > RS SSRGS - e R SARE ) - ERETE EHF K ERRE
AR RSBBR —EEENRES TRCY » RSB EN LERRERE » TTEFILE —HE
FIBEEECTS) > ol > MERREIIAS IR AR S TRE®) o

R E I EENENE » JRAIEHRIRENFE » BRLU10 1 URFRISIIL 10 B REREK T » 1 &R
BEER A 10mlZ 10% 5 k0 » ARG 1,000 E R 8 o fERE — 2% > ERNEHEIECHDZ
B (FH A AHEHERED) o Young "M {EH R EINEES & Tongatapu 5 » EASBFFEBERIR
450 H » AI{ERE30 B4l o i— BT K » RS LB F SRE P EAE 0 REBEATFER
BRI SR EES HE® o

F2VY~ REEBEREARE (1Y)

Table 4. Autodissemination of viruses by adult insects

Host Virus Method virus carriage
Oryctes rhinoceros BV subgroup C Infected adult gut
Neodiprion swainei NPV Infected adult gut
Trchoplusia ni NPV feeding NPV in sucrose
Hyphantria cunea NPV dusting
Heliothis spp. NPV dusting wild adults in/
off light traps
Colias philodice eurytheme NPV
} virus paste on female
Pieris brassicae GV genital armature
RS ERE

B RTE R — B AR AT - IR —RVI0EE - HEEBIEEYERRHZE o )t
REgst R BB E LML — B r K FHAKERSN r WO EFLR > BBENEE
19) o BUANK HEERAERT - BALS ABBISR » 1E84 RITURIARM » §E6195% < Bt R RA

33) o

7 EE

BRIELATHETE AT AR » 25 ARRIERREE 5 | ARGE R S 12 R BT e B IR -
R RBRIBERET E » ARAREIIAFRE o HETEXFIA - SFETENHEEEHE » 7L
MM B B [ AR IR A RS B I AUS) o

EFRABEER

BRmEE S BB LY ERATR » BEERRERITEEREIINAITHE % o ZIHATR L
A3 FER A IFE B - EHA Elear MR BRR(EINY o FHELAPRMAE R
HERBUNEMAELE - FMBHEAFSRAHIRERR  HEABRMHERE - KEREFR
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Table 5. Viral products which have been commercialised and their target pests

Viral Product Producer Status Target pest(s)
1. Adoxohyes orana GV
Capex Andermatt Biocontrol, S A. orana
Switzerland
2. Agrotis segetum GV
Virin-OS NPO Vector, Russia R A. segetum
Agrovir - Denmark RN A. segetum
3. Anticarsia gemmatalis NPV
Polygen Agroggen S/A Biol Ag, Brazil R A. gemmatalis
Multigen S Diatreae saccaralis,
A. gemmatalis
4. Autographa californica NPV
VPN 80 Agricola El Sol, Guatemala R A. californica,
Trichoplusia ni,
Bucculatrix thuberiella,
Pseudoplusia includens,
Estigmene acrea,
Plutella xylostella,
Spodoptera exigua
5. Cydia pomonella GV
Madex Andermatt Biocontrol, R C. pomonella
Switzerland
Granupom Hoechst, Germany R C. pomonella
Carpovirusine Calliope, France S C. pomonella
Decyde MicroGeneSys,USA S C. pomonella
Virin-Gyap NPO Vector, Russia R C. pomonella
6. Heliothis armigera NPV
Virin KhS NPO Vector, Russia R Heliothis spp.
78-3 - Mainland China R Heliothis spp.
7. Heliothis zea NPV
Elcar Sandoz, USA w Heliothis spp.
8. Hyphantria cunea NPV + GV
Virin ABB NPO Vector, Russia R H. cunea
9. Lymantria dispar NPV
Gypcheck USDA Forest Service R* L. dispar
Virin-ENSH NPO Vector, Russia R L. dispar
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Table 5. continued

Viral Product Producer Status ~ Target pest(s)

10. Malacosoma neustria NPV
Virin KSh NPO Vector, Russia R M.neustria

11. Mamestra brassicae NPV
Mamestrin Calliope, France S M. brassicae, Heliothis spp

Virin-EKS NPO Vector, Russia R Spodoptera spp.

12. Neodiprion sertifer NPV

Monisarmiovirus Kemira, Finland R N. sertifer

Virox Oxford Virology, UK R N. sertifer
Preserve MicroGeneSys,USA N N. sertifer
Neocheck-S USDA Forest Service R*  N.sertifer
Virin-Diprion NPO Vector, Russia R N. sertifer

13. Neodiprion lecontei NPV . .
Lecontvirus Canadian Forestry Service R N. lecontei
14. Orgyia pseudotsugata NPV
TM Biocontrol-1USDA Forest Service
Virtuss Canadian Forestry Service

R* O. pseudotsugata
O. pseudotsugata

15. Pieris rapae GV R P
PrGV(W1-78) - Mainland China - rapae
16. PI
utella xylostella GV . . R P. xylostella
PxGV - Mainland China
17. Spodoptera exigua NPV
Spod-X IPO-DLO, Netherlands
Crop Genetics
International, USA

R S. exigua
R Spodoptera spp.

18. Spodoptera littoralis NPV S S littoralis
Spodopterin Calliope, France

19. Spodoptera sunia NPV R S. sunia, S. exigua
VPN 82 Agricola El Sol, Guatemala

20. Stilpnotia salicia NPV S S salicis
Virin LS NPO Vector, Russia

* Products produced and used by goverment agency and, therefore, not commercially available.

R = registered, S = pre-registration, RN = registration not requested, W = withdrawn.



168 O£

a

R RESIHHBEMEE - ENTHREE o 4 » TEREMRERRMOMNEAF TR EETEE
PR (LB RSB o FEHEN THREWBEREGEN L » SEH ALY RBIFENE
HERFEED o

BHMESUNSE L EEE » KHFF & (Malacosoma neustria) ° BXMNPAZERE » STUEM B (N
lecontei) » TEHENMA IR ( Orgyia pseudotsugata) » BHM( Stilpnotia salici) FIRELI B Z G A E K
BB EE T EFTI e o BEREE LR (Cydia pomonella) L FERI BEIR FE(CpG V) BHiEHF » H RIFHAR »
MR RR L - HERERRBE(RA) °

FA ~ FEVSTE RIS A — 5 5 A LAE DACpG vV B {1 S8 2 i 1 2 A SR e (i 2 B Y2 2K
RS
Table 6. Efficacy of the codling moth granulosis virus (CpGV) during 9 years on an experimental

field near Heidelberg in comparison to conventional chemical insecticide treatments

Year % Reduction of codling moth damage
CpGV insecticides

1974 76.7 -

1975 78.3 80.5
1976 46.0 39.6
1977 76.5 94. 8
1978 87.0 99.0
1979 90.3 98.5
1980 58.1 80.7
1981 58.5 90. 1
1982 87.0 99.2

BT SR OIRE B RERS R EREEE » MR RERMZERE » LM
BT IR EAE S B o B AT DRRASEHLEA CpGV B a8 Rk LR E T A
[E#3#4 (gusathion, MS) 5K BIIEE V5% - RERCpGVEMEATHERLE LABNERBERL
BEEEES Y —  BRERKESERA  MLSEHRENERE  HEFZIRENEE K
AT B 0 A 0O AR Mt — E AN GE A AR (R b)) o

HaicpGViH =M K EREEM » BERMERE & BT (pre-registration) AR » 7] DIGe
RERSATEREE » BLTRISTOE 3R R R (1) o

1993 4E H E W iR 1% % A 8875 %5 (Mamestra brassicae, NPV) Calliope 7 5] LA Mamestrin < & it 4
EERER L FREEEE L BRI o @A AR EIEMBERTE Lo F& » SR AR
B LERCHE BEYARERI4AE=THESHAEHEERE - T AEMFRSE °
NEREF 5 AFHAEEREAEIOPPIB L BIE o WEMEESHEINM 87 XKFHA X »
RE SR EUR » B YT SIS EBRERTEME R © Calliope 55 —E fh Spodopterin HIE
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SR VATE S I 3t 5 A 1 FE AR A LB M VG IR TR ( Spodioptera littoralis) © BFAE 4 RFHHYE
AR R EAE103PIB o TZEBRIN IR A FAB5 1618 % T2 Spodoptera sp. %)

5~ LICpGV SRE AR T B R 55 Fr FERM IS s ().
Table 7. Comparative effect of codling moth granulosis virus (CpGV) and Gusathion MS treatments

on the abundance of red spider mites (Panonychus ulmi) on apple leaves

Sampling date Treatment Mites per leaf*

02. 08. 1982 CpGV 29
Gusathion 3142

11. 08. 1982 CpGV 13
Gusathion 2251

* Average number of eggs, larvae and adults
BIRKRERBURCEE

PR R PR AR » AL EEZ BRI » FERER - AHPEE - T
HEBRZRE o BT aTEE HERIES R - FF BEENRS R DRt - WaEs
R TR2EsE WA EIRET 2 R RBIE 7 o » REEHIRR SR REIR

BIRRRBEZER LIRSS

LTEERESEREPRANESER AR WES > B SRAEOEERBERRASER
E®ECBHEE  BAEEEEERARBTVERSM o TRENERBEERCHENFSE
MBS B SN » 3B R JHETH R (FIFRTA 88 3%, diuretic hormone) B(%#f& (prothoracicotropic
hormone | M{L7ii8I%% » eclosion hormone; allatostatin, allatotropin) < FERKTI IS¢ » BEEBE
4 R (F BT SEESR | juvenile hormone esterase ; %% T/ E§ » chitinase) © HAAYEIEEK
Y B ST R R 1S R EWER /I (Bacillus thuringiensis ) S8 SR R & o EHE
KEEY » EREEREESREUEKERER  TERANAH  SERHERFIRE K
HREETRFZENRERSE/~ 1) °

£\~ ERFERQCEREELEAFAEIAHESR BELERER

Table 8. Engineered baculovirus producing insect-specific hormones, enzymes, proteins

Recombinant Intrinsic Effect on insect Reference

expressing effect

Diuretic hormone water balance 20% reduction in LT50 39

Heliothis virescens regulates molt decrease weight gain
juvenile hormone 24
esterase

Manduca sexta eclosin none 16
eclosin hormone

Maize mitoch 35
protein URF13 male sterility toxic to insects

in plants
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Table 9. Engineered baculoviruses producing insecticidal toxin genes

Recombinant expressing intrinsic effect effect on insect Reference
Butheus eupus toxin paralysis none 10
Androctonus australis paralysis 20% reduction in LT50, 57
toxin

reduced feeding,reduced 7

feeding and damage

of leaves
Pyremotes tritici toxin paralysis toxic to insects 65
Btk J -endotoxin midgut paralysis none 45
Bta crylA (b) midgut paralysis none 41
Btm cryIVD midgut paralysis none 53

A ESCERZ G INEN AR © % —(EHH #1548 F (Buthus cupcus)%?%@ﬁ"]ﬁ
SEHE EANSEET TSR TENOEEED c R NIESHEERSMEATER
BEABRAE > EHMENESOEHEMBEASREENERBEEMEE) « HETEM
B IRy o 4T 1 2 3 7E G 4R AU A FL RS > 6 REEIE I EL AR BAVE M © Pang er al ¥ crylVD
FLRE A AcNPV » BEEEAERI S FHER » IMENERR o HHIREEFRERC?) kB EES
#4( Heliothis virescens ) S BB FEBECYOEATEHERFE Y » FHEHNBREHELE - HF
FRACEFN > BHEFHEIN  EEARHEFEROAMEE o

FIFAE R RS E A » 82K 8 & 8 A 8 & F 55 48 (Androctonus austalis )7 1
(Pyemotes tritici )8 Z iR ERER » FHEAMERN » AIREOHIEN - HEHBIWERE
AR > R HE » AR R REEEENRD - BA—(EFEENEREEHE
R o lERZ NS LR HESRER > WAZBRRNENPVA » WKREHRFS
AR R > BHZRER » EoKTER(Heliothis armigera) FE & » ZRBRYZ S8 » 2-3 KB
BRI » AR BHIEC > ERERYERBZEE HENREET o X » Wood et al. (69
F:Hughes et al. 29 FRIGHIk B R EE A ACMNPV ZE R A o Filf EKAILRHEE H URFI3
HEE > CEMEA FDREHAHREECY - HERREERMENRARFEELWEHE
EHTME

2LRBERECERBARBEE
R ¥ NPV (Spodoptera litura NPV, SLNPV) % KL T B # ZR A NPV(S. exigua NPV,
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SeNPV) DNA BamHI Y] B A SRR B 4) 8 - —ERBUEREIMME - #1E SE-1 #lliE -
MavT iy » BRI ER S T/ESE- 1l LR EE A » HUHEIER) % A8 70 7l ER BT FH 22
IR BRI S S8 - S —E®RIEL » 2R HERREER o SRAFESE- 141 L
BRI EEELRBE  FEHEERATHWEMRE o S EREBNPVIEFR T HBHIT R
NPV DNA EcoRI YJF B¢B YL SE- 10 » IE % AR EREIRHIR A 4 &% » — BRI &0
2 FESE- 1§l » EHE MR » FRIESE- 1l L &R B0 7R SEAEESE- 1l R EEHA » 15
BIH % B R R RIR B Y& - REE T H FHEEAN ~ BEMEHRFS o
EMARBEAGER

ETE RS % AR S ACMNPV &F — #9157k DaH 506 {8 A E R IR (RIiR 2 3%
KEEEE PR H B —pE LTSRS » ecdysteroid UDP-glucosyl-transferase) Zegt Z£K © egt ZFTE
AcMNPV B4 83 88 R iU R 0] [(H - S &0 iR AL - (2R T E B RIETE o EMER egt 2R
ZBEEMNERSEERBE Y » PBR egtMbRE & e fE R L » TLRREF 4 TR
BN AR CEREREERRD » JECIRIERTES) o 5 egt HRIMIER - P AFTH R F
TH8R 5 (AaIT) H RS vEGTDEL-AaIT AcNPV » 4B - BE X EER S H 8 E
S » BREWNWEYER - HAMERAFREERTE > BEEXBEREZFHNEEDRM AR

(54) o

REEAEFZHE

Lowe and Pascke 37:3%) 2% NPVHIGV X IR S EHR R EHR RII1EA o NPV-GVZIREHEH
F48& ( Hyphantria cunea ) FIZ<IE# 3 8 ( Adoxophyes orana )03V JRE B Z #5 5 © Tanada (6961
1 HNPVRIGV ¥ —BYkG 84 (Pseudaletia unipuncta ) H W 71 B8 £ (synergistic association) © 554t » ¥}
HALBE B B B BN » R > KEF(P. separata) K. Xestia C-nigrum J3E R {AEY 165 77 B
17(13.22,32,58) o

Tanada and Hukuhara (%) B GV & BB MM S - WHEREEOE » REEHE NPV
&Y o % SR F (synergistic factor, SyF) L FEAL#8 DA gel filtration 1 hydroxylapatite column
chromatography 5B 12k (25:63) o 3 HIRF » FRFESZMEIEHEH (lipoprotein) 24> FRF598
kDa G6:72.76) » G HRFRIMMEAEE S EED » BGVIBEN RS » HHK
MHEERBAENBAETEBERESEAMPEZ AT o 257 TR FEAER - 7R P s R
FHL T (viron) B B RT3 06 » (K757 R T oh G A B A s & BE R ELBIAN 7 (30-66.73) o
FEF IR 58 NPVAE SRS H MR 2 Aot RG0S » HFERTEHMERE RS M
EOV MR S EER S G079 » 534 » B#SGHE (entomopoxvirus, EPV)HI NPV
INEW T MHESER © EPV Z BRARE B (spheroid) RESIGFENPY BERE 82 40 83 Y e » G358 R F
(enhancing factor, EF) 555> F & 38kDa fEE H (707D o

BB 2 U

A LR R R SR R R R H A ST » HEESH - HEMESR A
%~ AMEENVRESEESUE - BECHAERIRERE  IFEREH » K EIRKIEE
AR E RN — 5 AR EMEVEE(L o AI7ELSREME T BUSE IR o W7 BAREM LT
AISE - KR H B E XA s BSR4 )75 1 o RS HIET R BB SRS L et - EEE
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R SR A TE A o KRB A S 1 A YE TS BRI T % o BIREREE T RA
Ve BIELE 1 -STAEEAREER ERINIEL o R » BT ENBEHIKANE » WEET
Gegmie e S MR R 2 B e REETHEET o IR EIEH BRF B EAFR
B > R ER S MEDNER o HFSE R BB T R IMAEEER » REREREEEL
o 7EHEFH 2 BT A SRENE HAEE o {2 Sandoz PESIIE TR R ALBIRR St o RIFEMIEHERTE R
B F7E R EETE E SLEREE (S ~ $B5LHE ~ pHARRRPIE(D) o

B AR W R 4RIR MNPV B ch R LB LR - HRAEZE S I A BARRA SN © L
Loa I e B S SRS B R A B o EAVB AR R S HEFENE S R
Bz (ISR B AE AL % 2 S5tk » 7 EIR NPV B /U 5 I Z LCS0 %4 400-1,000
f o [BYEHIE IR E A2 o 44 » FHZSFEHR NPVIETR I Bivert, Agral90sNu-film % &
% BATH SRR o ELIQWISA BEIRAER - 15 P i o G I PURE SR S AR A TR R 2R R NPV R
R REHHR G o TV S RHITR I NPV A B & SR IR R () o

S {E e R S Y T s R A B A YR A E EC R S o MIIAR T H BRE
B (LERABIRS » MR SERENRE - FRCEEABR TG RAREY  HHES
BRI o HM R EER AR > FiEEANAKENEE o ERREEINREIIR
(BB 2 3 R AE R SR A RTEY 2 185 » BT Bbkdt - MIIIRRIMAI AR B EETR « BE
ERERETGIIEY) - IR I BT BRI I AR < BB WA H b - AIREE R0
g E S Y R EE R - R B BTN » EEEE— SR R o

BEAENREMCERBRRRTS

FELUR 6 2 7 1 SRR 5] B K B A B AR SR FE O R R E B R E AT A - HZ 2R T
AR ECY) » HEBARRIEFEERED AR  RELRWLRME ° FRT AcMNPV
PRI S A AR 5 BB B ( Syngapha falcifera multiple nuclear poly hedrosis Virus, SFAMNPV
Yok o e S BORRIR T B (R B — S SO R SR o HEEEN T T REHFMEY - YA
ERmEMEYESRIEA IR 4 B | 2 f& K (ecological hazard) © BB E TIRd0E
BT EBHEEELER AR EREARDET EHEZHEY | KERRRSERABRI
B H A A RS | REERAY MER T ES LAY T EERFE » FRIRASRERC T
BEMEE o L ELAR T BERITE R IR 8 TR SCE R MARINE B R R E BN EERIF AR RS (i
FERZEROT) o

I T A UGS R 0 HTERIE HE AR E Y - DRSS - BRI IREELAR
VER » (BEBE 2N » MRAEFERUUER T MRS » ERERREERE - TAR BN
FE o WAMRD ERS < AV EEEI S RIFH A% > A-EREER Llfy B o

o E S S A AR RS DT A R £ Y EEH AR F o IKIEZER AR » /&
R AR R o AR MR EE S R B R R B E TR - RITE HiAT R
PERE Z B K BIPR & o A M ER A K FE U polyhedrin, p10, polyhedron envelope gene, egt, X chitin-
aseZ o (F+)(67)

3 1] # 5 SR polyhedrin 3 I f %4088 (OB-minus) EAHHS - B A AR AR E E L
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&Y (co-infection ) » H] 2 &4 (co-occlusion) P EF 4 B MRIF F < BEEAN » K T8 MfZBRE
o HEMNFIRER  EURECERIIGREENSS AR AEL)  KMERSE
BEEERRAMEEERFEY - FEREY ERIZHREERERME o FE5XEBoyce Thmpson In-
stitute of plant Research at cornelliZ Dr. H. A.Wood » 2199040 MR SHY A BN EER -
MR Polyhedrin 27 2288 5 4 B8R Rt B £ ESRME B 2k (R +—)(07) o

F+ - AL R B 28 Bl H A TR VB RE (R (0T

Table 10. Deletion mutants with reducded potential for survival

Gene affected Biological consequence Environmental consequence
polyhedrin no polyhedra low persistence
pl0 lack of fibrillar structures reduced stability;
fragile polyhedra;impaired and spread
polyhedra release
polyhedron no polyhedron envelope reduced stability;
envelope gene alkali sensitivity
(34kDa)
ecdysteroid UDP accelerated molt shortened LT50; reduced
-glucosyl virus yield
transferase
(egt)
chitinase impaired insect lysis reduced spread

Fe-t— ~ DU R A 7 5 M R A L R S S R R 2 AR IR T (T
Tablell. Survival of occlusion body-minus deletion mutants in the field when

applied as co-occluded virus

Year applied Polyhedrs released/ha % OB deletion mutant
1989 1 x 1014 42%
1990 13. 8%
1991 4.5%

B EREEHRARESR T » bl 2550 BN AR ER S (preoccluded virus) SR
PV o {H 385 4t F U A R AU A 5 167 o

BT ERES B LUK B ATE B A SIS ER kS o HEERAERRS > EEREETH
ESBAEELASARE CEAHMESERIT HEFRSTELSARERERELHE
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(transcriptional start site) Z ff 3T &8 KIS E Lacl repressor FE5 o Lacl A5 FF 51wl & pl0E &+
T e HE A B % B LK S B E o 4 Lac 185 H #repressor Fr3l%E & BIRH I T 2 A B Hy sk o
& 5 B R R RS > EARE TR ERIER# BRAEA AR EENRER T > &
e ERBE T FE 6T o

%E@%%%EﬁﬁgﬁB@i?ﬁ?ﬁ)\ﬂ%ﬁﬁg@?(inducible promotor) » i& L E T EFEER
RS £BRAEEUEREET o HESABEENFERENVRET EMELERES > H
EHMAIE - %:*U%E{@%Bﬁﬁgﬁgéﬁfﬁﬁ:ﬂﬂFaﬁ%i%ﬁﬁ%@@@?ﬂﬁﬁi@(m) °

&

MR B ST L G » AFERATEZR - RAEEE - HRFIMRBIE - £E
RETRASE » SUEREEESREN G L EAZERR EANTRINSE A » st bt
2 ERBEHE R Y 3 o B E HO A T HEENRS HAFERB IS ARRER
KBS IR & BRI R 288 AchNPV AR E ) s F] R B 10fARIHI30E R A » &£
B o1 > 2 77 I ST I B T R R /NIRIR (Plutella xylostella) » TEE & FoRFEER(H.
‘armigera) > R EBEAF IR (S. exigua) S dm AR (6,44) o FEEEAES &S] » E R Zeneca BEE/LNT]
W B TAEE AT » SEEF RS L o BN REE R RAMRIAEE
W TRICERIE NS - RERAHARABEE o HEERE T HRARALUR » 15500
Lo 8 5 5 20 B L 7 T P LA 28 2 S A o IR R AR RSB I P 2 2 - SR EEREC RS
MR > TR ERESEAENEESRA - BUEBLERBAEET 975 7 4E E R ELRGE TAR
AN EERSLERITHE

BE SEER - BEMOBSESE » MERMIUERREIGE SR BHRSE ° 5L
WA BRETERENMENREIEER FERIR IR A HAEER RN A REE | & F
e ERAEE R EA S o B [ RIFWERATE » AHRERERAAILHIER o HITR
(EHBETLE BT - RaEEE - RRIFNREREARIZUE Bl & IR B &2 VAR »
H T LR IR R B AR A E & 0 LIRS BRI [ATELE ©

2 E 3R

LETEA -~ BEE « TERE 0 1995 o H/MEHRBR B L AERECHE o EREG T 37: 169-
177 °

2. BEFKES 0 1978 o (EY B ETHEA A REEME BIEHEEHT 1:93-100 ©

3 A~ MR ~ EAIAK 0 1991 © %% AR AR IR E B HHAR TR BERIRLEE
rh#E B & 11: 330-334 ©

4. EFE A~ EERIR 0 1992 o FHIRT AL % o Bk B AN R BB 2 SR ARG o h#E R A 12: 31
40 ©

S.EBEY - HEE - HREE 0 1995 o RHITR AL % A B B A SRR A S AR S RIFEMEA
ma . BAELERSNE RGN R PEMEVSEE - PEERZEG L 0 199554
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Control of Insect Pests by Baculoviruses

Suey-sheng Kao
Bipesticide Department, Taiwan Agricultural Chemicals and

Toxic Substances Research Institute

Abstract

Baculoviruses (BVs) are natural pathogens of insects with great potential as pest control agents,
due to their infectivity, lethality storage stability, safety for non-target organisms and environment.
Several BVs have been registered and successfully used as short-term insecticides in the control of a
variety of insect pests. However, based on the understanding the 1-K strategy patterns of insect hosts,
other approaches including epizootic prediction, classical biological control, semi-classccal biological
control, virus resource management, parasitoid and predator support, autodissemination, early
introductions and lattice introductions have also shown some promise in the suppres- sion of insect
population. In spite of many advantages of BVs, some drawbacks including lack of virulence, limited
host range, relatively slow speed of action and low field stability limited their use in pest control. A
number of strategies has been identified to improve their insecticidal properties which include:
genetical engineering of BVs, advancement of formulation, or utilization of viral enhancing factors.
The approaches of genetic modification of viral genome include (i) the incorporation of genes
encoding insect-specific hormones, enzymes, proteins and toxins, (ii) heterologous recombination of
BVs, (iii) the deletion of egt gene. And, the possible risks associated with the release of genetically
modified BVs were addressed and the construction of recombinants with biological safety was also

discussed in this review.

Key words: baculoviruses, control, insect pest.
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Genetic Improvement of Natural Enemies

Chyi-Chen Ho and Kang-Chen Lo

Department of Applied Zoology, Taiwan Agricultural Research Institute

Abstract

The natural enemies often failed to suppress the pest population. This may be enhanced through
genetic improvement on the natural enemies. A few works were carried on the breeding of strains of
various natural enemies to improve their fecundity, sex ratio, tolerance to various temperatures, and
pesticide resistance. Among these works the selection of multipesticide-resistant strain of
Metaseiulus occidentalis (Nesbitt) was most prolific. Released into fields, it survived, persisted, and
reduced the spider mite population. In addition, genetic transformation was carried successfully on
this mite. These works were briefly introduced. Biological control works have been conducted in
Taiwan. It is worthwhile to probe the quality of the mass-reared natural enemies, to improve the
fecundity to facilitate the mass-production of natural enemy, to breed strains for the release in vari-
ous crops or seasons. Currently the selection of pesticide- resistant strain is probably most worthwhile.
When crops are harvested within a few months after cultivating, genetic improved strain of natural
enemy only needs to last out the harvest for using on these crops. The ability of long-term persistence

may not be necessary.

Key words: natural enemy, genetic improvement.
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th U Gypcheck F LAFS 16 55 % 22 # % (Lymantria dispar ) §1 Tm-BioControl-1 [fj ¥& % £2 %
(douglas-fir tussock moth, Orgyia pseudotsugata) i b T, © PAIT 1990 FF3E 600 FBAHIFRA
1 A Gypcheck (Espro, Inc., Columbia, Md., i) » SUEAEE EI i 150,000 HE#LHJ Tm-BioControl
-1 B AR EBTEILES o PEEKEAE 4 BERESHB S AEHAR - &G 8 & » T
KA HE S A EHRRE » Pt 1989 F58 — (B S A8 4 E F LIRSS Heliothis BRI
fEE & o BIMEE L NPV B516T64 + B E £ Anticarsia gemmatalis KIFE B Z Multigen » S8
CLE20 B & > W 3 B4 EPEHEANE TS 2T R4 FE) (1 o gERE L LPTlAR
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R BRRBBCER » BE LA TN AEEH T - SRR EEN S 2ESHESR
R o 2HRAEYBHIGHERARE ERBBEIEZ 1% » MERFEERLB X UEE S 02% ME ©
HERMARRTE OO RIS » B ZAZSWT @ (—) BURSI (virulence) » (Z) #F £ (host range)
(=) F#EM (persistence) » (P4) 4 Z (production) » (1) E fH & E & (product stability) F1 (7<) FE it
(registration) 2B Fl|(patentability)(?0) o ELBUR 1R E BN BN SRR ELR - (L2 H
B2 A BB ENRYE » RN ERATIRRENERTEERT - HREAKIFHIHE
BEHECFEY  #EHSONZHRE  RESESEENNTHES L ERANRZE 5/ 1B
RN RKEBEE

HRBEREEZ S TREREE L CFW T > PREERAYENE EMREERRER
RILK T A FE ] R IR3E o

EHRNRERZEE

KEAFAMER -EFFHERREREERER-MER—FFHERFES > THEE—
BHAFEEERERE - REHERCBURNITEER » FHIREFN B EUR /97> BEPRE 2 1
KR ECE I BT R A BUR HRIE RIOREE o B (1) I 9 MR B KESE 2 R 8% S A
RS B LB S R IR S BB » e B BERR (Z,-75) ZBUR TR H A 8 £:(Y) o %
B MR (TWN-1) 8 (Z,-75) (L » B S8 0 BRI R B BN 5 BRI R EBUR
HE o A ERARACTFENEER TR SRIEREYIIGHRFIERIETE —EE I
o

R& 2 BB AT » EERSEIISEEEIEN R » A {REBR BRI TI/ERM
BUR D2 fFR » HEERNIERATE X EHEN R P L ERACRT

AR R IMERE S BT - BR T EPRH R SRR AR T &4 > I ] ] ARk
TERRBRL ~ BEUEERDGER TIE o WEKRAH T/EH AR EMBEE (limiting dilution
method) BURF I L (plaque assay) B H AR AR EHETR A BUR THTEIE o B 8UERH
_ﬁﬁfﬂ}fﬁ TCIDs,/ml (tissue culture infective dose) B, PFU (plaque formation unit) HEE > #EPIZH
ATAR R 4 )48 5 (bioassay) BA LDs (lethal dose) TRTE ) o SERLHIR B A BIGTE L 1% » A FEE
HEY -~ £ B EEEEERMERHBELE - LMFRHSESLENREZE
KBELR o

ARE R 2 EEEAF

IR B 2 BRI B SR RS HERR < 28 RILK R R % 71 M (synergistic) 1
fHU/E M (antagonist) » {ESE—F A o AIRTHZ BRI R F R GEERA 77 H R IKE &R
B A B IR ER o XANRHIR BN F (Nosema liturae ) SLRHI IR 1% 2% fA i8R IR R PUE
P (EME > RBRIER) - HEERFESERRBER - HtRRESLRORRLARGEE
BURITHIRR © BRItz 4t - S ARRE T FEATERREE EHIZ T (receptor) TMAEAMHAE PR
BT LE R SR AE RS (helicase) TEIE L (12) o WRIFERBRIRE L X AFARBERFRER S — o
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& A R AT IE e AR AR e & & R #E

B &8 7% 5 R IBE#2 (Baculovirus expression vector system, BEVS)

1983 4E Smith % AF|fi AcNPV Z FEMLEHES (FRH ) CBRIER © ZABERK p10
EEGETEAGEEA » X HEZEE (coding region) YIMRBIAA RIER 2 HIRFIF V&2 %38 HE
(multiple cloning region) » R NER 5 EET& K 3’ B AR W RS (R EHE (transfer vector)
(23) o HLYREL K AHEHE A STERIEE - FRABEENETER - TERHES DNA BEHEF AR AcNPV
DNA Ft# 7 (cotransfection) > B &M A » /2 DNAs  [F/F 7 EfH (homologous recombination)
HIfER » A 1/100~ 1/1000 #Z 2 TREREMFNS | BRFFHSIRBITBEEHZ L EMRF -
W AR ER T (probe) BE S H/MEER » FRFHFHREEEIMEELRAE

& BEVS 4 HHIAMEE BB E YR L EE S EPEMFRBEEE | 1985 F Maeda FAIR
I LK E NPV (BmNPV) FyRIT#ES (1Y) o B H HATCAHEE SRS EE S FIH L RFRA o

BEVS FER i E4BL A

BEFREREZIEA

ARG R 2 SESE R (genetical modification) §A H FHTT 19865 » 58 REM & RV B IRIZ G
B A AcNPV R IEVNEE » FHEESBEENERNREBERBELS AR CEES » BE
LS FAE B SR YT 50 (BR 2 TEB R BRI RRE o ENHMABETEIHER - FF0W
FHEER - FEYEREESUOE o SEEE L BT AR ERERFEEZEHK (phenotype) © FF
SE B ACNPV B By b BRI T 28R (Spodoptera exigua) ¥ » 4% R T BRI S &R
#EE N2 L (sugar beet plants) » B RBLAILE » RRFEIFRFPTAN » EREHEA L
EsEC RS R EMIEE 2 RER - BRI T TR A RSB AE R 16 &0 EH R
BEMAMS Y » i RIE M T AL 26 A2 2 D o

ERR B EHREAERITAA RN RETE » 82k ~ ¥R ~ £406% > RRRERYGERR
FEARERNARE - BEBYERE T » FAlAEERIRERNS @545 o WA BEVS HiEET
IS AEEEREE T » DUEEEEER (3 DNA FE) S ARERZRMEEL S
BEER S & EHEE (occlusion negative virus) ACNPV » FEEER 2= ) DL & £ 1 #8705 AR L FH 2R 10U
WBBERRNEEANS#MEL  —EH%RAERENGBMET WEHCRBERREZRE
(infectious virus) PREY R HEI L HIWANETFERHITE o I E T EEMARIRR TR BE T 5 AMB
BRIPIRIEEF o

P T 1988-1989 FERE—FE it & B SRR BFRMEAR - LS H KR E (Escherichia coli)
3 -galactosidase (lac Z) & AcNPV EflFESHHFF » HEHRSESEAEEDHREANR R
BN ER KEEL B - galactosidase © & lac Z BFHEBC EHRFME £ IFRERE
PIEEE o $ERBELFSHEETERFMBEPER © 400 EMERBR L ERRERREHE
BAMEA » [ ERAMRERRPEB BT EE o Bys) s iR R iEftE
W~ BT HEREC HREAESEE - #EREN » B Ll ERE DR ECEEX TN
5 R i# ( Trichoplusia ni) PSR EMIFEZ 27/ o GREAWIEREIAMEHETREBR - WE
M RBERT A RNE o S ANEERSEERE o EHERTT - EE/APERM -
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HERZZHERBUFEARES BEZHETE - E—T AR BEHEEREF MR (the polyhedrin
-positive baculovirus insecticides) 5 24 Z7F H MM BT B — A HIBR ABERY

itz i S R AR A SR 2 E AR B AR T 3 5 i R B B IR & R ER R ©
QAT SORAR AR G R B A M DU R A B R R A AR EHE - HET#ERHNEREEE T
=fE D OWE - BEREE o HEWHEFEIREUE ~ HERBIFMANES RS BERIZE -

EB8FEMUENBEERZIEA
1. F]FR¥ 3% (diuretic hormone, DH)

BElERN 2 HEHSKEBT R EPIFIER (antidiuretic hormone) ZER] o P EHERFE
EHBEANLEE - HEILTESES I EHRMEGE o —EFREFE K E EE R (Manduca
sexta, tabacco horn worm) * EEE &H41 AA » K AA FFSI#EE L DNA F51 » W& REILER o
RE OH 27 5- UiFF#E A BWE (Drosophila melanogaster) 3R X | B2 /T IEIKEZEFS] » DUEHE
RE R HALA R Z DH 5 H FESE o B IAE R Fr BRFI AR B NPV (BmNPV) R
EHEHEEERRE o hEEBENRE UAREHEAETE » 5 ASBERNE Mk
EETHE 30% o FiE—+HBEg@E R — KA EBGECBRRPERE RERSE o £/ DH 7£L)
A HIFEHmMRNA Z AT HIA] o SR E #1408 DH AR sk g AR g U3 o

2. 55X EERE (J. H. esterase, JHE)

hEARH - THE B RN AAS BB EA » 2N JHE REH JH 73 A% o {f%5 JTHE il
s s A TR S o BN SB R E RIHE » JBE JHE BT IS JH 7/FH » HEZIFINEE
B3R EBUE{L (premature pupation) o K| BRI @753 BE B EIX 8 (Heliothis viresceus) &
JHE » YWSEITERDEFF o IIRE T S B M (oligonucleotide probe) 2 ZEA 5 FE 1 [
mRNA FREET7Z cDNA J& (cDNA library) 7B H &8 BRI E S o WS THE R BEHR
J%E (AcRP23 * JHE) °

AcRP23 * JHE 7£ B Sl fu s # h AR b 2 BRI (T ni) BB AERBE - RREE
T RS > A EHIAIES) » SR AcRP23 + HE B3R B &R L AT MK E A THE
SEETFENEMRE o KNt EHRBERERTERGEELEE S BH JHE © 2RSS ERSR
P E 42 B JHE A6 R AETTAR JH B &K © BoME IR 2R P Z a0 L iR RE L BE (virus
gene-eucoded ecdysteroid UDP-glycosyl transferase) tHEF &K T JHE BI/FA o H R JHETE &4 78
N+ EE » (B EHR SRR E SRR E RS » (HERINENE T ErHREE
ESNETREAERTES -BEREERFESRABIBR THEITE o EEER > A I EERR
FESL JHE BRI REBEE B LE—F AT o T JHE HEEEEtE —HRULIEZY
E:&(“) o

ERFRMERERZEA
1. BfF 15 o -R#E 3 (Bacillus thuringinesis ¢ -endotoxin)

BB 0 -NEFES 130 kDa X R ATEMEHIFE FF (protoxin) & B & IE(LENBER S K
BiEMR 62 kDa T » WERBHME EEBZINERE » HEGIZMMBEESFLE » B
MRS B ERMM oM - BRIE#H KBRAUEESRGHE » TEEHRELAGELFE R M
BHAEEERRERELRSZRTEABRLEN - MEHERFEEESL 0 -NEH LM
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b D B BTN PO T BOA (0 s & B o TEAL BB A5 M C AR R A ROMR TR SR ARTR] o L A
HRL Y ENYE T BN TRERSTNABEHMEBILE » HEREKIE o -NF
HEWIEAMN 1517 o SRiTi(E 488K HMRE DR RBEM O HRFWRANSRE
TR ARG AR L BT A R SR (AN A R AR R DUR AR SRR R A A
TRk » DRFEESHERPEA T o RILAVAI IR &% B H R (R HEH R A& £ R iR
HIRIE o
2. BB B riw R E R E A (Insect specific neurotoxin genes) ZIEA

i (Pyemotes tritia) & AR B R ER TXP-1 EHER » HEEHED TR 291 AA MR > 77
FEA/INS 33 kDa o HATHEA AcNPV 2 BEHURBHEE /NS RRINIRE « BIREZ BN
ShavE s A B MR SRS R EIME o B % A n B R SRR o A ZRERE
ShEz IS » M I HE SR SRR ARG (22 o

16328k (Androctonus australis) Eéﬁﬁqjﬁ‘ﬁ—ﬁﬁﬂf%%&‘lﬁiﬁ@% o [t S EE R il
WA Na+ BEF 7 L » 3 HCATZLMB R /EF (a presynaptic excitatory effect) BEFEIEL © XS
BRI ELAGRE » FIHSACNPV B [ (glycoprotein) gp 67 HIE B REKEIZRFSIMAR 5 U
(26) o $ARHIEEFBT A ACNPV RIRBAEA » B EMRS - ElREETHTRESRILR
AEYNEN o (e BB BRI HPLC Mk BINF R EARME(Musca domestica) aERieN 0 2
TEHARIAEAR o E— 45 FI 70 59 45 I 2 F) 5 2 5 35 T R 45 50 % TR BT 2K 3E (cabbage leaves) Y B
11(22) o (R iy [ S S T R AR 7 S IR R P T B B AR A A AR — S - {HRR
ERERR R RERTHZOEEMER  FAE-DWRER -

B 2

TEB A M Tay BSMAEYRIF BRI S - SREEC ERE | RILEEEI0E /=
BT L S R S DA B o BRI ASNEREESGER FRN TERAET - B
WIRIE v B8R A/ NAR BT (risk-assessment analysis) By eEFEFPHER o RMRFREBZKE
R EBIBESY — » B A BT 4 V) FESS (bioreactor) Z HIFERIEER AR BT o
IR B R A S R L LR E T B R TR R T 2 ) R B EER
BB R o MY - BAMAEYIRIFBERAYIANERERETTER » W RIHTEER
BT ¢ (1) NBRFTRBNTE | Q) FRESBUE I RER IR FEBEZ IR | 3)
BREAREENRN  4) BERFERNEARREFLERDRFRENR | (5 FRERMBEN
B o EHRTEEVY » REMEE  EARFURESMEEE | At > RABMEYRER
TREAEE TR  (HEFRNH R E R SR SR BOHImama - s RamER
WEETE > BEEEEFENEY  IRERARESEBRBEBRPRBRKS KA
HiR o A ET T EIERE H— N B EESHRBUREESHRERCSE 5
HERERAEHNIIFZ— -

BERK
1 FEME ~ 25 0 1995 o MM EWEZMR Perina nuda (Fabricius) & A£G RIBZREER o P
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The Studies of Baculovirus Insecticide : Application
of Biotechniques

Chung-Hsiung Wang, Pi-Fei Tsay and Shu-Jen Tsai

Department of Plant Pathology and Entomology, National Taiwan University

Abstract

Several entomopathogens offer the opportunity for use as control agents of certain insect pest
species. Baculoviruses containing a double-strands, circular DNA have a high potential for this
purpose. The benefit of baculovirus as a microbial control agent has not only a restricted host range
but also less evocation of pollution in the environment and the development of resistance in the insect
population. The application of this pathogen has been limited several factors, such as application
time, virulence, mass production and persistence of virus. The high virulent strains of baculoviruses
from the nature infected larvae origin can be cloned in vitro by plaque assay or limiting dilution
method, thereafter the cloned virus shall be characterized by morphological, biochemical, DNA
profile, and bioassay techniques for ensuring the quality of products. Baculovirus expression vector
system (BEVS) has been used to reconstruct the viral genome for increasing the virulence of virus.
Insect specific hormones, enzymes and even toxin genes had been inserted into baculovirus DNA by
BEVS with the prediction of increasing virulence and decreasing the infected time. As the other
entomopathogens, the virulence of baculovirus will be declined after serial passage in vitro. There-
fore the maintenance of viral virulence as well as the studies of mass production including the
development of media and bioreactor are major subjects in further studies. Based on the virulence of
baculovirus, in vivo multiplication of baculovirus is better than in vitro. The high quality of
microbial insecticides must be come from the inoculated insects that are free from other pathogen
contamination, so the development of rapid diagnosis method for entomopathogens is necessary for

this purpose.

Key words: baculovirus, microbial insecticide, biotechnique.
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B RS A YR PR E A BRI RARIE EE - MEEREBE - AERRARE ST
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