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Chapter 1 Biological Invasion

Abstract: Biological invasion, or bioinvasion' is a phenomenon that an organism

migarates from its native habitat to a new environmental location by ways of natural forces or

human activities, and imposes enormous costs on agriculture, forestry, fisheries, and other

human enterprises, as well as human health, or even causes ecological catastrophe. China is

one of the countries being harmed by exotic invasive species extensively in the world. With

the accelerating development of global trade, biological invasion has been occurring more

frequently. It becomes one of the leading threats to biodiversity, natural ecosystem and
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national economy. Biological invasion, highly associated with human activities, has the basic

characteristics of diversification in the spatial distribution and unstabilization process invasion.

Conventionally, biological invasion researches mainly focused on early detection, prevention,

risk assessment and priorities for management. Recent researches are turning the focus to the

basic studies, such as biochemistry, molecular ecology and ecological genetics in the invasion

process, bio-mathematics and 3S (GIS, GPS, RS) technology utilization. And various new

concepts and hypothetical theories have been deduced to understand the mechanisms of

biological invasion more profoundly. In China, intensive researches and management on

biological invasion are just under the way, and much more attention should be emphasized on

researches at different ecological complexity (/. e. gene, autecologic, population, community,

ecosystem), and experimental and theoretic researches with multiple interdisciplines.

Key words: invasive alien species, biological invasion, biodiversity, risk analysis,

prevention, management
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^ 19

Phytopathora infestans (Mont.) de Bary 19

40 1845~1847 800

100 150( 2002) (/^^?^«/"^/^/?6'5)|
—— /?«m«ram«

(measles virus, MV) (variola virus)

(McNeely, 2001) 1859

( ) 1907

66 /

( 2003) 21

()
( 2002a)

21

(McNeely, 2001)( 1-1)

( ) 1366 (Pimentel6>ffl/. 2000)



1300 800 (
2002 2003)

1-1

( 2002, McNeely. 2001)

^M
410 /

1370 it/ II

(Tbmanjc spp.) 55 70 160

0"fawmj spp.) 40.5 /

3
escula) 8900^

(Driessana polymorpha)
1989-2000

7.5 10

12 14
1983-1992

3.44 1 71/
Hit- ra

6 1.05 /

(/>/'"" (//fl/cefl),

20

(£Vc/wA7"'i^ crassipes) 2000 73-5000 / 7

Oryctolagus

)

3.73 ^
(V^(^m>ii jacohsoni Oudemans) 2.67 6.02

i^Mi^APomacea canaliculata) 2800 4500 /

()
SARS

40

(CBD) (BS-Protocol)

(SPS) (PRA)

(GEF) (IPPC)

(SPS ——
TBT —— )
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WTO

( 2002)

—— ""

320 20 90

90 140 1983~1984

6300 3.49

2001 4000

( 2002)

( 2002)

(IUCN)2001 (Global Strategy on

Invasive Alien Species, GSIAS) 10

20 50~80

20 90

• 9 •



(
(Elton, 1958) 4X 10

8hm2
1200

1863hm
2

(Nancy,

2000) 4600 3

(John, 1973)

Lom'cem

japonica Thunb.

Melaleuca

leucadendra (L.) L.

60

firamM^ysp., (ice plant, Agropyron spp.)

4000

" "
2000)

(
1957 f Lates niloticus (L.)^ 200( 2000)

48 (Thorn, 1967)

fi/oga//"reg«/fl/7's

10 (Savidge, 1987)

138 88 ( 2003)

DA7>Mflmj/7o/37norp/ifl 1988 "
"

7X105
/m

3

(Stolzenburg, 1992)
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(

( 2002)

Ophiostoma spp. 1910 1970

40 10%~40%

3000

40

(Plam, 2001 2002) Ft/^Wimz ww/«/ectwm

(Primack, 1996 2002)

Mustela nigripes (Audubon and Bachman) 1985 1984

129 50%, (Primack, 1996)

34

( ) () ( )

( 2002; 2003)

(
2554

3862 30 000

( 2002; 1994;

1998) ( ) 400

(IUCN) 100 50

( 1-2)

(2000) 108 23 76

15 40

Hyphantria cunea (Drury) !^ Hemiberlesia pitysophila Takagi

Oracella acuta (Lobdell) Ferris Lissorhoptrm oryzophilus Kuschel ,

Liriomyza spp. Burasphelenchus xylophilus{SiQ\nev & Buhrer) Opogona

scchari B. Eriosoma lanigerum (Hausmann) $^ Viteus uitfoliae Fitch

Tetranychus urticae Koch Leptinotarsa decemlineata (Say)
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^ Bactrocera dorsalis Hendel , Dem/ractom/^y va/ex Imago

Ampidlaria gigas Spix

Achatinafulica Ferussac Ondatra libethica

( 2002)

1-2 100

:

8

4 3 75.0

32 19 59.4

8 25.0

18 6 33.3

3 1 33.3

8 6 75.0

100.0

2

14 9 64.3

100 50 50.0

10

Eupatorium adenophorum Spreng. Ambrosia artemisiifolia L.

Alternanthera philoxcroides (Mart.) Griseb Spartina spp.

Mikania micrantha Kunth Erechtites valerianaefolia (Wolf) DC. Lolium

temulentum L. flxi^^ Sorghum /iaZe/?e«>ye(L.)Pers Cewc/irwj spp. 10

Bem/w'afflkzc/(Gennadius)

/^ecfZ«o/7/zoragoM>7nW/a (Saunders)

^^r^/r lo

similis (Cobb) Thome contraversa

Kunhn. Phytophthora megasperma (Drechs.) f. sp. glycinea

Peronospora spp. Fusarium oxysporur f. sp. vasinfectum (Atk.)

Snyder et Hansen, Verticillium alboatrum Reinke et Berth Synchytrium

endobioticum (S. chilberszky) Percivadl Xanthomonas oryzicola Fang et

al. Ceratocystis fimbriata Erwinia amylovora (Burrill) Winslow et al.

11

574.3 ( 1-3)( 2002b)
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2000

1-3

Iftl

/X 10'*hm- / / /

/uJ "t

/

7.24 3258 14 373.1 307 066.5 324 697.6 1998

iff 35.24 15 858 NA 747 308.3 763 166.3 1999

80.9 36 450 898 000 343 153.5 1 277 603.5 1996

9.9 4455 NA NA 4 455.0 1998

11 4950 NA 466 537.5 471 487.5 1998

33 38 340 59 400 NA 97 740.0 1999

100 45 000 1 350 000 NA 1 395 000.0 2000

NA NA NA 60 000 60 000.0 1993

/ 2470 NA 1 333 800 NA 1 333 800.0 2000

/ NA NA NA 4500 4 500.0 1999

NA NA NA 10 000 10 000.0 1999

2747.28 148 311 3 655 573.1 1 938 565.8 5 742 449.9

NA——

(
1994 Lirhmyza sativae

Blanchard, 29( 1996) 1997

( 1997

2002 2003) 1 998 (pmnus necrotic

ring-spot virusPNRSV)( 1998) 1998 F rium oxysporum

f . sp. cubense Snyder & Hansed ( 2003) 1998

Wh:v"c/io/7/iomy/m"Mg/"my (Oliver)

1

2 (
2003)2001 Washinghmiafilifem

Octodonta nipae (Maulik)( 2003) 2003

Fmnkliniella occidentalis (Pergande)( 2003)
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(Wiedemann) 2002 1310 22 448

1.5 3.4 20 90 8~10

1

90 1~2

(

( 2002)()

Hij'

(Vitousek, 1997 Mack, 2000

Pimentel, 2000 White, 1997 Enserink, 1999 Castello, 1995)
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(

2002a)

()
( 2002)

(Canary Islands) Myr/ca/fl};"

(Vitousek, 1990)

()(
2001)

20 60~80

80

(
1996 1997

; 1999; 2002b)
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"" 20 80

20

600 500hm
2 40%~60%( 2000; 2001)

4 Opuntia

( 2002)

&om«srecmrMm

60~1 10

3~5

(D' Antonio and Vitousek, 1992 Pimentel et al., 2000 Wilgen and Richardson

,

1985)

( 1997; 1989)

Eiic— S sp.

(
1998; 1998)

( 2002)

(
(Baskin,

1998)3 (Stylinski and

Alien, 1999)

(Higgins et al. 1996 Suarez

etai, 1998)3

( 2002)

( 2002a 2002b)

20 40

60km ( 1983)
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(
1998 1989; 2002b)

flZf/s^maL. ( 1999)

17 ( )
6

100%

( 1995) lOOOhm
2

20 60 16

"" Ottelia a i (Gagnep.)

Dandy 80~90 3 60 15

80 5 ( 1993; 1998)

20 80 1990

130 000hm
2

/affeW

(hybridization)

(introgression)

( 2001; 2002)

Awer /^rarm/co/^j

Larix

^«6^/7/^^ Sonneratia S. apetala,

/imzs

platyrhynchos /L superciliosa /i. wyvilliana

(Rhymer and Simberloff, 1996; 2002; 2002)

(

"" ( 2002a) 20

68% ( 2002) 432

5

130 30%; 150

20 60 34.7%; 152

60( 2002) 17 13

17 .



17 5 ( 1999); '
Sc/2/zr7r/2oraxCSc/»'z"r/iorajc)spp. 20 90

( 2002) 4 humile

(Holway, 1999) 1967~1970

(the Gatun Lake) fiMH's koillmatodon

,

8 6 1/7

Biogair regularis

10 (Savidge, 1987).
Mgtilopsis sallei,

( 2001)

(McNeely, 2001 1999)

( ) 1366 (Pimentel et al.

2000), 1300 800

( 2002; 2003) 11

574.3 ( 2002b)

2000

50000 15%

39% 27% 3 1 %
7% 41% 73%( 1999) 1906~1991

90 Ostrinia nuhilalis (Hubner)

29 920

139 (Ruesinke/fl/. 1995)

L>7nfl«m'fl dispar, 1980~19% 3000

(Wallner, 1997) 98% (Pimentel, 2000)

958 400

( 2002)
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1986 10 25 62.5

1995 99%,

40 8.5

15

30

35 9000 ( 2002)

( 2002)

()
(TCK)

(
(Xie et al., 2001)

1979 52

179 5015 3486 ""
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( 1985; 2002b)

20 30~50

15 4

()
834 ( 1993;

2000)

( 1993) 1999

1000 500 2002

1900 40

20

70~80 90""
(

2001)

1000 (
1999)

( 1998)

45% 36% 19%

(
40

1993 29

273 22 110

45

48 ( 1997)

1979

140 () 105 ( 2002)

ifj- 01:

fV a [ziJ 2008

• 20 •



""
1988

33

5%~10%, 40%~60% ( 1997; 1997)

1969 1982 5

1983 11.3 1989

60 12 666 1996

80.9 6~7

1.3 1986 2.9 ( 1993;

1996; 1999; 1995)"" 1982

(
1997) 98 1.2 1982~1991

3.8 140 5

1996 4.1 173 1997

5.7 1998 7.24 1999 7.4 ( 1998

1997 1998 1999, 2000) 1982~2000 150

15~30km

6000

"" 2000; 2001)

1984 46 ;
1998 47.1 7100t 1998

1/3~1/2 170

(

Xanthomonas campestris pv. citri (Basse) Dye P

20 30

1982 16 628

148.2 2.07 ( 1999)

1937 1945

1963 20 500

(ipomeamarone) (ipomeanine)
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( 1999)

1997 70

(infectious pancreatic necrosis virus, IPNC) 1940

1984~1989

95%( 1997);

2003 12 15

H5N1

20 90

(white spot syndrome virus, WSSV)

10( 2001) (TSV)

(lymphocystis vims)

()
1997

70

"" ( 1993; 2001)

1845

150 ( 2002)

1930 10%

1942~1943

13 ( 2002)

(McNeely, 2001) 1991

( 2001);

1999

62 2 7 2002 240

Cm/cjc^/" e/^waVm^Say 1826

Aedes albopictus Skuse Aedes aegypti L.
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(yellow fever)

( 1996)

( 2002)

(Asian tiger mosquitoes)

1/3

(Millers, 1993)

10

4 6 1.5 2

1000

30( )

1820~1930 5000

• 23 •



20% 95%( 2000a)

(
3

""

50%

Ulex europaeus

( 2001);

Procambius

clarkii Cherax quadricianalus , Oncorhynchus mykiss (Xie et al., 2001),

1^ Perca fulviatilis

Aspiorhynchus laticeps

(7>7yb//Mm sp.) Me///f?mj

albus Desr. Gomphrena celosioides Mart Ageratum conyzoides L.

Ageratum houstonianum Mill

Caulerpa taxifolia,

( 2001);

Chrysanthemum coronarium L. Coriandrum sativum Linn. Cichorium inbous L.

Cacacatua sulpurea , Trichoglossus haematotus
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Trachemys scripta

""
( 2001; 2001);

16

( 2001);

/?«/?flnaf/iomflw'flmzl947( 1984)

( 2001)

(

(
2002)

( ) ( )( )

()
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( 2002a 2002b)o

L/n'omyzfl /iMiVfo^em'^s/s Blanchard 1926

1938 1987

(Linden, 1990) 20 90 1993( 1997) 1995

1988

1999 35.24 23.16 30

Pinus densiflora Sieb. et Zucc. . thunbergiana Franco

Matsucoccus matsumurae (Kuwana), 1996~1998

11 3( 2002b)

20

Elton 1958 The Ecology of Invasion by

Animals and Plants

Elton, 1958)

20

80 20

(McNeely et al., 2001 Zalba et al., 2000 Haltuch and Berkman, 2000),

(Shine et al" 2000) (Mack et ai, 2000

Cohen and Carlton 1998 ) (Sakai et al., 2001 Carroll and Dingle 1996)

(Levine, 2000 Christan, 2001 Thompson, 1998)

(Driesche and Driesche, 2000)

3S(GIS GPS RS)

( 2001)

1982 SCOPE( ) "" (Williamson
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and Fitter, 1996a, 1996b); 20

(Crawley and Edwards, 1987 Drake et ai, 1989 Castri et al, 1990, Mooney and

Hobbs, 2000) (CBD) GEF

9 1996 SCOPE IUCN CAB

IntemationaK ) GISP Global

Invasive Species Programme)

(Writtenberg and

Cock, 2001) Blackwell

(Div^sity and Distrilmtmns) fi//og/cfl/ /"va^s/o/w)

1999 Kluwer ( 2002)

(
(Williamson and Fitter, 1996a, 1996b)

1.

(Elton,

1958) Mz'com'a

(Thompson, 1991)

(Walker and

Smith, 1997); Senecio madascariensis Senecio lautus

lautus

(Radford and Cousens, 2000) fianZ/ar/a a^wwewfaWa

Ceithidea californica (Byers and

Goldwasser, 2001)

(Canary Islands)

90

(Vitousekef fl/. 1987; Vitousek and Walker, 1989)

Zo:yfera/w)a/wm'cfl (Williams and Fitter, 1996a, 1996b)

(Vitousek et al., 1987 Mountainspring and
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Scott, 1985)

2.

300~500

5

1 ( 2002) 100~600

(Parrella, 1987)

( 2002)

Drei a polymorpha

(Johnson and

Carlton, 1996)

3.

(Saccherieffl/., 1998)

(Tsutsui et al., 2000) Linepithema humile

(multicoloniality) ——
(unicoloniality),

(Holway and

Suarez, 1999 Suarez et al, 1999)

(5^8111^?^7/.2000)

Spartina altemiflora

(Daehler, 1997)
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(
1.

(?6111^^^1/. 1993; Petren

and Case, 1996 Holway
, 1999 Juliano, 1998) Sc/wn^^y. vw/gaWs

S.caro/Zne«5/s

15 \1
(Williamson and Brown,

1996a, 1996b) Northofagus f/ofracoe/o^ytowa assimile)^Jx

Vespida gemanica

(Clout, 1999), ——
Nestorm eridionalis (Beggs and Wilson, 1991)

11^5 ——
//eAmWflcty/Ms/renan^ (longstrikes,

20cm )

Lepidodactylus

(Petren and Case, 1998)

Solenopsis invicta

(Holway, 1999 Holway and Suarez, 1999)

(Juliano, 1998;Meekins and

McCarthy, 1999),

2.

Callaway Aschehoug(2000)

Centaurea diffusa

• 29 •



/ie^s

Ae^/esfl/ftop/cms

aegypti

(Edgerly et al., 1993)

(C>/)/ms/7:ygmfleM5 Cephus?«/?/^/«

C. tabidus C pygmaeus (Elton, 1958)

3.

Kraus and Page, 1995)

Wells and Kurahashi, 1997 Wells and Henderson, 1993)

4.

(Ellstrand and Schierenbeck, 2000),

Ellstrand and Schierenbeck
, 2000)

Carpobrotus edulis C. chilensis

C. c/«7e/m\y

(Vila and D'antonio, 1998)

Spartina alterniflora

5. maritima

S. anglica (Thompson,

1991), S. maritima S. alterniflora

5.

(Elton, 1958),
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150

40

2/3 ( 2001)

""
(Mynm'cfl sp.)

(Suarez et al., 1998) Phryno a coronatum

(51^2^?^^/.2000)
Orconectes rusticus, 0. virilis 0. propinquus

M/cra/jfer^fl/wo/t/es 0. vifilis

0. msticm 0. propinqum

3 a virilis 0. msticus (Hill and Lodge,

1999) #&

^8^^/6/^^/1>^8^"^?/?/1//«
Julien and Chan, 1992 )

(Reush, 1998)

(
1.

(DeferrariandNaiman, 1994)

Duggin and Gentle, 1998)

(Kitayma and Muellerdombois
, 1995),

Holmgren et al., 2000)

(Costello era/. ,2000);

Dwyer et al., 2000;

Jesson et al., 2000 Brothers and Spingam 1992)

2.

Elton 1958

. 31



Elton, 1958) (Robinson and Balentine, 1979 Post and Pimm, 1983

Drake, 1990 Case, 1990) (Elton, 1958) Elton(Wiser ^z/. 1998) 20 90

Planty-Tabacchi et al, 1996 Mc-Grady-Steed et al., 1997 Knops et al.,

1999 Symstad, 2000)

Stachowica (1999)

(Naeem et al.,

2000) Levine(2000) Elton

Elton

86

(Beerlingef6z/. 1993; Mitra and Sheldon,

1993 Burdon and Chilvers
, 1994 Lattin et al., 1995 Preece

,
1995 Maron and Connors

,

1996 Peter era/., 1996 Gjerde and Tersdal, 1997 Holmes and Cowling, 1997)

Miconia calvescens Tahiti

" "
Polynesia 3 Gapapagos

29% 11% (Adsersen, 1989)

(Walker and Smith, 1997)
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3.

Ammophila arenaria

(Buell and Pichart, 1995 D' Antonio, 1992)

Wrg/m'CMX

(D' Antonio, 1992)

(Myster, 1993

D' Antonio, 1992)

4.

C02

(VasseurandPotvin1998);

Ij
(Milchunas andLauenroth, 1995 Burke and Grime, 1996 Wedin and

Tilman, 1996 Hobbs and Huenneke, 1992 Maron and Conners, 1996)

C4 C3 (Patterson, 1995 Smith

et a/.,2000); (Hobbs and

Huenneke, 1992)

Alward (1999)

1964~1992 28

Bouteloua gracili

(Milchunas andLauenroth, 1995)

(Beerling et al., 1995)

CLIMEX
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(SutherestandMaywald, 1985 2003) PESKY( 1994)

MARYBLYT 4 (
1996) (

2002) (GIS)

GIS, L«we>7"ew'fl

pomonellaiL.)^ 77//e?/^? Mitra( 1999; 1999; 1996;

1997)

20 80

( II )
()

() ( ) () ( 2002a

2002b)

( )
( )

(
20 90

76 108 (
2000)
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( 1984; 1990)

( 1988; 1990)

( 2000); m'tokjto (L.) 11^(&(.

( 2002)

51 8

Plutdla xylostella

(Linnaeus) Conopomorpha sinensis (Bradly)

( 2001; 2002)

5 ()
( 2002)

20 80

Pfocecidochres

Stone ( 1990)

(
1994); ( 1991)

1983 5000

( 2002)

(
II
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(
2002)

RAPD

( 2002); (2002) mtDNACOI

B

(life

history) Hodkinson et ai, 1999 Jenkins and

Hoffmann, 1999) II

(Chen and Kang 2002)

(Chen and Kang 2002)

( 1999)

B ( 2002)

20 80

( 2002)

2

( 2002)

19 ( 1996)

(
2003)

(
P:

Citrus
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Huanglongbing Xanthomonas citri (Hasse) Dowson

Xanthomonas campestris pv. manihotis (Berth & Bander) Dye (tobacco ring

spot virus, TRSV, Nepovirus sp.) Clavibater michiganensis (Smith) Davis et al.

Ditylenchus dispaci (Khn) Filipjev ( 1996)

(wheat dwarf bunt)

(Purdy et al., 1963 Johnson, 1992) 2000-2001 (TCK)

(GIS) 18

TCK TCK

TCK 19.3%

TCK( 2002)

frvWm'fl amylovora (Burrill)

MARYBLYT

( 1995;

1996) (2003) PCR

PCR-ELISA

1981 ( 2004)
1999 14 ( 3000

15 80

124 3 2001

38 () (
2002)

Burasphelenchus

mucronatus Mamiya and Enda

(2002) rDNA

PCR

( 2002)
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( 2002)

(RuesinJc, 1995

2002)

(

( 2002)

(Spencer, 1973 Spencer, 1992) 1993

( 1996)( 2000) ( 1999)

(

21 (
2002);

(Philbmck 1998 Raejmanek and Richardson
, 1996)

1

(Hallegraeff, 1998 Howe and Smallwood, 1982; Sahai

,

1994 Wilgen and Siergried, 1986): Carlton Geller( 1993) 367

(
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Veram'cfl

L. ( 1996)

(temperature species),

( 2002)

(

Spartinas maritima

(Thompson,

1991),

(

( 2002)

(
(Armyworm) (Cutworm), Acridotheres

tristis
,

Lamana camara

(Pimentel et al" 2000)

(
( 2001)

(
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Carduus nutans C. arvense
I

Rhinocyllus conicus
,

Cirsium

centaureae, C. canescens C. Mm/M/amm

(Loudaeffl/., 1997)

(
3

/ = /? XA X£ I R(

m

2
) A £ (Parker, 1999)

(

" " () ( )
"" "" "" ""
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3 ( 1997):

(1)

(2)

"" ""
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Chapter 2 Tobacco Whitefly

Bemisia tabaci (Gennadius)

Abstract: Tobacco whitefly Bemisia tabaci (Gennadius), an important Homopteran

insect pest on field and horticultural crops {i.e. cotton, vegetables, flowers), has been reported

to distribute over 90 countries in the world except Antarctica. It is a highly variable species

composed of different biological types. Although B. tabaci has a wide range of host plants,

specialization in host selection was found in different geographic populations. B. tabaci

broadly distributed in China was identified as B-type, which is an exotic pest occurring in

recent years. Strong capability in replacement of other competitors and physiological

adaptability make its invasion into new environmental location successful. Economic impacts

of this insect pest consist of its damage to host plant health by sucking plant juice, its pollution

to plant products by secreting honeydew, its transmission of plant virus, and its induction of

abnormal physiology to host plant. In this chapter, the morphology, biology of the species and

identification techniques of its different biological types were introduced in details. Its
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pesticide resistance, prevention and IPM strategies were also summarized.

Key words: Bemisia tabaci (Gennadius), biological type, distribution, host, IPM
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(Bedford effl/. 1994) B

2~4 II

WFT 1987~1994
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WFT
WFT

Jatropha go; (JMV) Jatropha

DNA biolistic

A B II

SI

WFT

II (euphorbia mosaic

virus), cotton leaf crumple virus), tomato mottle

virus), (watermelon curly mottle virus),

(Passiflora leaf mottle virus)
,

(bean calico mosaic vims),

(tomato yellow mosaic virus), (tomato

golden mosaic vims)
,

(bean dwarf mosaic vims),

(potato yellow mosaic vims) (tomato yellw

leaf curl virus) (tomato leaf curl virus)

(tobacco leaf curl vims),

(watermelon chlorotic stunt virus), IS

(Soybean crinkle leaf virus) , (horsegram yellow mosaic virus)

,

(Lupin leaf curl vims)
,

(Indian cassava

mosaic virus), (African cassava mosaic vims),

(cotton leaf curl vims)

3.

II

(Schuster a/. 1990)

( 2-1)
(Segarra-Carmona et al., 1990; Yokomi et al., 1990)

SI

( 5~10)
(Costa CM/., 1993c)

(
1985

B
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2-1 B

B () B II (
B II 20 80

1991 1992

2 5 Imperial Valley 1991~1995

1
1994~1998

1.539

(Oliveira et al. 2001)

(Ellsworth 2001)

1996 5 1998 14

1

1994 B II B

II (Gunning

etai, 1995)o B II

B II (De Barro and Hart, 2000)

20 90

(Carnero et al., 1990) H B II Q

S

Q
(011^"&0^^«/.1997) II

B B II (Bedford et al., 1992)

K B K

B

II (Horowitz, et al., 1994 2002)

2000 8 29 9 18 () "
"" ''"

8 14

250~300 40~400 9
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"" Slfi. tabacio

SI II

II SI

II II

SI

30 70

40T 331
18<^ 319.5 5.5 II

72 14.9T

2000 ( 2000)

II 22

DNA B IU 2002; Wu et al,

2002, 2003) II 2001 45 158( 2002) II

II 4 4

(
( ) X 0.21mm X 0.096mm

(Gammed, 1974)

( 1~3

. X 0.27mmX0.14mm 3 4 1

3

(mycetome)o Mycetome

2~3

Byrne
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Draeger(1989) II (5) (>25)
100%, 58.3%

II (Gerling1990)

0.36mm 0.50mm

( 4 (
SI 4 II

Nechols Tauber(1977)

4 3

Gill(1990)

(apolysis);

(Brown effl/. 1995b) Brown (1995b)

4 ""
4 II 4" 4
" ""

II (vasiform orifice) (caudal

ridges) (subdorsal setae) (tubercles)( 2-2 )

2-2 B

H

() () B (
SI 0.6~0.9mm 2 1~7

1/2 2

( 2-2)
II

(
II ci": 0.85mm. $ 0.91mm ( 2-2)
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29.5 14 lOh 90%

27t: 4h
l~8h 3d

(Cohen,1990)

10~24d, 66~300

48~394 (AzabefflZ., 1971) Bulter (1983)

7

8 II 252 10 11

204 12 1 14.3t

61 14.9"^

26.7T: 81 / 32.2 72 /

160.4 / (Gammed, 1974); 43 Avidov(1956)

50 Von Arx (1983)

127.5 Dittrich (1985) 344 /

( II II

1976 SI II

II

11( 2000)

II

2-1( 2000)

2-1

SI Bemisia tabaci £1 Trialenrodes vaporariorum

fr: . ;5!

(1) 0.91±0.04mm, 2.13 0.06mm ( 1) K 1.06± 0.04mm, 2.65 ±0. 12mm

(2) //feu K 0.85 ± 0.05mm,MM 1.81 ±0.06mm (2) K 0.99±0.03mm, 2.41 ±0.06mm,

i

3) Vj '4:

(1) 0.6~0.9mm

(2)

(3)

(4)

(1) 0.7~0.8mm

(2)

(3)

(1) {•S

(2) 5~7

(1) 5

(2) 60

4~5 ( ^^^

P
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(
4 3

11~15

(
Mound Halsey(1978)

300 Greathead(1986) 72 420

500 (Brown et ai, 1995b; Naranjo and Ellsworth, 2001) 600

(01^6^3 6?0/.2001) (2002) II

36 148

SI

99

Begoniaceae Lythraceae Zygophyllaceae 1 (Oliveira et ai, 2001)

II

B

Bird(1957, Perring, 2001) 2

Bird Jat—a
MamTjof e^M/cMffl

(Costa and Russell, 1975);

II

II

(Robertson, 1987) Lisha (2003)
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II 1889 II H A/eyra^j

ffl/7fld(Gennadius 1889) 100 SI

(Perring, 2001) 1900 Physalis

alkekengi H ,
Aleyrodes inconspicua Quaintance(Perring, 2001 )

1914 Quaintance Baker Bemisia Bemisia

inconspicuaiQuaintance)

,

Quaintance Baker

Aleywdes tabaci Bemisia 1914~1964

50 14 19 fiem/wV?

(Perring, 2001) Takahashi(Perring

2001) Aleyrodes tabaci Bemisia Bemisia tabaci

Russdl(Perring 2001)

9 B. tabaci

II 4 ( )

II (
1991; Mound, 1978 Perring, 2001)

1978 Mound Halsey(1978) 22

Bemisia tabaci

II Bemisia tabaci

SI

(Brown et al., 1995b;

Perring, 2001)

Pening(2001) II ( 2-2)

(
(thoracic tracheal fold)

(dorsal setae)

Bellows

(1994) B A ASMS4
Rosell (1997) ASMS4 B

N
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2-2 a ( Perring, 2001)

( _1^
RAPD DNA

A (Sinaloa) * **

A (Sonora) * **

A

A Arizona) ** ***** * ** * *** * ****** ** ** ***

A (California) ** ** ***

AN

(North Territory)

AN (New

oouin Wales )

* * *

AN

(Queensland)

* *
* *

AN

AM

AN
1 1 J^ *

AN

B *

B * **** ** ***** *

B (North

Territoiy)

B (New

South Wales)

B

(Queensland)

* * * *

B

(Tasmania)

B *

B ' E?Vi * **

B * *** *

B hi]+liU -

(Nova Scotia)

** *

Q

Q

B # #

*

B

B **

B
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( RAPD DNA

B m *

B

B

B *

B

B ***

B

B **

B

B *

B ** **
**

**** * ** ****

B *

B #* * *

B

B * *

B *

B **

B **

B *

B

(Quintana Roo)

B (Sonora) **** ***

B

B

B

B **

B

B *

B

B **

B

B ** ***

B *** ** ***

B

B **
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( RAPD DNA

B

B #

B

B

B

B (Arizona) ** *^ + * * * + ******* ** ** ***

B (California) ** *=i ** * ** ********* *** ** **

B (Florida) ** =M ****** ** **

B (Georgia)

B (Hawaii)

B (Mississippi)

B New York) **

B (Tennessee) **

B Texas) *** *

B

B2 ** **

C ** **

Cassava * *

D ** ** ****

E +* * ** *** *** **

*

F *

G ** **

G/H Kerala) *=t * ** ***

H Gujarat) **

I Maharashtra)

*!* * + **

K ** *i» ** ** *** **

L ** *>f * **

M * *^ * * ** *** * *

N ***

N

NA

NA

NA
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( Z ZZ I t ^ RAPD DNA

NA *

NA *

NA *

NA *

NA ** *

NA *

NA *

NA *

NA *

NA *

Okra * *

P * * * *

Q * * * * ** *

R

S * **

* * * **

*

#

*

7 *

**

***

*

*

*

**

*

*

*

1
" *" "*"
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(
B (

2-1) B 20 50

( 2-2) B B

(Perring, 2001)

(
SI( )

10 13 ( 2-2)

(
( 2-2)

(

2001 8 15 ( 2-2) B

B (Perring et al, 1993; Bellows et ai, 1994; De Barro and

Hart, 2000) o

(
( ) 2001 13

21 ( 2-2)

(
( 2-2)

(
(EST, esterase)

(Wool et al., 1989; Burban et al., 1992) Prabhaker (1985)

3 Wool (1989)

(EST) Costa

Brown(1991) PAGE

II A B Brown (1994)
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15 EST

A B II B

A B C~Q

(
Perring 1993) (lEF, isoelectric focusing electrophoresis)

A B 17 II 8 A B

Nd 0.24 A B 2000 Brown

(2000) 21 3 IEF

(
1990 II

RAPD-PCR(random amplified polymorphic DNA-polymerase chain reaction)

SI

Bellows (1994) 7 IIA B

80%~100% 10%, B

H Bemisia argentifolli Bellows and

Perring (Bellows et al., 1994) Gawel Bartlett(1993) RAPD

20 RAPD

SIA B /^flra&e/m'w'amyr/cae

1117'0/^«"0^^«?^1/7«?!70«60

( DNA

1.

AFLP(amplified fragment length polymorphism) DNA
DNA Cervera (2000)

11 II A B S Q H K M Il(

fi.fl/sA" AFLP 0.32

0.07 II

1)B Q A S

Guirao (1997) RAPD-PCR A B H
K Q

2. 16SrDNA

11$ 16S rDNA

II

16SrDNA II (Clark a/., 1992)
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Campbell(1993) 18S rDNA

16S rDNA A B

3. DNA

Simon 50

550

0.78~0.98

(Simon et al, 1991)-H-

Frohlich (1999) mtDNA 16S rRNA CO/(cytochrome

oxidase I, ) 10

16S CO/

B

CO/

3

B

Frohlich (1999)

/ ()
Kirk (2000) H CO/

3' 700~720bp (maximum parsimony)

4 B

99.4%~99.7%—
94%~96% B

Lantata 4

98.1%~98.3%, B

4. DNA rDNA-/7"S7

DNA rDNA ITSI 16S COI

De Barro (2000a)

TW81 5.8R

II rDNA-/7:S7 II

/ B B (A

) (B )( //?00^^^)
B Frohlich (1999) 16S COI
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Byrne (1995a)

B

Perring

(1993) RAPD-PCR 4

B

A

2-2 II Wool

(1991 1994) II SI

Gill(1992) Bemisia

A B (sibling species),

B AN D K L M
( 2-2 Costa et al" 1993b; Bedford et al, 1994; Byrne et al, 1995b; Brown et al, 2000;

DeBarro and Hart, 2000)

Brown (1995b) 20 90

DNA
(Frohlich et al. 1999; Brown et al., 2000)

B

H

(Perring, 2001)

2-2 2001 SI 41 24

17

1~2

Bedford (1994) Rosell

(1997) Frohlich (1999) DNA 16S CO/

Brown (2000) De Barro (2000a) DNA
rDNA-/r57 II

Perring (2001) 7

(
A C N R II

A A 20 80 B

A
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(ASMS4) (Rosell et al., 1997) ITSl

A C (De Barro et al., 2000a)

„

R A C (De Barro et al.,

2000a)o 16S CO/ Frohlich (1999)( N) N ASMS4

A (Rosdl et al" 1997)

( B

B ( R argentifoUm B2

B 20 B

B

B B ( 2-2; Brown

et al., 1995a; De Barro, 1995; Perring, 1996) Perring (1993)

A B Bellows

(1994) B Bemisia argentifolii Bellows and Perring, "
H (silverleaf whitefly )

B (De Barro and Hart, 2000)

(Bedford fl/. 1994) (Bedford a/. 1994; Byrne et al, 1995b), (Liu

et al, 1992; Costa et al., 1993a; Perring et al, 1993; Bedford et al., 1994) (Bedford

et al., 1994) B B

B2 B ASMS4(Rosell et al., 1 997) Frohlich

(1999) De Barro (2000a) B

B DNA

B ( 2002; Wu era/., 2002,

2003)

(
E S E

Asystasia gangetica (L) T. Anders E

ASMS4, B B A (Rosell a/.,

1997) L P Brown (2000)

E 0.25~0.62

Frohlich (1999) E

De Barro (2000a) E S

(
H H Brown (1995a)
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II H Bedford

(1992 1994) 1991 H
H

Frohlich (1999) 16S 09/ De

Barro (2000a) DNA H

( -- -
L Q J

L 1974 Bedford (1994) L

Byrne (1995b) L B

16S CO/ L A B E

H

lj(Frohlich etai, 1999)De Barro (2000a) /7:S7

L 1999 ( ) 1996

Q 1990 J

( --
M M 1985

B K D
(Bedford^/ ai, 1994), M

(De Barro et al., 2000a)

( AN

AN
(Gunning et al., 1997) B (Gunning et al., 1997),

(De Barro and Hart, 2000) ITSl

II (De

Barro et al., 2000a)

(
D K

D 1991 () IV PGM PGI

D (Brown a/.,2000)

D B Bedford (1994) D

B K M B

K 1991~1992

B D M (Bedford "a/., 1994) K ASMS4
B E K L Q (Rosellefa/., 1997)

K B (Brown etai, 2000) ITS1
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K B (De Barro et al. 2000a)

„

NA

RAPD-PCR NA

De Barro (2000a) NA

B Q
600~1000m Euphorbia characias II II

T (Simon et ai, 2003)

II

Bedford (1992, 1994) H
Brown (1995a) H

Q 1995

(Seeker a/. 1998) 1992 (Brown et al, 2000) 1992

1993 (Rosell et al, 1997)

Q

DeBarro Driver(1997) De Barro (2000a)

II RAPD-PCR

ITS1

B 0 H 13

B Q S (Brown et al., 2000; De Barro et al., 2000a)

DeBarro (2000a)
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B a

Brown (1995b) B 20 80

II

B A (
)

B

B II 1987~1988

1988-1989

4 B II

1990-1991

1993 (Brown era/.

1995b) B --

( ) 20 90

(1997) 1994

H 1997

2000 1998

11 (
2000) II 90

( 2000) SI

(2002) CO/

4 5 B

B II B

B B

Wu (2002 2003) RAPD-PCR /75/

II B
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B

B

(
B

(Reitz and Trumble, 2002)

B

B II-A lUBellows et al, 1994;

Perring et al, 1993) (
XPerring et al" 1991) (Costa and

Brown, 1991; Schuster et al., 1990, 1991; Yokomi et al" 1990)

B 1986~1989

SUA
1991~1992 A
A C 00(0)513 6{^^/. 1993b)o 1994

B II

1991 B SI Lima 2002 B

A lULima et al., 2002) B A
II (Quintero et al., 1998, 2001) B II 1994

(Gunning et al., 1995), II

B (De Barro

and Hart, 2000)

(Reitz and Trumble, 2002)

B

(Perring, 1996; Mayer et al" 2002; McKenzie et al"

2002)

B SI

1.

(principle of competition exclusion)
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Hardin(1960) " " Odum(1971)" " "" PeiTing(1996)

B II A

B A B A (Byrne and

Miller, 1990 Bellows et al., 1994), B

B

(Perring, 1996)

B A B

B A

B A
B

A
(Perring, 1996)

B A A
(Naranjo and Flint, 1994; Riley and Sparks, 1993) (Tonhasca et al,

1994a, b), B

(Chueffl/., 1999 2002)

2.

B (Perring 1996;

Pascual and Callejas, 2003), (Reitz and Trumble,

2002), B

(Perring, 1996) B

() ()
Perring(1996) 2 A II (Al A2) B

A1 B A1 B A2 B A2

B F1 ( 9.5 9.7, 19.6, 15.6

) A B F1

B A ( 119.8s 134.5s), B

A A B

A (Perring, 1996)

B A A B

A A

B Q II B

F1 Q F1 50%
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Q Q B B Q

B B Q

B Q F1 F1

(Pascual and Callejas, 2003)

B / B

(Pascual

and Callejas 2003; De Barro et al, 2003)

3.

B II

B

(Mayer et al., 2002; McKenzie et al" 2002) B

B

( ) (Mayer era/. 2002),

B

(PR) ( 3-1 3

) PR B

B

B B

B

B (Inbar et al.,

1999b)

B II B

B (Inbar

al., 1999a)o 3

5 6 5 II

14d 28d, 42d, 56d 56d (ToMoV) B

2.5 4.5

(ToMoV) B II PR

42d PR PR P2
P4 (PR) (McKenzie "a/.,2002) PR

B

B

B

(Mayer et al,

2002)
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B a
B(Mayer ^1/.

2002)

(
1998 II 600 (Oliveiraera/., 2001),

B

(Perring et al., 1992; Calvitti and Remotti, 1998), 500

(Brown et al., 1995b) II

20 II

1.

""
tKMinkenberg et al, 1992; Veenstra and Byrne, 1998a),

E ( 2004) Costa

(1991)

II

(Courtney and Kibota, 1990; Veenstra and Byrne, 1998b) Chu

(1995) () II ( )

E ""

2.

(1) II

PR

PR

II

(Mayer et al, 2002)

(2)

(Butler and Henneberry, 1984; Wilson et al., 1993; Balaji and Veeravel, 1994; Chu et al.,

1995; Heinz and Zalom, 1995; Cohen et al., 1996),

(Price effl/., 1980; Neal and Bentz, 1999)
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(Neal andBentz, 1999),

(MosheandGerling, 1999)

(Neal andBentz, 1999)

(Azab flZ. 1969),

(Azab et ai, 1969; Resell et al.,

1997; Neal and Bentz, 1999; Guershon and Gerling, 1999)

(Neal" ii/. 1999 Guershon and Gerling, 1999)

(3)
H

10 /

(Dorschner, 1990) SI ( )(Byme and Miller, 1990) Tetsuhiko

Ishikawa (1995) SI Erwinia spp.

(Strong et al., 1984; Schoonhoven et ai, 1998)

II

(Byrne and Miller, 1990;

Blackmer and Byrne, 1999) (Douglas, 1993)

Tetsuhiko (1995) Veenstra 1998b) (Douglas and Prosser,

1992; Febvay et al., 1995)

( 1995)

(Lindroth, 1989)

(0) (H0)

(H2O2)

E
B II

(
1989 B

II B II
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II B II

DDT ( )
II 20 80

B

A B

II B Costa era/.

1993a)o Byrne Devonshire(1993)

1

2 B

Byrne (2000) B

E0.14 B

( )
E0.14 B

(Byrne et al., 2000)

Riley Tan(2002) B II

B F1

2

(Riley and Tan, 2002)

B II B

B

B

(Toscano et al., 1997)

B SI B

B

Rdl

II B B

(Anthony et al., 1995)

B

B;^(McAuslane£<ffl/. 1996);

(Bethke"a/. 1991)

2-3

(811^"^^/., 1995; Costa a/., 1991; Chu et al.,

1995)
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20 90

1978

(Omran, 1978) II

(De Pontic? fl/. 1990),

(Bellotti and

Arias, 2001)

2-3 II

Costa e? al., 1991

Bethke et ai, 1991

Toscano et al., 1994

Elsey and Famham, 1994

McAuslane et al.,

1995a

Blua etai, 1995

> > > Chu etai. 1995

> McAuslane et al., 1996

> > 2002

>>

>

2003

90 (Bellotti and Arias, 2001)

II (De Ponti et al" 1990; Brown et al., 1995b;

Drost et al., 1998) L

Trialeumdes abutilonea (McPherson, 1996; Lambert et al., 1997);

Bem!\s/fl a/er (Munthali, 1992); H r. vaporariomm (De Ponti
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et al., 1990; van Giessen et al., 1995), Aleurotrachelus socialis

(Bellotti etal, 1999) II

-B

II II

II

(Bellotti and Arias, 2001)

15

II

(Meagher, 1994; Muniz and Nombela, 1997)

( )
) ( ) ( )( )

( 2-4) (Morales, 2001)

II

2-4

73 2 Teuber et al, 1996

64 Famham & Elsey, 1995

4 2 Pefia Rojas et al., 1992

19 3 Ozgur & Sekeroglu, 1986

1( Navon et al" 1991

19 1( Wilson et al, 1993

24 4 Meagher et al., 1997

13 1 1 Chu et al., 2001

150 0( McAuslane et al., 1995b

31 8( Simmons & McCreight. 1996

8 2 Morales & Bastidas, 1997

14 Lambert et al., 1997

36 McPherson, 1996

19 Paris et al., 1993

1200 3 Channarayappa el al., 1992

^6 20 Heinz & Zalom, 1995

;JH 2 Heinz &Zalom, 1995

'
J.

8+2 4( Soundararajan & Baskaran,

2001
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(
(Abdallaheffl/., 2001)

1.

II

II

(Ali 1988; Riley et al" 2001; Soundararajan and

Baskaran, 2001) (Soundararajan and Baskaran, 2001)

(McCreight and Kishaba, 1991; Kishaba et al., 1992; Wilson et al" 1993;

Heinz and Zalom , 1995; Lambert et al, 1995; McAuslane et al., 1995a; McAuslane, 1996),

B B

14.2/cm
2

67.2/cni
2

428.1/cm
2

2439.6 /cm
2
(Rao et al., 1990) Cucumis

melon L. (Riley et al., 2001)

II (Liedl et al.,

1995) Muigai (2002) B II

Muigai (2002)

(Riley et al., 2001) B

(Elsey and Famham, 1994 Famham and Elsey, 1995; Jackson et al, 2000)

Bra^y^s/cfl o/eracea var. flce/j/zaZa L.

B

(Elsey

and Famham, 1994; Jackson et al., 2000)

2.

(Rao a/. 1990) (Cohen a/. 1996)

(Chu a/., 1998, 1999) B

Mi

(Jiang et al., 2001)
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3.

II 7~11 ( )
11~15 3

(Abdallah et al., 2001 Simmons (1994) B 10

90%~95%

SI (Chu et

al, 2001)

(Byrne and Draeger, 1989)

(Jackson et al., 2000)

4.

(

1.

Brinjal

pH TS 00052 Arka

neelakanta II

(Soundararajan and Baskaran, 2001)

(Soundararajan and Baskaran, 2001) (Rao

et al, 1990)

B

II

a- ' ( ')

( -9 12 )
2.

II

( )
II

P II 38%~40%
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(Skinner and Cohen, 1994) P Mg N Fe

(Rao effl/. 1990) N
(Bi CM/., 2001) Giza80 Giza 45 Giza 85

II Giza 80 Giza 45

Cu Fe N K 8 9

Giza 80 II Zn 7

8 Giza 85 Fe Zn Mn Mg 7

(Abdallah eM/., 2001) Brinjal pH

(Soundararajan and Baskaran, 2001)

(
( 2-5)

(CLCV)-B6L TYLCV)

Texas 121 Victory

Gutierrez, 1997)

Lower Rio Grande Valley B

UC Impalo F B

(Teuber, 1996)

3 (Jackson era/.,2000)

B

(McAuslaneefa/., 1997)

Sunseed 3 A21-7 II

Mi NombelaeM/.2000)

2-5

( Channarayappa et al., 1992

Heinz and Zalom, 1995

( Liedl et al., 1995

Dussourd, 1995

Famham and Elsey, 1995

Lambert et al.. 1995

McAuslane, 1996

Morales and Bastidas, 1997

Riley et al., 2001

Gutierrez, 1997

Smith et al.. 1998

Cardoza etal.. 1999
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II 114 ( 9 31)
24 25 14 17(061"11118 6?«/.2001)

II

Dean (1995)

II

Cohen (1997) II

II

II

(
Delphastus

catalinaeo (Gordon, 1985),

(Heinz et al, 1994;

Hoelmerefa/., 1993)o II

(Gerling and Stem, 1993) Hoelmer (1993)

II II

II

II

(Heinz et al., 1994; Gerling and Stem, 1993) Liu Stansly(1999)

yVe/7/iaw/soa//^m^«?

Legaspi (1996)

Serangium parcesetosum II Abboud

Ahmad(1998) H Dialeurodes citri Kirk

Thistlewood(1999) CV/toWef/ms flm/ams H
II

(
Mflcra/o/?/ms ca//g/AWMS Ml

(Bamadaser«/.1998) II

M.cfl//g/nosMs II II 1

II il^ E sia form II

M. caliginosus . ^':

M. caliginosus l#!!SJf
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(Castane et al., 2000)

Abd-Rabou(1999) 2 /

3

M.caliginosus, 1 II 0.5~1 /m
2

1 1 II II

Huang Polaszek(1998) II

(
II (Tauber et al.,

2000), Chrysoperla camea Chrysoperla

mfilabris

II II

(Dean and Schuster, 1995) Senior McEwen( 1998)

Balasubramani Swamiappan(1994)
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Hoelmer Kirk(1999) Semidalis flinti

(
(Gerling eM/. 2001) El-Banhawy

(1999) Cyd im negevi

7Vfran)c/msMAY/cae Nomikou (2001)

Typhlod m swirskii Ewseii4s scutalis II

II

(Heinz

and Zalom, 1996)

(Guershon and Gerling, 1999)o Legaspi (19%)
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II

SI Encarsia 200 Eretmocems 14

Amitus Metaphycm (Gerling et al., 2001) 19

Encarsia$^ Eretmocerus (Huang and Polaszek, 1998) van
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Lenteren (1997a) ^/T ^ II

II H 4 ()
$ $ 2~4

2 II

($^
1 2 3

(Gerling, 1966) II^ Encarsia formosa

(van Lenteren et al., 1997a), Hoddle

(1998) if SI

Enkegaard(1993)

16~28t De Barro (2000b)

5 II

Abd-Rabou(1998) 83%,

Hoddle Driesche(1999)^3^$? Eremocerus eremicus ^
Beltsvilla Koppert (Henter

and van Lenteren, 1996; Henter et al., 1996) Beltsvilla

(van Lenteren et al., 1997b)

(£. pergflm//e//a) Schuster (1996)

3 4

Liu Stansly(1996)

Hunter(1989)

SI

Liu

Stansly(1996) - Onillon

(1994) II!^ Gabarra (1999)

II

(^
(Gerling, 1966; Gerling et al., 2001)^ 1

1 1 2 3

(Foltyn and Gerling, 1985) E. mundus E.
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eremicus E. mundus H 2

1 2

(Jones and Greenberg, 1998), Headrick (I999 ) E. eremicus

EeremZcMS E.

eremZo/s £. mMm^MS

II Hoddle (1999)

E

eremicus (-
- )

erem/o/s II

500hm2 lOOOhm^o

Joyce (1999) Am/fMS 1

3d 60

II

Paecilomyces Verticillium A^/zeryom'a

Paecilomycesfumosaroseus (Smith,

1993) II (Laceyefa/., 1999)

(Wraight fl/. 1998),

II (Osborne and Landa, 1992)

(Laceyef flZ. 1993)

3kg/hm
2

5~7d

1 2~4 (Osborne and Landa, 1994) Verticillium lecanii

II

II (Medae and Byrne, 1991)

£. erem/cMs OWms

/flm'gflmW 5^^^«^7'0^^/0^1
II

(Wraight et al., 1998; Ramos et al., 2000)

Fransen(1990) Aschersonia

aleyrodis placenta II

SI Faria Wraight(2001) II

a
30 (Cranshaweffl/.,
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1996; van Lenteren, 1997b; Gerling et al. 2001)

II Naranjo(2001)

SI

II

II

II

II

Prabhaker (1985)

SI Dittrich (1990)

(CahilUffl/., 1995)

(Denholmef "/. 1996; Cahill et al., 1996a),

SI 20 80

3~170 350

(€&^11^ ^z/. 1995) B

28 000 (Tan and Riley, 2000)

(Cahill

etal., 1996a)

20~360

(Denholm"«/., 1996)

20 90

II

(Horowitz et al., 1994; Dennehy and Williams, 1997) 1989

II

20~50 (Horowitz et al, 1994 Cahill et "/. 1996b; Cottage and Gunning, 2002)

1991 (Horowitzes a/. 1999)

1996 (Dennehy and Williams, 1997)
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1 4 (1992~1995 )

4

(1996~1999 ) 500 90

1992 (Horowitz et al., 2002)

(Horowitz et al" 1999 do Valle et al., 2002; Toscano et al" 2001)

90

II

H

(CahiU et al., 1996c)

(Prabhakerera/., 1997) B II

II 78

75 (Prabhakerera/., 1997)

(Elbert and Nauen, 2000)

(Lara era/.,2001; Lee " a/., 2002)

Nauen (2002) 100

Q II Horowitz (2002) 3 B

5~10

II

(

a- 3-

3~5 II

(Byrne and Devonshire, 1993), Byrne

(Byrne et al., 2000)

Eo.i4 B

B II
3H DFP(

'

4C

SDS- Eo.i4
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Eo.i4 66 000Da

(Cahill etal, 1995)

P45() (MFO)

SI P45() Byrne

"C 126 B II B II

MFO MFO
(Byrne et al., 2003)

DEF

TPP

(Prabhakeref^^/. 1988) PB

(Devine et al., 1998, 1999) Nauen (2002)

PBO PPP Q

P45()

(
(AchE)

(Byrne et al., 1993 Cottage and Gunning, 2002)

Byrne (1993)

4.54(±0.27)mOD/min 6.32(±0.48)niOD/min Cahill

(Cahill et al., 1995)

Byrne

II 20 40

SI 2800 1400

1 16 4000

(Byrne fl/., 1997) Byrne

(Byrne etal., 2000), Nauen
3H

100 Q II

AchR

II (Nauen et al., 2002) Cottage

Gunning B II

(Cottage and Gunning, 2002)

GABA
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II
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(Horowitz a/. 1988) 3 Potter

(Sivasupramaniam et al.,

1997; Prabhaker et al., 1996) Potter Potter

(Sivasupramaniam et al., 1997 Prabhaker

et al., 1996)

(Cahill et al; 1996b),

(Palumbo et

al, 2001) SI

(Dennehy and

Williams, 1997) Cahill

(Cahill

et al., 1996c), Prabhaker

(Prabhaker eM/. 1998)

(Lee et al, 2002)

II Palumbo

1 2

3 4 ()
(Palumbo et al., 2001) Lee

3 85% (Lee et al., 2002)

B

109 •



II B

SI

B 20

( ) B

II ( 2-3; )
Hilje (2001) II

5

5

(

Azua 1988 B

1993 " "
90d II 600hm

2

1997 E (Villar "c^/. 1998)

Arava 1983 8 3

4~7 1983

II

1987

6

(Uckoe/fl/. 1998)
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II

(Hilje etal, 2001)

II

II

(Hilje et al., 2001)

(

() II

(Nault, 1997)

II

II

(Hilje et fl/. 2001)

(
II

5~10 1~2

( 2-3)

(loannou, 1997)

Phymlis wrightii (Hilje et

al., 2001),
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II (Csizinszky et ai,

1995, 1997, 1999; Smith et al., 2000)^

Arac/i/s /7/"to/ -^^^Yi Drymaria cordata^ Coriandrum sativam ^

(Cubillo et al., 1999; Hilje, 2000)

Fagopymm esculentum Sinapis alba

II (Hooks a/. 1998)

Finch Collier (2000)

"
/ "

(
(Blackmer and Byrne, 1999)

(Bentz a/. 1995)

(BluaandToscano, 1994),

(816^^^/.2001)

(
(Henneberryef"/. 1995; Hilje, 1995)

II

II (Costle et al., 1996;

Costle, 2001)
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Bellotti Arias(2001) Morales(2001)
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II ( )
3 (introduction).

(augmentation) (conservation)

20 (Naranjo, 2001)

1989~1990 /^fl/te^io/pefl)

(Lacey and Kirk, 1993; Kirk and Lacey, 1996) B( )

II ( )

B

SI ( )

B II

(van

Lenteren et al" 1997a; Hoddle et al., 1998; Gerling et al, 2001)
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vanLenteren(2000) II

( ) $

20~35t 15T
II 0.5

7~10 3~5

3 / 5 / 3 1;

SI 2~3d

II

" "
20 90

SI (Naranjo, 2001; Naranjo

et ai, 2002b2003)

1

SI

5~6

(Naranjo, 2001)

(Berlinger and Lebiush-Mordechi,

1996)

(Hilje etai, 2001)

( 10 )
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7~10d 1

3

Ellsworth and Martinez-Carrillo(2001) II

SI 5

20 90

(Palumbo et al., 2001; Ellsworth and Martinez-Carrillo, 2001)

bioresidual)(Naranjo 2001; Ellsworth and

Martinez-Carrillo, 2001)

SI

( )

II

II 2-3

II ;

II

10 II 2-3

(Ellsworth and Martinez-Carrillo, 2001)

1991~1995 II 4.1 1995
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Chapter 3 Rice Water Weevil

Lissorhoptrus oryzophilus Kuschel

Abstract: The rice water weevil (RWW) Lissorhoptrus oryzophilus Kuschel belongs to

Erirhininae (Coleoptera: Curculionidae). The existence and shape of fore-mucro on the lower

end of tibia of the hind leg of adult is the determinative trait for sexual identification. Native to

Misisippi River Valley in the New World, RWW has been introduced into Japan, South and

North Koreas, Pan-Bohai Sea in northeast, and southeast of China. All RWWs in California,

USA and in Asia are parthenogeneos females. RWW is the most severe insect pest of rice in

the North America and has become a serious pest and threat to rice production in the Asian

invaded regions.

RWW adults feed on young rice and other grass leaves, leaving feeding scars paralled to

the vention of leaves. These become the symptoms for early diagnosis of the existence of the

alien insect.

Adapted to the local thermal, photoperiodic and nutritional conditions, RWW is

univoltine in northern and can be bivoltine in southern China. Most of the first-generation

adults in southeastern coastal China, however, emigrate from rice fields to oversummering and

overwintering sites for reproductive diapause.

Both adults and larvae of L. oryzophilus feed on rice, but it is generally the larval stage

that causes yield losses. Adult leaf feeding damage is rarely of economic importance. Larvae

feed on or in roots, progressing through four instars in 3-4 weeks depending on field

conditions. Root pruning by larvae results in reduction in vegetation growth, tillering,

nutrienting and water taking-up, grain number, and grain weight. Severely damaged plants are

also more prone to wind damage because the pruned roots no longer provide anchorage in the

soil. Yield losses caused by the weevil typically exceed 10%, and can reach 25% or more.

Seasonal migration between overwintering and breeding sites is the main modes for

short-distance dispersal, and expands the distribution area slowly. Jumping long-distance

dispersals of the weevil are assumed through unintentional human transmission. High

mountains are natural barriers for the expansion, but can be broken by high-ways.

The main techniques for control of the rice water weevil are: light, cone, and water

floating traps, tolerant rice varieties deployment, delayed flooding and application of chemical

insecticides. In the USA, application of carbofuran post-flooding had been a major effective

approach for 30 years to control the weevil. After its removing as registration for use in rice in

1998, lamda-cyhalothrin (Karate, Fury), delta-cypermethrin, fipronil (Icon) and diflubenzuron

(Dimlin) have been the successors. Seed-box application, spray, slow-release and peripheral
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application of some insecticides are the main methods for control of the weevil in Asia. A

facultative control strategy, in which RWW is one of the multiple targets to be managed, must

be recommended in southern China region must be recommended.

A series of topics related to the invasion, dispersal, population dynamics of the rice water

weevil, and its interaction with host plants should be elucidaed by further studies with

methodologies at the levels of individual, population, physiological and molecular ecology.

Key words: Lissorhoptrus oryzophilus Kuschel, population dynamics, dispersal, invasive

alien species
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1994 9

408 /m
2
() 856 /m

2(
) 10~20

1996

60km

100km

10

lOOOkm,

(Kisimoto, 1991 Asayama and Nakagome, 1993)

( 1997)

(1)

(2)

(3) (Kisimoto,

1993 1997; 1997a, 1997b, 1997c, 1997d)

30km
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( 1999)

(4) ( 1997)

( 1997a 1997b1997c 1997d; 1998;

2003; 1999c)

(
(Blatchley andLeng, 1916 Kuschel, 1951 O'Brien and Wibmer, 1982),

19

(Sacramento Valley),

1912 1959 6 (Biggs)

(LangeandGrigarick, 1959), Grigarick

1959~1970 11 32km

(Grigarick, 1993) 6~9

4~19mm Grigarick(1993)

(
1976 5 50hm

2

(AsayamaandNakagome, 1993 Kisimoto, 1980 Kisimote, 1993)

1976~1981

(Kisimoto, 1980) 20~30km 1982

100km

20~100km(Matsui 1984), 1982 1981

425km(Kisimoto 1993) 10

1000km(Kisimoto, 1991),

(Matsui, 1984)

(
1988 7 (Hadong-gun Kyungsang

South province), 3 ^11^ " "
(Lee and Uhm^ 1993) 1422 247.Ihm

2
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6 43 1992 20 608 3456.5hnr 14

tfc^ ()
(Lee and Uhm 1993)

(
1988 6

600hm-, 1989 1990

1991 1992 1993

1996 7 ()54 () 33

0.9%( 1998)( 1997)

(2000) (2001) (2003 6 (2003 6

(2003)

2001

1.8% 30km

10~15km ( 1996)

(
(1990 3 ) ( )

( 1991) () 1992

1996

46 (Cheng and Shih 2001)

1881 Howard (Riley, 1881),

(Savannah) fl (Riley,

1883) (IselyandSchwardt, 1934) 1909~1914

t-i

Newell (1913) Tucker (19 12) Webb (19 14) ; ilUli
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(Webb, 1914) 1930 Isely Schwardt

(Isely and Schwardt, 1934)

(Bowling, 1980)

(Tucker, 1912 Webb, 1914 Ingram, 1927) (Bowling, 1972 Smith,

1983 1997) 1%~75% (Tucker, 1912)

Ingram Douglas (1930)

35.1% Isely and Schwardt, 1932; Isely and Schwardt, 1934)

0.38~0.8mm 0.5mm

30mm

( 3-6)

3-6 (
a. I. b. Mi* fft

38%, 56cm 16d

( 1996) 68.6%( 1997)

14.7~35.2cm, 5~7d 7.5%~13.6% 934.5~2215.5kg

12.4%~32.6%( 1997) Palrang(1996) 3
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0.4 / (
7 /)

/ 0.2 / 0.4 / 0.6 /

45%(1993) 33%(1995) 3 1.6% 1

/

10%(Tsuzuki et a!., 1983b; Kobayashi, 1993), 0.25 /

(Tsuzuki et al., 1983a); Grigarick(1963)

1 35% (core sample, 10cm 10cm

) 1 45kg

(Thompson, 1970)

(1996) 3d 15d 0.7m
2

9 (5 /

3 6 9 18 27 36 ( 14d )

3d 15d 3d 0.33 /

7.8% 7.6%, 5% 15d 3.6%

3.8%, 0.66 5%

40.5% 39.5%

8 (0.25 / 0.5

/ 1.0 / 1.5 / 2.0 / 4.0 / 8.0 / ( X

X

= lniXlmX1.5m) 6

6

2 / 7 12 / 20%( 1997a)

(2000) 6 0.25 / 0.33 /

0.48 / 0.69 / 1.0 / 2% 5%, 10% 15% 20%

(Wu et al. 1997;Zou etal.,

2004a)

^( 1996)

5
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(Tsuzukiera/., 1983b)

(Grigarick, 1984

Hesler^ffl/., 2000 Zou et al, 2004a, 2004b),

65%21% 36% 12%

2%
(Miller et al., 1991 Wu et al, 1997),

(Counce and Wells , 1 990)

(Way, 1990) 15%~30%

50%~70% (Way and Wallace, 1993 Asayama and Nakagome,

1993 1996) 1123kg/hm
2

7% 1220 1990

4000

10%(Smith 1983 Smith et al, 1986) 25%~50%(Smith and

Robinson, 1982 Stout et al, 2000 Smith, 1983), 70% (Anonymous, 1994),

900 ~1000 (Smith et al., 1986) 1998

1500 ~3000 5000

~10000 (Odom, 2002) 41%~67%

48%~65%(Asayama and Nakagome, 1993) 4%~22% (Park et al.,

1991) 1992 20%(Nam 1998)

10%~20% 68.6%( 1997) 1988

400hm2
25%( 1996); 12.4%~32.6%( 1997)

10%~60%( 1997) 40% (
1996) 5%~10% 40%~60%

1994 30hm
2

1308 82.5kg/hm
2(

453~2625kg), 80%( 1996)

90t( 5 3 40% 15 000ml)
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(Tucker, 1912 Webb, 1914 Grigarick and Beards, 1965 Stevenson,

1972 GiffordandTrahan, 1967 Smith, 1983), (Knabke, 1973 Nilakhe, 1977)( 1999) 7 (Stevenson, 1972

Smith, 1983 1997)

6~10d, 4

l~2d 5~7d(Kisiinoto 1993)

1 1

2 2 (Muda^^ffl/.,

1981 Tanaka, 1986, 1987, 1988)

Muda et al., 1981 Morgan et ai, 1984 Palrang and Grigarick,

1993) 3 5 (Isely and Schwardt,

1934 Morgan et ai, 1984 Muegge ^/. 1996) 6 (Webb, 1914),

3 6 (Paltrangef fl/. 1993),

(Grigarick, 1984, 1993) (Isely and

Schwardt ,1934) (Isely

and Schwarde, 1934 Sooksai, 1976)

(Isely and Schwarde, 1934),

(Everett, 1966 Webb, 1914), 1~2 (Everett and

Trahan, 1967 Rice et ai, 1999)^

30~40d

4-1Od (Grigarick and Beards, 1965; Raksarat

andTugwell, 1975),

(Bowling, 1972 Kuschel, 1952 Grigarick and Beards, 1965 Everett,

1965) (Bowling, 1972)

4 (Cave and Smith, 1983), 2 7 (Isely and

Schwardt, 1930), (Smith, 1983), 81cm;

14~20d 7d(Isely and Schwardt, 1934 Smith, 1983),

4~5(Everett 1966) Everett (1966)

4

1
5~6

1 (Isely and Schwardt, 1934), Stevenson(1972) 8

2

(fescue )
$ (Grigarick and Beards, 1965), 2

30~60d (Muda et al, 1981; Haizlip and Tugwell,

1983 Morgan et ai, 1984 Grigarick, 1993),

(Grigarick and Beards, 1965), L<

2 nj" (Grigarick and Beards, 1965),

11
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35t 401 (Raksarat and Yugwell,

1975)

(Grigarick and Beards, 1965 Way and Wallace,

1993) (Webb,

1914) (Way and Wallace, 1993)

()
( 3-7)

4

(Nilakhe, 1977), 3cm( )
1

1

2 ( 1997, 1999a, 1999d)

4~10d 14~30d l~2d 5~7d(Kisimoto 1993)

15.5t 79DD; 12.1

568DD 150DD 1

12.5T ( 3-2)

3-2

/1 /DD

50% 13.8 33.0 Yokoyama et al., 1990

50% 13.9 34.4 Kobayashi, 1988

12.5 150.0 Kobayashi, 1988

15.5 79.0 Matsui et al., 1984

16.3 62.1 Lee et al., 2002

- 12.7 665.0 Matsui, 1984

- 10.2 780.9 Goh and Choi, 1993

- 13.9 577.6 Lee et al.. 2002

- 12.1 586.0 Matsuiet et al., 1984

(&\^?«/.20003)
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2-3 50 200( ld)

0~6cm

3

13

104 6 30 ( 1996)

7 56 86 5 18 22

7 18 8 (Okada, 1980)

3 13 19 Webb, 1914; Isley and Schwardt, 1934; Lange and

Grigarick, 1959) Tindall Stout (2003)

8 8

11%~47% 33%~100% 65%;
Echinochloa crus-galli, Panicum dichotmiflorum, Cyperus esculentus L.,

Brachiaria platyphylla Nash 4

Cocodrie

(Tindall and Stout, 2003)

7 56 ( 1996)

(1997) 10 65 45 9^ 2

1 5 20 14 3

1 7 49 (
1998)

ZUcmia sp.

'^0«/0(0^/«^(/70^1^.

Zizania caduciflora

80%~100% 16( 1998;

1999) ,
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Spodoptem frugiperda

32% 48%;

9%~37%( ) (Tindall and Stout, 2001)

(
(Stevenson, 1972),

3

(GiffordandTrahan, 1966), (Everett, 1966),

(Tucker, 1912 Webb, 1914 Muda et ai, 1981), Way Wallace (1993)

(Way and Wallace 1993 Clyde et al, 1 996)

3~5 ( )

( 3~5) 7~8 8

10 ~11

4 5 6

8

3~4 (Way and Wallace,

1993) 7 1 (Shang et al., 2003a,

2003b, 2003c), Muda (1981)

(7 10 ) 2 Way Wallace (1993)

8 1 (Smith, 1983)

(Grigarick and Beards, 1965) 3

~6 3

5 7 ~8 (Grigarick, 1993)

(
Kobayashi(1984) N36°

(7 2 )
N36°

5 ~6

4
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5 6

1~2 (5 ) 1

4 7 (7 ) 1 7

7 8

(Asayama and Nakagome, 1993)

3 (4~5 )
(5 ~7 )

(Tanaka, 1993)() 4~5 5

1 5 7 6 1 6 ~8

2 9

(Tanaka, 1986) ( 5~7 6 ~8

1

10~30 m 2

7 8 8 2 9 ~10

( N26°): 3~4 1 4

~6 5 5 ~6 1 5

~6 5 1 6

1 7 8

~ 8 ~9 2 9 ~10 9

~10 2 (9 ) 1 1/10 2

(Tanaka, 1993)

(
4 5 ~6 6

8 ( 7~9d 28~37d 6~9d)

1 7 8

(Goh and Choi, 1993) ( 1996)

(
1989 [ ()

1993] (1996) (2000) (2001)

( 2003a 2003b),

3
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7 7 ~8 12

(Shih and Cheng, 1993), 3

(Cheng and Shih, 2001), 2

1

3 4 4 5 ~5 1

5

~6

2 2

5~6 (9) 9 (9 ) 2 10

( 1992)

3 - (
) 3d 15d 0.25 0.5

(Cheng and Shih, 2001)

1 ( )-
1 ( 3-7a), 1 2 (

1997; 1997)

4 4 ~5

1 1 5 ~7 6 1 5

6 1 6 6 ~7

= 1

1

2 ( 1997 1999a. 1999d), 2 8

~9 8 2 9 10~15d

9 ~10

2 ( 20
)

1

2 1 2 1

2

1

id

3-7 (
148



(
( 3-7b) 35°

4

5

5

5

5 ( )
6 ~7 80% 6cm

5~10cm 30~45d 10d 7

1 (7 ) 60d 1

8

1

2 ( 1997) (460

/m
2
) 50%; 40%; 1.4%

0.2% 3cm (0~lcm 84% l~3cm 14%)(

1998)

5

5 7

7 8 1 9

( 3-6b) ( 1997)

4 ~5 5 ~6

5 6

6 6 ~8 7

7 9 8 8

~9 8 ~9 9

8 9

14.5h

-14.4-18.8T (
1997)
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Tauber (1986)

(
()

4~5 3~4

(Knabke, 1973) Nilakhe(1977) 1/6

10~ 5() 2 21 50%

45%
2 3

(Knabke, 1973)

(1999)

(1999)

(1998)

1

1

1

1

1 (
1998) 2( 1997)

14h(Knabke, 1973), Kobayashi(1984)

1
35t 14.5h 13.5h

7 1 27t 15h

38d 40% ( 38~41d, 100 /) 14h

35 t 14h 13.5h ( 20 /)
25~27"t 15~16h (AsayamaandNakagome,

1993) Kimum(1993)

. 150 .



25t 14h 15h 20 t
16h 14h

(
(migratory flight) (trivial flight),( 1999g)

(Muda fl/., 1981)

2 (70°F = 21.1T)

(Godfrey, 2002) 1

7 ~8

2 (Muda6«ffl/. 1981) ( )

1

2 (Tanaka, 1993) 1

1

( )(Shih and Cheng, 1993)" -"
1999a

1999c1999d1999g) 3

1 1

(95%)
( 1997, 1999a, 1999c, 1999d)

Morgan (1984) 18T 100DD

175DD 50% 90% Matsui(1985)

13.81 50% ( ) 91DD; Goh

Choi(1993) 50%

63.1DD

(Grigarick, 1993) Muegge

(1996) " 1" first significant flight) 60T(15.6<t )

(1999a 1999b) 13.8"t

90DD 50%

80DD
1 2
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80~100DD

1994-1996( 199%)

Ih

1

25t 2(n: 1

( )
(Matsui et al., 1983; Kisimoto, 1993; 1998) (1996

1999f, 1999g) 2(n:

(
)

(>201 )

4

4 5

Matsui(1984)

251

(

4 5

~6

6 5

20% 6

10% Kobayashi(1984)

(IselyandSchwardt, 1934)

(Morgan et al, 1989)

23d 60kg/hm
2

29d 36d

90kg/hm
2

120kg/hm
2

(Jiang and Cheng, 2003)

20d
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(

1.

5 28 ~7 18

7 19 7 28

5

30~40nm .
5 ~6 6

( 1997)

2.

( 3-2)

Takeda(1987) (j) (x) '=55.9+44412^)
2(n:

183 283 248 Raksarart Tugwell (1975)

25T 30^ 35^ 4(n: 40 X
3 56% 58% 43%,

9d 6d 4d

( ) Shih

Cheng (1993)

Nagano (1985)

79DD

3 5cm
1

(12.lt 586DD)

10cm
1

(
(2002)
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X ^2

1^2= l/(0.836+0.421X) /V

Sq ^Si f r+ 1

M„ = 5o 5, TV, /(0.0836+ 0.042 1 5o 5, M ) ,

(
1998), ( 1996; 1997)

(Kisimoto, 1993;

1997)

( 1998)

3cm

3~5cm 5cm ( 1997)

Goh Choi (1993) 5cm

30cm X 30cm X 3cm 32 50~60T

(GiffordandTrahan, 1969a),

45 t:
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40%~60% (1~5 25% )
(Sooksai and Tugwell, 1978) 3

60% .( 10 )(Sooksai 1976) Kobayashi

(1985) 1
Iwao

Kuno (1968)

K 0.47%(, 2002)

( 1998; 1999)

( 1996)

(leaf scar

method) (larval core sample) (Morgan et al., 1989),

(Smith etal.,

1986)

(Morgan fl/. 1989),

40~50min

(Muegge, 1996)

(floating aquatic

barrier trap),

I

1.4 80% 7.6cm

7.6~9.0cm (Hix et al., 2000b, 2001), 1.53cm( 0.88~

2.52cm) 18.0cm (Hix et al., 2000a) (light trap)

(Muda et al., 1981;

Stout et al., 2000), Stout

(Stout, )
(Gifford and Trahan, 1969b), (Stout et al., 2001a, 2001b);

93% 5.5% 1.5%(Grigarickand

Beards, 1965; Everett, 1965)

W( 2003b),( 1997) (1991)

0~ 6cm 10cm

6cm 3cm

( 1997); 9cm (Okada, 1980)

>^- lOcm,

( Goh and Choi, 1993)
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10 5

5

(Smith era/. 1986; Way" ^/. 1993)

(Way a/. 1993)

1

Kurihara Matsuzaki (1989)

3~5 (Katayama, 1985 Matsui, 1983 Suzuki and Katayama, 1985;

Goh and Choi, 1993) (1999e)

(0

) (1) (2) (3) (4)
(5 )6( 1998)( 1999g)

Muda (1981)

Haizlip Tugwell(1983)

6

4( 31~38^irn 260~302|im)

Matsui (1983) 48^im

88±48^im ( )
156~216^un 189±13^1111 Goh Choi(1993)

16(Vm

3

( 1999g)

Kobayashi(1988) 5 () (
144nm ) Takeda Nagata(1987)

Matsui(1985) 91DD 50%

156nm

70%~80%

(91DD) 100% 80%

100% (Asayama and Nakagome, 1993)

Yokoyama (1990) 70~90DD
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( 1996)

(Stout et al., 2000, 2002a; Way, 1993; 1997)

( 2002)

( 1998)( 1998)

(
5

5 4 6

(Kisimoto, 1980) (
) (1999) 26.5%

ffl S (Thompson et

al., 1991), "1"r (Thompson e^rfl/. 1994b),

3
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~4

(Stout et al., 2002; Thompson et al, 1994b) 10^

3 15 (SaichukefflZ., 1999),

(Wu and Wilson, 1998; Stout et al., 2000)

4

4 2 4 3 (Stout, )
6

(
(Tucker, 1912; Newwell, 1913; Webb,

1914; Isely and Schwardt, 1934; Morgan et al., 1989; Quisenberry et al., 1992; Helser et al.,

1992) Newell, 1913)

( Hesler"fl/. 1992) 5.44~10.95/hm2

(Morgan et al., 1989) (Smith, 1983;

Quidenberry et al., 1992) (Quisenberry et al., 1992) Isely

Schwardt (1934)

(Thompon et al., 1994b; Hesler et al., 1992), ( )
(Hesleref«/. 1992);

Thompon (1994a) Whitehead

(1954) 75

1 2.5~3 2

(Rice et al.,

1999), (Stout et al., 2001; Zou et al., 2004a) 2

2~3 4~5

(Stout a/., 2000)

(Wueffl/., 1997)

(Stout £fa/.,2000)o

1.5cm
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(5~10cm) (1.3cm)

(Stoutera/.2002c)

( 2001), ( ) (
1999) ( 1997)

( 20d )

( 1997)

(
1997; 1997)

(1994) ( lOd)

(
) lOd

26.5%

1.5cm ( 1999)

(

4000~10000 ( 2002)

Hix (1998 1999, 2000b 2001)

2.5~18

1

1.2~2.8 (Hix et ai, 1999, 2000b, 2001)
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(
Tucker(1912)

Telmatodytes palustris Anas platyrhynchus Hyla spp.

/?a«« ^
Conocephalus faciatus (Der Gier) / flavescens

(F.)

( 1997)

8

(
fie^?"veWa bassiana{\]Tiz and Rice, 1997; Liete et ai, 1995)

Metarhizium anisopliae (Nagano, 1987) Hirsutella jonesii (Yoshizawa,

1990) (Yoshizawa, 1993; Nitta and Grey,

1996; Rice and Cogbum, 1999) Yoshizawa(1993)

1

(2002)

42.4%( 1996)

(Urtz and Rice, 1997)

(811113&16^"/.1977)
(Smith, 1983) Steinemema carpocapsae

//ereror/zah^Z/r/s spp.

40%~80%(Way and Wallace, 1992a 1992b)

15d

88% 80%(Meneses 1983),

Bfld//M:y thuringiensis 10%
(Liete et al., 1995)( 1999; , 2000)

39.6%~90.4% 1/4 ( 1997)

(Heinrichs, 1994)
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35

8000 (Hdnrichs and Quisenberry,

1999), (Smith and Robinson, 1982;

Robinson et al., 1988a, 1988b, 1988c; N'Guessan and Quisenberry, 1994a, 1994b; Rice et al.,

1994), (Gifford and Trahan, 1976; N'Guessan et

al., 1994) Smith and Robinson(1982) 100 5

WC1403

Cook(1988)

Stout (2001)

Jefferson Cocodrie

150 Pe-Bi-Hun 2 1 WC1403

20

Iwata(1980) 120

(2003) T03

T03 T03

T03 T03

T03

(antibiosis) (antixenosis) (nonpreference)

(tolerance)-Robinson (1981)

Tseng (1987)

Heinrichs

(1985)

(Bowling, 1973) (Smith and Robinson,

1982)

(Gifford and Trahan, 1975) Hdnrichs(1986)

0.01%~2.60%

30

(Bt

CrymA) (Hall et al., 2000)

(Tindall and Stout,
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2003)

o

4~7d 20%

ll~14d 10%

10 5 5 (Smith et al, 1986; Way et al.,

1991), (5%) 0.51 /

30 /m
2

()( 1998 1998), 2% 5%
10% 15% 20% 6 0.25 / 0.33 / 0.48

/ 0.69 / 1 .0 / 6 0.3 / ( 1997;

2000) 7~10d

16~22d 90%

( 1998)

20 50

(Whitehead, 1954)

1966 90%

(Everett, 1966)

1964 1965 1968

(Bowling, 1968) (Grigarik and

Beards, 1965; Gifford and Trahan, 1967),

(propanil)

Everett, 1965) Chlorpyrifos) PP-21 1 {0-[2-(diethylainino)-

6-methy-4- pyrimidinyl]0,0-diethyl phosphorothioate}

(Carbofuran, Furadan) 10%(129 OOOhm2
)( ) 4000

(Godfrey effl/., 2002) 30

(Flickinger et al.,

1980) 1990 (EPA)

1995 9 1 1998 4[ X-cyhalothrin

Karate(Fury)] (-cypermethrin) (fipronil Icon)

(diflubenzuron, Dimlin)(Stout et al., 2002a) Icon 6.2FS

Karate 1EC/Z 10 d Dimilin 2L

(Stout et al., 2000; 2002a, 2002b; Boyd, 2003; Bernhardt, 1997, 1998,

1999)

4

Stout 2000)
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(Stout et al., 2000) 1999

2002

2~3

<
-

1976 1977

1978

1981 1983

10

Pii

1987 .
—— ( Trebon

Ethofen prox Ethofenp roxyfen) ( Cydosal, Cydeprothrin

Fencyclate),

Kanno (1993)

37

1991 100

( 130

70%)

(Kanno,

1993)

(1)

10

(2)

1991 50% h 8

(30cm><60cm) 30~50g
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30d

(3) 1991

30%
0.5(8112111^1^?^^/. 1983b) 11

()
(Koyama et al., 1987; Matsuura and Ishizaki, 1987)

(4)

2% " " Peripheral Application,

concentric applications, Naba et al, 1993) J Shibuya, 1995),

4m 2% ( 2UG-P)" "
(Throwing Application), ' 2UG-P

2~4m 4% " "(Drip

Application),

(Naba and Kohguchi, 1993)

"
( )"

" 1

" "" 66

1 1988 13 1991

1

8 1996 0.3 0.9%( 1997)

1988

50 5%

EC 3% G 40% EC 20% ( 1996;

1997)

II ( 1997)

15

90% ( 1999)

91% (http://www.tjagri.gov.cn/agriculture/dzts/

plant-protect.htm)

( 1999)
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12 ( 2000)

(2002)

2.5% EC 30% *£( 40% •

40% 30% 7d

(90% )

5 6

( 1997)

( 24h) ( 1991)

3d 15d 0.25 0.5 (Cheng and Shih, 2001)

3% 2% 3%

5% Benfuracarb 6% cartap() 3% 3%( 1994) (
Cartap )

Ethofenprox 1.5% PVA, 4% PVA, 4% oil(
)

fl
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(1)

(2) -
(3)

(4)

(5)

(6)

(7)

( Bi^

. 1997a. ( ). 11(3): 164-166 [CaiY.ChenH

C, Wang X, Song F, Liu S S, Gao B Z. 1997a. Transmission pathways of the rice water weevil: III. Plant Quarantine, 1 1(3):

164-166]

.1997b. ( ). 11(2): 103-104 [CaiY.GaoB

Z, Chen H C, Wang X, Song F, Liu S S. 1997b. Transmission pathways of the rice water weevil: II. Plant Quarantine, 1 1(2):

103-104] . 1997c. 11(4): 219-220 [Cai Y, Liu S S,

Song F Wang X Gao B Z Chen H C. 1997c. Transmission pathways of the rice water weevil: IV. Plant Quarantine, 1 1(4):

219220]

fr: . 1997d. ( ). H(l):384 [Cai Y, Wang X,

Chen H C, Liu S S Gao B Z, Song F. I997d. Transmission pathways of the rice water weevil: L Plant Quarantine, 1 1(1):

38-40]

2000. . M.' 16(1): 22-25 [Chai Y Q, Chen Z A Feng

H Y et al. 2000. Bioassay of pathogenicity of Metarhizium anisopliae to on the rice water weevil Lissorhoptrus oryzophilus.

Chinese Journal ofBiological Control, 16(1): 2225
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. 2000. 12 . 39(6) 3032 [Chen Y, Tian C H, Li P H. 2000. Efficiency

of 12 insecticides on the rice water weevil. Pesticide, 39(6): 30-32]. 2000. . 16(2):5355 [ChenZA, Feng H

Y Shi L C. 2000. Evaluation of Metarhiziuni anisopUae on the rice water weevil. Chinese Journal ofBiological Control, 16(2):
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Liriomyza sativae Blanchard

Chapter 4 Vegetable Leaf Miner

Liriomyza sativae Blanchard

Abstract: This chapter contains general overviews of various parameters of Liriomyza

sativae, including its distribution and origin, recognition characters and early diagnosis,

importation pathway and causes, damage and assessment of ecological and economic effects,

biological and ecological characters, prediction, warning system and control techniques. Some

biological characters concerning feeding, oviposition, eclosion, attractancy to yellow sticky

traps, emergence, pupation and ecological characteristics concerning the effect of temperatures

on the development, reproduction and longivity, overwintering and cold-hardiness, host

selection, intraspecific competition, spatial distribution and dynamics of population are

reviewed. In addition, it also gives some introduction of the risk analysis and early warning

system of the leafminer. Finally, the integrated control methods and techniques, including

quarantine, field fallowing and crop rotation, use of yellow sticky traps, greenhouse freezing,
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chemical and biological control and so on, are presented.

Key words: Liriomyza sativae Blanchard, distribution and damage, identification and

diagnosis, biology, ecology, monitoring and control

L/n'om3;zfl sativae Blanchard
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5h (Petitt, 1991)( 4-11)

4-11 ( 1998b)

/h

/% n /% ' [T /%

6-7 21.05 21.05 15.12 15.12

7-8 33.68 54.73 20.93 36.05 3.85 3.85

8-9 14.74 69.47 46.51 82.56 10.28 14.43

9-10 14.74 84.21 16.28 98.84 51.92 66.35

10-11 8.42 92.63 1.16 100 25.00 91.35

11-14 6.32 98.95 8.65 100

14-15 1 .05 100
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( 4-12) 14~31T

8.46d

68d 1.83d 12d

7~8 24.7~26.lt 2

4-12 ( 1998b)

/d /d /d - /d

14 8.46±1.31 18.91 ±1.99 41.15±2.13 68.53

17 5.21 ±0.22 12.31±0.81 25.85 ±1.02 43.37

20 3.95 ±0.11 7.21 ±0.32 15.69±0.46 26.85

25 2.61±0.11 4.28±0.14 9.05 ±0.27 15.93

28 1.95 ±0.09 3.94±0.08 7.70±0.33 13.59

31 1.83±0.08 3.21 ±0.38 6.87 ±0.04 11.91

12%~16%

26%~29% 56%~60%

1/4~1/3

251

90% 13t 42.0% 34"^

69.3%( 1998)( 4-13) (1997)

4-13 ()( 1998)

W

34 31 28 25 19 16 13

0.936ab 0.949ab 0.974ab 0.981a 0.962ab 0.954ab 0.927b 0.818c

1+2 0.982a 1.000a 1.000a 1.000a 1.000a 0.990a 0.982a 0.865b

3 0.983ab 0.980ab 0.987ab 0.985ab 0.982ab 0.986ab 0.994a 0.935b

m 0.767c 0.946a 0.968a 0.954a 0.930a 0.890b 0.848b 0.568d

0.693 0.880 0.931 0.922 0.879 0.829 0.767 0.420

) 1~2

25~26t

Leibee (1985)

1~2
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36T (25~26t)

(1998b)

9h 40 6h

50% 43t 2h

4(n: 8~9h, 45t
40t: 2h

(1998b)

( 4-14)

4-14 ( 1998b)

a:

10 29.20 e 10 0.13 f 10 0.00 f

30 42.24 cd 30 0.00 f 30 0.00 f

50 52.24 be 50 40.16 de 50 0.28 f

28 33 36

70 61.91 b 70 40.98 cd 70 32.02 de

90 72.56 a 90 74.82 a 90 38.48 de

100 80.20 a 100 79.80 a 100 43.60 cd

(P<0.05)

28t 33 90%~100% 70%~80%

(>0(^|)(^2)
y = ^8.247+9.195A:,-0.649X2-0.231A:r +0.033X1X2+0.001X2^ (r = 0.9219**)

9.471

10.961

241.07DD, 10.74t( 4-15) 1987~1996

8~9 (8.76)
( 1998b)

. 188 .



4-15 ( 1998b)

a: /DD

9.47 39.20 V= 0.0255 17"-0.24 162

10.81 65.97 V= 0.015167-0.16391

10.96 136.40 V=0.0O733r-O.08039

10.74 241.07 V= 0.004157-0.04455

4-16

4-16 ( 1998b)

a:

16.5 0.10±0.06 bB 0.14 ±0.08 bBC

21.5 0.17±0.05 aA 0.19±0.05 aAB

26.5 0.19±0.03 aA 0.21 ±0.04 aA

31.5 0.11 ±0.06 bB 0.12 ±0.07 bC

36.5 0.04 ±0.05 cC 0.05 ±0.06 cD

( 4-5)c

"
7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45

/d

21.5^

~»~

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

/d

4-5

U

1

lyT*

%/q.l
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

/d

30

123456789 10

/d

123456789 10 11

/d

4-5(

16.5^ 5~23d

26.5t: 4~9d 2~lld

2~4d

2 45% 3 14.29% 10%

16.5 21.5 )

%/q.1.2.

190 •



y = 44.61 0;^_703.34( = 81.834 <0.01 df= 41 ,
1"2 = 0.6717) y =

A:= 15.77^, (31.51 36.5^),

Marquardt

y= 110.1[l_exp(-0.0043390](^2 = 0.9143 P<0.01)

26.67d, 45d 26.51 13~15d (31.5 =t

36.5^ ) 4~5d( 1998b)

(1998b)

26.61d, 45d 26.51 13~15d

36.5't ) 4~5d( 4-17)

4-17 ( 1998b)

m

/d /d

16.5 26.67 10.06aA 10-45

21.5 13.27±4.74bB 7-23

26.5 14.50±5.33bB 7-22

31.5 4.28±2.12cC 2-10

36.5 5.38±2.62cC 2-11

(1999) 4

26.5t 26.5t

161

1.27 20.99d

2.86d

21.5t>31.5T16.5 31.5t>21.5t>16.5t 16.5t

0.0421 16.46d

7% 93%

(1998) 311 28<t

54.11 51.42 25 341 22t 19t 16t
13 0.52( 4-18) (y^i) (ri

r, = 5332.2-77.737+3.6267^-0.0527^
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4-18 ( 1998)

W

34X. 31t: 28T: 25°C 19X. 16t

0.936 0.949 0.974 0.981 0.962 Q 954 0.927 Q gjg

0.965 0.980 0.987 0.985 0.982 0.976 0.976 0.809

0,767 0.946 0968 0.954 0.930 0.890 0.848 0.676

0.476 0.496 0.492 0.490 0.476 0.502 0.516 0.520

400 400 400 400 400 400 400 400

0.419 0.625 0.494 0.414 0.284 0.103 0.035 0.011

26.32 54.11 44.53 36.65 22.61 9.14 2.84 0.50

-9.96±0.69 -9.06±0.75T

( 4-19)

lt
( 2000b)

4-19 ( 1998b)

a: /"C

- 10.65 ±0.73 bB 9.46 ±0.63 bAB

10.65 ±0.63 bB 9.66 ±0.46 bB

9.50 ±0.82 aA -8.78 ±0.90 aA

-151

LT50 Id LT50 LT95

3- 42.19h LTsQ

0.14h LT50

5~6d(132.24h), 4~8<t 50% 18d (432.72h)( 4-20)

4-20 ( 1998b)

M /d* LTso/h

-15t 1 r= 2.9042+ 1.447 IX 0.46 6.4

3 y= 2.1603+ 3.0487X 0.14 0.49

y= 2.9089+ 2.8580X 0.09 0.33

y'=3.4418 + 2.0036X 0.10 0.66

-lO'C 3 K=- 6.9430+ 7.3485A" 42.19 70.64

3 y=2.9916+ 2.7103X 132.24 534.72

4~8^ Y^0.\403+ 3,M^9X 432.72 1152.00

* 25t
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(
(1998)

(4.09d)

(2.78~2.65d) 8.85d

(7.51~7.29d) 10.23d

4.07d( 4-21~ 4-23)

4-21 ( 1998) ( d)

R1 4.00 3,86 3.25 3.15 2.77 2.76 2.50 2.50

R2 3.98 3.71 3.48 3.50 3.00 2.89 2.57 2.75

R3 4.25 3.88 3.38 3.00 2.79 2.67 2.89 2.77

R4 4.13 3.45 3.13 3.25 2.57 2.56 2.75 2.58

4.09A 3.73B 3.31C 3.23C 2.78D 2.72D 2.68D 2.65D

25~27<C „

4-22 ( 1998) ( d)

U

'HiSSL ^ a:

H

9: U

R1 8.50 8.50 8.20 7.89 7.83 7.31 7.50 7.36 7.50

R2 8.79 8.33 8.42 7.90 7.50 7.38 7.25 7.35 7.31

R3 9.00 8.75 8.20 7.99 7.67 7.83 7.38 7.37 7.27

R4 8.91 8.20 8.62 7.77 7.30 7.50 7.75 7.40 7.08

8.85aA 8.45bB 8.36bB 7.89cC 7.58dCD 7.5 IdD 7.47dD 7.37dD 7.29dD

26.88-29. lot
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A OQ ~7~ [=1 'Sfe"^ 4-^v3 |J ( 1998) ( Iaa: d)

-
Rl 10.00 7.58 6.40 5.60 4.00

R2 10.58 7.25 6.50 5.78 4.25

R3 10.50 7.50 7.00 6.00 3.88

R4 9.85 7,83 6.86 5.98 4.13

10.23A 7.54B 6.69C 5.84D 4.07E

24.39~28.0(«

=

(

York, 1988)3 > > >

(
Kennedy (1978) 50

PI282448 PI3 1 3970

12

Eagle Nemasnap Hanna (1987) Eagle

Nernasnap 4 3

2 4 "" "" " 5"" " " 4" " " """ 1
" " 4" "" " 802"""" 82-2"

(Petitt «/., 1992)

1 2 /Mmzms L.)

1 1 /cm
2

1
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1 /cm
2 90% 2.63 /cm

2

32%
1

1

0.3 /cm
2

2.8 /cm
2

B 654±16^ig

414±13ng 37% 1 /cm
2

3

(1998)

7

1 7^ = 4.13+2.2029^(/" = 0.9926^

1 7 /cm
2

1 7 /cm
2

7 /cm
2 ( 4-24)

4-24 ( 1998)

U /( /cm^) /mg /d /( /

1 0.59Aa 50.09 22.8AB lOS.lBCDa

3 0.58ABa 50.05 22.6ABCD 112.1AB

0.57ABCa 50.08 23.5A 114.9A

0.56ABCDb 50.10 22.7ABC 109.2BC

9 0.48EC 48.52 15.6E 104.7Db

11 0.38FC 47.38 13.4F 104.7DEb

13 0.33GC 46.37 12.8FG 94.7F

15 0.28HC 44.08 10.4Ha 73.6G

17 0.251c 38.25 10.3HIa 56.1H

19 0.20JC 37.42 8.2IJb 49.41

0.18JC 34.09 6.9Jb 49.01

1980

(York, 1988)

/SH
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Hanna (1987)

0~50cm 50~150cm

150~200cm 200~250cm

Chandler(1984)

(1998a)

( 4-6)

6 7 7 ~10

8 7 ~9 50%~100%

10

11 10

250

200

.»

150

100

50

26 7,01 doc 11.17 1.12

Z. tJ

4-6
'
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()
(1999 )

"" (ANN) (ES)

85%

—— L. trifolii (Burgess)

(

3

30

210 36.2%,

(
( )

32.3%

94.2%
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1/15~1/10 3

77.8%~100% ( )( )

(
2cm

( 1998b) 30cm 19.6%

40cm

( 1997) 12h 48h

72h 81%~95%

10% 90%

10%~90%

68.7%~90%, 30% 20%~40%

3 10.6%~63.9%( 1999)

(

50%( 1999)

'? 56t 5d

lOd

n 30%~40%0

8 42.0% 9 17.5% 9

0.5% 9 ~10 9

. 198 .



( ()

( )

(
)6:00~8:00 12:00~14:00 ( )6:00~8:00

16:00-18:00 8:00~10:00 18:00~20:00

15cmX20cm

14.1%~37.4% 0.45~0.53 1( 199%)

180m
2 21cmX 15cm 5~16

16.67%~37.50% 25.60%~70.55%

20%~25%

24%~60% 51.5% 16.0%;

35.5%; 40%~68% 59.3%, 28%, 31.3%(
1999)

15cmX 20cm

30cmX20cm 15cmX20cm 30cmX20crn

15cmX20crn

8cmX 20cm. 4cm X 20cm. 2cm X 20cm

15cmX20cni

= + +

1 /m
2

2 /m
2

14.1%~37.4%
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(
() ( 1998a)

1997

1 5 80 /

2 2 152 /

1

6

45<t 2h 99.9%

96.1%~94.8%

43t 48

(
(1998)

2.5kg :
20cmX22cmX35cm( ) 40W 24V 3.2A

3~5m/s

78%~93%

(

25% 7

20% 1/4;

1/6; 80% () 40% 48% 5% 10% 4.5%

20% 2.5%

. 200 •



60%;

60%

(

77.6%~92.1%

(

Koppert 3 4
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4 100

24

22 ( 1999;

1999 2000a, 2000b; 1999a,1999b; 1999)

19

(2003) Walker

2~3 4 :

- 10.411

7.72 X , 9.29^ 10.44^ 8.49=t 10.401;

90.62DD88.59DD 178.27DD; 91.60DD 107.75DD,

170.00DD 24 241.0 252.6

242.2 309 304.1 474

30cm X 40cm X 50cm

12 250 796

7~8d 50 270 34% 80 1488

(20 ) 358.2 30cm X 40cm X 50cm

1 13~20 18~3(n:

24 15d

12 172 0.04 /

( Tenax GR )
Tenax GR

-

• 202 •



GC-MS

D- -3 7- -1 3, 6-

' P-

D- (D-Limonene) -3 7- -1

3 6- (l36-Octatriene37-dimethyl- E)

D-' 3-

3 5 5-

2

7:00 30 1 4

2

78.8% 100% 10 100%

60%

(
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Liriomyza huidobrensis (Blanchard)

Chapter 5 South American Leaf Miner

Liriomyza huidobrensis (Blanchard)

Abstract: This chapter contains general overviews of various parameters of Liriomyza

huidobrensis , including its distribution and origin, recognition characters and early diagnosis,

importation pathway and causes , damage and assessment of ecological and economic effects

biological and ecological characters , prediction , warning system and control techniques. Some

biological characters concerning feeding, oviposition, eclosion, attractancy to yellow sticky

traps , emergence , pupation and ecological characteristics concerning the effect of temperatures

on the development, reproduction and longivity, overwintering and cold-hardiness, host

selection , intraspecific competition , spatial distribution and dynamics of population are

reviewed. In addition, it also gives some introduction to the risk analysis and early warning

system of the leafminer. Finally , the integrated control methods and techniques, including

quarantine, field fallowing and crop rotation , use of yellow sticky traps, greenhouse freezing,

chemical and biological control and so on , are presented.
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Key words: Liriomyza huidobrensis (Blanchard), distribution and damage , identification

and diagnosis biology , ecology , monitoring and control

Liriomyza huidobrensis (Blanchard)

Diptera Agromyzidae Uriom
Blanchard E.(1926) (Spencer, 1990)

20 80

EPPO South American leaf miner,

( Latin America

) 1993( 1998)

1993

20

5-1

5-1 ( )
0.27~0.32nimX0.14~0.17nim

2.3~3.2mm 6~9
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1.3~2.5mmX0.5~0.75mm

1.6~2.1mm 2.1~2.8mm

2 2

1/2 3+1

4

M3+4 1.5~2.5

1 1998b)

.

5%;

( )

20 80

1993

() ( 1998)
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41

( 1998)

30 94( 1999) 1995

27hm2
30

66 100% 90% 40

1997 33.5 15.1 6.7

2.5 9.3( 1998)

1997 1.76 1.64 1998

1998

1993

20

5%( 1999)

40 70 ( 1998)
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30%~70%

lh

16:00

( 5-1)

24h

5-1 ( 1999)

/%

/t: /

h

/h -

6:00-11:00 11:00-16:00 16:00-20:00

29 6-10 6-8 100

24 6-14 8-11 88.27 11.73

20 6-16 8-13 78.65 21.31

14 7-18 9-14 52.44 43.31 4.26

( 1999)
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(Parrella,

et al, 1985)

16:00

13:00~15:00

11:00~13:00 ( 1999)

Weintraub Horowitz(1996)

6:00~7:00

7:30~9:30

17:30~19:30 11:00 15:00

(
3 ( 5-2) 1 2

3

1

3

1

4.12mm2 3 163.2nim2( 5-3)

5-2 ( 1999)

1

2

3
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5-3 ( 1999)

/ /mm /mm: /mm

1 0.62 ±0.11 0.17 0.16 4.12±0.75 0.17-0.5

2 1.31 ±0.24 0.28 ±0.05 20.46 10.11 0.5-1.0

3 2.47 ±0.36 0.57 0.09 163.2 ±36.6 1.0-2.3

Parrella (1985)

80.5% 78.4%

(
7:00~9:00

7:00-11:00 8:00~10:00 ( 5-4)

5-4 ( 1999)

/
6:00 18 6 22.5

7:00 46 17 24

8:00 75 45 27.5

9:00 37 63 29.5

10:00 15 37 33.5

11:00 4 25 35

13:00 2 37

17:00 34

29 24T 2(n: 14T

6:00~7:00 7:00~8:00 8:00~9:00 9:00~10:00 12:00 90%

( 5-5)

5-5 ( 1999)

29t 24X. 20X. 14X.

/

/% /%
/%

1% 1% /%
/%

/%

6:00-7:00 49.37 49.37 27.03 27.03 10.87 10.87 3.21 3.21

7:00-8:00 32.91 82.28 56.76 83.79 17.39 28.26 4.11 7.32

8:00-9:00 11.39 93.67 8.11 91.90 43.48 71.74 26.5 33.82

9:00-10:00 6.33 100 5.42 97.32 19.56 91.30 29.50 63.32

10:00-11:00 2.68 100 6.52 97.82 18.75 82.07

1 1:00-12:00 2.17 100 12.4 94.47

12:00-15:00 5.53 100
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0.6~1.5

60cm

1.3

16:1 #i Weintranub Horowitz(1996)

10cm 30cm, 50cm. 70cm 51.2%~65.6%

( 5-6)

14t: 6.54d

16.25d 23. 1 Od 45.89d29t: 2.00d 1 3.93d

10 6~7

24.7~26.3
1 ( 1999)

5-6 ( 1999)

/t: /d /d /d - /d

14 6.54 ±0.54 16.25 0.93 23.10±0.82 45.89

20 3.65 0.1

6

7.93 ±0.79 11.92 ±0.47 23.50

24 2.37±0.14 6.46 0.80 8.67±0.37 17.50

29 100 ±0.29 5.22 ±0.94 6.71 ±0.03 13.93

(0 (V)

\/=0.5417/[l+exp(4.6720—0.247 U)] (r=0.99**)

V^=0.1724/[l+exp(3.4528-0.23450] ('=0.98**)

V=ai500/[l+exp(3.4 128—0.19250] ('=0.99**)

\/=a0691/[l+exp(3.649 0.2170/)] (/"=0.99**)

W
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13%~15%, 33%~37% 48%~50%

14~29t 90%

87.8%~93.7% 20~24T 70%

29 25.3%

6

4.6% 63.8% I4

(y) ( y=-231.058 + 29.0109^- 0.7114^
2

( 1999)

30 31

57.9%, 33t 1.2%

4.5h 41<\ 3.5h

18~25t ( 1999)

1999)

( 5-7)

5-7 ( 1999)

/"t ilHj /% /%

10 19.44 i

30 27.78 h

50 46.67 ef
20

70 55.00 d

90 75.00 a

100 58.33 cd

10 25.00 h

30 41.67 g

50 50.00 e

24
70 61.11 be

90 75.00 a

100 61.82 be

10 13.75 j

30 26.5 h

29
50 41.67g

70 44.44 fg

90 63.34 b

100 48.33 ef

(P<0.05)
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20 24SC 90% 75%
30%

28 RH 10% 13.75% 100%(>0(^1)(^2)
y=— 167.803 + 16. 117X1 + 0,765;C2 — 0.341A:i2_0.006A:iA:2 — 0.003A^22 (a^O.9318**)

( 1999)

6.24t:

7.91 140.70DD

298.35DD( 5-8)( 1999) 8

5-8 ( 1999)

a: /DD

7.78 41.52 V=0.024 147" -0.18773 0.9895

6.24 117.19 V=0.00861 7 -0.05375 0.9940

7.97 140.70 V=0.00710r- 0.05660 0.9996

- 7.37 298.35 V=0.(X)336r- 0.02475 0.9990

241

20^ 141 29V. 33^( 5-9) 24^ 29t

20 14T

5-9 ( 1999)

/"C 1; H

14 4148.1 ± 1741.8 bBC 209.65 ± 38.64 cC

20 5990.09 ±2712.93 a AB 351.02±53.63bB

24 7383.91 ±2141.98 a A 505.13±90.81 a A

29 3939.82±783.17bBC 450.87±58.81 a AB

33 2774.58 ± 1204.36 bC 464.06 150.91 a A'
1? Si (/»<0.01), M '' J ^WS (p<o.05), |m]
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( 5-10) 24T 555.91

787 38.97 96 14t

229 10.98 33T 25.22

4.37

5-10 ( 1999)

/°c /d

14 229.2 ± 135.04 cB 493 10.98±4.18dCD 50 2.50±0.78aA

20 424.73 ±150.95 bA 682 25.99±4.36bB 57 1.00±0.49bB

24 555.91 ±141.75 aA 787 38.97 ±9.42aA 96 0.82±0.72bB

29 141.55 ±26.68cBC 180 16.6±4.03cC 47 0.73±0.45bB

33 25.22 ±18.35 dC 124 4.37 ±3.97 eD 45 0.75 1.53 bB

00 (X) >^= 1.262^-13.7(/^= 25.844 P<0.01,

df=3\, r
2 =0.4628= 10.88

00 W
Y= 109.1 [l-exp(-0.009988X)] (r = 0.8873

,
/^<0.01)

24~33t: ld 141

2.50d ( 5-11) 24t 2(n:

3 29T 33T 14T

33 0.01 33t (
1999)

5-11 ( 1999)

14 0.052 ± 0.0 18bB 0.046 ±0.024aAB

20 0.076± 0.0 18aA 0.059 ± 0.02 laA

24 0.077 ± 0.0 12aA 0.059 ±0.027aA

29 0.036 ±0.006cB 0.029 ± 0.01 8bB

33 0.01±0.014dC 0.008 ±0.005cC

5~20d 7~9d 5~7d 201

4~7d 24^ 9d( 3~1 Id) 3~4d

29^ 2~5d 33t 2d

43.9%,
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141 20d 38d

20~24^ 16.8~14.6d, 33t 5.8d 8d( 5-12)

5-12 ( 1999)

rc /d /d

14 20.00± 7.84 aA 8-38

20 16.82 ±7.22 abA 8-36

24 14.64±4.00 bAB 9-23

29 8.91 ±1.83 cBC 6-13

33 5.75 ±1.48 cC 3-8

( 5-2) (1998)

3

6 7

7 ~9

9 ~11 11

6

~

7

6 ~7

60%~90%

41

irf-rr-rTTrTs

/fl.

5-2
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4 ~5

4 (2895 /100)
10 ~11

(356.2 /100)
1

(15.7 /100 )
6 100 32

(

.1999. . .. 280-284 [Lei Z R, Wang Y Liu Y Y. 1999. Biological comparison between Liriomyza huidobrensis and L.

sativae. In: Reseach Progress in Plant Protection and Plant Nutrition. Beijing: China Agricultural Press. 280~284]. 1999. . 66 [Liu Y Y, 1999. Biological and

Ecological Studies of the vegetable leafminer Liriomyza huidobrensis Blanchard. Dissertation for Master's Degree. 66]

. 1998. . 24(5): 30 [Wang Y LeiZR, Wen J Z. 1998.

Morphology and damaging characteristics of Liriomyza huidobrensis (Blanchard). Plant Protection , 24(5): 30]. 1998. . 24(3): 18-20 [WenJZ, LeiZR, Wang Y. 1998.

A survey of south american leafminer in Yunnan and Guizhou provinces. Plant Protection 24(3): 18~20]. 1999. ( ) . 12( ) 14-19

[Yang Z S Xiao N N, Li Z M , Liu P. 1999. Ornamental flower host plants and controlling tactics of Liriomyza huidobresis in

Kunming. Southwest China J. ofAgri. Sci. ,
12(Special issue): 14-19]

Spencer K A., 1990. Host specialization in the world Agromyjidae(Diptera) Ser. Ent. , 45 , Dordrecht , Netherlands; Kluwer Academic

Publishers. 444

Parrel la M P, Jones V P, Youngman R R. 1985. Effect of leaf mining and leaf stippling of Liriomyza spp. on photosynthetic rates of

chrysanthemum. Ann. Entomol. Soc. Am. , 78: 90-93

Weintraub P G, Horowitz A R. 1996. Spatial and did activity of the pea leafminer (Diptera: Agromyzidae) in potatoes , Solanum

Tuberosum. Environ. Entomol. , 25(4): 722-726
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Leptinota'-sa &cew//«eaffl(Say)

30 1979

Chapter 6 Colorado Potato Beetle

Leptinotarsa decemlineata (Say)

Abstract: Colorado potato beetle, Leptinotarsa decemlineata (Say), originating from

North America, is a disastrous pest to solanaceous crop. The pest has distributed in more than

30 countries and areas in Asia and Europe. In 1979 the pest had spread to the region near

China. Based on literatures of the last 15 years, the origin and distribution, spread, damage and

economic impacts , morphology , biological and ecological features were reviewed. The

prediction , prevention and control strategies of the pest were also summaried in this paper.

Key words: Leptinotarsa decemlineata (Say), spread pathway , biology , control and

management

Leptinotarsa decemlineata{Say){Co\or£L(io potato beetle) 1823

(So/fl/mmraWrafMm Buffalo bur),

(Hare, 1990)

30 19

222

222

226

9

1
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( )
1859

1876

Bremen 1877 Liverpool

1949

1979 ( 1994)

6-1

6-1

A. (W.Granshaw B. (G.Brust C. (W.Granshaw ). D (W.Granshaw

9~12mm 6~7rnm;

;
11 ;

3
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3

10

4

1 2 3 1 2

3 4

6 4 4 3

5 8

2

6

10 6 6

5 1 1

——

4

8

4 3

^
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1991

1991~1994

1991

306/hm2

412/hm2

;
35~74/hm2

12.2%,

20.5% 1994 1.43

90 140 (Grafius, 1977)

2 1~3

7.6~12.7cm 15T

25~33t: 5~10d 20~60

55d 50% 120d

5~7d 15d 30d

400 2 5~7d 15~35d 4

77%, 7~10d

10~20d;

1 3% 2 5% 3 15% 4 77%

4

lOd

(
45°) 16h ( 32°) 12h( 26°)
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50%

26%, 50%

(Solanum dw/camara) 2/3

20

Solanum,

So/ammzro mm S.

augustifolium

raw"mw S. sarmchoides S. elaeagnifolium

Hyoscyamus niger

100

11

11

S.
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elaeagnifolium

^S. Caroline,

5. ^^^?^^5. wrrac/zo/^/e^

3 S. sarrachoides( 1994)

Voss Ferro

3 ( )
(Voss and Ferro, 1990)

20~25

(Wegorek, 1959), 17T

(LeBerro, 1962) 15t

201

70% ( lOd)

30%

(
15rn) 15m ( 50m)

Lashomd 40m

54DD 150DD 101DD(Lashomd

1984)

(Voss and Ferro,

1990), 5~6d 5

7 6 4

7 21d(Ferreffl/.

1985) 7~9d(deKort 1969)

15~20d 43 8
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(de Wilde and deLoof, 1973),

(Tauber et al, 1988)

181DD

47DD 60DD( K 4879m

1346m). 0( )
22 73DD( 251 5d)

89% 30d

Costanzo P. fluorescens P. putida

8/^/Zwo^rMeAw 10 ( 10)

(Costanzo et al., 1998 )
New Brunswick

9 5 6

-

-11.71

New Brunswick

(Boiteau and Coleman 1 996)

2

I960 (
1994)
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(Bt)Cry3Aa3 Cry3Cal

S- 3 Cry3Cal(ZX)5o = 320.1ng)

Cry3Aa3 (LD50 = 672.9 ng) Cry3Cal

(Haffani, 2001) Alyokhin Bt.Cry3A

13.5 8.0 824.3

591.0 484.7 335.0

Bt

(Alyokhin and Ferro, 1999)

;
(fif. feweZ^n'om'a)

(500t)

2~3km/h 60%

27kg (Hicks, 1999)

Lacasse

(L3 L4) L3 L4

6km/h

3~4 (Lacasse,

1998)

Bt
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Co^A Cry3AS-

(Hamilton et ai, 1997) Ciy3A

(Nault, 2001) nptll gus

50%(Lecardonnel et ai, 1999)

(
"Biollector"

52% 1~2 59%, 3~4 56%
72%

(Rifai et ai, 1999)

[/"eA77/M_s bioculatus (F.)] 1994 Hough-Goldstein(
) P. bioculatus

Bt (Hough, 1996) (P. WocM/ato) Bt

60%~97%(CloutierandJean 1998)

(1991~1993)
13 Lebia analis Collops

quadrimaculatus Coleomegilla maculata

(Hilbeck et

ai, 1996)

(Pattern/., 1997), £^/ovww

(Hu etal, 1998)

(
Kuzmanova "Exobacillin 826"

9d 100% 3 4

(Kuzmanova et ai, 1997)

Poprawski 1994 A
76.5%( Poprawski fl/. 1997) Wraight 1997

1998 1999)
53%~84%(Wraight et ai, 2002)

CS/dwemema

5.0X105
/ml) 100%

New Brunswick 37%
(Stewart a/. 1998)

Bt( M-One) ( NeemAzal-F)
NeemAzal-F(50g a.i./ha) 80% 91%;
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M-One 73% 77%(Baumgart et al. 1997)

(feeding inhibitor)

^ ——
—— ' —— ——-- 20 60

70 80

3

4 (Murray et ai, 1999)

Cetinsoy A:fl"f/n'imz smmiar/i/m

(Cetinsoy effl/. 1998)

(Szczepanikef^z/.2001) () (Kroiss et ai, 2002) Basedow

(Neem-Azal T/S, 0.5%) 71%(Basedow et al" 1996)

( )

(Hodik et al., 1999)

(

.1994. '-i . |x| Ik . 1~266

Alyokhin A V, Ferro D N. 1999. Relative fitness of Colorado potato beetle (Coleoptera: Chrysomelidae) resistant and susceptible to
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GIS

Chapter 7 Western Flower Thrips

Frankliniella occidentalis (Pergande)

Abstract: Western flower thrips Frankliniella occidentalis (Pergande) , is a cosmopolitan

greenhouse insect pest and one of the most important quarantine pests in the world.

Transportation of plant materials is the most important way for the spread of western flower

thrips. It can also be carried over long distances by wind. Now western flower thrips have been

found in over thirty countries and regions in the world. Its occurrence is also reported in some

greenhouses in Beijing in 2003. Western flower thrips has strong adaptability and variability.

Its successful invasion is highly related not only to its host plants, relevant geographical and
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climatic conditions, but also to its biological characteristics. Western flower thrips has a wide

host range and it is reported to inhabit more than 200 plant species belonging to over sixty

families. Furthermore , its host range is still expanding. It is also found to shift from one kind

of host to another. In addition, western flower thrips has the potential to transmit tomato spot

wilt virus (TSWV), which might take tremendous damages to vegetable, flower, fruit, tobacco

etc. Western flower thrips is resistant to many pesticides and the resistance is still developing,

to the very new kinds of pesticide. Its eggs and pupae hide well on the plants. For these two

reasons , it is relatively difficult to control western flower thrips. Researches on western flower

thrips only started recently , so did its risk assessment. The main task of its risk assessment is

based on the information of its biological and ecological characteristics, and the environmental

similarity between its original and dispersal areas. The assessment is fulfilled by simulating

the hypothetical adaptation of western flower thrips and calculating the possibility of its entry,

establishment, spread, economic losses etc. Thus the integrated risk is evaluated.

Key words: Frankliniella occidentalis (Pergande) , dispersal , host biology , risk

assessment, invasive alien species

/^ra«W/mWZflocaVfe«to//s(Pergande) Thysanoptera,

Thripidae, western flower thrips alfalfa thrips o

(Gerin «/. 1994) 1955 (Kauai Island),

( 2002)

7-1 )
K W giij

' '

K

20 70~80

(Gaum etal, 1994 Brodsgaard
,

1993), 1983

1986 1987
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(Gerin et ai, 1994)

( 1992;

2001) ( 1994)

7-1

^ 0.2mm,

4 1 2

2mm( )

3

( 1992)

7-2

-Z.

7-2

A. B. C,D. E. F.

( http:ww\v.entomology.urnn.edu/cues/inter/inmine/Thripm,html)

K (Gaum a/. 1994)

66 200 ( 2001)
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20 80

(Yudin et al., 1986)

1985 20%( 2002)

2~3mm USDA

5~7

(tomato spot wilt vims, TSWV),

50%~90%(Yudin et al., 1986)

12~15 ( 7-3)

27t: 4d

( 1992)

1 2 1
27t l~3d
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7-3

( http:\v\v\v. umass.edu/umext/floriculture/fact sheets/pest—managementAvft_03.html)

2 2 3d 15t 12d

2 (Gaum et al. 1994) 27 °C

ld 4d
30d 10

24h (Gaum fl/. 1994)

40d 90d( 1992);

72h 24.4

±6.9d 0.7~1.6

4 (Brodsgaard, 1993)

(Toapanta et al, 2001)

Cho (1995) 50

1989~1990 1990~1991 3
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lot 4

12 1

(wheat crown), 2 ~4

Toapanta (19%)

1992 12 1993 4

3 1993 12 1994 4

4

(Toapanta et al., 1996)

( 1992)

01
(McDonald effl/. 1997)

(ChyzikandOma, 2002)

6.1 V
9.2T 7.9t (McDonald et al., 1998)

9.4T(Gaumef fl/. 1994) 6.5T(Lowry "/. 1992) l(n:(Robb 1989)

McDonald (1997)

-13=t- Brodsgaard(1993)

-25.lt -21.3^

ox:

OJW) 300h 580h (220h 480h)

5t -lOT (McDonald ef"/. 1997)

5T
(McDonald e?fl/. 1997; Brodsgaard, 1993) 25T

(Brodsgaard, 1993)

-20.8T -19.41 -15.6T

15.01 (McDonald et al., 1997)
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(
1992)

(Trichilo and Leigh, 1988)

Yudin (1986)

48 sativa var.

kmgifolia 3 Leucaena glauca

,

Prosopis

pallida, /icfldflf/eoi/reAW) 12

(TSWV) (to bacco streak virus, TSV)

30min

3~10d 15min ( 1992)

11:00~16:00

10:00-21:00

(1:00~5:00 21:00~24:00) (Sites et

al, 1992)

(
15~30 25~3(rC(Gaume?«/. 1994

McDonald et aL 1998) 59DD
143DD 24DD 38DD(McDonaldeffl/. 1998)

7-1

(Gaum e/G/. 1994)

4(« 20min 45T

Ih 40T 6h

(Kitamura et ai, 1999)

(
Teulon (1992)

Mollema (1990) Robb(1989) Trichilo

Leigh(1988) 50%
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7-1

/d

Bryan and Smith ( 1956)

--

\5X, 13.0 7.0 12.0 4.2 8.0 44.2

20X. 6.0 3.3 5.7 2.0 4.8 21.8

26.7T: 4.0 2.3 3.8 1.1 2.7 13.9

Lublinkho and Foster ( 1 977

)

ii

--

15"C 11 5 9 3 6 34

30X 4

Grasseiy (1988)

_^
201C 4.9 2 \ 5 1 3 3 16 2

Byc.Gerin (1994) —a(sj

--
25X 3.7 2.8 3.0 2.2 2.4 14.1

Robb and Parrella (1991)

15t 39.1

26.1

25°C 12.9

21.2X. 10.2

30^ 9.3

10.7

Shipp Gillespie(1993) ( water vapour pressure

deficit) 15~35 15^ 201
,
25T 301 35^),

12%~96%(12%, 33%, 53%, 75%, 96%) (7)

(V vapour pressure deficit)

=—10.582+ 1.403r- 0.0417^ + 6.674V- 0.001 - 0.3967y, =0.21

=5.343 - 0.27

1

T +0.0047^ - 1 .92 1 V + 0.338E" - 0.05 1 8TV, ^=0.10

= -0.745 + 0.362r— 0.0077^ + 3. 1 03V- 0.03 IE" - 0.1377y, P=0.11

(
Nawrocka Szwejda(1999) ( )( ) ( )

3

. 238 .



(
3 ( 4 20 8 16 16 8)

( 7-2) 16: 8

13.2d 4: 20 14.8d;

251

3 (Brodsgaard, 1994) 15

8 16(L D)

(Brodsgaard, 1993)

7-2

/L D/h Ro A T DT

4 20 3.6987 0.0618 1.0637 21.1647 11.2160

8 16 7.5774 0.1105 1.1168 18.3273 6.2728

16 8 12.2046 0.1394 1.1496 17.9470 4.9724

;Ux3540nm

(Matteson et al. 1992)

(

/^50( ) 20.7h ZTso

39.6h 45.3h 1% 13d

(Brodsgaard, 1993)

1996-1998

2~4 10~12

(84.8%) (12~4

(96.0%) 87.6%

1 3 31.6%
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71%
7 8

(Chyzik and Oma-Ucko 2002)

6 200~450m

7 500~640m

200~450m 6

(Yudin et ai, 1986)

( 2003)

GIS

( (
GIS ( 1997)

GIS

( (
1.

( )
( 2003)
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GIS (
)

2.

() ( /

) GIS

3.

()
GIS

4.

( ) /

GIS

( )

(

( 1991)

(ALP)(
2000) ( )

(
GIS
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Metarhizi anisopliae 27%

100%( 1998) (3~4 /)
(Azaizeh et al, 2002)^^«^^^«/70^/0^^
6d 75%; 3 65%~87%(Jacobsonefa/.2001)

Neoseiulus cucumeris

1000~2000 /m
2

72%~89%(Vanninen et al., 2002), 0.16 /m2(Chambolle and

Graff, 2001)

(1999)

C02 45% C02

55%

( 1994)

(Teuloneffl/., 1993; 2001)

(Hirano et al., 2000)
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4(n: 6h 40

20niin (Kitamura et al., 1999)

Soma (2001) 20g/m
3

100%

Heungens(1997) (methamidophos) (carbofuran)

(aldicarb) lOOppm 3

85% 85% 66%; 85% 87% 39%
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Pectinophora gossypiella (Saunders)

-161 -5 60%
17 25~33T 50%~100%

25~32T 80%~100% 25~32T

80%~100% 24d;

3d

3650

Chapter 8 Pink Bollworm

Pectinophora gossypiella (Saunders)

Abstract: The pink bollworm (PBW) Pectinophora gossypiella (Saunders) was first

described by Saunders W W in 1843 from specimens found damaging cotton in India in 1842.

Nowadays , the PBW is recorded in nearly all the cotton-growing countries of the world , and

also in nearly the whole cotton-growing areas in China except Xinjiang, Ningxia, Qinghai

provinces and Gansu Corridor. The distribution of the PBW can be divided in such zones: free
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zone, 2 generation zone, 2-3 generation zone, 3-4 generation zone and multi-generation zone.

The damage in the 3-4 generation zone is the most serious each year compared with other

zones. The first generation of the PBW can be found in the flowers and buds and the second in

the bolls. The PBW could be spread by cottonseed transportation and by adult flight. The

minimal survival condition is the absolute temperature at -\6°C and the average monthly

temperature at -5% for the diapaused larvae , and average RH 60% monthly and IIX the

lowest temperature for PBW at the cotton growing season. The suitable conditions are 25-33

X and RH 50%~100% for eggs, and 25-32^ and RH 80%~100% for larvae, 25-32^ and

RH 80%~100% for pupae. The longevity of adult is related to temperature and moisture , the

longest longevity is 24 day. The peak of copulation starts at the third day after emergence,

eggs can be laid one day after copulation and the number of the eggs is related to the cotton

nectary , temperature and moisture. Larvae have the tendency to the dark, but adult have the

visible tendency to the light with the wave of 3500 . Adult also have some tendency to some

chemicals, especially the sex pheromone. PBW spends the winter as a mature (fourth instar)

larva by hibernation or diapauses to resist the cold temperatures. The PBW could be controlled

by using winter managements
,

planting techniques , resistant variety, sex pheromone and

sterile insect techniques.

Key words: pink bollworm, distribution, biology, control

pinkbollworm,

Pectinophora gossypiella (Saunders)
, Platyedm gossypiella (Saunders)

,

Lepidoptera Gelechidae 1843 Saunders W W 1842

Depressaria gossypiella 1904-1905 Vosseler J

Meyrick E Gelechidae gossypiella, \9\1 Busck, A

Pectinophora gossypiella, Meyrick E 1918 Platyedm

Platyedra gossypiella Pectinophora gossypiella (Saunders) Platyedra

gossypiella (Saunders)

80 71 40°

17° 40° 1937
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1952~1955 1981

20 50

1981

50 70

80 ( 1991)

( 1991):()
60%

40°

160d

20 70d 20 50

60

180d 2(n:

80~100d 3 1 2

200d 20 120~140d

3 4

18~24SC

5

- (Ingram, 1994),- (Common,

1958), 3000

(Saunders, 1843),

(Cheema"fl/. 1980a 1980b, 1980c),( 1991)
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(
6.5mm 12~20mm

1 2 3

115 5~6

3

1 3 - 8-1

8-1 8-2

(
0.4~0.6mm 0.2~0.32mm

4

(
Inim,

3mm 68rnm,

ll~13mm

8-2

(
l<:6~9mm

.
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( 1953a 1953b; 1982)

(

"" ""
""

70%

(
2:> 2h

"""
"

700

1908

(
Wilson (1972)

1911 1913

USDA, 1977), 1916

1917 (Spears, 1968;

USDA, 1977)
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(
900m (Glick, 1955),

-16^ -5T
60%, 171( 1963)

40°

3

28%; 12%( 1953)

80% 20%

( 1994)

Logistic (
1979)

, ,

^3.28 17-0. 1395a:
1 + e
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>^ A:(12.67)

(1990) Seinhorst y=m+(l-m)zP y

1; m Z r

)

y=0.67 + (l - 0.67) X
0.7608(P ^)

(
25~33 50%~100%

15.6T 64DD

(
20~35t 50%~100% 25~32t:

80%~100% 25.4~29.(n:

11.9d 31.6~36.9t 13.4d( 1963)

(
1 1

1

25~32 80%~100%( 1963)

(
24d( 1963;

1991)

(
1^1 8:00~12:00 1:1

2:00~3:00 9

3~4 8 ( 1975 1979)
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(
2 18d 3~8d

100 500

70% 21~31=t

60%

2.5

2 3 3 4

20~34d

55% 1~8 1~13

1~16 ( 1994)

(
3650A

2:00~3:00

(
-7 11- -1- -7 11- -1-

Gossyplure) Humm el al. 1973)

C4H9CH=CH(CH2)2CH=CH(CH2)60Ac
,

7-

CH3(CH2)7CH=CH(CH2)60Ac (Green el al. 1969)

18%

( 1977);(
1984)

(
^ 7° 5° ()(Pearson, 1958) (Raina, 1974) #[ •rf-

(<13h) (
21t) ifU' (Adkisson, 1961a, 1963b, 1964b, 1965a)

(
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-15t -8.7

(1994)

10 (1999)

36g 5t 96h

100% 50% 100 70%~80%

" 545 "
80~100kg

26.2%~100% 25%~100%

2~3 105 1290~1395 /hm2(

1990)

7

( 1995)
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1986~1988 3 238

()

7

FB20 1548 407-26 ( 1990);

34 Bt

4 16 11

2 1 12 "7064" "7059" 3 (
1997) 1999 29 3 1 3

3 29 29

13.2%, 37.7%( 2000)

28 44

1997) 30 0.13

90 0.32 ( 1991)

1986~1993 2%

2% PVC '
22

5~8hm2

70%~80% 100m

PVC 1 3

4~5( 1995)

(sterile insect techniques)

1967 San Joaquin Valley

Imperal (Walters et al., 1998)

(
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Chapter 9 Fall Webworm
Hyphantria cunea (Drury)

Abstract: Fall webworm Hyphantria cunea (Lepidoptera: Arctiidae) is a severe harmful

insect pest to China. It was the end of 1970's when fall webworm was found invaded in China.

Since then, it spread to many areas in four provinces and two municipalities. Because fall

webworm has high reproductive capacity and adaptability , there are less natural enemies in

new inhabitation and plentiful host plants in the new spred areas , it has caused serious

damages to forests and ornamental trees in China, and thus great losses in ecology and

economy. In this chapter, the origin of the fall webworm and its invading process were

discussed. Its morphology biology and ecology were summarized. The studies on its control

methods were also retrospected. The achievements in preventing and controlling fall webworm

in China were also discussed. Fall webworm develops two generations in northern China each

year. However, some individuals could reach the third in certain years when the temperature is

relatively hign in September. The pest is polyphagous species which can attack 175 species of

host plants belonging to 49 families and 108 gena, nearly including all the tree species which

we reforested and cultivated , and fruit trees , flower plants vegetables agricultural crops ,

as well as many wild arbors, bushes and grasses. After investigations in details we found 27

species of insect natural enemies for this pest, among which two are predators, two are

parasitoids in its larva stage, 18 species are primary parasitoids in its pupa and/or larva-pupa

stages, and five are hyperparasitoids. A very effective pupal parasitoid, Chouioia cunea Yang

(gen. and sp. nov.)(Hymenoptera: Eulophidae) , has been selected as a biological control agent.

By mass rearing and releasing experiments of the parasitoid wasp, an ideal control result was

achieved. Meanwhile, a good strain of fall webworm NPV (HcNPV ) was selected. For mass

produce of the HcNPV , an artificial diet was choosed to feed the larvae of the pest in lab. The

fall webworm larvae can be reared by the diet during the year at large scale. Through

inoculation, large amounts of HcNPV were manufactured for biological control. After

experiments by spraying the HcNPV plus Bt in third larva instar of the pest, excellent control

result was achieved. Thus, a new technique for biological control of fall webworm was

created, i. e. using HcNPV plus Bt in its larva stage and releasing the parasitoid in pupa stage.

The two kinds of the natural enemies have been integrated to apply in the pest infested areas. It

has shown the pest has been controlled effectively both in the current generation and

afterwards for five years with the tree-infested rate below one percent. By extending the

biocontrol technique , fall webworm in China could be managed significantly and the

sustainable control result could be reached.

Key words: Hyphantria cunea , biological control , HcNPV, parasitoid, Chouia cunea
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Chapter 10 Red Turpentine Beetle

Dendroctonus valens LeConte

Abstract: The red turpentine beetle (RTB) Dendroctonus valens LeConte (Coleoptera:

Scolytidae) is originally distributed in North America. Historical data analysis showed that it

was introduced into China in early 1980's when unprocessed logs were imported from the

west coast of the United States. Since 1998 it has caused great damage to Chinese pines Pinus

tabulaeformis Carr in China. At severe damaged stands the attack rate reached 80%, and the

death rate of pines stands was over 30%. Now RTB has also been found in Shanxi Shaanxi

Hebei, and Henan provinces. In North America this beetle usually occurs on injured or

stressed trees. Despite the wide distribution, outbreaks have not been severe except in some

dry areas, such as California and Mexico. In China it can attack healthy trees especially when

the population density is high though it mainly attacks weak trees under low population

density. Usually it has 1-2 generations per year or 1-2 years a generation, depending on the

local latitude, altitude, and other weather and stand conditions. RTBs overwinter as adults,

pupae, and larvae extensively in roots and at the base of the trees. Adults can be caught all

year except overwintering stage with the flight peak from early May to late June. The female

beetle attacks and bores into the pine first , there she is soon joined by a male beetle. They

mine between the bark and the wood of trees and generally bore downward, although at first

the gallery usually has a lateral or even slightly upward direction. Where attacks are made just

above the ground line, the gallery may extend below the ground line and along the larger roots.

Indicators of an attack are a pitch tube on the outer surface of the bark boring particles either

in bark crevices or on the ground at the base of the tree, or pitch pellets on the ground.

With abundance of suitable host trees and favorite climate conditions and without strong

competitors, RTB established its population in China successfully. Several consecutive years

of drought, illegal cutting, irrational management and resin collecting contributed to the

outbreaks. Based on economical value, distribution and area of host plant, damaged degree,
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spreading possibility and control difficulty etc. the RTB was evaluated as a high level risking

forest pest to China through the risk analysis and evaluation by the International Pest Risk

Analysis Method.

The main monoterpines of Chinese pine are (R)-(-)-a-pinene, (S)-(-)-|3-pinene (S)-(+)-

3-carene, which account for 97.17% of total monoterpines and the proportion of them is

32.816 : 27.16 : 37.194. Other monoterpines are (+)-Limonene, (R)-(+)-a-pinene, Camphene,

Myrcene, Terpinen. In the experiment of Electroantennograms(EAG), the male beetles are

sensitive to (R)-(+)-a- pinene limonene and (S)-(+)-3-carene; while the females beetles are

sensitive to (S)-(+)-3- carene limonene (S)-(-)-a- pinene and myrcene. The females are more

sensitive to the volatiles than the males. There is much difference in response of D. valens in

Chinese pine compared to that in USA in ponderosa pine. The volatile difference of the two

pine species and the environment condition may contribute to this change.

For the deeper understanding and better management of this exotic pest, both the

comprehensive basic researches and management technologies are needed. The former include:

the mechanism of RTB invasion, adaptability and pine resistance; the spatial-temporal

dynamics and expansion pattern; environment impact assessment and risk analysis. The latter

are: systematical detection and monitoring technology; biological control methods based on

application of natural enemies and semio-chemicals

.

Key words: Dendroctonus valens, biology, invasive mechanism, risk analysis

Dendroctonus valens LeConte , red turpentine

beetle (RTD)
,
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Chapter 11 Pine Scale

Hemiberlesia pitysophila Takagi

Abstract: Hemiberlesia pitysophila Takagi originated in Okinawa archipelago and

Sakishima archipelago. At present, its distribution areas include Okinawa archipelago and

Sakishima archipelago in Japan; Taiwan, Hong Kong, Macao, Guangdong and Fujian in China.

H. pitysophila streamed into Guangdong province in 1980s. It was firstly discovered in May,

1982, in Zhuhai city. The junior nymphs spreaded to west and northwest of Guangdong

through airflow. According to the survey by Quarantine and Control Station of Forestry Pests

and Diseases in Guangdong, the distribution and infested areas of H. pitysophila in

Guangdong were 1,115 800 and 318,800 hm^ respectively in 2002.

The main host of H. pitysophila is Pinus massoniana Lamb in Guangdong. The adults

and female nymphs of the scale inhabit collectively in the inner side of vaginae of older

pine-needles. While the male nymphs inhabit in the outside of the vaginae or in the fresh

pine-cones, few on the middle and lower part of the young needles. They suck the sap of pine

tree, which make the infested needles wither or fall, and then make the growing potential of P.

massoniana weak, the average growth rate is 4.3% lower than that before scale occurrence. In

some places, the pine forests will encounter wood-boring insects and other diseases after

suffering from the damage of the scale. As a result, the pine trees wither or die.

There are 5 generations per year in southern Guangdong, with severe generation

overlapping and without obvious over-wintering. The effective accumulative temperature of

the scale is 728 day-degrees. On the basis of analysis of biological and ecological characters,

especially on the developmental base temperature and effective accumulative temperature, the

scale is likely to spread into northern Guangdong , Hunan and southern Jiangxi provinces .

In Guangdong, although H. pitysophila is parasitized and predated by local natural

enemies, it can't be controlled effectively because the parasitism rate is very low. In 1986, the

Chinese experts went to Okinawa, Japan and they discovered an important natural enemy of H.

pitysophila - Coccobius. azumai Tahikawa. Since 1987, studies have been done on the

biological and ecological characteristics of C. azumai, also including its control effeciency on

H. pitysophila. These studies demonstrate that C. azumai has the following advantages:
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specific host; strong searching ability; dual functions of parasitization and predation. By the

end of 1989, the wasp has already settled down at scale-damaged Pinus massoniana forest in

Guangdong. Half a year after release, the parasitism rate of C. azumai was 17.7% within 50m

from the released site, the average successful rate is 93.4%. Two years later the effective

control radius had increased to 200-300 m. The parasitism rate is near or slightly higher than

the average parasitism rate of 22.8%, the density of female H. pitysophila is lower than 0.85

per needle in Okinawa, Japan. This approved that C. azumai has as high control effeciency to

H. pitysophila in P. massoniana forest of Guangdong as in Japan, and has the potential to

control scale under the economic injure level chronically.

The dispersal and damage of the scale result in tremendous economic losses in

Guangdong and other distribution areas. At the same time, it can bring a disastrous result to

forest resources, ecological environment, natural landscapes, commercial exportation and

social economy. And it can cause a direct threat to the pine forests and key ecological areas in

southern China. Based on the experiences and lessons of basic researches and applied

technology about the scale, the authors suggest that: (1) strengthening quarantine and

preventing the spread of the scale; (2) carrying out essential principles of silvicultural control

measures; (3) using C. azumai in the new infectious areas, applying local natural enemy to

control the scale in the old infectious areas; (4) reconstructing pine forest, developing the anti-

stress ability of pine stand, and controlling the dispersal and damage of the scale.

Key words: Hemiherlesia pitysophila Takagi, Coccobius azumai Tahikawa, natural

enemy, introduction, biological control
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Chapter 12 Loblolly Pine Mealbug

Oracella acuta (Lobdell) Ferris

Abstract: Oracella acuta (Lobdell) Ferris spreaded to Taishan city of Guangdong

province along with plant materials from Georgia of America in 1988, and it was first found in

Hongling Seed Orchard of Taishan city in June of 1990.subsequently, it was put in the quarantine

pest list of China in 1992. O. acuta had been recorded early in 1930s. In 1980s, it caused short-term

outbreak as a result of the misuse of chemical pesticide in seed orchards and nursery. At

present, O. acuta distributes in Guangdong, Guangxi and Fujian provinces in China.

O. acuta attacks Pinus trees such as P. elliottii, P. taeda, P. caribaea, P. massoniana etc.

in China. Among them, P. elliottii is most susceptible to the scales. O. acuta mainly damages

the tender top of pine tree, living on sucking liquid from pine trees. Some also damage burgeons or

new cones. It makes the new treetop and pine needle shorten, unable to extend, old pine needle falling

off ahead of time. In the situation of severe damage, the scale results in treetop bend, shrink,

resinosis, and lower volume augment. A the same time, the pine cones will be runtish, small

and curve. By 2002, distribution area and the damage area of O. acuta are 377 thousands and

140 thousands hm^ respectively.

O. acuta occurs four to five (mostly four) generations a year in Guangdong with

overlapping generations, and overwinters as first instar nymph within vagina of old pine

needles or between vaginas. The scale begins to develop over 1.8±1.0°C and effective

accumulated temperature is 1042.9 + 88.4 day-degrees. After its incursion, steady density of

population comes into being in the first year, then in the second year population density of the

overwintering generation reaches the peak. The density of overwintering generation descends

obviously after 3-5 years. Based on analysis of the life table, it shows that temperature and

hosts are main factors influencing its population and that high temperature in summer and low

nutrition component of infested pine result in the descend of population density. In addition,

control efficiency of the predator on the scale population density is weak.

O. acuta still spreads around the area where it has occurred, and potentially threatens P.

taeda growing area and pine growing area in southeastern China. There are sufficient natural

enemy species in its original distribution area, with the parasitic rate of the scale over 90%
between July and August. In Guangdong, its local or introduced natural enemies mainly

include Acerophagus coccois, Anagyrus dactylopii and Zarhopalus debarri, which can play a

certain role to depress population of O. acuta. The control efficiency of these natural enemies

is being experimented at present. In consequence, it is necessary that pathosanitary,

monitoring measures, and revaluing the affection and damage of the scale should be carried

out effectively. At the same time, new defendable control steps should be established.

Key words: Oracella acuta , Pinus elliottii, Pinus taeda
,
Acerophagus coccois

,
Anagyrus
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Chapter 13 Banana Moth

Opogona sacchari (Bojer)

Abstract: The banana moth Opogona sacchari (Bojer), belonging to the genus Opogona

in the family Hieroxestidae of Lepidoptera, is a newly introduced insect pest in China and

originated from the tropical and subtropical areas of Africa. So far, this insect has dispersed to

the areas including Africa besides the center of the Sahara Desert, South, Middle and North

America, Europe and Mediterranean area. It was reported in 1997 that the banana moth was

found in China and it distributes almost all over the country now.

The banana moth is not an important pest in its original area. However, more attentions

have been paid to this insect since it started to result in serious damage of banana in the

Canary Islands in 1920s. Some ornamental plants, e.g. Dracaena fragrans (L.) and Pachira

macrocarpa (Cham et Schlecht) Wall and industrial crops such as banana and sugarcane are

favorite host plants to banana moth. More and more host plants have been reported since this

insect was found in China in 1997. The recorded host plants have increased from 49 species of

22 families to 104 species of 29 families.

The banana moth might be introduced into China with the importation of some

ornamental plants, e.g. D. fragrans and P. macrocarpa. The insect firstly colonized in

Guangdong and Hainan, the tropical and subtropical areas of southern China, and then was

brought to the other areas of China with the transportation of infected plants without

quarantine. Because of the high reproductive ability and wide adaptability of banana moth and

the suitable climatic conditions, this pest colonized very fast and the transportation of infected

plants without quarantine accelerated the dispersal of banana moth in China.

The average duration of one generation of banana moth is about 90.5 days. It occurs four

generations each year in southern China. Larval stage, including seven instars, takes about 35

to 75 days. The feeding of larvae under the bark of infected plants is the major cause of the

damage. The damaged characteristics of host plants by banana moth vary with the different

host species.

Temperature influences the development of banana moth. The suitable temperatures for

the development of banana moth are from 24T; to 28X1 . Too high or too low temperature

impacts the development of every immature stage. Female adults start to lay eggs four to seven

days after emergence. The mean number of eggs laid per female is about 253.

The most important control strategy of banana moth is to monitor the occurrence all the

time and prevent the infected plants from transporting to other areas where no banana moth

record. When the insect is found to infect plants, chemical and biological methods and cultural

measures should be taken to control the insect within the limited area. The entomopathogenic

nematodes Steinernema carpocapsae A24 is an effective biological control agent. The spray of

3000-nematodes/ml nematode suspensions can be used to control banana moth in greenhouse.
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() Dracaena camboiana Merr. et Chun
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D. fragrans (L.) Ker-Gaus var. massangeana

D. marginata cv. Tricolor

D. marginata Lam.

D. reflecta cv. Variegata

( D. reflexa Lam.

Nolina revurvata

• Pleome camhoiana Men. et Chun

/n'r Yucca aleifolia

" ( K elephantipes Regel

Yucca sp.

Amaryllidaceae Wuto Ait

'Ai Hippeastrum vittatum
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Araliaceae

Asteraceae

Bombacaceae

Bromeliaceae

Caricaceae

Cactacae

Convolvuiaceae

Cycadaceae

Dioscoreaceae

Euphorbiaceae^ Geraniaceae

Gesneriaceae

Iridaceae

Leguminodae

Alocasia macrorrhiza (L.) Schott

Colocasia esculenta Schott.

( Dieffenbacliia daguensis

Dieffenbachia picta

() Epipremnum aureum Schott

Philodendron eandena

( P- imbe

P' scandens Lindl.

() ' erubescens cv. Green emerald

( Spathiphylliwi floribundum Schott

S. floribundim Clecelandii

Syngonium podophyllum Schott

Fatsia japonica (Thunb.) Decne et Planch

Polyscias baltouriana Bail

( P.fmticosa (L.) Harms

P. fruticosa Harms, "elegans"

Schefflera arboicola (Endl.) Harms

DahHcj sp.

Bombojc malabaricum DC

CWZ7£ipe"famira(L.)Gaertn

( Pachira macrocarpa (Cham et Schlecht) Wall

( Aec/iw6Y7yh,/" (Lindl.) Baker

A fasciata (Lindl.) Baker "Variegata"

Guzmania lingidata var. X magnifica (Hort.)

Nidularium tricolor

Caria papaya L.

Opuntia dillenii

Ipomoea batatas Lam.

Cycas revaluta Thunb.

Dioscorea sp.

~" Euphorbia pulcherrima Wild.

Pelargonium hoftorimi Bailey

Gloxinia sp.

Saintpaulia sp.

Gladiolus ^).

Albizzia julibrissin Durazz.
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Liliaceae

Malvaceae

Marantaceae

Moraceae

Musaceae

Nyctaginacea

Orchidaceae

Palmaceae

ft

Emerolobium sp.

Erythrina variegata L.

Sansevieria laurantii Wildem.

S, trifasciata laurentii Wildem.

(

)

Hibiscus rosa-sinensis L.

Hibiscus sp.

Maranta leuconeura massangeana Schum.

Stromanthe sanguinea Sender

Ficus benjamina Goldenprincess

F- benjamina L.

( F. elastica (H. A. Siebrecht)

F. microcarpa L. f.

F- microcarpa L. f.cv. 'Golden Leaves'

F. virens Ali.yai.sublanceolata (Miqj Comer

Moraceae carica

Musa cavendishi Paxt

M. paradisiacal L.

M. sapietum L.

Strelitzia sp.

( Bougaivillea helmoreana

"Orchids"

P Archontophoenix alexandrae Windle. et Drude

>\/"eca?frMw sp.

Bactris (= Guilielma) gasipaes HBK

Caryotu mitis Umr.

C. ochlandra Hance

Chamaedorea elegans Mart.

( C. erumpens H. E. Moore

C. •seiyWziY Burret

Chrysalidocarpus lutescens H.A.Wendl

JMfti ( Cyrtoxtachys lakka Becc. SF.

Hyoptwrbe lagenicaulis H. E. Moore

livistona chinensis R. Br.

( Phoenix canariensis Horl et Cheb.

( F. roehelenh O'Brien

j:- Ravenea rivularis Jum et Perrier
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( Roystonea regia (Kunth)

Trachycarpus fortune i (hook, f.) H. Wendl

Wodyetia bijurcata A. K. Irvine
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Saccharum offtcinarum L.

Zea mays L.

Solanaceae Capsicum sp.

Solanum melongena L. var. esculemiim Nees

S, tuberosum L.

Strelitziaceae Ravenala madagascariensis Adans

Verbenaceae Clerodendrum sp.
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15 0.32-0.40 0.35 0.03 1.94
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L 28 1 .60-2.40 2.01 ±0.22 1.17
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Chapter 14 Codling Moth

Laspeyresia pomonella (L.

)

Abstract: Codling moth, Laspeyresia pomonella (L.) is a cosmopolitan insect pest and

one of the most important quarantine pests in many countries, and is receiving more attention

from governments and plant quarantine agents. Codling moth originated from southern Eurasia.

Although its original host was Malus pumila, with the development of apple varieties, the

codling moth extended its host range to apple cultivars. So far, codling moth distributed in 69

countries and areas around the world, with apple, pear, peach, cherry, apricot as its principal

hosts. In China, codling moth only distributed in Xinjiang province and Jiuquan district of

Gansu province.

Codling moth is mainly transmitted through larvae-infested fresh fruit. Larvae and pupae

may also be transmitted through packing bins and filling materials or even through dry apricot.

Although the invasive codling moth has a strong adaptive ability to environment conditions,

successful invasion and establishment of the pest depend not only on the availability of

suitable host plants, but also on geographical and climatic conditions of the invaded areas.

Number of generations and the development periods of various stages are related to latitude

and temperature, whereas mortality of larvae and pupae is positively related to rainfall and

rainfall intensity. Codling moth is a facultative diapausing insect induced by short sun period.

25%~30% of matured larvae enter diapausing in natural condition. In Xinjiang, the mean

infestation of and 2"'' generation larvae on apple fruit is about 50% and more than 80%,

respectively; the mean infestation on delicious pears reaches 44% or even 66%. Meanwhile,

damage by the insect pest results in a large amount of fallen fruits.

The number of generations of codling moth varies in different areas from 1-4 per year.

Overwintering sites of mature larvae mainly include old trees, tree branches, tree roots, tree

barks, soil, plant residues, dry fruits, packing bins, and so on. After emergence, the adults need

supplementary food and water for egg development. Female adults prefer to oviposit on apple

and Chinese pear-leaved crabapple. And on the same fruit tree, they prefer to oviposit on the

upper part of the tree. Larvae tunnel on the fruit and feed on more than 2 fruits.

Management and regulation of the codling moth consist of quarantine measures and field

control techniques. Quarantine treatments, such as methyl bromide fumigation, low

oxygen-controlled atmosphere or controlled atmospheres, high temperature/low oxygen pulse,

are usually employed. Field control techniques, such as spraying a granulosis virus, releasing

Trichogramma, usage of sex pheromone lure, are often applied.
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Brontispa longissima (Gestro)

Chapter 15 Palm Leaf Beetle

Brontispa longissima (Gestro)

Abstract: Palm leaf beetle Brontispa longissima (Gestro), origin from the Pacific islands,

is a newly invasive pest in China. It is very dangerous and devastating for the palm plants in

South China and has caused serious damage to Cocos nucifera in Hainan now. It mainly

included the distribution and original region of B. longissima in the world, its morphology and

diagnoses, invading ways and reasons, present damage and evaluation of its environmental and

economic impacts, biology and ecology, quarantine and control methods, etc, in this chapter. It

was very difficult to eradicate the pest after palm leaf beetle invaded a new region because of

its high suitability to the environment such as many species of host plants, widely suitable

region, several generations a year, high components of fecundity and so on. It was thought that

the climate and the host plants in south China were suitable for the pest to locate and develop.

Its ecological suitability to the environment, how it spreads, its control strategy and measures,

and its effects on the palm ecosystem after its invasion should be focused in future.

Key words: Brontispa longissima (Gestro) , invasion
,
damage

,
biology

,
ecology
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Clunia variegala Snellen

Tiraihaha rufivena Walker

+. ++ +++ ,

()

(

V-
ill
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——

(

20 80 50%~70%

1979

2001 100

2002 8

30 600

BenTre

2001 4

2002

20 70 1976 4000
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1978 4 1994

100% 62%
34% 27% 8% 1% 1999

2003

37%
12 46

6.6%

(

10 29

(

(

(Maddison, 1983)

(
2002 Mekong Delta 20

M]

tit' 7
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(

2001

( 2003)

(1)

(2)

3 156d

235d; 119

196 24h

400 3~5d

7d 5 6~7

36~61d

(3)

5 6

46.7d 54.0d; 25~30 3.1d; 5.5~6.3d

88%~97%

94cm2

76cm2

192d

6.3d 113.7
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13.0d 157.3

(4)

20<t 23^ 26T 29^.

40.2d 32T

29<^ 93.6%; 321 72.0%

26~29T

15.8 617.8DD

4

(118d)

(18.8d) (87.6 (58.75) 32t- 32

( 2002)

• 386 .



(Bourke, 1986)

Tetrastichus

brontispae (Ferr)(Voegele, 1989) Trichogrammatoidea nana (Zhut.)

Metarhizium anisopliae Metschu (Liu et ai, 1989)

(
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Rhynchophomsferruginus (Oliver)

Chapter 16 Red Palm Weevil

Rhynchophorus ferruginus (Oliver)

Abstract: Red palm weevil Rhynchophorus ferruginus (Oliver), origin from Indian, is an

invasive pest in China. It is dangerous and has caused serious damage to the palm plants in

South China. It mainly included its distribution and original region in the world, morphology

and diagnoses, ways and reasons to invade, present damage and evaluation of its impacts on

the environment and economy, biology and ecology, quarantine and control methods, etc, in

this chapter. It was pointed out that it was very difficult to erase the red palm weevil after it

invaded a new region because of the species of host plants, widely suitable region, several

generations a year, components of fecundity and so on. It was thought that the climate and the

host plants in South China were suitable for the pest to locate and develop. The ecological

suitability to the environment, how it spreads, its control strategy and measures, and its effects

on the palm ecosystem after invasion should be focused in future.

Key words: Rhynchophorus ferruginus (Oliver) invasion
,

quarantine

394

395

396
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9

9

2

8

8

9
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Rhynchophoms ferruginm (Oliver)
,

Coleoptera

Curculiomdae red palm weeviK Asian palm weeviK Indian palm weevil

1891 1906

1917 20 80

( )

( 16-1)

16-1

(

(
16-2 19~32mm 6~12nim

1/3
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3 5

3

3 2

2 3

4 2

( )
16-2 ( 2002)

6

(
2.6mm l.lmm,

(
16-3 40~50mm 20mm

35mm 15mm

(
16-4 50~95mm 60 mm, 25~40mm 30mm

t Uit ti"& iiUhh/Kl^ ig' 2002) 16-4 ( 2002)

16-5~ 16-8
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3~15 30~50

""

16-5

( http:Vwww.redpalmweevil.com/intoall

RPW.htm)

16-6

( http:Vwww.redpalmweevil.com/intoall

RPW.htm)

16-7

( http:www.redpalmweevil.com/intoall

RPW.htm)

16-8

( http:ww\v.redpalmweevil.com/intoall

RPW.htm)
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1

""

50m 2m

20m (
)

100m 7~8 3cm( ) 2~3cm

20 ( )
1891 1906 1917

1918

1962

(Wygner, 1962)

(Lakshmanan etal., 1972) 20 80

1985

Sistan and Balouchestan Saravan 1990
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1992 11 El-Hussinia Sharquiya

1993 Granada Municipal Motril

Almunecar Barcelona

20 90 1999

1997 1994

2000

(

(
Cocos nucifera^

Phoenix dactylifera H^fiP"? Metroxylon sagu ^ f§^^^|5 Archontophoenix alexandrae^

Arenga pinnata Elaeis guineensis Corypha gebanga

Phoenixsylvestris , Borassus flabelliformis Caryota maxoma^ C. cumingii ,

Oreodoxa regia i4recfl catechu , Phoenix sp. Saccharum sinensis

2003

regia Hyophorba lagenicaulis

(
16-1
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16-1 Cocos m;c/'fera

<^1^'

TT

Doxrylus orientalis Westwood
+

Dorysthenes granulosus Thomson

Oo^to rhinoceros L. +++

Xylotrupes gideon L.

+ ++ +++

C>o^cfejr/n'ntK:eAYw

Doxry-

lus orientalis Westwood ^ Dorysthenes granulosus Thomson

xylotrupes. gideon L

——

(

——

10

6~8

20 50 20 5% 10

5 30%~40%

1997 3.5% 2001

I"; 3~15 7%
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1906

(
1 3 1

100.5d 3

127.8d, 45.7d 54.8d 58.7d

9 39~72d

59.5d 63~109d 83.6d

16-2

16-2 (d)

-

1 2 3 4 5 6 7 8 9

-

3.0 2.0 2.1 2.3 2.9 3.2 4.3 4.8 5.8 7.6 4.3 13.7 83.6

3.0 2.0 2.1 2.6 3.1 3.5 4.1 1.9 7.3 8.9 5.4 14.3 59.5

(
15.3s

162~350 221.4
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33~70d 56.6d

. 85.2%~93.9% 89.6% 40t

2~4d

2~3

6 11

3~1 5

i 0.2%~0.3%

1

(

(
16-9

i

1% + Pyrocon-E) 1%

lOmL/) (5mL/ )+ (5mL/)
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( 16-9)

5%

1~2 IS

(
X Y

(
Muralldharan

1995~1997 29.6

4.6 84.4%; ( 16-10)

(

( 16-11)

16-10 16-U

( )

.2002. . 22(2): 70~77
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Rhabchscelus lineaticollis (Heller)

Chapter 17 Asiastic Palm Weevil

Rhabdoscelus lineaticollis (Heller)

Abstract: Morphological features and damage of Asiatic palm weevil Rhabdoscelus

lineaticollis (Heller) (Coleoptera: Curculionidae), a dangerous insect pest, which had caused

serious damage to the palm plants and sugarcane Saccharum sinensis in several other countries

and districts, were described in brief in this paper. The distribution in China, damage to the

host pants, economical value of host plants, spreading possibility and control of the Asiatic

palm weevil were evaluated according to the method of pest risk analysis. The result showed

that the weevil was dangerous and devastating for the palm plants and sugarcane in China.

Key words: Rhabdoscelus lineaticollis (Heller) , invasion
,
damage

,
biology

,
ecology

Rhabdoscelus lineaticollis (Heller)
,

Coleoptera

Curculionidae Asiatic palm weevil

( 1993)( 2002)

402

403

403

<
<<
^

9

1

93

4

4
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^
17-1~ 17-5

17-1 ( 2002) 17-2 ( 2002)

17-3 ( 2002) 17-4 ( 2002)

15mm 5mm 6

1/3 1

1/2

2 3 1/3 4 6 2~6 1/3 8 9

1/2 10 1/2

4 3 3

l

5~20mm

13mm. •'^6n-.m,
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17-6~ 17-8

17-5 17-6( 2002) ( 2002)

17-7 17-8( 2002) ( 2002)
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1976 1993

1997 10

Mascarena verschaffeltii Chrysalidocarpus

/Mfe^yce/w( 1997)

Cocos nucifera Metwxylon sagw Roystonea regia

Washingtonia filifera , Areca catechu Archontophoenix alexandrae

(Phoenix sp.)
, sp.) Ziv/Wowa chinensis

5Vjcc/2fln/m«y/"eAw/s

f 1 ,

^ 17 ( )
() 100 ()

85% 90% 1996 1997 235
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1 1 ( 1996) 208±44.9d

208d 78.6% 179d 73.4±22.4

4.8±0.4d 43.7±11.3d 9.2±0.9d; 48~

87d; 28t 4.8±a4d 29.4±8.9d 19.0±5.7d

9.2 0,9d

(

.1997. . 57:43~48. 1996. 8 . 23. 2002. . , 39(6):471~472. 1993. 6 .29~30
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30°

Chapter 18 Golden Apple Snail

Pomacea canaliculata (Lamarck)

Abstract: The golden apple snails (GAS) Pomacea canaliculata, an invasive

freshwater gastropod, causing a series of problems of the production of rice, environment and

parasitic disease dispersion, has been successfully introduced to and then colonizing in the

Asia, North America, and some South American countries except for Argentina as the origin.

In China, since it was firstly introduced to Guangdong as a bred object for obtaining protein in

the 1980s, the distribution range of GAS has expanded in short period until northerly limited

by the boundary near north latitude 30°. This limitation might not be regarded as unchangeable

due to the striking adaptability of GAS to various environments, which can be tolerated by

GAS in means of making higher survival rate by digging deeper for hibernation, modulating

the diet range to much more local plants, and so on. So, great efforts from diminishing the

population size to eradicating the species have been made in the infested countries. However,

• 404 •
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till today there is not a commonly accepted controlling strategy can be employed in the GAS

control practice. Here we briefly introduced the GAS research achievements in recent years,

mostly on its biological features and ecological characteristics, local control strategy, and other

aspects possibly leading to the potential establishment of a more comprehensive strategy.

Key words: Pomacea canaliculata, rice cultivation, aquatic community, biodiversity,

parasitic disease, control strategy

Pomacea canaliculata {LaLmaTck)(=Ampullarius insularus D'orbigny, Ampullaria

gigas Spix, Ampullaria canalicuat Lamark, Ampullarum crossean)

,

Gastropoda, Prosobranchia Mesogastropoda Pilidae,

Pomaceao

ili^lh, 1

Cazzaniga, 2002)

Ponce de Leon and Carpo, 1994);

Halwart,

1994)

20 70

1980 Barker, 2002) 1981

2000) O^yza sativa

1981 1985~1987

Suharto, 2003)

Halwart, 1994; 2001)

Smith, 2002) CWocflw'fl e^M/ewfa

LachandCowie, 1999)

Smith,

2002)

(Florida Department of Agriculture and Consumer Services, 2000)

Stuart Chapin

III et ai, 2000) o
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( 18-1):

5~6 5/6

2/3;

8 cm 7cm

15cm( 2002)

( 18-2): 10~30cin

2.0~5.0cm 1.2cm

200~500 8.5cm 2.7g

1981

2000)

2000; 2001), 2002)

8000~10 000m ,
2001)

.
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1 /m
2

20%,

8 /m
2 90% (LachandCowie, 1999)

2~3 /m2 5.18%~7.54%( 1996)

1987

1995 12 1999 16

4

3 5~170 Suharto, 2003)

130 /m
2
(Lach and Cowie, 1999) 1981

1986

47 34 (Halwart, 1994)

30°

2003)

1995);

2002); 1993

1533.3hm
2

17.0/hm2

;
8000~10 000m

2001)

37 ()
13 £«ry«/e/erojcSalisb(
1997) 4~6 8~10

1996)

7%~15% 64%
4%~5%

10%~15%, 30% ( 2000)
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20%~25%

( 1997) 2 80

1994 1.02

3 1997 1994

90% 2001 0.7

1997 4

2002)

20

20 80 90

A^e/MmZ?o«MCzyeraGaertn

2001) mMlp(mweaaquatica

Halwart, 1994; 1996; , 2002)

Tibouchina herbacea, (Lach and Cowie,

1999)

Achatina fulica Angiostrongylm

canto is

(eosinophilic meningoencephalitis) 3000

300

1996 3 6

73 1999; 2003) 1993

3 () 10 1997^
1999)
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(Lach and Cowie, 1999)

()
Lach and Cowie, 1999)

(Viviparidae) (
2001)

2~17T

120d 51.8% 58.3%

2 2000)

7 6mm

(Syobu et al. 2001)

60~85d

Halwart, 1994) 3

2000; Chill

ai, 2002) (>1 6^=2.1 1 (Halwart,

1994) 25~28t 4~5h;

10~34cm

l~2h;

2.0~5.0cm

1.2cm 200~500 8.5cin 2.7g
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20~24t 18~25d;

28~32t 8~15d 10~15d;

3 7%~90% Halwart, 1994)

185d

10 000 ( 2000)

1 1 2

325 1995;

3

2 .5

3

25)

3

2.0~2.4rnni

(Tanaka et ai, 1999) 1.5 cm

Cyperus /noAiop/zyZ/w^y (£/c/ioA7n' sp.) Juncus decipiens ^ \^^{Lemna sp.)

(Nelumbo nucifera) ;^ Oenanthe stolonifera , 7jcfi Oryza sativa , !
sp.) Scirpus califomicws Trapa bicomis (Vcdlisneria sp.) Zizania latifolia

M Ipomoea aquatica Purchon, 1977; Halwart, 1994)
Lactuca sativa^ Phytolacca

acinosa Boehmeria nivea ^ 7jC Lemna minor Brassica chinemis

Setaria viridis A/femawf/iera p/w'/ojcera/^fes

3

2000)

(Myriophyllum elatinoides M Rorippa nasturtium-aquaticum
, Wt^W^ Potamogeton striatus

ZannichelliapalmtrisL,

Estebenet, 1995)
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Lach and Cowie, 1999)

Halwart, 1994)

pH8.5~9.0 23~25T

2.684mg/ L
6.7mg/L

1994) Lach and

Cowie, 1999)

25T
1.0~2.0mg/L

0.45~0.23mg/L

0.080~0.096mg/ L 80% ( 2000)

pH

iii IB^a pH7.0~8.5

pH10~11.5 48h 5% 96h pH>10.0

2000)

Halwart, 1994)

22~27t RH82%~85% 40d 100% 50~90d

95%~90% 10~40d 48h 1~3

50d ( 1994)

7d

9d 72%
12d 94% 1994)

27.7~30.6t ( 1995)

81 6

2000),
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1~2 Id 100%

3~5t 30d 1~21

1 50%~75% 2003)

4

20%,

5% 2~3cm 3cm Oya et al.

1987)

( 1999)

100 %( 2000b)

1 2003)

1 3 1 3~4

Albrecht 6zZ.

1999)

1995)

Solenopsis ge^rn'm^ffl (?&131"^1115)

38%~50% Yusa2001)

1994) C>pA7>ms cflrp/o

Oreoc/i/wm'sm7of/a«

Suharto, 2003) /^/^zracmj &ac/iy/WAmy

Cagauan, 2002) 46

/?am<_y norvegicus , Anas platyrhynchos , Geoclemys reevesii ^Ifft.

Cyprinus carpio

(2003) 8~38^
, 4(rC

11.4199t 1309.2250DD

14.0321^ 94.8752DD( )
11.67211 1404.1002DD 670 30. 2

1 14.18%, 2
1 23.88% 1 1
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46.87, 1 2 12.84% 1 3 2.24%

2~3

/m
2( 5.18%~7.54%) 1996)

18-1

18-2)

18-1 ( 2001)

iSt

0.6 kg

35- 40

70% 1 mg/kg 96.1 %

98%11~21 mg/kg 98.0 %

65% 1& 5mg/ kg 97.9%

40% 50g/667m2

98% 13 mg/kg

6% 500g/667m2

6% 500 g/ 667m-

92.07 %

85.9 %

80.31 %

80.24 %
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18-2 ( 2001)

^$

(
"^?"

1

:itffi" S^ffgpr"r IKvXU'

1 tr

(

Suharto, 2003)

2000; 2001)

2d

4~8 30~80

Suharto, 2003)

• 414 .



20

1995)

3% 3% 10%

1994;

1998; 2000; 2001; 2002; 2002)

1997 Bayluscide, )
2

25kg/667m
2
) 98%

650g/667m2) 25kg/667m2) 6%

(metaldehyde) 8.5~10kg/hm2 93% 1996) 50%

Niclosamide 50%WP)

2002) 5%

90%

75% 70% 85%

10 /m
2 5% Metarex) 300~400g/667m

2

10 /m
2

250g/667rn
2 5%

5% 6% Meta

(
2000)

2000)

(250EC)

80%;

Joshi etai, 2002)
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Derris eliptica

400ppm

M'c:t?n'fl"fltokjcMm

Sapindinus rerak /l/^eca catechu Linn

Suharto, 2003)

1997

3

90%

(, 2001)

2001)

(

. l"4 . . (2): 24-25 [Chen B Y. 1994. Test of several chemicals for controlling

the golden apple snails in the paddy farm. Guangxi Plant Protection, 1994 (2): 24-25]

i£ f '1, t|!. . ff.. 2003. , i-: ' . ,15(3):

154~160 [Chen J M, Yii X P, Zheng X S, Xu H X. Lu Z X, Zhang Y F. 2003. Biological characterstics of golden apple snail,

Pomacea canaliculata (Lamiarck) in Zizania cacluciflora field and its integrated managments strategies. Acta Agriculturae

Zhejiangensis, 15(3): 154-160

li' ' •
19%. . i-j 16(4): 16~!7[Chen Y T, Yang Y X,

Cai H X. 1996. Investigation and study on the harmfulness caused by golden apple snails. PUiiu Protection Technology and

Extension, 16(4): 16-17
)

Wi. 1994. ' 1. . 6): 41-42 [Feng W M. 1994. The biological features and
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controlling strategy to the golden apple snails. Guangdong Agricultural Sciences, (6): 4142

.2002. . 22(9): 1012[LanJXXianDY

Qin J X. 2002. The again-rising of GAS in Rongshui and its controlling strategy. Plant Protection Technology and Extension,

22(9): 10-12]. 1995. . 21(4): 12-14 [Li C L. 1995. Trails on the growth speed and breeding

potential of Amullaria gigas Spix. Plant Protection, 21(4): 1214]

.2002. . 3):3738[1^1^1^2611£2
X, Huang C A, Gu F F Chen Y L. 2002. Effect of Niclosamide for controlling the golden apple snails harmful to rice farming.

Guangdong Agricultural Sciences, (3): 37-38]

.2003. .
21(2): 1 10~112[Lin J X, Li Y S, Zhu K, Chen B J, Cheng Y Z, Lin J C, Cao Y, Chen R Z. 2003.

Epidemiological study on group infection of Angiostrongylus cantonensis in Changle City. Chin. J. Parasit. Dis" 21(2): 1 10-112]. 2000. 5% . 4): 43~45 [Lu L H, Xiao H X,

Huang B C, Zhang Y. 2000. A test of controlling golden apple snails by 5% Meta molluscicide. Guangdong Agricultural Sciences,

(4): 43-45] . 2002. 50% . 6):25[0;111^\12113112
Fu J W, You Y. 2002. Effect of Niclosamide 50%WP for controlling golden apple snails. Fujian Journal ofAgricultural Sciences,

(6): 25]. 2002. . ) 14(3): 196-198 [Ruan S J. 2002. Initial study of

exotic biological invasion into East Fujian. Journal ofNingde Teachers College {Natural Science Edition), 14(3): 196-198]. 1998. (TS) . , 3): 32-34 [Wang X Y, Huang B Q. 1998. Effect of TS

to the golden apple snails. Guangdong Agricultural Sciences, (3): 32-34]. 2001. . (2): 46 [Wen Y K. 2001. On the bioinvasion to

Xishuangbannan, with an example of the introduced golden apple snails. Yunnan Keji Guanli, (2): 46]. 2002. . . . . 60 [Wu M. 2002. Pomacea

canaliculate. In: Li Z Y, Xie Y eds. Invasive Alien Species in China. Beijing: China Forestry Press. 60]. 1995. . 9(5): 266~269 [Wu
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Chapter 19 Wheat Dwarf Bunt

Tilletia controversa Kuhn

Abstract Dwarf bunt of wheat caused by Tilletia controversa Kuhn (TCK) is a

quarantine disease of worldwide importance with the devastating damage to wheat production.

It was firstly observed in North America and Europe in the early of 1930s and is known to

occur in thirty-two countries or regions of Europe, West Asia, North Africa and North

America at present. There are fourteen countries which have restricted the importation of

wheat contaminated with the teliospores of Tilletia controversa Kuhn in the world. Infected

427

428

432

434

435

420

420

423

424

425

f

.

-
.

. 419 .



wheat plants produce an abnormally high number of tillers that are dwarfed. Mature sori (bunt

ball) consist almost entirely of teliospores and are covered by the thin, modified ovary wall.

Dwarf bunt reduces yield about the same as the percentage of infection of spikes, usually can

cause the yield losses of 20%~50% and even more than 75% in the year of severe disease

epidemics. Inoculum of dwarf bunt are mainly spread as teliospores by the soilbome, but

teliospores in unbroken bunt ball or adhering to the grains can be long-distance transportation

by the seedbome. They can be viable for three to seven years, even more than ten years in soil

under natural field conditions. A prolonged period of persistent snow cover in winter,

providing the stable low temperature and high humidity, is favorable to the disease occurrence

and epidemics. Morphological, biological and physiological characteristics of dwarf bunt fungi,

techniques for diagnosis and monitor of disease, and its occurrence, epidemics and control

measures etc were systematically reviewed. Conventional techniques for the studies of dwarf

bunt was introduced. And recent advances in the risk assessment and early forecast of disease

in the world were enumerated. The strategies and prospects for the basic and applied studies

on wheat dwarf bunt were also put forward in the paper.

Key words: wheat, Tilletia controversa Kuhn(TCK), dwarf bunt fungi, invasive alien

species
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Phytophthora sojae Kaufmann and Gerdemann

A1

20

Chapter 20 Phytophthora Root Rot

Phytophthora sojae Kaufmann and Gerdemann

Abstract Phytophthora root rot, caused by Phytophthora sojae Kaufmann and

Gerdemann, one of the most destructive disease in soybean and also the quarantine

pathogens for ' ' China. Phytophthora sojae was first isolated in USA in 1948. However, it

dispersed to about twenty soybean producing countries in Asia, Africa, Europe and American.

It was also isolate'.; : the northwest of P. R. China. Phytophthora sojae persists in soils as

oospores, which c for many years in soil after residues decompose. Phytophthora

- 440 -



sojae could be spread as oospores carried in soybean seed, as well as oospores existed in soil

and disease soybean residues. Since more and more soybean is being imported into China, and

most native soybean cultivars are sensitive to P. sojae, the root rot caused by P. sojae is being

a serve threat to the soybean production in P.R.China. The development of rapid pathogen

detection technique from the imported soybean, analyzing the disease resistance genes in

native soybean germplasm, and research about the mechanism evolved in pathogen invasion

and localization, will be very important for the control of Phytophthora root rot on soybean in

P.R.China.

Key words: Phytophthora sojae, soybean phytophthora root rot, quarantine pathogen

/jyfop/jf/jora sojae Kaufmann and Gerdemann

(Soybean Phytophthora Root Rot) 1948

29

() 4 ( 1993),

12

1989~1991 1.88 16

3 (Doupnik, 1993)

10 (Wrather et al., 2001)
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O.lg PCNB( )PBNIC O.Olg Benlate() 0.054g PCNB(
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0.04g Rovral( O.lg Neomyclin sulfate( 0.0 Ig

Chloramphenicol() PBNIC

PBNIC

(Schmitthenner and Bhat,

1994 1998)

(Schmitthenner,

1994) -0.3bar( )
251 4~14d 5~20g

l~2cm( )

10~15d

a5cm 20~30 2h

25t 3d

() 0.5~3mm

lh -0.3bar

( )

10cm 15

3d 5cm 24h

10d

( 2003)

Schmitthenner 4

(2003)
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(2002)

36

Chromista, Oomycota, Peronosporales

Pythiacea, Phytophthora

1948 F Hum

/)/«^^?"?/16() 1955 Phytophthora

Phytophthora cactorum 1957

P. cactorum 1958 Kaufmann Gerdemann (1958)

P. cactorum P. megasperma

mjP.sojaeo

P. meg£W/7emzfl

mega^er/mz var.

/>. mega^emifl

P. megasperma f. sp. g/yc/"efl. P. megasperma f. sp.

medicaginis, Hansen Maxwell (1991)

5

DNA DNA (RFLPs)

4 /^
sojae 'Bg /' '/"/,' P. trifoUi P. megasperma^

30 |V;Wi ')1 Kaufmann

Gerdemann 19
—X '

j A 4e Kauf. and Gerd.
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25~28T 32~35t:

201 5T

14^^

251
18~23T:

3~9nm

42~65|^111\32~53^1111

4~5

20-3 ()
A. B. ; C.
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It ife.

. 29~58^1111' ' '
_ •

( 20-3),^ PDA . .
Vs . -

. (

)

. 3O-60min&. . 2~3h

R (
7h. ^ -.( > 1

- te

5: eg

-St
:

'

9^

--. 7(3 W)T^
K

^^ .
2

—' 2:15 3(yc

let^^ -1^ f^ /^
F7-?TiE^

37^"=5 5'5. ^
*S' 1 .

"

P

KIb

r

!I&.

-5

^^ ^
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Morgan(1965) 1 2 1963

/?/^5-7

1972

Harosoy63 3

4~9 -
1 2

3

( 20-1) 1998 53

20-1 P. sojae

1 1955 7(23a,7)A

2 1965 Mississippi lb,7

3 1972 Ohio la,7

4 1974 Kansas la,lc,7(la,lc,5,7)

1976 Ontario la,lc,67

6 1976 Ontario la,ld,3a,4,5,6,7 ( la,23a,3c,456,7)

1977 Indiana la,3a,3c 4,5,6,7

8 1977 Indiana la,ld,2,4,6,7

9 1977 Indiana la'3c,4,6,7 (la'23b,3c,4,5,6,7)

10 1979 Mississippi lb.3a,5,7(lb,3a3b3c,5'7)

11 1979 Mississippi lb,4,6,7(lb,7)

12 1979 Mississippi la,lb,lc,ld,lk,3a{la,lb,lc,ld,lk,5)

13 1979 Mississippi 6,7 (4,6,7)

14 1979 Mississippi lc,7(lc,2,5,7)

15 1979 Mississippi 3a,7(la,lb,lc,lk,7)

16 1979 \ Mississippi lb,lc,lk,5 (la,2,3a.3c,4,6,7)
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17 1982 Mississippi lb,ld,3a,6,7 (lb,ld,2,3a,3b3c,4,6,7)

18 1982 Mississippi lc(la,lc,5)

19 1982 Mississippi la,lb,lc,ld,lk,3a,5 ( 1 a, 1 b, 1 c, 1 d, 1 k,3a,2,5)

20 1982 Mississippi la,lb.lc,lk,3a,7 (la,lb,lc,ldlk,3b,3c,5,7)

21 1983 Indiana la,3a,5,7 (la,2,3a,3c,5,7)

22 1983 Indiana la,lc,3a4567

23 1983 Nebraska la,lb,6,7

24 1984 Mississippi lb,3a,4,5,6,7

25 1986 Indiana la,lb,lc,lk,7

26 Mississippi lb,ld,2,3a,3b,3cA5,6,7

27 1992 Illinois lb,lc,lk,3,6,7

28 1994 Ohio la,lb,lk,5,7(la,lb,lk,2,3c,5,7)

29 1994 Ohio la,lb,l k'4,6,7 ( 1 a' 1 b, 1 k2,3b,3c4,5,67)

30 1994 Ohio 1 a, 1 b, 1 k,3a,4,5,6,7 ( 1a lb, 1 lc,2'3a,3c4,5,6,7)

31 1994 Ohio lb,lc,ld,lk,2,4.6,7

32 1994 Ohio lb,lk,2,4,6,7

33 1994 Indiana la,lb,lc,ld,lk,5,7

34" 1994 Indiana la,lk,7

35 1994 Ohio la,lb,lc,ld,lk, 2,3b,5

36 1994 Japan 3a,4,5,6

37 1994 Japan la,lc,3a,3b,3c,4,5,6,7

38^ 1995 Arkansas la,lb.lc,ld,lk,3a,6,7

39" 1995 Arkansas la,lb,lc,lk,3a,6,7

40 B
1996 Iowa la,lc,ld,lk,7

41
B

1997 Indiana la,lb,ld, lk,7

42 B
1997 Indiana la,ld,3a,7

43" 1997 Indiana la,lc,ld,7

44« 1997 Indiana la,ld,7

45
B

1997 Indiana la,lb,Ic,lk,6,7

1998 Australia la,lc.3a,6,7

47° 1998 Australia la,lb,lc,7

48 C
1998 Australia 6,7

49 C
1998 Australia la,lc,4.6,7
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50 E
1998 Australia 4.6,7

5lE 1998 Australia lc,5,6,7

52
E

1998 Australia 3b,5,7

53
E

1998 Australia la,lb,lc,3a,5,7

54 2000 Illinois ld,7

55 2000 Illinois ld,3a3c,4'5,6,7

56 2000 Ohio la,lb,lc,lk,3b,5,6J

CNR-2 B
2000 Heilongjiang ld,7

CNR-3 B
2000 Heilongjiang Id

CNR-4B 2000 Heilongjiang 6,7

CNR-5 B
2000 Heilongjiang 3a,7

Undersign 2000 Heilongjiang 3a,3c,3b,5

Undersign 2000 Heilongjiang 3b

Undersign 2000 Heilongjiang la,ld3c,57

A: 1~21. 25. 26. 28~32 35 13 ;
B: la, lb, Ic, Id, Ik, 3a 6 7 8

C: lalb,lcld,lk3a456 7 10

D: la,lb,lc,ld,lk3a5,6 7 9

E: la,lb,lc,ld,lk,3a,3b4,5,6 7 1 1

(Schmitthenner, 1985)()
/?Pa Rpslb Rpslc Rpsld Rpslk Rps3 /?p>s7 8

7~8d lOd

48h(18~25T)o 4~5d 70%

30% 30%~70%

1 4

(Si) 1 S| 1

3 1
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Fi F2

7 /?/w7fl Jb lc Id lk 5 Av/"/fl lb Jc ld

lk 3a 5 Rps3b 3c 4 6Av/^5Z^ 3c 4 6 /hr^

/\vr6 /hWZ?/hWA: Avr_?fl Aw5 4.5cM

" " "" Flor, 1955)

14 5

3 Rps2,4,5,6,7 Rps8 1 ( 20-2)

Lohnes (1996) Kyle (1998)

PI567.496

r/7W rps2 rps3 rps4 rps5 rps6,

20-2

Rpsl-a Mukden, Asgrowl937, BSRIOI, Harlon, L75-6164

Rpsl-b Sanga, P18463, D60-9647, Harosoyl3, Harosoyl3xx, L77-1863

Rpsl-c PI54615 Arksoy,Mack, L75-3735, Wells H, Willianis79, BeesonSO, Vickery

Rpsl-d PI103.091,Harol6

Rpsl-k Kingwa, Williams82, Pella86

Rps2 CNS, L76-1988

RpsSa PI171442, PI86972-1, Chapman, Harosoy32, L83-570

Rps3h PI 172901, PRX 146-47

RpsSc PI340046, PRX 146-48

Rps4 PIl 86050. L85-2352

Rps5 PI91160. r240, L85-3059

Rps6 Altona, Harosoy62xx. L62-904, L89-1581, Rockford

Rps7 PI82312N, Harosoy

Rps8 PI399073

e

(glyceolines)
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RFLP

RAPD /?/w7 Rps2 Rps3 /?/w5

Rps2 Rps3 /?
SSR Rpsia Rps7 SSR

Bumham (2003) Rps8

MLGA2 SSR Sat-040 10.0~12.2cm

RFLP 18

1 /?/"/a, 5 /?pW 7

/?^^3 4 /?/7^ 8 7

P.

P. «:yV7e 42kDa

13

(oxidative burst) j|^42kDa^
42kDa

P. sojae lOkDa 24kDa
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Forster (1994) RFLP

1

1

RFLPs RFLP 5

RFLP

RAPD 55

( )
Forster (1994)

Outob (2002)

48h cDNA 3035 2000

400 Virginia

8292 EST

25^
l~2h

.,''
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^q/'fle

5~20g

l~2cm( )
10~15d 0.5cm

20~30 2h

251 3d () 0.5~3mm

lOmin

ELISA

(200 100 35 )
(1995)

0.2

(
20 50

• 453 •



6~8

(
( )

(1999) 8

(

(
Gliocladium virens Trichoderma

/iflrz/fl/i"m /^/n'Mm /Vi:yfop/zf/zorfl P. cambivora

P. ^^"6(/1^^17'
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/^^0>6

(

. 1993. . , 23(4): 341-347 [Su Y C, Shen C R.

1993. The discovery and biological characteristics studies of Phytophthora megasperma f. sp. glycinea on soybean in China. Acta

Phytopathologica Sinica, 23(4): 34 347]. 2003. RAPD. 22(2): 219-227 [WangHB, WangXM,

Zhu Z D. 2003. Analysis of genetic diversity of Phytophthora sojae isolates in China using RAPD. Mycosystema, 22(2):
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Chapter 21 Downy Mildew of Maize

Abstract The paper summarized the downy mildew of maize updately on its distribution,

loss of yield, morphology and biology of causing pathogens, detection and inspection methods,

transmission, disease cycle, diagnosis, phytosanitary risk, disease control and phytosanitary

measures.

Key words: maize, Peronosclerospora
,
symptom

,
quarantine

3 9

(Shurtleff, 1980; 1988)

Peronosclerospora sorghi (Weston and Uppal) Shaw

(sorghum downy mildew of sorghum and maize)
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(16

1939 1983 (
1998)

Peronosclerospora sacchari (Miyake) Shirai and Hara

(sugarcane downy mildew of sugarcane and maize)

( 1982)

( 1979; 1985)(1994)/^ sacchari

Peronosclerospora philippinensis (Weston) Shaw
I

(Philippine downy mildew of maize) (
2001) 1958 1978( 1998), (1991)

Peronosclerospora maydis (Racib.) Shaw (Java

downy mildew of maize)

(
1959; 1985; 1991;

1998), Sflcc/iflrwrn ^o«fa^ieMm

Sclewphthora macrospora (Sacc.) Thirum. , Shaw et Naras

var.mflyi/!;^ (crazy top downy mildew)

1974

( 1995) 11 (
1995):

(SDM) 1907 Butler

30%~70% 1961 SDM
1967 20

70 SDM 1975~1976 SDM
1/3 SDM

SDM

1909
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(Miyake, 1912)

( 21-1)

21-1

1. 2.

3. 4.
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3

4

1~2

10~20d

P. sacchari

2~4d

l~3mm lcm

(25t) ( 1985; Shurtleff, 1980)

P. philippinensis

3~4

1985; Shurtleff, 1980)

P. maydis ()
I^i

.
4 ( 1985; Shurtleff, 1980)

GSc7era/j/if/iora macrospora var. 03^^/>9)
6~10
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(
1990; 1987)

r:"" 1994)

14

Sorg/mm

halepense

P. sorghi

So^•g/mmvM/gflA•e
DC P.

Zea mays^

Andwpogon Dichanthium Euchlaena

Heteropogon , /^3m•cM^n /V"m'>s"Mm Sorghum Zeae

Themeda 3

Zeflmfl:^^

Heteropogon contortuso

S.^dawe/we.
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Sacchamm officinamm

Bothriochha

Echinochha Polypogon Eleusine Eulalia

Miscmt/ius Sefflr/fl Tripsacum Schizachyrium

P- philippinensis

,

Saccharrum spontaneum

S.pro/7Z«g""m

Avamz sativa^

P. maydis

^S. p/MmosMm

£«c/iZae«flmejc/az/ia

/^e"m'>yen/w

20%~90% 50% 80%,

1961

250 (Frederiksene?flZ. 1969); 15%~20%

(Frederiksen and Renfro, 1977) 30%~70%
10 (Payak, 1974) 1974 10

10%~100% (Kenneth, 1975, 1981)

30%~60% 1964 2/3

90%~95% 20 tit 506

95% 60

( 1994)

n982)( S 1998)
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15%~40% 1974~1975 8% 2260

90% 2002

40%(Semangoen, 1970), 1964 Tjianajur 90%,

10%~30%

61% 1060~1475m

1540m ( 1985, 1988)

) 20%~60% 10%

1994; 1994)

Peronosporaceae 3

Peronosclerospora , Sclerophthora Sclerospom

Peronosclerospora Shirai Hara 1927 Sclerospom

(Subgenus Pmwoydmwpora) Shaw(1978)

2~5 2 3~4

/^^^/1/
P. heteropogoni P. maydis; saccharic P.

miscanthi P. philippinensis P. spontanea

14~28t P. mfl>Y//s

1.02~1.07 R ^rg/n' 1.43~1.51

P. philippinensis 2.09~3.07 R
^zcdiflr/ ^.^««"/1^^

P. philippinensis, P. sacchari P. sorghi

P. sacchari P. philippinensis
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' sorghi, Sclerospom sorghi; S. graminicola var. andropogonis-

sorghi; S. sorghi-vulgaris; S. andropogonis-sorghi 3

(1)

(2)

(3) (Rajasthan)

Kenneth (1975) P.

A ma>Y//s Siradhana

(1980) P.

heteropogoni

2~3

103~308nmX10~17nm, 189.9nmX13.6nm; 2~5

10.3^imX7.1nm

10~18^imX13~18nm

40~55^1111 25~42.9nm (
36nm) ( 21-2)( 1988; Shuitleff, 1980)

17"t 29^( 24~26t) 21~25t(
15) 3~4h lit

321 4h

4

Euchlaena mexicana
, Shurtleff, 1980)

(2001)

PCR

l~2h 3~4h

1* f:n: ' 1^
PCR n f.

1 kb

200bp >f.|''L;, . '"-'R

DN A
' -R < DNA( 2001)
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21-2 Peronosclerospora sorghi (Weston and Uppal) Shaw

1. 2. 3.

P- sacchari
,

Sclerospora sacchari (Miyake) Shirai and Hara,

2 3 160~170^im

% 10~15^m, 2~3 4)
25~54^10115~23^1111(

24~36nmX12~18nm) 55~73nm

X49~58^im 40~50^im 3.8~5^1111(

21-3) 3.8^1111(811111116(^980

1988)

12~23 26t

15~30t 8~35t 5h 58%~80%

261 2h 315^1111 18~32T

63%~80% 6% Bonde

and Melching, 1979) 20~25t
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(Shurtleff, 1980)

i

21-3 Peronosclerospora sacchari (Miyake) Shirai and Hara

1. 2. 3. 4.

P. philippinensis Sclerospora philippinensis Weston; Sclerospora

maydis Reinking; Sclerospora indica Bultero Sum

2^imX8^im

150~400nm 15~26nm

2~4 10nm
L<

34~48^mi;<18~20^im 40.3^miX 18.0nm 22.9nm

g/i 135.3~22.6^mi

( 21-4)
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50 pm

21-4 Peronosclerospora philippinensis (Weston) Shaw

1. 2. 3.

21~26T:

19~20T

4 /1^^20_^^^>«^^ X Sorg/mm

Shurtleff, 1980; 1988)

P- maydis Sclerospora maydis (Racib.) Butler 5. javanica Palm;

Peronosporamaydis Racib.o

2~4

266.6~305.9^1111(256.1^«11)

23~38^imX15~22^im(
32.3~17.2nm)( 21-5) ( 1988; Shurtleff, 1980)
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gl 21-5 Peronosclerospora maydis (Racib.) Shaw

1. 2. 3.

24t

Shurtleff, 1980)

Sclerophthora macrospora (Sacc.) Thirum. , Shaw et Naras. var.

maydis Uu et Zhang,

65~95^111163.8~77.54111( 72.85^imX 69.45^im) 1~4

4.5~75^1111\7.5~104111(56.3^11119.4^1111)

51.3~75^1111(61.25^10158.23^«11)( 1990)

11 Sclerophthora

macrospom 140 1990)
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3 S. mcrospora var. maydis

.

S. mcrospora var. oryzae , S. mcrospora var. tritici

3

Sdewphthora rayssiae Kenneth, Kaltin

et Wahl var. zeae Payak et Renfro, Digitaria sanguinalis

Shurtleff1980)

Peronosclerospora spontanea (Weston) Shaw Sclerospora spontanea Weston

Miscanthus floridulu" P.

miscanthi (Miyake) Shaw
,

^m'^scflwr/i/ Miyake

Sclerospora graminicola (Sacc.) Schreot

Shurtleff, 1980)

(1994)

13~28t 4

Peronosclerospora DNA DNA pCLY83 RFLP

sacchario P.

p/n'Z///7p/nmsz\y A^cc/ia/"/

A^cc/iar/

Bonde(1984)

/^«?/"^/«'

/^/^/"7//^/"6"5/^
Mcc/zflr//^ mfl_W/s
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/ ^rg/u'( 15 X10
4

)
1~3 90% 20%

2

4~29t: 20T

10~13T

44%~47% 76%~79%

2 00-4 00

20~25<X:

sorgfii

10~19t 191

21~25T

85% P. sorghi 1cm
2

12000

' 20~24

85%

I'lij ''7
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(1989) P. sorghi 19

98.7% 19 96.3%, 12

A^rg/i/

P. sorghi

sacchari P. philippinensis

P. sorghi P. sacchari P. philippinensis/^ sacchari P. sacchari

P. sacchari P. /7/n7//?/?/wenw\s

1916

1986 1995 (Pm?"6>M/emy/K>raspp.)

( 1985)

()

Mikoshiba(1979)
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18%

13%

17

8

35% ( 355D) 0.3% 25%

0.4% 25% 800

1979

Bonde (1984)

20 60 Texas A and

M
^ P. maydis, P. sacchari, P. philippinensis

(See et "/• 1993; Frederiksen, 1998; Williams, 1984; Yao et al., 1990, 1991 1992;

Frederiksen et al., 1997)

4
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/^ mfl>Y//s

'

400 11.5% 0.015%

24h 5mm 4mm
3mm

9cm

2min

20ml ( =1 2 1),

5~6 (
=1 2) 250ml

100 5ml ( 1

) lOmin 10min(25 000rpm)

8~10

(

. 1979. . [Dai FL. 1979. Accumulation of Chinese Fungi. Beijing: Science Press]. 2001. . 15(2): 90-93 [Li D F. 2001. Downy mildew of sorghum. Plant Quarantine, 15(2): 90-93]. 1989. ^ . 6): 17-21 [LuQS. 1989. Evalution of Chinese sorghum for the

resistance to downy mildew. Liaoning Agricultureal Sciences, (6): 1 7-2 1
]. 1997. . (12) :10~11 [Luo Z Z. 1997. Tests and investigations of the

dissemination way of Sderophthora macrospora (Sacc.) Thirum. Shaw & Naras. Plant Protection, (12): 10-1 1]. 1982. tr . 48(2): 153-168 [Pan C Y, Lu L Y. 1982.
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Pathogeographic studies of sugarcane downy mildew in Taiwan I. Historical analysis, regional pathgeograplic classification and

some considerations of disease attributes of the epidemics. Annals of the phytopathological society ofJapan, 48(2): 153-168]^^. 2001. . . 38~42 [National center of

agricultural technology extension in China. 2001. Handbook of Pests and Weeds in Plant Quarantine. Beijing: Chinese

Agricultural Press. 38-42]

. 1994. li . 8(3): 129~134 [Wang Y, Wu P S. 1994.

Potential threat of maize downy mildew against the agricultural production of China and its quarantine policies. Plant Quarantine,

8(3): 129-134 . 1995. . , 9(5):285~288 [WangYWuPS,Chen

K, Xu W Z, Dong W Y. 1995. The genus Sclerophthora and the downy mildew of maize. Plant Quarantine, 9(5): 285-288]. 1994. . 20(5): 18~20[WangY,WuPSYao

C L, 1994. Maize seed inspection and infection test infected by maize downy mildew in Guangxi and Yunnan provinces. Plant
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Chapter 22 Verticillium Wilt of Alfalfa

Verticillium albo-atrum Reinke and Berthold

Abstract: The paper summarized the Verticillium wilt of alfalfa updately on its

distribution, loss of yield, symptoms, morphology and biology of causing pathogens, detection

and inspection methods, transmission, disease cycle, diagnosis, phytosanitary risk, disease

control and phytosanitary measures.

Key words: alfalfa, Verticillium albo-atrum
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Chapter 23 Karnal Bunt of Wheat

Tilletia indica Mitra

Abstract Karnal bunt (KB) of wheat caused by Tilletia indica Mitra was first reported in

1931 in India and is known to occur in India, Pakistan, Iran, Iraq, Nepal, Afghanistan, Braizil,

Mexico, United States and South African. It has not been found in the wheat growing areas in

China up till now. Usually inoculum of the pathogen infects wheat during anthesis. The spikes

of infected plants generally are reduced in length and in number of spikelets, and the glumes

may be flared to expose bunted kernels, which reek of an odor similar to rotten fish caused by

trimethylamine. It may cause wheat yield losses of 20% in the disease epidemic years.

Teliospores of the pathogen can be viable in field soil for 27-45 months and can be spread by

seedbome, soilbome and windbome. In this paper morphological, biological and physiological
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characteristics of Kamal bunt fungi, techniques for disease diagnosis, and occurrence,

epidemics and control measures of the disease etc were systematically reviewed. Conventional

techniques for the studies of wheat kamal bunt were collected. And recent advances in the

inspection and quarantine methods of pathogen fungi with the emphases on the development

of molecular detection assays in the world were introduced. The strategies and prospects for

the basic and applied studies on wheat kamal bunt were also put forward.

Key words: wheat, kamal bunt (KB) Tilletia indica Mitra, biology of pathogen,

molecular detection, infection characteristics, control strategies

(Kamal bunt of wheat, KB), Tilletia indica Mitra[ Neovossia

indica (Mitra) Mundkur] (partial bunt) 1930

(Kamal) (Mitra, 1931),

1974

(
2002a)

23-1 (Fuentes-Davila, 1996)

. 488 .



( 23-1)

(Fuentes-Davila, 1996)

n

7.6~15.2cm

45 39 27 Bansale^f"/., 1983) Munjal (1971)

4

2 (1986)

(-5^ )
(5=^

)

-18 1 44%, 6 12.2% 12

2

-

20%(McRae 1934) 1969~1970

7.5%

1974-1975

15%~23% 1975

1978~1979

• 489 •



78% 89% 1981

700

(Brennan G/. 1990)

3%

5% (Sekhonefa/., 1980; Hussain etai, 1988)

(Gopal and Sekhon,

1988) 3%

7>/fz'CMm aestivum^ T. turgidum

Triticale hexaploide KMitra, 1931; Agarwal et al., 1977), Triticum

shareonensis , T. variabilis, r. ovamm r. jre/rzY (Aujla a/" 1985)

Oryzopsismiliacea, fiiwms dZ/an^^y,

B. tectomm
,

Lolium multiflorum

,

L. perenne
,

Triticum

monococum

,

r. f/mop/zeeW, jjjj^T. tauschii VAR Aegilops tiuncialis , A.

mutica , A. columnaris , A. caudata , A. sharonensis , A. cylindrica , A. bicornis , A. comosa

,

A. searsii, A. tauschii, A. triaristata 11 Royer and Rytter, 1988),

20 30

40

Basidiomycotina, Teliomycetes

Ustilaginales, Tilletiaceae

23-2

22~42MmX25~40|im, 35.5|im 55nm
(Roberson and Lutrell, 1987) (Mitra, 1931) (Duran and Fischer, 1961)^ 3

• 490 •



23-2

(Fuentes-Davila, 1996)

10~28|im

48^1111 7^1111

(Mitra, 1931; Duran and Fischer, 1961)

()(Mitra 1931; Krishna and Singh, 1981;

Warham, 1988),

32~128

()(Mitra,

193 l;Holton 1949) 23-3
64.4~78.8|jm

,
1.6~1.8|im (Peterson et ai,

1984)

11.9~13|im 2~2.03|im

(Peterson et al.,

1984)

H (Mitra, 1931), 6~44h

128h

(Warham, 1988)

Bedi (1981) 6~8

McRae (1934)

5~30t:

15~25t (Mitra,

1935; Fuentes-Davila, 1996),

-18t: 10-30t: 4~12

(Zhang et ai, 1984)

(Krishna and Singh, 1982a; Zhang

et ai, 1984),

(Smilanick et al., 1985)

pH 4~11

pH 6~9.5 (Krishna and Singh, 1982a; Smilanick

et ai, 1985),

Duplereffl/., 1987)

-1.4ba

. 491 .

,.•

23-3

(Fuentes-Davila, 1996)



5~7

0.91~1.83m 27~45 Fuentes-Davila, 1996)

Mitra(1935)

5 (Bansalera/., 1984)

Punjab 3 Aujla (1987)

21 Kl K2 K3 K4

(7^. aestivum, T. durum, X. Triticosecale Secale

cerefl/e)

(Royer and Rytter, 1985)

Fuentes-Davila(1984)

1~2

2~4

Duran (1977)

H

Fuentes-Davila (1986)

.i^L

iiKii'!'^.
• 492 •



54%~89% 17~21T 10~26T

(Aujla"/., 1981 Fuentes-Davila, 1996) 11 25 12 15

10 25 ~11 24 (Singh and Prasad, 1978; Aujla et a/., 1981)

Munjal (1971)

Goates

9d

() 13d

Joshi

(1966)

Goates(1988)

1996

Smiley (1997)

• 493 •



40

13 2 ( Corvallis

Spokane) 3 1

(

( )

(
(>12h)

28Hm

Tilletia horrida T. barclayana

T. walkeri

1996

3 1999 (NAPPO)

(http:/www.nappo.org)^
(

2% 20t

• 494 •



(Bonde, 1989) Luster( 1998)

(
Ferreira (1996) DNA 2.3kb EcoR I

Til/Ti4 17

DNA 2.3kb

25 DNA

Ipg Smith (1996)

DNA Dral

TI17M1( 5'-TCCCCTTGGATCAGAACGT A-3')/

TI17M2 (5'-AGAAGTCTAACTCCCCCCTCT-3') TI57M1(5'-

TTTTCCCTCTCTCCTTTTTTCA- 3')/ TI17M2 (5'-AGCAAAGACA
A AGTAGGCTTCC-3'), 78 825bp

1 18bp 5 79

50g 5

Frederick (1998 2000) PCR

6

TaqMan

2.5h Frederick (2000) 5

2 (T3A^6 T3/T4)

PCR 1

ld

PCR

1986

1992 10

(CIMMYT)



5 98 () Punjab

68 1992

Arivechi,

2 4

1D 2A 3B 3D 5D 7A Giller^iZ., 1993)

1933 (Mitra, 1935),

Smilanick (1987) 7 (
benomyl, bitertanol, campogran, trimidol, propiconazole, ^^1

thiabendazole LSP, triadimefon)

(pemachloronitro-benzene) 2

i!(Fuentes et ai, 1983) chlorothalonil)

8 triphenyltin hydroxide) --
(Methoxyethylmercucry acetate) (ethylmercury chloride)

18 Warham and Prescott, 1989) (chlorohalonil) (mancozeb)

+ (carbendazim + mancozeb) 10 97%

ethylmercury chloride) (oxycarboxin) 4- -1 2
4- chlorothalonil) propiconazole) (mancozeb)

(carboxin)

10cm (methyl bromide)

98% 10cm

Vapam 57%~99% 20 70

1985~1987 Brassicol (pentachloro-nitrobenzene)

(carbendazim)

50%~80%

(Gilleffl/., 1993)

• 496 •



( 0.5%) ( 2~3 )
1.5% (20~22) 7~10 d

4~6d

PDA

- 497 -



(1)

18%~45%(Chonaef fl/. 1961)

(2)

(Fuentes-Davila, 1996)

1~2

(3) Goates

2(n:

24~48h

(Goates, 1988)

()
(Fuentes-Davila and Rajaram, 1994; Aujla, 1989) 10

5%

(Gill, 1990; Fuentes-Davila and Rajaram, 1994)o

(Aujla effl/. 1989)

(
'

.2002. . 16(2):95~98[YiJP,PengJH,

Tao T D, Shen Y F. 2002. New development of identification methods of Tilletia indica Mitra. Plant Quarantine, 16(2): 95~98

ih. 1986. . . 1): 43-46 [Zhang Z, 1986. Wheat kamal bunt. Plant Quarantine. {\) 43-46]

Agarwal V K, Singh A, Khetarpal R K. 1977. Occurrence of partial bunt on triticale. Plant Prot. Bull., 25: 210-211

Aujla S S, Gill K S, Sharma I, Singh D, Nanda G S. 1981. Effect of date of sowing and level of nitrogen on the incidence of kamal

bunt of wheat. Indian J. Ecol., 8: 175-179

Aujla S S, Sharma I, Gill K S, Kour V. 1985. Neovossia indica on wild species of wheat. Indian Phytopath., 38: 191

Aujla S S, Sharma I, Singh B B. 1987. Physiological specialization of kamal bunt of wheat. Indian Phytopath., 40: 333-336

Aujla S S, Sharma I, Singh B B. 1989. Rating scale for identifying wheat varieties resistant to Neovossia indica. Indian Phytopath.,

42:161-162

Bansal R, Singh D V, Joshi L M. 1983. Germination of teliospores of Kamal bunt wheat. Seed Res., 1 1 : 258-261

Bansal R, Singh D V, Joshi L M. 1984. Comparative morphological studies in teliospores of Neovossia indica. Indian Phytopath., 37:

355-357

Bedi P S, Meeta M, Dhiman JS. 1981. Effect of Kamal bunt of wheat on weight and quality of the grains. Indian Phytopath., 34:

330-133

Bonde M R. 1989. The use of isozyme to identify teliospore of Tilletia indica. Phytopath., 79: 596-599

Brennan J P, Warham C J, Hernandez J, Byerlee D, Coronel F. 1990. Economic losses from kamal bunt of wheat in Mexico.

CIMMYT Economic VVi.t'' Paper. (2)

Chona B L, Munjal R L, Adilakha K L. 1961. A method for screening plants for resistance to Neovossia indica. Indian Phytopath.,

. 498 .



14: 99-101

Dupler M Smilanick J L, Hoffmann J A. 1987. Effect of matric and osmotic potential on teliospore germination of Tilletia indica.

Phytopath" 77: 594598

Duran R Fischer G W. 1961. The genus Tilletia. Washington State University Press. 138

Duran R Cromarty R. 1977. Tilletia indica: a heterothallic wheat bunt fungus with multiple alleles controlling incompatibility.

/Vi 76:812815

Ferreira M A Tooley P W Hatziloukas E, Castro C Schaad N W. 1996. Isolation of a species-specific mitochondrial DNA

sequence for identification of Tilletia indica, the kamal bunt of wheat fungus. Appl. Environ. Microbiol, 62: 8793 (US Patent

5811240, 1998)

Frederick R D Snyder K E, Tooley P W Berthier-Schaad Y Peterson G L Bonde M R Schaad N W, Knorr D A. 1998. An

improvement PCR method utilizing Taqman for the detection and differientiation of Tilletia indica, the causal organism of kamal

bunt of wheat, and a related ryegrass smut. Phytopath" 88: S29

Frederick R D Snyder K E Tooley P W Berthier-Schaad Y Peterson G L Bonde M R, Schaad N W Knorr D A. 2000.

Identification and differentiation of Tilletia indica and T. walkeri using the polymerase chain reaction. Phytopath., 90: 95 1960

Fuentes S, James W C. Torres E, Garcia C, Delgados S, Elias-Caues A. 1983. Kamal bunt of wheat: risk appraisal and evaluation of

the efficacy of seed dressing to control soilbone inoculum. CIMMYT Report. 49

Fuentes-Davila G Duran R. 1986. Tilletia indica: cytology and teliospore formation in vitro and immature kernels. Can, J. Bot., 64:

1712-^1719

Fuentes-Davila G, Rajaram S. 1994. Sources of resistance to Tilletia indica in wheat (Triticum aestivum). Crop Prot., 13: 2024

Fuentes-Davila G. 1984. Biology of Tilletia indica (Mitra ) Mundkur . Msc. Thesis. Department of Plant Pathology, Wash, State

Univ. 66

Fuentes-Davila G. 1996. Kamal bunt. In: Bunt and Smut Diseases of Wheal: Concepts and Methods of Disease Management,

Wilcoxson RD and EE Saari eds. Mexico, D. F.: CIMMYT. 2632

Gill K S. 1990, Genetic evaluation and utilization of wheat germplasm for breeding varieties resistant to kamal bunt, third annual

research report. Department of Plant Breeding, Junjab Agricultural University, Ludhiana, Punjab, India. 1990

Gill K S, Sharma I and Aujla S S. 1993. kamal bunt and wheat production. Punjab Agricultural University, 1993, 153

Goates B J. 1988. Histology of infection of wheat by Tilletia indica, the Kamal bunt pathogen. Phytopath., 78. 1434-1441

Gopal S Sekhon K S. 1988. Effect of kamal bunt disease on the milling, rheological, and nutritional properties of wheat: effect on

the quality and rheological properties of wheat. J. food Sci., 53: 15581559

Holton C S. 1949. Observation on Neovossia indica. Indian Phytopath., 2: 15

Hussain M, SharifM Ullah M, Sarwar M. 1988. Studies on the feasible use of Kamal bunt infected wheat for bread and "chapati"

making. Proc. 1^' Nat. Food Proc. Workshop. Lahore, India

Joshi L M Singh D V Srivastava K D Wilcoxson R D. 1966. Kamal bunt, a minor disease that is now a threat to wheat. The

Botanical Review, 49(4): 309-330

Krishna A Singh R A. 1981. Aberrations in the teliospore germination of Neovossia indica. Indian Phytopath. 34: 260262

Krishna A, Singh R A. 1982. Effect of physical factors and chemicals on the teliospore germination of Neovossia indica. Indian

Phytopath., 35: 44S-455

Luster D G. 1998. Antigenic glycoprotein in the teliospore wall of Tilletia indica. Mycologia, 90: 180188

McRae W. 1934. Report of the Imperial Mycologist. Scientific reports of the Imperial Institute of Agricultural Research, Pusa, India

1932-1933

Mitra M. 1931. A new bunt of wheal in India. Annuals ofApplied Biology, 18:178179

Mitra M. 1935. Stinking smut (bunt) of wheat with a special reference to Tilletia indica Mitra. Indian J. Agric. Sci., 5: 1-24

Munjal R L. 1971. Epidemiology and control of kamal bunt of wheat. Proc. Symp. Epidemiology, forcasting and control of plant

diseases. Indian National Science Academy. 37B: 464

Peterson G L Bonde M R Dowler W M, Royer M H. 1984. Morphological comparisons of Tilletia indica Mitra from India and

Mexico. Phytopath., 74: 757(abstr.)

Roberson RW Lutrell E S. 1987. Ultrastructure of teliospore ontogeny in Tilletia indica. Mycologia 79: 753763

Royer M H Rytter J. 1985. Artificial inoculation of wheat with Tilletia indica from Mexico and India. Plant Dis. 69: 317-319

Royer M H Rytter J. 1 988. Comparison of host ranges of Tilletia indica and T. barclayana. Plant Dis. 72: 133 1 36

Sekhon K S, Saxena A K Randhawa S K Gill K S. 1980. Effect of kamal bunt disease on quality characteristics of wheat. Bull.

499 •



Grain Tech., 18:208-212

Singh A, Prasad R. 1978. Date of sowing and meteorological factors in relation to occurrence of kamal bunt of wheat in U. P. Tarai.

Indian J. Mycoi Plant Path.. 8: 2(abstr.)

Smilanick J L, Hoffmann J A, Royer M H. 1985. Effect of temperature, pH, light and desiccation on teliospore germination of

Tilletia indica. Phytopath., 75: 1428-1431

Smilanick J L Hoffmann J A, Cashion N L, Prescott J M. 1987. Evaluation of seed and foliar fungicides for control of kamal bunt of

wheat. Plant D/'d:94~96

Smiley R W. 1997. Risk assessment for kamal bunt occurrence in the Pacific Northwest. Plant Dis., 81(6): 689-692

Smith O P Peterson G L, Beck R J Bonde M, Schaad N. 1996. Development of a PCR-based method for identification of Tilletia

indica, causal agent of kamal bunt of wheat. Phytopathology, 86: 1 15122 (US Patent 5776686, 1998)

Warham E J. 1988. Teliospore germination patterns in Tilletia indica. Trans. Bret. Mycol. Soc" 90: 318321

Warham E J, Prescott J M. 1989. Effectiveness of chemical seed treatments in controlling kamal bunt disease of wheat. Plant Dis.,

73: 585-588

Zhang Z, Lange L Malhur S B. 1984. Teliospores survival and plant quarantine significance of Tilletia indica (causal agent of

Kamal bunt) particularly in relation to China. Europ. Plant Prot. Bull" 14(2): 1 19128

• 500



Chapter 24 Fire blight of pear

Erwinia amylovora (Burrill) Winslon et al.

Abstract: Fire blight is the most destructive disease on pear, apple and other rosacae

plants and is an important quarantine pest of China. This disease has high risk to enter China

with fruits and seedlings of pear and apple. In this chapter, the damage, spread, distribution,

biology, disease detection, risk assessment and disease management of fire blight of pear were

discussed.

Key words: fire blight of pear, biology, distribution, spread, detection, risk assessment,

disease management
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aL 1996) Burrill

(Burrill, 1880), 1884 (Arthur, 1885)

19 20

_
/ 1

/j^M^L f r-rMM "" ( 24-1)

24-1

Envinia amylovora (Burrill) Winslow et al.

Microccocus amylovorus (Burrill, 1882; Trerisan, 1889)

Bacterium amylovorus{^nm\\){C\\t?,X.&r, 1897)

Envinia amylovora (Burrill)Winslow et al. f. sp. rubi Starr et al.

Envinia amylovora (Burrill) Winslow et al. Procaryotae

Gracilicutes
. Enterobacteriaceae, 0.8|irn

X1.0~3 .0jim
8 (

2

4-2) 6~301 25~27.5T

45~5(n: lOmin 5%

72h

3~4mm

^ II"^
*̂^
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a- -D-

3- -80

2%

6%~7%

1914 150 1901

1908 2/3 4 95%

1901 1910

28% 1921~1925 4.6%

1936 23 OOOt, 400 1951~1960 150

250 (vanderZwetandKeil, 1979) 1957

1966 12 000 1966

10 200 13 000 8700 4500 1968

1977 1971 18000

350 000 2 420 000

( 1997)

24-3 ( van der Zwet et al., 1995)

1. 2. 3.

4. 5. 6. 7. 8. 9.

10. 12. 13.

14. 15.
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( 24-3)

40

220(vanderZwetandKeil1979)

() 24-1

24-1 van der Zwet et al., 1979)

Amelanchier Kageneckia

Aronia Kerria

Arracacia Malus

Aruncus Mespilus

Chaenomeles Osteomeles

Cotoneaster Peraphyllum

Cowania Photinia

Crataegomespilus Physocarpus

Crataegus Potentilla

Cydonia Prinsepia

Dichotomanthus Primus

Diospyros Pyracantha

Docynia Pyrus

Dryas Raphiolepis

Eriohotrya Rhodotypos

Exochorda Rosa

Fragaria Ruhus

Geum SorbariSL

Heteromeles Sorhus

Holodiscus Spiraea

Juglans

W

Stranvaesia

(1) ttt 20
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40 (AQIS 1998, Kim

et ai, 1996, van derZwet, 1994),

( 24-2)

24-2

1900 1986

1919 1987

1938 1988

1943 1989

1957 1990

1964 1991

1966-1970 1993

1971-1981

*

1994

1982 1995

*

1984 1996

1985 1997

* 2 ""
(2) 20 40 1958;

1950) 40

3

.
j

16km 100km

(1919) (1962) (1957)

24-3

• 505 .



24-3

1919 — Bartlett

1957 — Bartlett

1962 — Le Conte

1965 — Bartlett van der Zwet,

1965-1970 — 1994a

1970-1985 —
1985-1987

Crepel (1996)

29%~33% 10
3~107

CFU/ml( )

Ge and van der

Zwet(1996) 10 6%

2

6nim 2 (Pierstoff and Lamb,

1934)o (Lewis and Godman, 1965; Gowda

and Godman, 1970)o

(1^056118^?^^/. 1998)

van der Zwet(1990)

McManus (1995) 75%

10

r

til (AAPGA, 1996)

1~5 (van der Zwet, 1994b; AAPGA, 1996)

• 506 •



4t 26"^ 3(&601^^?^^/. 1996)

-

(WTO)

(FAO)

WTO " ( SPS )"

" (ISPM)"

• 507 •



"
" "" PRA) SPS

PRA

FAO (Guidelines for Pest Risk Analysis)
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(EPPO)
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ISPM, PRA
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( )
20 80

(vanderZwet, 1990) 90

(Roberts effl/. 1998)

2

(2001)

Roberts (1998)

38 462 1

35 971 1 11 364

1 Yamamura (2001)

334 1 34

1

(Kim era/., 1996)

( )

1974 Schroth

20 70
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1974

20 (van der Zwet 1996)

1974 ——
' (McManus and Jone 1994 Loper et al. , 1991 Moller

et ai, 1981),

( )
( M9 M26)(ThomasandJones, 1992)

20

70

(Tomas and Jones, 1992), (
) (Bell era/., 1997),

(Schroth et al., 1974)

/

( 10 )
(Thomson, 1982),

(Johnson et al., 1993; Kiett

and Ivanovv, 1941; McManus and Jone, 1994; Pierstorff and Lame, 1934; Vanneste, 1995)

OlSt)

3 (Billing, 1976;

Smith, 1996; Steiner, 1990; Thomson et al., 1 975)

(Schroth ef"/., 1974).

/

(Hatting et
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al" 1986; Thomson, 1986; Wilson et ai, 1989, 1992,1993)

(Wilson era/. 1989)

( ) (Thomson, 1986; Vanneste,

1995; Wilson et al., 1990) (Wilson

etai, 1990) ( )

(Campbell et al., 1991; Ivanoff and Kiett,

1941)

60%(CampbelleM/. 1991),

2%(Kiett and Ivanoff, 1941) (Kiett and Ivanoff, 1941)

(Thomson, 1986)

' ""
(Hatting e?fl/. 1986; Slant, 1974; Uwate and Lin, 1981),

(Hatting a/. 1986; Wilson et al, 1989)

10
6~107

CFU/ 0.15mg

10
9~l(rCFU 12h

(Chiou and Jones, 1993)

(Smith, 1996),

50 Mms(1955) 1918~1954

Billing (1976)

Schroth

(1974) 1982

(Thomson, 1982) 15t

ZollerandSisevich(1979)

18.3t 20 90
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MARYBLYT (Steiner and Lightner, 1992),

>18.3 (h) llOh

Smith(1996) COUGABLIGHT, 4

>15.5T (h)

(Billing, 1992; Mills, 1955; Smith,

1996; Steiner, 1990)

(
)

Smith(1996)

1/3

20 70 " " (Schrotheffl/., 1974)

(Johnson et al" 1993; Lindow et al, 1996; Stockwell et a/" 1996; Thomson et

ai, 1975; Vanneste, 1996; Vanneste and Yu 1996)

Pseudomonas fluorescens A506 /^506

(Lindow et

al, 1996) £rw/"/fl /lerWco/a( /^imtoea tzgg/owera":y) C9-1

(Johnson etal, 1993; Wilson et al, 1992; 1993),

(Johnson effl/. 1993

Lindow et al.
, 1996),

(105~106CFU/) () 72h/yA506

(Wilson a/., 1993) /yA506

f P/A506

/yA506^^/yA506 '/yA506 P-

(Wilson 1993)

/yA506

P/A506 £/C9-l (Ishimam et

a/., 1998; Keams and Hale, 1996; Vanneste, 1996; Vanneste et al., 1996; Wright and Beer,

i996) EhC9-\ herbicilin herbicilin

Klshimaru et ai, 1998) '} £/iC9-l



(Vanneste, 1996)

(Thomson et al, 1992;

Vanneste, 1996)

/A506 EhC9-\ (Johnson " a/. 1993; Thomson et

al, 1992) (Johnson era/.

1993),

(Nucloef fl/., 1997)

25%~90%

/yA506

(Lindowef^^/. 1996)

(system aguired resistance, SAR)

Mourges (1998)

fl/^7y/ovora Cecropins T4

Cecropins Cecropins

Cecropins

Cecropins

Cecropins/Utodn £ CaMV35S

11 6

50%(Norellieffl/ 1996)
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B (p35SAtt)
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(SP)(p35SAMVSPAtt) attE 3 II(Pin2)

/IM\/
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(Myers a/., 2000)
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(Kim et al, 1996)

1997

()

813 758 1998

150 (http://www.affa.gov.au)
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1974

(Anonymous, 1974)

1992

(Goto, 1992)" " bacterial shoot blight of pear, BSBP)

1971 Pyms ussuriensis

£rvWm'flflw)'/morapv.p377' " "
"" ""

Beer 1996 Tanii

8

BSBP ( 1 Tanii 1977 1 ) 76

«m>^/m'ora

BIOLOG™ E.

amylovora hrp BSBP DNA "

" E. amylovora (Kim et al" 1996), Tanii (Tanii et al" 1981)

5 KaPyong PoCheon YangPyong,

WhaChron YangKu p77;/br//a Shingo Mansamgi),

£rw/m'ap:yrz;/br//flesp. nov(Kimefa/. 1999)

1995 1996~1998]^^
1- MlVbCu

(Bereswill^>f"/•, 1998)

^ fW

>
''

/>^/:14 frw/"/flflm:y/ovor"; DNA G+C (2%),

DNA
3

DNA 1"] )
£rvWm'fl""!.vZowra "
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(Rhimef«/., 1999Beer )

£"?^/"0/?«676^/?)'^>2" 1979

(Hong"fl/. 1985), Yusong (/^7""5 p>77/or//"

Shingo Mansamgi)

Erwinia pmna{Chung et al. , 1990), Ervv/mVz

£nfeA"o6flc?er Enterobacter (Chung

etal, 1993)

24-4

24-4 Erwinia pyriforliae, Erwinia amylovora Enterobsctsr pyrinus 14

( t^j Rhim etal., 1999)

Erwim'a pyriforliae Erwinia amylovora Enterobacter pyrinus

+ + +

+ + +

+ + +

+

-

+ + +

- -

P- - -

-

- -

- -

+

+

— — +

-

3- + + +

- - +

5%NaCl V V +

— — +

- +

ff - (+) +

- + +

+ - /j; V +)^^,^<
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SPS 7

PCR

(ELISA )
(BIOLOG) (FAME) (MLEE)

PCR



FITC ( PCR )
(

3

(Haleeffl/., 1996),

(

10
3~105CFU/ml

MS Miller and Schroth(1972)

£rvWm'«izm_vtovora

Erwiniaherbicola

E. herbicola

r:
CG Cross and Goodman(1973)

29T 48~72h

TTN Ritchie and Klos(1978) 22~23T 36~48h

2.0~3.0mm

£./zerWa?/a

TTC Weise(1981)

271 2~3d

CCT Ishimam (1984) 27t 3d
4.0~7.0mm

E.herbicoki 2d, 3.0~4.0nim

10
4CFU/ml£. herbicola

Zeller (NSA): Zeller(1982) 5%

27t 2~3d 3~7mm
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/ ^r/Aigae B

MM2CU Bereswill (1998)

MM2 2mM CuS04

(

72h

28t 60h

( 1993)

(P/2o/ym'fl M/Tw/ato) 24h( 1998)

(Lai and Hass, 1973)

(
Katzndson(1950)

Baldwin(1963)

Erskine(1973)

(1993)

II

(
IW8 (Anderson, 1961);

. 520 .



(
) (ODD) (

) ( ) ( 24-5)

""
24-5

(CFU/ml)

10-10^ S/P

10:~103

ELISA 104~10('

ODD 10*~10^

50-100 S/P

(Lin et al. 1987; Kbosel, 1986;

Miller, 1983) (Billing et

al, 1961)

(Vanneste, 1995) Morrill(1970)

(Arsenijevic a/. 1994; Mazzucchi et aL 1980)

(Mraz et aL, 1999) (EPPO)

(EPPO 1992)

Gorris (1996a) (EPS )
8 48 45 258

ELISA

2 3 lOmin

ELISA ELISA

ELISA

(Vaerenbergh et aL, 1983),
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ELISA

10
2~103CFU/ml(Laroche et al., 1987) ELISA

ELISA 105~106 CFU/ml(Hutschemacker, 1987) ELISA

Gorris (1996b)

36h

ELISA, 10~100

PCP (Bereswilleffl/., 1992)

(Miller,

1983; Calzolar, 1982) Robert(1980)

^/'"
herhicola subsp. ananas E. stewartii E. rhapontici Pseudomonas

yZ herbicola subsp. herbicola P. fluorescens

Ehrig (1984) van Laere(1985)

Zutra(1986)

(DIA)

10~100cdl/ml(
1998) (1998)

( (PCR)

32
P DNA

10
2~105

PEA29 0.5kb sail

(Steinbrennereffl/., 1990),

PCR

( PCR

PCR^^^ DNA DNA
DNA. (^ DNA PCR

DNA
f!:;l5t DNA PCR
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1.

PCR

(Darrasse et al" 1994; Dreier et al" 1995; Gillings et al, 1993; Verdier et al. 1998)

/lgro/7flcter/'«w

(vW DNA
Haas (1995) WrD2

04gA"o/?flcfen'Mm)

Darrass (1994) Erw/m'flCflwtowra

434bp at ptica'caroto

a

odorifera wflMZ7/fle van der Wolf (1995) (/?e/)(Nassar e^f a/. 1996)

Em7'm'flc/zo'M"*m/ (Mecl)(
) Bukhalid (1997) DNA' (e/e)(Sato et

al" 1997), lipodepsinonapeptide Oyrfi j>tD Sorensen et al, 1998)

(Bereswillef^^/., 1994)

Takahashi (1996)

Pseudomonas syringae pv. atropurpurea pCORl

0.1~1.0CFU/ml

2. DNA

DNA PCR

DNA
RAPD (van der

^o\f etai, 1996)

3. DNA

PCR

DNA PCR

X4c X4e(Toth et al., 1998)

(Audy et al., 1994) Clavibacter michigensis subsp.

michiganensis 75% (Dreier et al, 1995) pCSl

g Clavibacter michigensis subsp. sepedonicus,

(Schneider effl/., 1993)

(Schneider et al., 1993)

(Rademakereffl/. 1994)
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Xanthomo

axonopodis pv. citri A ( )(Hartung et al, 1993, 1996) Verdier

(1998) Xanthomonas axonopodis pv. manihotis

X axonopodis pv. manihotis

DNA
DNA PCR

4. DNA PCR

DNA 3 16S rDNA

23SrDNA 5SrDNA (ITS) (Schmidt, 1994)

DNA
(Maidak

1999, http://www.cme.nisu.edu/RDP/)

(Deparasis and Roth,

1990)

PCR (Lee et al, 1998) Widmer

(1998) 16S rRNA PCR

DNA Maes(1993)

Seal (1993) Ralstonia

solanacearum 16S rDNA l~10CFU/ml solanacearum

(Wullingsefa/., 1998)

23S rDNA 16S rDNA, 16S rDNA,

23S rDNA

16S rDNA 23S rDNA

(Maes etal, 1996)

5. (/TS)PCR

ITS 16S rDNA 23S rDNA tRNA

(Schmidt, 1994) 16S 23S rDNA

PCR (Jensen ef^j/., 1993)

/rS PCR (REA) DNA
/75

/rs

(Maes etal, 1996)
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6. DNA (ARDAR)

DNA
PCR

(Bereswill et al, 1995)

7. 16S rDNA PCR

PCR 16S rDNA

6200 16S rDNA RDP

""
RDP /"KMA

(Bmtoneffl/., 1998),

DNA-DNA (Bmton""/. 1998),

16S rDNA PCR , (proteobacterium)(Avila

et al, 1998)

( PCR

PCR

PCR PCR-ELISA PCR

CFU/ PCR

(immuno-capture-PCR)

PCR PCR (Guiford

et al, 1996) PCR

(Hartung a/., 1996)

Xmthomonas axonopodis pv. phaseoli

X. axonopodis pv. phaseoli \dx.fuscans, DNA-DNA 64%,

X. axonopodis pv. phaseoli var. fuscans
I

X. axonopodis pv. phaseoli

(Audy et a/.,1994,1996)

DNA PCR PCR(multiplex-PCR)

multiplex-PCR-ELISA

(Mills and Russes, 1998) PCR
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(A:aAU/iomomw

oryzae pv. o/jzae) oryzae pv. rvz/co/a)

E/"vWm'flp>77:/i9r//fle(Rhim"a/., 1999) PCR

PCR

PCR

(Audy etal, 1996)

PCR PCR

PCR (Hyman"fl/. 1997)

PCR Southern

PCR

PCR

PCR

l~5nl cell/ml

PCR E. carotovora subsp. atroseptica

ICfcell/ml ELISA (vanderWolfe/fl/., 1996)

( PCR

Bereswill (1992) pEA29 0.9kb /wfl

17-mer

50 6h

DNA (Bereswill a/., 1992)

PEA29

(McManus and Jones., 1995). (Schnabel and Jones., 1998)

h

Bereswill (1995) ams

Y ' .. fl/TU

pEA29 PCR 1/10(500 ) 16S rDNA

" 1 ' Hue III

AP-PCR r: '"if (Bereswill a/. 1995) 16S rDNA-PCR+Z/aelll

AP-PCRji!i Guiford (1996)' DNA
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30-mer PCR

10
6
CFU/ml

10
2 CFU/ml

lOCFU/ml McManusandJones(1995) PCR

PCR-

(PCR-Dot-Blot) (Reverse-Blot-Hybridization) 20

PCR 200 Maes (1996) 23S

rRNA

Escherichia coli

,

Merighi (2000) PCR-ELISA

4X 10-CFU/g, 24-6

24-6

(5'-3') DNA

GCTACCAGCAGGGTGAG AMSbL Ams Bereswill et al., 1995

TCATCACGATGGTGTAG AMSbR

AGAGTTTGATCATGGCTCAG fD2 16S rDNA

ACGGTTACCTTGTTACGACTT rPl

ATTCCGAATGGGGIAACCC CI 23S rDNA Maes et ai, 1996

GTGAGCT(G/A)TTACGC C2

TGTCTCACGACGTTITAAACCCAGCTC C3

GCGCAGTAAAGGGTGACAGCCCCGTACACAAAAAAGGCACT EaF 23S rDNA Maes et ai, 1996

CCCTAGCCGAAACAGTGCTCTACCCCCGG EaR

CGGTTTTTAACGCTGGG A pEA29 DNA Bereswill et al.' 1992

GGGCAAATACTCGGATT B

CGTATTCACGGCTTCGCAGAT AJ75 Plasmid McManus et al. , 1995a

ACCCGCCAGGATAGTCGCATA AJ76
DNA

TTGTACACACCGCCCGTAC 16S ITS McManus etal.. 1995b

GGTACCTTAGATGTTTCAGTTC 23S

(
Biolog

" "
(
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Erwinia stewartii

A1 1897

WTO

Chapter 25 Stewart's Bacterial Wilt of Corn

Erwinia stewartii (Smith) Dye

Abstract: Stewart's bacterial wilt caused by Erwinia stewartii (Smith) Dye is one of the

most serious diseases on maize. It has not been found in China up till now, but it is an

important quarantine pest for P. R. China. E. stewartii was first isolated in USA in 1897,

however, it was dispersed to many countries in Asia, Africa, Europe and America. E. stewartii

could be spread by seedbome as well as insectbome. Since Chinahas entered the World Trade

Organization, this disease has high risk to invade into China by seedbome via import action

the of com. Since most native com cultivars are sensitive to E. stewartii, the bacterial wilt

caused by E. stewartii is being a serve threat to the com production in P. R. China. In this

chapter, the origin, distribution, spread, damage, biology, detection and technology of disease

management of Stewart's bacterial wilt were discussed. The strategies and prospects for the

basic and applied studies on Stewart's bacterial wilt of com were also put forward.
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Key words: Stewart's bacterial wilt of com, biology, distribution, spread, detection,

disease management

Erwinia stewartii (Smith) Dye 1897

Pseudomonas stewartii 50

Bacterium stewartii, 1914 Aplanobacter stewartii, \91^ Bacillus stewartii, 1920

Phytomonas stewartii, 1923 Xanthomonas stewartii,1939 Pseudobacterium stewartii, 1949

1963 Erwinia stewartiio

A1 (CABI /EPPO, 1997; 1997)

Zea mays L. Z. mays var. mgos

,

(CABI /EPPO, 1997)

mejc/c^ma Schrad

Tripsacum dactyloides L.

Coxi lachrymajobi L. Euchlaena

perennis Hitch. Setaria lutescens (Weigel) F. T. Hubb Sorghum vulgare

Pers Sorghum vulgare var. sudanense (Piper) Hitch Setaria italica (L.) Beauv

Panicum miliaceum L Avena sativa L. , Schlerachne punctata

/^0^^/7^?^«^/^1^.
Dactylis glomerata L. Agrostis alba L. Digitaria sp. Panicum

eapillare L P^^^ Panicum dichotomiflorum Michx ^ TV/f/cM/n sp. ( 1997)

25-1 25-2)
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25-1 25-2

(

(
Chaetocnema puliearia

(
Pseudomonas avenae

1_<

Pseudomona

andropogonis

^ 1 Clavibacter michiganensis subsp. nebraskensis
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Seto^h^^e/v'a turcica, ()
Cochliobolus heterostrophus

,

C. carbonus

( 1997)

(

2%

(

C. denticulate Diabrotica longieomis D. vergifera,( D. imdecimpunctata P/i)'///zagfl sp.

Hylemya cilicrura Agriotes mancus

10% ~ 20%

75%
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2%

4

75%

3 12 2 37~38T

32

( 1997)

1897

20%~40% 1932~1933 6%~13% 1976

6 20 1988

1 30

C

0.5~0.7|iniXl~2Hm
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f^
5%~7% NaCl 0.3%

3(n: 7~9T

53t 10min

(
95%

0.01 mol/LPBS (NaC18g Na2HPO4.i2H2O2.7g NaH2P04 • 2H2O 0.4g,

1000ml pH7.2),

W
lOg

5g

Ig

K2HPO4 0.5g pH 7.2-7.4
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MgSCV 7H2O 0.25g

18g

1000ml

523

lOg

8g

4g

K2HPO4 2g pH 7.0-7.1

MgS04 • 7H2O 0.3g

18g

1000ml

3

(

(
(PH7.0)

30m]

lOg

3g

15g

2.5g

O.lg

17g

1000ml

(1)

(2)
I k

( 25-1)
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25-1 ( 1997)

\
\

\ \ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

— — d- --- + + + + + - — +

H2S — + — + + + + d + + + + + --
•—- — — — — _ + — — + — — - +

- — - — — - + - + + + + _- +

-_ — — — + — + + dd + + — +

— — — — — + d + + + + — + + +

- — — — -- + + + — — + - — +

L- d-- + — — + + + + + + + + +

-- + + + + + + + + + + + + +

— — — — — — d + + + d- - + +

— — - — + + dd + + + + + — d

—- - — — - — — — — — — -

- — - - — _d-+ + d - - -

a- + + d -, +- - - - + -- -

+ 80% - 20% d 21%~79%

1. Erwinia amylovora; 2. E. tracheiphila; 3. E. mallotivora; 4. E. nthrifacciens; 5. E.quercina; 6. E. salicis; 7. E. herbicola;

8. E. ananas; 9. E. rhapontici; 10. E. carotovora; 1 1. £. chrysanthemi: 12. E. cypripedii; 13. E. nigrifluens; 14. E. stewartii;

15. E. uredovora.

3~4

10
7~108

cfu/ml

(ligase chain

reaction, LCR)

E. weuYzm'/ 16S rRNA 16S
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rRNA 5^^>2/^?24
LCR

(Wilson et ai, 1994)

2002 Waleron E. carotovora reck PCR

(recA PCR-RFLP)

Erwinia 19 730bp 4 I HinfU

Tas I jyu II DNA ErvWm'a

RFLP reo4 PCR-RFLP £rw/m'fl

1986 Coplin pVKlOO E. stewartii DNA

PES4507 (extracellular polysaccharide, EPS)

0.1% 20min

60~70T

lh

^
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WTO

(Coplin et al, 1981, 1986; Cui et al" 2001; Fu et al, 1998; Ma et al,. 2001;

Kwon et al, 1997; Waleron et al, 2002),

(

CABI, EPPO. 1997. . [CABI, EPPO. 1997. Quarantine Pests for Europe. Beijing:

China Agricultural Press]. 1959. . [HeMJiHCHKO. 1959. Com Diseases. Beijing: China Agricultural Press]. 1997.

.

JaL: [1^ . 1=^ . . 121-127

[Zhang L. 1997. Stewart's bacterial wilt of com. In: Yao W G e/ al. eds. Selected Pests of Plant Quarantine Significance to China.

Beijing: Chinese Agricultural Press. 121-127]

Coplin D L, Rowan R G, Chisholm D A et al. 1981. Characterization of plasmids in Erwinia stewartii. Appl. Environ. Microbiol.,

42(4): 599-604

Coplin D L, Frederick R D, Majerczak DR et al. 1986. Molecular cloning of virulence genes from Erwinia stewartii. J. Baderial.,

168(2): 619-623

• 543



Cui Y. Chatterjee A, Chatterjee A K. 2001. Effects of the two-component system comprising GacA and GacS of Erwinia carotovora

subsp. carotovora on the production of global regulatory rsmB RNA, extracellular enzymes, and harpin Ecc. Mol. Plant Microbe

Interact., 14(4): 516-526

Fu J F, Hu J M, Chang Y S et ai 1998. Isolation and characterization of plasmid pSW200 from Erwinia stewartii Plasmid, 40(2):

100-112

Ma W, Cui Y, Liu Y et al. 2001. Molecular characterization of global regulatory RNA species that control pathogenicity factors in

Erwinia amylovora and Erwinia herbicola pv. gypsophilae. J. Bacteriol. 183(6): 1870-1880

Kwon S W Go S J, Kang H We/ al. 1997. Phylogenetic analysis of Erwinia species based on I6S rRNA gene sequences. Int. J. Syst.

Bacteriol; 41(4): 1061-1067

Waleron M, Waleron K Podhajska A ] et al. 2002. Genotyping of bacteria belonging to the former Erwinia genus by PCR-RPLP

analysis of a recA gene fragment. Microbiology, 148(Pt 2): 583595

Wilson W J, Wiedmann M, Dillard H R et al. 1994. Identification of Erwinia stewartii by a ligase chain reaction assay. Appl.

Environ. Microbiol., 60(1): 278-284

• 544 •



()
20

3rnm

1 2

DNA (PCR -PCR -PCR)

/^to

60/>&
Pto /

/^fo Aw/^fo /
Pto Aw/^to Pto

547

547

548

548

552

552

556

557

558

• 545 -



Chapter 26 Bacterial Speck of Tomato

Pseudomonas syringae pv. tomato (Okabe)Young,

Dye & Wilkie

Abstract The advances of studies on bacterial speck of tomato were summarized in this

chapter. Origin and distribution of the disease, disease damaging, disease symptom, disease

diagnoses, characteristics of pathogen, characteristics of disease ecologies, spread of disease,

resistance of tomato, interaction between the bacteria and tomato, diagnoses of disease, and

disease control were introduced. Bacterial speck of tomato is caused by Pseudomonas

syringae pv. tomato. It has occurred in America, Canada, Russia, Australia and China and

other comitries. The hosts of the bacteria included tomato and pepper. Bacterial speck appears

as dark brown to black lesions of various sizes and shapes on leaves, fruit, and stems. Tissue

adjacent to the lesions is initially yellow. Leaf lesions are frequently concentrated near

margins, causing extensive marginal necrosis (tissue death). Fruit lesions are slightly raised

and small, varying in size from tiny flecks to 3mm in diameter. Fruit lesions are superficial,

seldom penetrating more than a few cells deep. The bacteria survive in soil, in debris from

diseased plants, and on seeds. Infection is favored by cool moist weather. The pathogen is

spread by splashing rain or sprinkler irrigation. Disease progress is stopped during hot weather.

In severe cases, infected plants are stunted, which may result in a delay in fruit maturity and

yield reduction. Delay planting in spring could avoid exposing tomatoes to cool and wet

conditions that favor disease development. When the disease appears, it is better to change

irrigation from overhead to furrow. It is suggested to use resistant varieties, which are effective

against most isolates. Do not plant tomatoes in a field previously planted tomatoes that

developed the disease. Copper sprays are effective to control the disease.

P- syringae pv. tomato has two races, namely, race 1 and race 2. The bacteria produces

the chlorosis-inducing phytotoxin coronatine. Its physiological and biochemical traits were

introduced.

Seed health testing for detection of seedbome pathogens has become an important issue

in reducing the occurance of economically important speck diseases of tomatoes. New
technologies have been developed which may assist in the detection and identification of

seedbome bacterial diseases. These technologies include the use of antibody-based assays,

DNA based assays (PCR, real-time PGR, BIO-PCR) and a combination of the two

(IMS-PCR).

The Pto gene in tomato confers gene-for-gene resistance to Pseudomonas syringae pv.

tomato, the pathogen of bacterial speck disease. Pto was first introgressed from a wild species

of tomato into cultivated tomato varieties over 60 years ago and is now widely used to control
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bacterial speck disease of tomato. The resistance is conditioned by a single dominant gene.

Cloning of the Pto gene revealed that it encodes a serine-threonine protein kinase. The

molecular basis of gene-for-gene recognition in this pathosystem is the direct physical

interaction of the Pto kinase with Pseudomonas effector protein, AvrPto. Up recognition of

AvrPto, the Pto kinase acts in concert with Prf, a leucine-rich repeat-containing protein, to

activate multiple signal transduction pathways. There has been much progress in

understanding the evolutionary origin of the Pto gene, structural details about how the Pto

kinase interacts with AvrPto, signaling steps downstream of Pto, and defense responses

activated by the Pto pathway.

Key words: Pseudomonas syringae pv. tomato, speck, origin and distribution, assay, pto,

traits, symptom, interaction, control

Pseudomonas syringae pv. tomato (Okabe)Young, Dye & Wilkie
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^£?"^/1^?/«^??1(3 campestr pv. vesicatoriaiDoxdgt)

26-1 26-2

26-1 ( 2000)

26-2

Pseudomonas syringae pv.

t to (Okabe)Young, Dye & Wilkie Bacterium tomato Okabe; Phytomonas tomato

(Okabe) Magrou; Pseudomonas tomato (Okabe) Alstatt; Bacterium punctulans Bryan;

Phytomonas punctulans (Bryan) M;,^Trou; Pseudomonas punctulans (Bryan) Savulescu
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(ICMP2844—87)
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L-
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L-

"+ " "-"

2 1 (Lawton, 1984) RAPD AFLP

P. syringae pv. tomato I II

(Denny, 1988),

(Serfontein and Hattingh, 1990)

(Cooksey, 1988), PT23

(Mellano and Cooksey, 1988)

• ^/"/"gflepv. toAnaro avr/^to (Ronald efaZ. 1992),
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(coronatine) (Mitchell et ai, 1983)

(Bagdache, et ai, 1990) DC3000

(Mittal and Davis, 1995)

(methyl jasmonate)

(Palme"f«/. 1995)

(Bashan et ai, 1985)

(Bashan et al. 1980) DC3000( 1 ) Hrp

(Roine et ai, 1997) Jackson (1992) P. syringae pv. tomato 3.8kb

£coRI DNA Morris (1995)

DPG-independeng-PGM PGM
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(Jones et al" 1981) £:dH>ioc/i/ofl cmsgallic I Pormlaca

olemcea i Ama thus retroflexus , rJ^IS Cynodon dactylon Agropyron

repens P. syringae pv. romato(Bogatsevska, 1988)

20 (BashaneraZ., 1982),

80% 3(n: (Yunis "/. 1980)

3cm (Getzer"/. 1983) 1998

26-2

26-2
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L Peruvianum PI 128643, 128650, PI 126946, PI 128652

L hirsutum f. glabratum PI134417, 134418

Lycopersicum esculentum
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L peruvianum

L. pimpinellifolium

Lycopersicum peruvianum
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L. qlandulosum
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Lycopersicum peruvianumvetr.humifusum LA2I51

L hirsutum
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L PimpineUifoltum PII26V47

L. pimpinellifoliiwiPl 1 26444

L esculentum subsp. f^alenii

Pilowsky and Zulra, 1982

Lawson and Surnmes, 1984

Sotirova, 1988

Sotirova and Bogatsevska, 1990

552 *



^
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Lycopersicum pimpinellifolium(\ 1 26430)

L. peruvianum

L. hirsutum f. sp. glahratum
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1985) Ontario7710 15 (Varvaro et

aL 1993) Bashan (1987)

Pautot (1991)

I II n mRNAs I mRNAs

n mRNAs

Lycopersicon esculentum (X P. syringae pv. tomato) (Pautot et aL,

1993) (. syringae pv. tomato P. syringae pv. glycinea)

(Ersek and Karr, 1986)

Pitblado (1984) pto pto Martin (1991)

pto 1993

/ fenthion 1994 pto

(Carland and Staskawicz, 1993) 1995
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Pto Tobias(1996) ptil pto pto
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Ml 2 3 4 5 6 7 8 9 10

26-3

M. >.DNA/Hind IU;1. XX/EcoR I+Hind HI; 2. BJX/EcoR I+Hind III;

3. FI/EcoR I+Hind; 4. HTY/EcoR I+Hind III; 5. HZZ/EcoR I+Hind III;

6. ME/EcoR I+Hind III; 7. MW/EcoR I+Hind III; 8. WNS/EcoR I+Hind IH;

9. ZZ/EcoR I+Hind UT, 10. ZZCC/EcoR I+Hind III

26-4 DNA

M. DNA/Hind III 1 . HZZ/EcoR I+Hind

III; 2. HYT/EcoR I+Hind III.

3. MW/EcoR I+Hind III

Ronald (1992) P. syringae pv. tomato race

avrPto pto

Kobayashi (1990)

D

Shen and
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avrD-Rpg4( P. syringae pv. tomato )
(Keen and Buzzell,

1991) Kobayashi (1990) P. syringae pv. glycinea

vrD

avrf (P. syringae pv. tomato P.

syringae pv. glycinea

hrp
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aw/?/7m/) P. syringae pv. tomato
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Pto/Fen Giacomin (19%) R syringae pv. tomato

PLAl Lawton (1994) A syringae pv.

tomato Century
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1476bp 2814 1476bp 560bp (
26-6) pl(+) p2(-)

26-5 PST 655bp PCR

M. XDNA/Hand III 1. PST2844-87; 2. PST18; 3. PST3; 4. PST15: 5. PST27;
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r= //= arcsin (Jardine et al.,
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Bromoviridae, Ilarvims RNA
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Chapter 27 Primus Necrotic Ringspot Virus

Abstract Prunus necrotic ringspot virus (PNRSV), single-stranded RNA, is a member of

the family Bromoviridae, genus Ilarvirus. PNRSV is a high risk disease on the list of

Quarantine Pest, Insects and Weeds for Plants Imported into P. R. China. PNRSV occurs

worldwide and has a wide range of hosts of 21 families. PNRSV causes various ringspot

diseases in stone fruit, horticultures and economically important crops. This chapter gave

introduction of PNRSV in various aspects, such as geographical distribution, economic

impacts, characters for primary monitoring, biological and ecological properties, inspection

and identification, risk analysis, strategies for prevention and control.

Key words: Prunus necrotic ringspot virus

/V""," necrotic ringspot virus, PNRSV
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Stecklenberge

(PNRSV)

( 27-1)
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CABI/EPPO(2002)

27-1 (Prunus necrotic ringspot vims)

( Distribution Maps of Plant Diseases. Map No.875.Oct.2002.)

PNRSV

[ (Pmnus dwarf vims)

(applechloroticleafspotvims) ]
N6meth(1972) 2~3

PNRSV 2%~8%
2%~22%, 5%~27% Lottie 12%(Pine1964)

Spring Robin 24%~28% 24%~33% PNRSV

91%~98%
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(PNRSV) PNRSV

( 1989) PNRSV (
1998) PNRSV (ApMV)

(PNRSV)

PNRSV

(Wells and Kirkpatrick,

1986)

PNRSV

4~5d 6~18d

5~6d

0/^"^^//6'0/?0/^0/«/^2
C>jmo/w/s fefragcmo/oZ^a /Vmaims

serrulata

(PNRSV) (Nyland et

"/., 1976), f ft PNRSV

( )
PNRSV 55% 30% 10%~70%
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3.6% 0~4%
PNRSV 77%, 38% 78%~93%(George

and Davidson, 1966)

(Kelley and

Cameron, 1986) PNRSV (Long/^/on^

macrosoma) (Fritzsche and Kegler, \96%)'^^{Vasatesfockeui) (Praesler, 1968)

PNRSV

PNRSV Rosa spp. Humulus americanus Nutt.

PNRSV

(Mink, 1991)

PNRSV

(Gilmer and Kamalsky, 1962) (Gilmer and Way,

1963) PNRSV ,
(George and Davidson, 1963) PNRSV

(Greber

et al., 1992)

(
(PNRSV)

Ilarvirus 3 ( )
22~23nm

1.0-1.5, 3 70nm ( 27-2)

27-2 (/V""Ms necrotic ringspot virus)
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PNRSV 72S(T) 90S(M) 95S(B),

0.31 X 1060.66X 10\0.95 X lO^M B (Loesch and Fulton,

1975) 1.35g/cm3 A260/280 1.56

(
RNA 16%, 84%, 0% RNA 4

8.056kb, 3 3.662kb 2.507kb

1.887kb RNA 27%G 25%A 21%C 27%U 1

2.5 X 10
4

196 (Gonsalves and Fulton, 1977)

9~18h 2-

(sodium diethyldithiocarbamate)

55~62t: (Fulton, 1970)

(PNRSV)

( )

ZVtmi^ ceraw

/VM"Ms;7ern'cae(
/?ayaspp.(
P"S domestica(
Prunus cMcis()
Hamulus americanus(^^^)

CMc"m"Mf/v"A'(
PNRSV (Gilmer, 1955)

( )

PNRSV

(PDV) 25~50mm
PNRSV

PNRSV PNRSV
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PNRSV (Thresh and Ormerod, 1974)

PNRSV
.

C mis sativus Catharanthm roseus PNRSV

(PNRSV)

(PNRSV)

(Waterworth and Fulton, 1964; Ramaswamy and

Posnette, 1971) PNRSV V7gmi

B B M
T

(Loesch and Fulton,

1975)

(PNRSV) (strain)

(Nylande^/., 1976),

Pm domestica (Seneviratne and

Posnette, 1970) Nyland and Lowe(1964)

PNRSV

(Marenaud and Berhard, 1968)

(Moore and Slack, 1952)

(Moore and Keitt, 1949)

(PNRSV) PDV)

(Cropley et al., 1964) Fridlund( 1965) PNRSV PDV

PDV PNRSV PDV
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PNRSV

PNRSV Shirofugen PNRSV (Milbrath and

Zeller, 1945) Shirofugen

P. tome

a

Shirofugen (Fridlund, 1954)

"GF305" ^ P. serrulata . tome/2to_«z Shirofugen

PNRSV PDV

PNRSV

PNRSV

ELISA:

ELISA

ELISA

PNRSV (Torrance and Dolby, 1984 Mink and Aichelle, 1984; Scott et al., 1989;

Uyemoto et al., 1992)

PNRSV Danish plum line pattern virus rose mosaic

virus apple mosaic virus, Cation's Shiro plum line pattern virus prune dwarf virus

PNRSV
(Crosslin, et al. 1992; Scott et al" 1992) PCR (Rowhani et al., 1995; Spiegel et

fl/.19%; Rosner, et a/.,1997) (immuno tissue printing)(Knapp et

fl/.,1995) PNRSV ^
DAS-ELISA

10%(Mas etai, 1993)

PNRSV

/i. PNRSV.
.

. t m ;r
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PNRSV

(PNRSV) (Scott et a/., 1989;

Uyemoto et ai, 1992) PNRSV (Scott et a/.,1989)

PNRSV PNRSV

70%

ELISA

PNRSV

PNRSV

PNRSV

PNRSV
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PNRSV 37 ± it:

16h lot 20d 40d

PNRSV, (Lukicheva and

Mitrofanov, 2002) ^
(Juare "/.1988)

PNRSV

PNRSV Prunus caroliniana P.

ilicifolia,

(Gilmer, 1955) PNRSV

PNRSV

PNRSV

PNRSV Ilarvirus (Hull and

Davies, 1992)
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flower virus diseases (II). Journal of Yunnan Agricultural University, 4(4): 302-308]
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Chapter 28 Pine Wood Nematode

Bursaphelenchus xylophilus

Abstract: Pine wood nematode (PWN) Bursaphelenchus xylophilus is the agent responsible

for pine wilt disease, which caused a destructive forest disaster. It disserves conifer, especially

pine trees {Pinus spp.). PWN distributed in North America widely. But no economic damage

was caused by it in its original locations. This nematode was introduced into Japan at the
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beginning of the 20 century and it has been killing a lot of native pine trees. Since the

first report of the nematode in Nanking of China in 1982, it has been spreading rapidly

and wildly in China. It caused a serious destruction to forest resources and a worse

ecological result. And a lot of economic losses have happened. Now the development of

its epidemic situation has threatened directly to the ecological safety of world natural

culture legacy in China Huangshan, Zhaojiajie Mountains, etc. As the pine wilt disease

comes on and prevails rapidly, and it is difficult to be controlled, it is called "the cancer

of pine trees". The transmission of PWN is related to human activities closely. Many

countries consider it an important species of plant quarantine. With the joint into WTO,

the possibility of PWN introduction repetitiously from other countries into China is

increasing. At the same time, the potential of colonization and dispersion of PWN in

China has been much greater. For the sake of controlling, managing, and eradicating the

disease, furthermore on the aim of the sustainable control, we reviewed the research

achievements of PWN up to now in this chapter, including its origin and distribution,

morphology, biology, ecology, mechanism of killing hosts, pest risk analysis (PRA),

integrate management, etc.

Key words: pine wood nematode (PWN), Bursaphelenchus xylophilus, pine wilt

disease, pest risk analysis (PRA), sustainable management.

(pine wilt nematode, PWN) —— (
pine wilt disease) 20

1972 Mamiya Kiyohara Bursaphelenchus

Ugnicoluso 20 70

1979 Dropkin and Foudin (Missouri)

Pinus sylvestris P.

",
"We've been invaded!"(Dwinell and Nickale, 1989) 1981

Nickle fi. lignicolus R cytop/2//"j

B' xylophilus Aphelenchoides Bursaphelenchus (Nickle,

1970) Ax:yZop;u7M,y 1929 Steiner Buhrer

P. palustris P. echinata

1

934 A xylophilus 34

id .
' ,

?;V )|
.
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1983 (Manitoba), (dwarf

mistletoe) Arceuthobium amer/cawM/n . b/i/:>s!'amj

(Knowles et al., 1983), (Burnes et

a/., 1985)

(Iwahori,

1998, Bolla and Bochert, 1993; Tares et al., 1992, 1993)

20

70 10

P. massoniana (Corlett, 1999) 1985

1982 ( 1983)

1988

1991 1999

6 ( )

1988 /^ thunbergii P.

demiflora 1999 p/mwfer

"m" (Mota et al, 1999) 1984

1986

(EPPO) 46

1982 20

1/26

6

5

28-1 28-1
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28-1 ( CABI/EPPO 1999 )
A Kentucky X

C Alberta X Louisiana X

F British Columbia X Maryland X

F Manitoba X Massachusetts X

F New Brunswick X Michigan X

Newfoundlang X Minnesota X

Northwest erritories X Mississippi X

B Nova Scotia X Missouri X

X Onatario X Nebraska X

X Quebec X New Jersey X

X Saskatchewan X New York X

B Yukon X North Carolina X

X A Ohio X

C Alabama X Oklahoma X

A Arkansas X Oregon X

A California X Pennsylvania X

A Connecticut X South Carolina X

X Delaware X Tennessee X

X Florida X Texas X

X Georgia X Vermont X

X Illinois X Virginia X

B Indiana X West Virginia X

Iowa X Wisconsin X

X Kansas X

B C F X

I
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present

[_} seldom

intercepted

28-1

"" 28-2) 4

7

( ) ( 28-3);

7~9

28-2 ( )
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30~45d

( 28-4)

28-3 28-4 )

()

(
( 1999)

90%

24h

48~72h ( 1999)
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(
Melakeberhan Webster(1991)

(
1995

3~4

( pH

(2001) pH

pH

pH

(
(2001)

(Baermann)

12~24h

(
B. mucronatus 8./"^^"/6"^
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(
Bursaphelenchus xylophilus (Steiner and Buhrer, 1934) Nickle

,

Bursaphelenchus lignicolus (Mamiya and Kiyohara, 1972), Nematoda,

Secementea, Aphelenchida Aphelenchoididae

Bursaphelenchinae, Bursaphelenchus

(
2/3

(bursa), (spicule)

(vulva) 73%

28-5

28-5 ( Mamiyua et ai, 1972)

A. B. C. D. E.

F. G. H~J.

(
Braasch(2001)

(Braasch,
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2001)( 28-6) (
<2^m),

4 \\ /
4

4
\^ f^^vT—-- ' -"'7-

4

28-6 Braasch, 2001)

Mamiya Enda(1979)

Nickle (1981)

(
5^im ) Wingfield (1983)

(AWesZ^a/samefl)

"r" "m" "m"

Baujard (1979)

"super species" )(De Guiran.

et al" 1985; De Guiran and Boulbria,1986; De Guiran and Bmguier1989) Mamiya (1986)

Fi
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Fi F2 Fi

(pinewood

nematode species complex, PWNSC)(Webster et al., 1 990) o Riga (1992)

"m"

(De Guiran et al., 1985)

(ELISA)(Lawler et al, 1993) DNA (Webster et al, 1990; Abad et al" 1991; Abad,

2000; Tares et al., 1994) PCR (Harmey, 1993; Braasch et al., 1995 1999; Iwahori

et al., 1998; Hoyer et al., 1998) RFLP (Bolla et al., 1988; Kiyohara and Bolla, 1990;

Webster et al., 1990; Abad et al., 1991; Braasch et al, 1999) DNA (Beckenbach et

al., 1992)

(
Guiran (1985)

3 Lawler (1993) 3 Rf

0.42 0.45 0.49 1 Rf 0.65

(1995)

(
Lawler (1993) (ELISA)

f4

22kDa Beckenbach

(1992 ) DNA

. 582 .



( DNA

Bolla (1988) DNA
DNA Abad (1991)

Caenorhabditis elegans unc-22

Tares 1992) DNA

13

3

"m" Harmey

Harmey(1993) X14

DNA Southern DNA
X14 1 DNA,

4kb DNA
Tares (1994)

M^I DNA, 160bp

30% M^I DNA
M^I

DNA Mspl

DNA

Ms/7l DNA

(1) tip

10% SDS 2min O.5mol/L NaOH 1 2.5 mol/L NaCl 2 5niin

Smol/L AcNa (pH5), 3 2min 30min 80^

lh A/^I DNA ( 28-7)
32
P

digoxigenin (DIG)

(2) PCR Mspl DNA PCR

DNA PCR

1 1000

(3) PCR-ELISA PCR

DNA PCR

PCR (streptavidin)

DIG DIG

1 100 000 (Abad 2000)
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Individuals

o

B.

xylophilus

Be

B.

mucronatus

C.

ek'gans

5
JL

10

20

28-7 Ms/?/ DNA

( Tares et ai, 1994)

(4) ITS-RFLP Hoyer (1998) B.

fraudulentus B. leoni B. sexdentati ITS-PCR-RFLP Iwahori 1998)

PCR-RFLP

RFLP DNA

Braasch (1999) PCR ITS-RFLP

17

Mota (1999) ITS-RFLP

"m"

Iwahori (2000)

PCR-RFLP

28-8) PCR

l^il 1.5mmX 1.5iTim

PCR

DNA /rSl 5.8S /7:S2

PCR Hinfl

Bx Bm
AFrE AFrE

28-8 rrS-PCR Hinf I

RFLP( Iwahori , 2000)

fi« A
Fr -2(yt E 99.5%
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( DNA

Beckenbach (1992)

2

() PCR

Braasch (1995) RAPD OPY-01

OPY-07 OPY-08

(1998) RAPD P253

(2002) DNA
RAPD

2

(1998)

PCR 350bp

PCR (2001)

rDNA ITS1 PCR-SSCP

'

(
3

——
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(

200m 3.3km

(

(

1998

(
42.7%

50

58%
P. yunnanensis ,^1^1 P. koraiensis P. c!mza"6?/!' P. hwangshanensis

(
Monochamus ( Coleoptera

Cerambycidae), 150 24



2 M. altematus M. saltuarius,

40°

(
101 lot

10~12T

14T

(
20 80

"" 1905

(Kyushu) luchuensis

1925

1927 27

100in3 1932 10 OOOm^ 1937 30 OOOm^ 1947-1950

100 20 50~60

50 70

1978~1981 240
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1982

80 100 1999 72

(Kosaka,^? al., 2001)o 1981

3 (Oku 1982) 1977~1997 20

90%
1982 265

1983 5280 1984

10000

1996 5 4

670 2001 8.4

3500 25

250 68km

lOOkm,

(

'
(

""
.
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()

25~28t 3~4d

PDA

20~25T 7~10d

-PDA 4~5d

4

1 2 2~3d

100

230 000

5~6

Yik (1981)

(epithelial cell) ( phytophagous)

( mycophagous) 30d

3

(dauer larvae)

(callow adult)

18 000 100 000 (Kobayashi et al,

1984; Kondo,1986; Zhang et al, 1995),

Kinn( 1987) 3 1.4%

M. titillator 50% M carolinensis

(primary infection)( 28-9)
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28-9

Wingfidd(1983)

(second infection)( 28-9)

B. cocophilus

(Dwinell,

1997)

( 28-10)

J2 J3 J4

Jni Jiv

(
)

(J2) (Ji„)

11.
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(Jiv) Jm Jiv

(Necibi andLiniU998)

(Linit, 1989)

6~7

30~40d

30~45d 7~9

10~15d

28-10
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(
Wingfield (1983)

"m"

KiyoharaandBolla(1990)

3

7

10%~90% (2002)

3~4

87.5%,

(relative host suitability, RHS) 0~1 10

(Kiyohara and Bolla,1990; Kiyohara, 1986)

(Aikawa and Kosaka, 1998)

(Kaneko et al. 1998; Iwahori and Futai, 1995)

(
Ishida and Hogestu(2001)

(
(Dwinell,

1997) Bedker (1987 )

(/^ e///om7)

10 (10
5

/)
Wingfield (1984)

A 6a""/anfl /
3 Kishi(1999) 3~10 2~21

(
Ichihara (2000)
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301

25t

3(rc

25t

(2002)

3

(
Odani (1985)

Yamamoto (1986)

12h, 36h

(1995)

Kojima (1994)

Mori Inoue(1986)'
(1997)

Bolla (1986 1987)

(
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Myers(1986)

Kuroda

2

4

30% '
a-' 2~4 P- 3

3

5

a-

(Kuroda, 1989, 1991; Kuroda

etal, 1988, 1991), Fukuda (1992)

3

Ikeda

KiyoharaU995)

' '
(

5

8- 10- '
Oku0990)

8-

8 - Bolla (1984 1986):
10-f' 8-
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(2002)

(SOD) (CAT)

SOD CAT

SI(POD) H2O2 (MDA) H2O2 MDA

Kawazu(1996 1998)

3 ( Bacilliis B. subtilis

fi. megaterium), ——

(2001)

(2001)

(2002)

3 I n

{Pseudomonas fluorescens
,
biotype I

,
biotype 11) 1 (A3fea sp.)

(
/^/m/s

A 'e^s, Chamaecypads Cei/ms L«a7'jc f*/<:ga

Pseudotsuga, 58 13

36 8

P. taeda P. ellkmii P. echinata P. rigida

Bumes(1985) 3

A wmbes 5000 / 20^

4

6

Yang

Wang(1989)
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2~5 15

yunnanensis

,

. armandii kwangtungensis ,

P. koraiensis P- toZwfl"e"_s/j: P. griffithii

P. fenzeliana P. sylvestris var. mongolica 4

(OEPP, 2001)

Ikeda (1980)

lOd 2

Shuto Watanabe(1988) n

(

a-

P- Ishikawa (1987)

P-
1

P- P-

P-

(1994)

a-' P-'
(2001)

' ( 32.4%)' a- a- P- P- P-' '''
Suga (1993)

a-humulene

2 B pinosylvin monomethylether (PSM) )-nortrachelogenin

methyl ferulate (+)-pinoresinol PSM

M«
9: (
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)
Bolla (1989)

Yamada Ito(1993) (
2001) Hanawa (2001) stilbenoid,

3-o-methyldi-hydropinosyWin
,

(wound periderm formation) (Yamada and Ito, 1993)

(Ishida aZ. 1993; Kiyohara,

1996) Ichihara (2000)

(radial resin canals),

Kiyohara(1981)

(Kosakaef ^z/. 2001)

Kosaka(2001) (1999)

' 60%~100%

(
(Mo«c/iflm«s spp.)o

M. flZfemflfws

M. saltuarius^ M. nitens M. SMfor

(Kobayashi «/. 1984)

M. carolinensis M. scutellatus M. titillator, M.

muraror LeConte M. scutellatus oregonensis,<^ M. notatus
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14 6

M. marmorafor, M. mutator M. obt s

M. Bates

(Dwinell and Nickle1989) M.

^0//0/7^"^^//1£/«//(501^6?0/. 2001) 21 2

1 ( 28-2)

28-2

Monochamus altematus Hope

Monochamus carolinensis (Olivier)

Monochamus galloprovincialis

Monochamus marmorator

Monochamus mutator LeConte

Monochamus nitens Bates

Monochamus notatus Drury

Monochamus obtusus Casey

Monochamus rubigineus Bates

Monochamus saltuarius Gebler

Monochamus scutellatus Say

Monochamus scutellatus oregonensis

(LeConte)

Monochamus sulor

(

) (
) iii;

(New Brunswick, Ontario, Quebec);

(Alabama, Arkansas, Florida, Georgia, Illinois, Indiana,

Kansas, Kentucky, Louisiana, Maine, Massachusetts,

Michigan, Minnesota, Mississippi, Missouri, New Jersey,

New York, North Carolina, Ohio, Oklahoma, Pennsylvania,

South Carolina, Tennessee, Texas, Virginia, Wisconsin)

(Manitoba, New Brunswick, Nova Scotia, Ontario,

Quebec) (Connecticut, Delaware, Illinois, Indiana,

Maine, Maryland, Massachusetts, Michigan, Minnesota, New

Jersey, New York, North Carolina, Ohio, Pennsylvania,

Rhode Island, Vermont, Virginia, Wisconsin)

n (Manitoba, New Brunswick, Northwest Territories,

Ontario, Quebec, Saskatchewan) (Minnesota)

(British Columbia) (California, Idaho, Oregon,

Washington)

()

H
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/ij

Monochamus titillator Fabricus [1 (Ontario) ;
(Alabama, Arkansas, Connecticut,

Delaware, Florida, Georgia, Illinois, Indiana, Iowa,

Kentucky, Louisiana, Maine, Maryland, Massachusetts,

Michigan, Mississippi, New Hampshire, New Jersey, New

York, North Carolina, North Dakota, Ohio, Pennsylvania,

Rhode Island, South Carolina, Tennessee, Texas, Vermont,

Virginia, West Virginia, Wisconsin)

Acalolepta fraudatrix

Uraecha bimaculata

Arhopalus rusticus

Arhopalus rusticusobsoletus

Acanthocinus griseus

Acanthocinus gundaiensis

Acanthocinus clavipes

Asemum strialum

Spondylis buprestoides

Blastophagus piniperda

Psacothea hilaris

Hylobitelus baroldi

Hylobius pales

Pissodes approximatus

Shirahosshizo spp.

Paracalais berus

Trogossiia japonica

Curysobothris spp.

Odontotermesformosanus

1~2

(sapwood),

"U"

(dauer larvae) (callow adult),

Konda(1986) 80%

14~20
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(

(Stamps and Link, 2001) 1

2~ 3 (1<05&7&8111 ^1/.1984)

(Jiv)

(Jiv) (neutral storage lipid, NS lipid)

(KondaandIshibashi1978)

4 (Jiv)

(Jiv)

(Stamps and LiniU988)

Kobayashi (1984) p-'
P-' a-'

(Ishikawa et al, 1986; Tominaga et a/.,1984)

(Shuto and Watanabe,1987)o

Stamps Linit(2001) (Jiv)

P-

P-

P-

Stamps Linit(2001)

(rolling fulcrum model)( 28-11)

P-'
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C02

P-

('

28-1 1 ( Stamps and Linit, 2001)

(
Yoshimura (1999) :

Allee

Takasu (2000) (integro-

difference equation in a one-dimensional space)

Allee

Allee

^

>

.

^
c^!^
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(C>ratoo^m'wpp.)

JiMiFmarium spp.) ^ Verticicladiella spp. (Afacrvphoma spp.) ^Pestalotiopsis spp.

Phomopsis spp. (Diphdia spp.) , Ophiostoma spp. (Maehara and Futai 2000,

Fukudhige, 1991)

(fiofA7f/sdAiere«)

Matsumori (1989)

3- 1-' -3-

P-

(nematode-trapping fungi), Mamiya and

Tamura(1976) (Z)flcO^/e/Za /epto^ora)

Wingfield (1987) 2 04"?1&0?0^^ cladodes Drechsler

Arthrobotrys superba Corda) (2002)

Arf/im6ofrys

Liou (1999)

vermicola),

Kusunoki(1987)

Kawazu 1996) NB
(PSM) (PA)

Kawazu (1998) 3 (Bfla7/Ms spp.) 2000

(2002)

2 (/^9^"^/01«0"^« spp.) 1 (Pa/itoea spp.)
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lOT

3 4

200m, 3.3km
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SPS)
30min

4 4

1—— 2——
3—— 4——

20 80

(A) 1982

9 ( ) () 7.3

2000

" "
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()

(

" " 1km

5cm

1cm

(
1cm 20g/m

3

50g/m
3 20 24~48h 20g/m

3
20^, 72h

100%

601 2~3h

"m" 501 2h

100%

65~75T 15h 9MPa 157~168T lOmin

2.8cm

lOcmXlOcm 3 7/ 100%

1cm

()
(1~2)

(
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2% 400~600ml/m
3
(60~90ml/)

(210ml/) Alen (2000)

21 63 Bischofia

javanica^ Knema hookerima Areca catechu 3

[0.7mg/cotton ball (mg/bl.)] K. hookeriana

3-undecylphenol

3-(8Z-tridecenyl)-phenol

20g/m
3

4

(
5 8 ( 28-3)

28-3

Arthrohotrys sp. 1

Arthrobotrys sp. 2

Ductylaria polycephala

Dactylella leptospora

Harposporium sp.

Dendrolaelaps unispinatus

D. fukikoae

Hypoaspis sp.

Proctolaelaps hystrix

Proctolaelaps sp.

Lasioseius sugawarai

Parholaspulus sp.

Ameroseius matsudae
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) /?)

(flvr)

( )

(

65%

(5~8

1.5m

200ml 20d 140ml l~2d( 5~7d)
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" " 1km2

(
1.

12% 150 +4%'
10 +2.5% 2000

100%, 96.4%, 20d

1 3( ) 9ml/ 9711

28d

( ) 750~1200m/hm
2
(300~400 )

(6h 100%),

20d 80% 900ml

38.8%

3 1 ( )
3 ( ) 2 ( ) 4

()
A(Enamectin )400ml/m

3( 1 1

400ml/m
3

2.

2~5m 0.58 0.76 0.44

0.67hm
2

1 (
"1 ) (5 ) 30~40cm

3 3~4 ( ) l~2cin

30°
1 3(1

3 ) (ml) (cm)

3%

M99-1 2

1

5 1.5 1204.4
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3.

>Sden?^/emw guani Dosmro/^y longulus

Ibalia leucospoides Icheumonoidae sp.

7>Aw"oc/n7—po"/c" TTzfl /m"WezV!\s/

1§^ Allecula fuliginosa , ^i^i^JKi^^ Dolichus hallousis ^
zj Carabidae sp. ,

Cylisterlineicolle £:toe/7'^/ae sp.

6 14 33

Bea fia bassiana B, brongniartii

B. fe/id/fl( Metarhizium

anisopliae () /sw/a /a/"/"as<3 H ffi@ Aspergillus flavus ^

(Verticillium spp.) 04cTemor/Mm sp.) Serratia

marcescens; Steinemema feltiae

50m 31.2% 3

150in 25.0%~46.1%

74.3%~87.4%, 85.2%~ 95.7%

37.8% 32.9%,

15.9% 9.1%,

51.1% 61.1%

80%

(azadirachtin)

( 10%)

Apriona germri (Hope) (4.0 X
10—2

ng/mm
2

) ( 2001; 1998)
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1998

8

(2001)

pH

85%

r:

5% 10%

" (LY/T1 123-93)"

( )
1
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(GPS)

(GIS) (RS) "3S"

"3S"

(

. 1983. . ,4: 1~5 [ChengHR,LinMS,LiWQefa/.

1983. The occurrence of a pine wilting disease caused by a nematode found in Nanjing. For. Pest. Dis., 4: 1-5]. 2002. . ( ) 26(4):

19-22 [Chen Y H, Ye J R Wei C i et al. 2002. Effects of pine wood nematode infection on metabolism of active oxygen in

Japanese black pine and slash pine seedlings. J. Nanjing For. Univ. {Nat. Sci. Ed.), 26(4): 19-22]

.2001. . ()25(6):83~87[01611¥1{,¥6
J R, Wei C J. 2001. Research advances in diagnosis of pine nematode wilt disease caused by Bursaphelenchus xylophilus. J.

Nanjing For. Univ. {Nat. Sci. Ed.)' 25(6):83~87]

. 1999. ^i! . ,26(3): 7~ 12

[Ge M H, Xu F Y, Zhang P et al. 1999. Study on resistance of Pinus massoniana and Pinus thunbergii to pine wood nematode

induced by hormone, calcium, salicylate and ammonium. Journal ofJiangsu Forestry Science and Technology, 26(3): 7-12]. 2001. B619 . ( ),

25(5): 7174 [Guo D S Zhao B G Gao R. 2001. Experiments on the relationship between the bacterium isolate B619 and the

pine wilt disease by using colli of Pinus thunbergii. J. Nanjing For. Univ. {Nat. Sci. Ed.), 25(5): 71-74]. 2002. . ( ) 26(5): 37~40 [Hong Y

D, Cao Y, Zhao B G et al. 2002. Studies on identification and toxicity of bacteria carried by pine wood nematodes. J. Nanjing For.

Univ. {Nat. Sci. Ed.), 26(5): 37-40]. 1995. . 8(1):73~77 [Hu K J, Yang B J. 1995.

Preliminary comparision of Bursaphelenchus xylophilus and B. mucronatus utilizing enzyme electrophoresis. Forest Research,

8(1): 73-77]

.'-995. . ,3):9~11 [JiangLYWangXY. 1995.

Detection of cellulase from extractions and exudations of pine wood nematode. Forest pest and disease, (3): 9-11]. 2002. . 29(3): 13-16 [Mo M H,

Zhou W, Zhao M L et al. 2002. Capacity of Arthrohotrys spp. to capture nematodes Bursaphelenchus xylophilus and B.

mucronatus in vitro. Microbiology Bulletin, 29(3): 13-16]. 2001. . 19(1): 27-30 [Tan J J, Feng Z X. 2001. Advance on
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1998. PCR . .

2
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Zhang K Y, Lin M S al. 2002. Pathogenicity determination of Bursaphelenchus xylophilus isolates to Pinus thunbergii. J.
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Globodera rostochiensis

G. pallida,

9%~20% 80%~90%

72 39

Chapter 29 Potato Cyst Nematodes

Globodera rostochiensis, G. pallida

Abstract Golden potato cyst nematode Globodera rostochiensis and pale potato cyst

nematodes G. pallida are the most important quarantine nematode pests on potato in the world.

There is no distribution and occurrence record of G. rostochiensis and G. pallida in China,

so these two cyst nematodes are also quarantine nematode pests for China. Their origin,

damages, symptoms, morphological characteristics, diagnosis, invasive possibilities, yield

losses, inspective methods and integrated nematode management were introduced in this

chapter.

Key words: potato cyst nematode, Globodera rostochiensis, Globodera pallida
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(Stone, 1979) 1

9 (Stone,

1979), (Bakkerand

Bouwman-Smits, 1988),

Bmcher(1959)

Franco(1979) Bmcher

(Pleistocene glaciations)
,

(Titicaca Lake)

(Turner and Evans, 1998) Stone(1979) (Pleistocene era),—
( G. roWoc/»'e/u/

(Jatala and Bridge, 1990)

19 50

1881 Kuhn

30 (Turner and

Evans, 1998) 1900 20
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(Turner and Evans
, 1998)
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( Turner and Evans, 1998)
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1923 Wollenweber

Heterodera rostochiensis (Turner and Evans, 1998) Stone(1972)

G/oZ70^/m^(//efm>^/m2pfl///)
1975 Behrens

Globodera H.

rostochiensis H. pallida G. rostochiensis G.

pallida{T\xmex and Evans, 1998)

(
72 Baldwin and

Mundoocampo, 1991; Brodie et al., 1993, EPPO, 1992, Evans and Stone, 1977; Evans et al,

1975; Morris, 1971; Phillips, 1981; 1997a 1997b)

(( (
) ( ) ()() ( 1954

1965 Sharon region FAO

)
( )

( 1986 1991

)
( ) ()

(
39 (Turner and Evans,

1998; Phillips, 1981; Brodie et al, 1993; Swamp et al., 1988; Evans et al., 1975)

(Faroe Islands)( ) ( )( ) ( )
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( )

()

29-2

29-2 (Turner and Evans, 1998)

» tfi ; b. 'V̂ h ^;
C. 4» ; d.
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(Jones, 1970)

(golden potato cyst

nematode),

(Brown, 1969; Guile, 1970; Franco, 1981)

(
1.

Stone(1973)

(=25) ()520(420~640)^1111 (22.9± 1.2)^im

(5.7±0.9)^1111 (5.2±0.7)^1111
(73.2±14.6)^1111 (65.2±20.2Hmi

(145.3±17.4)pm (30±2.8)^1111 (22.4 ±2.8Him

(9.71.9)^1111 (60.0±1.0)nm

(21.6 3.5)

(=25) ()(445±50)^1111 (382±6)^«11 (104 19)nm

(18.8±2.2)nm (66.5±10.3)^1111 (Granek's ratio,

/ )=3.6±0.8 (Stone, 1973)

("=50) (1197±100)nm (28.1 ± 1.7Han (11.8

0.6)^im (6.8±0.3)^011 (25.8 ±0.9)nm (5.3

±0.9)^im (98.5±7.4),

(73.8±9.0)^im (172.3± 12.1)^im (5.4± l.l)^im

(13.5±0.4)^mi (35.5±2.8)nm 10.3± 1.5)^im (Stone, 1973)

("=50) (468±20)nm (18.3±0.5)nm (9.9

0.4)^m, (4.6±0.6Him(69.2± 1.9)^im (21.8

0.7)^m, (2.6±0.6)nm

(31.3±2.3Him (100.5±2.4)^1111 (43.9 1 1.6)^im

(26.5±1.8Him (11.4±0.6)^1111(8116 1973)

2.

29-3

• 621 •



50%

20 (Stone, 1973)o

29-3 Globodera rostochiensis WoUenweber ( |
Stone, 1973)

A. B. C. D. E.

F. G. H. I. J.

(Single Circular

fenestra),

" Z" (Stone, 1973)

90°~180°

"C" "S" 4

6~7 anterior

cephalids) 2~46~9
45%
2 2~3 1

9~1 2

I
(Stone, 1973)

4 4
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4~6

2~3

6~8 50%
35% 20% 2

1 1 5~6

4

(four-cell gonadial primordium) 60%

2/3 (Stone 1973)

(
1.

Stone (1973)

("=25) (27.4±1.1)^011 (5.2±0.5Hmi

(5.4±U)|am(67.2± 18.7)^mi

(71.2±21.9)^1111 (139.7±15.5)nm

(32.5±4.3)nm (24.8±3.7)^1111 (1 1.5± 1.3)^im IT

(44.6±1.9)|Lim (12.5±3.1) (Stone 1973)

(w=25): ()(579±70)nm (534±66Hmi (1 18±20)nm

(24.5±5.0)nm (49.9± 13.4Him (
/ )=2.1± 0.9

("=50) (1198±104)^1111 (28.4 1.3Hmi (12.3

0.5)nm, (6.8±0.3)^1111 (27.5 ± l.OHrni,

(3.4±1.0)nm (96.0±7.1)^1111
(81.0±10.9)^im (176.4±14.5Hmi (5.2± 1.4)nm

(13.5±2.1)nm (36.3±4.1)^1111 (11.3± 1.6)nm

(/1=30) (486±23)^1111 (19.3±0.6)^1111 (10.6

±0.5)nm (5.5±0.1)nm (23.8 ±1.0Him

(2.7±0.9)^1111 (68.7±2.7)nm

(39.9±3.3)nm (108.6±4.1)nm (51.1±2.8)^1111

(12.1±0.4)^^ (26.6±4.1Him

2.

( 29-4): 4~6

1 2

50%

12
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29-5 Globodem pallida ( Stone 1972)
A. ; B. ;ri:;C. (fri; D. ; E.

F. ; G. ifii H.
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II

( 29-5): " C"" S" 90°~180°

6 7 6

2~4 6~9

45%, 70%
3

15% 2 2~3

40%~65% 2

(Stone, 1973)

( 29-6): 4

7~8 4~6

2

29-6 Globodem pallida ( |
Stone, 1 972)

A. : B. ; C. : D. ; E. ; F.

G. ; H.
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rectangular) 2~3 6~8

50% 35% 20%

2 1
5~6 4

60%

(Stone, 1973)

(
29-7 29-8)

23.6(21~26)nm

21.8(21~23)^m; 484(440~525)^mi

468(425~505)^im; 51.9(46~52)^im

43.9(40~50)^1111

26.7(23~29)^mi 22.9(21~25)nm

12.2(8~20)

21.6(16~31) 32~35nm

88~102^1111( 29-7) (Turner and Evans, 1998; 1997a,

1997b)

29-7 ( Stone, 1973)

A~B. !_1; C~D. n; E. (anus)-

(vulva), Ufhridge); F. ^4 -
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29-8 (Marker R J and Brodie B B 1998)

a~b. a. ( ) b. ( );c~d. (VB-
CR= A= GR= = / ) C. (GR>3.2);

d. (GR<3.0);e~f. (SL- SKW= ) e. ( 21~23nm

4nm, ); f. 1^(226^111 Plt»gl5i^^^4^m,

( 0.5mm )

SKW
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(
20 80~90

2

1 (EPPO)

( 29-1)

29-1 (EPPO)

1999

1999

1997

1998

1998

1999

1998

1999

1999

1997

1998

1997

1999

1997

1997

1998

^ 1997

1999
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(

20~30 (Jones, 1970)

(
90 Solanum tubgrosun andigena

S. vemei S. sucrense (Evans and Stone, 1977)

(
1999

3 201 970hm
2( 17.8%), 55 354 163t

17 288t/hm',

(

(
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()

9%
80%~90%

(Jatala and Bridge, 1990)

(Brown et al., 1983)

20

2.75t/hm2 6.25t/hm2(BrownandSykes 1983)

1.2~2.1

1.7 Greco effl/., 1982) 1.5

/g 9 28 128

20% 50% 90%(Seihorst 1982) Evens and Brodie( 1980)

9%

90%, (Brown, 1969; Brodie, 1984; Jatala and Bridge, 1990; Jones, 1970; Philis,

1991)

20%~30%

90%

(Vm/d///Mm^to/^//ae)(ea^ly
dying disease) (Harrison, 1971)

(Evans1983b)^
{Ralstonia solanacearum) K dahliae) (Jatala and

Bridge, 1990; Franco and Bendezu, 1985)
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28

18%

7~8

106

30 (Winslow

and Willis, 1972) (Spears, 1968)

(syncytial transfer cell),

2 3 4 3

4

60%~80%

1/3

1 (Morris, 1971;

Franco, 1979)

300~500

28 (Baldwin and Mundoocampo, 1991; Grainger, 1964)
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2

syncytial transfer cell)(Brodie era/., 1993)

2 2

3

3 4

10 4

(Brodieefa/., 1993) 4~6

38~48d(Chitwood and Buhrer, 1945)

(Clarke and Hennessy, 1984),

60%~80% 5%

10 20~25t 16<t

3(« (Jatala and Bridge, 1990)

3

(Green effl/., 1970)

500 (Stone, 1973)

&
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( ) 18%, 50%

30%
1

4 6 2 90 1

2

18%

50%~80% 95%
60%~80% (Jones,

1970)

60

100

(Jones, 1970)

1

30~50d

(-

20~30 (Jones, 1970)

(

(Jones, 1970),

(
101

2(n: 20~25T

50%~70% 3(n:

16 16~25<t
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(

16h

12h

(
135

( )
(Chitwood, 1951)

30 (Winslow and Willis, 1972; Chitwood, 1951)

H

^
(
;^
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106 1992

(

1.

50kg

10%

5%~10%

2.

500g( )
3nim

500g

l~2min

(100 )
500~1000ml

500g

2 000ml 1500ml

20 100

20 100 100
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20~100~500

20 100 . 500

100

500

-

3.

5~9( )
30%~50% 6~7

(Tmdgill fl/. 1987)

(Winslow and Willis, 1972)

80%~85%
'5

7 Rol Ro4

Maris Piper Maris Anchor Pentland Jauelin Pentland, 1966 Cornell

Peconic,

Katahdin Peconic (Spears, 1968)

Solamm tuberosum andigena CPC 1673
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(Ellenby, 1954)

H/ Rol

Ro4 (Cook and Evans, 1987)

( S. ve/Tid) S. tuberosum andigena

1995

135 (Tmdgill et al., 1998;

Baldwin and Mundoocampo, 1991) Maria

Huanca, (Franco and

Gonzalez, 1990) 1995 22

(Tmdgill etal, 1998)

'
D-D

13-D 1984

(420L/hm
2

) 99%(Brodie and Mai 1989)' (Brodie era/. 1993)

(Whitehead, 1986) Brodie and Mai 1989)

3~5kg( )

(Whitehead, 1986)

(Whitehead, 1986; 1997)

40d 77%~96%

66%~67%(Baldwm and Mundoocampo, 1991; Vovlas and Grammatikaki, 1989)

(
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. 49-53 [Peng D L. 1997a. Golden potato cyst nematode. In: Selected Pests of Plant Quarantine significance

to China. Beijing: China Agricultural Press. 49-53]. 1997b. . ff{ . 'fe .. 53-58 [Peng D L. 1997b. Pale potato cyst nematode. In: Selected Pests of Plant Quarantine significance to
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Chapter 30 Burrowing Nematode
Radopholus similis (Cobb) Thome

Abstract The burrowing nematode Radopholus similis (Cobb) Thome has become a

significant pest of commercially grown banana worldwide. It is an important quarantine

nematode in the world. This nematode has not been reported from China. So it is also a

quarantine pest for China. In this chapter we briefly introduced its origin damage symptom

morphological characteristics diagnosis yield losses and integrated nematode management.

Key words bananas burrowing nematode Radopholus similis integrated nematode

management
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Chapter 31 Crofton Weed
Eupatorium adenophorum Spreng.

Abstract Crofton weed Eupatorium adenophorum Spreng. is an alien species with

strong invasion efficiency. Its successful invasion might be due to its strong adaptability and

competition ability. Crofton weed was originated from South America , and introduced into

China in the 1940's. Currently this weed has distributed and damaged seriously in many areas

of China. Origin and distribution identification characteristics introducing approaches and

invasion reasons damage situation and evaluation of ecological economic influence

biological and ecological characteristics , as well as prevention , eradication and control

measures of crofton weed were reviewed in this chapter. The strategies of applied and basic

studies on crofton weed in the future were also discussed.

Key words Eupatorium adenophorum biological invasion biology damage situation

eradication research strategy
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1 Eupatorium adenophorum Spreng. Compositae ^ Eupatorium

crofton weed Pamakani,

(Paxton, 1849)

(Auld and Martin, 1975)

30

( 1998)

30~90cm

4~5cm 3mm 4mm
40~50 1 2 3mm
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Chapter 32 Ragweeds
Ambrosia artemisiifolia and A. trifida

Abstract: Ragweeds are notorious weeds in the world , which are hazardous to flora in the

invaded ecosystem, make loss of yield in agriculture and are harmful to human being health.

Successful invasion of these weeds depend on their strong ability of adaptation and

competition. In China Ambrosia artemisiifolia and A. trifida are the two species introduced

during 30-60' s in the last century. In this chapter, their biological characteristics and impacts

on ecosystem, as well as their control strategies (especially biological control) in China were

reviewed. Other aspects including genetic mechanism of ecological variation and further

economic evaluation of their impacts on the ecosystem were also discussed.

Key words: Ambrosia artemisiifolia , Ambrosia trifida ,
biology

,
ecology

,
biological

control , IPM
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Heliantheae Anthemideae
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30° 55°

30°~35° 45°
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41 31 8 1 1

Am&ay/aarfem/w'(/b/Zfl /1. trifida,

ragweed bitterweed( 1993b)

20 30

1935 giant ragweed, 20 60
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32-1

32-1 ( 1985 1990)

()Ambrosia artemisiifolia ()Ambrosia trifida

0.3~3cm 5~90cm

2 m (BassettandCrompton, 1975)
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15~20cm
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Ambrosia artemisiifolia ()Ambrosia trifida

Bidens parviflora
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3~4 n
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Ihm
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(1997)
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acid psilostachyin A psilostachyin B psilostachyin C a-patchoulin (3-guaiene

a-bulnesene P-bisabolene a- p- 2- 4-

a- ' 2 4- 2 6
7- 5- 2- (Rice, 1968 Porter and Mabry, 1969 Bianchi et

al, 1968 Watanabo et al., 1981 Bohlmann et al, 1965 Geissman and Judith
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et al.
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28 30
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87 84
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15 24
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2387.9 2406.5

3 4
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2~4 5

7 ( 1995)

6 7

? (
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(Paw/iem'imz hysterophorus)
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(McFadyen, 1989)
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Astereae,
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(sesquiterpene actones)
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)

( 1991)

(
1.

(2002) 32

( 32-3) 1
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(4~6) ()

( 97-1 F2)

" "
""

32-3 ( 2002)

1~3 46

/d

/%

Compositae

Ambrosia artemisiifolia 55 +++ Y 7-12 64 +++ Y 75.4

Xanthium sibiricum 48 +++ Y 6-12 100 +++ Y 61.7

Artemisia annua 60 + N 1-3 34 + Y 8.8

Artemisia argyi 50 N 1-2 NA NA NA NA

A. lavandulaefolia 60 N 1-2 NA NA NA NA

D Conyza canadensis 25 - N 1-2 NA NA NA NA

Dendranthema morifolium

D. morifolium (cv. Yellow lotus) 30 ± N 1-2 30 + Y 3.3

D. morifolium (cv. Fuji snow) 50 ± N 1-2 NA NA NA NA

D. morifolium (cv. Liuhua) 30 N 1-2 NA NA NA NA

D. morifolium (cv. Guoqing) 50 N 1-2 NA NA NA NA

Tagetes erecta 154 N 1-2 NA NA NA NA

T. patula 156 N 1-2 NA NA NA NA

Helichrysum bracteatum 50 N 1-2 30 N

Helianthus annus

97-1 H. annus (var. Bai 97-1) 50 + N 1-2 30 Y 10.0

H. annus (var. Cunke) 50 N 1-2 25 N

1 H. annus (var. Tianwei 1) 60 + N 1-2 30 N

F2 H. annus (var. Tianwei F2) 85 + N 1-2 30 Y 6.7

1 //. annus (var. I-Ml) 60 N 1-2 30 N

2 H. annus (var. I-M2) 50 + N 1-2 34 N

MM Eclipta proslrata 40 N 1-2 40 N

Erigeron annuus 40 N 1-2 NA NA NA NA

Turczaninowia fastigiata NA NA NA NA 30 N

Urticaceae

"^ Boehmeria sp. 50 N 1-2 NA NA NA NA
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1-3 4-6

M

/%

Malvaceae

Gossypium hirsutum

Labiatae

Leonurus artimisia

Amaranthaceae

()CWoH'fl argentea

Altemanthera philoxeroides

Achyranthes bidentata

Chenopodiaceae

(

)

Chenopodium album

C. ambrosioides

Leguminosae

Glycine max

Arachis hypogaea

Polygonaceae

Polygonum barbatum

Solanaceae

Capsicum frutescens

Convolvulaceae

Ipomoea batatas

/. aquatica

50

25

26

30

42

31

40

35

80

N 1-2 NA NA NA NA

NA NA NA NA 40

NA NA NA NA 60

N

N

NA NA NA NA 40 N

38 - N 1-2 NA NA NA NA

N 1-2 NA NA NA NA

N 1-2 NA NA NA NA

N 1-2 NA NA NA NA

N 1-2 NA NA NA NA

N 1-2 NA NA NA NA

N 1-2 NA NA NA NA

N 1-2 NA NA NA NA

N 1-2 NA NA NA NA

+++: +: ± ( );

-: Y: N: NA:

2.

(1) 17 (
( 97-1

1 F2 1 2 ))
(1) (0.03~0.07) (0.002)

( 0.01)

(2)

(0.76~1) (0.05~1) (0.06)

(0.001~0.004) (0.016) (
0.01) 0

(3) 1 0.42
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0
(C7?/) 0.76 0.25( 32-4) (active selection risk).

0 (no selection risk)

32-4 17 ( 2002)

SEFRI(i; SEFRI,2) CRI

Ambrosia artemisiifolia 1 0.76

Xanthium sibiricum 0. 049 0.42 0.25

Artemisia annua

Dendranthema morifolium

D. morifolium (cv. Yellow lotus)

D. morifolium (cv. Fuji snow)

D. morifolium (cv. Liuhua)

D. morifolium (cv. Guoqing)

Tagetes erecta

T. patula

Helichrysum bracteatum

Helianthus annus

97-1 H. annus (var. Bai 97-1)

H. annus (var. Cunke)

1 H. annus (var. Tianwei 1)

Fa H. annus (var. Tianwei F2)

1 H. annus (var. I-Ml)

2//. annus (var. I-M2)

3.

17

(/) (/=23.15) (/=4.39)

0
(/?/=1) (/?/=0.19)

0
4 5

/ 0

(
1.

~6.84~-15.84^
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-15.841

(r=0.9331, /7<0.01) ( 2003)

-lot 50% 90% 146.36h 864.72h

-15^ 50% 90% 19.9h 73.69h -10^

35t

27.3%

50%~68.4% 87.6 /

37t 391

391 40T

7 401 2

50% 90% > >>

68%

22.8%

80%

2.

CLIMEX -
EI, (bioclimatic risk index, BCRI) Womer(1988)

EI - 3

BCRI>0.09 (inevitable risk); 0.04BCRI <0.09

(random risk); BCRK0.04

(norisk) BCRI
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(
2003c)

3.

CLIMEX

( 32-5) 5

85

20) 64 6 EI 0
(£/>20) 64 (£/>20) 74

33

70

32-5 CLIMEX ( 2003c)

12.5 4.5 2.0 10.0 2.0

18.0 18.0 13.0 20.0 16.0

28.0 32.0 28.0 34.0 25.0

35.0 36.0 34.0 35.0 33.0

517 2387.9 2406.5 2300.0 1860.0

0.05 0.08 0.08 0.13 0.04

0.12 0.12 0.12 0.18 0.1

1.5 0.9 0.9 0.85 0.8

2.0 2.0 1.6 1.5 2.0

13.0 14.0 14.0

5.0

0.000 12 0.0001 0.000 012 0.0005 0.000 001

0.000 01 0.000 15 0.000 015 0.000 014

35.0 39.0 34.0 42.0 .33.0

0.02 0.02 0.04 0.03 0.0028

80.0 80.0 60.0 40.0

0.05 0.08 0.08 0.09 0.08

0.002 0.004 0.002 0.015 0.0002

lifl 1.5 1.5 1.5 2.0 2.0

0,0002 0.0002 0.0002 0.01 0.004

(fi 30.0
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0.30

0.01

4.

BCRI

85

(BC7?/>0.09) ()( () () )() () ()() ()()
(0.04<fiC/?/<0.09)

(BC/?/<0.04) ()() () () () () () () () () ()

5.

85 (BCRI>0.09)

() (() () ( jE ()() () ()() ()
(0.04<BCRI<0.09)

(BCRI<0.04) ()() () () () () () () () () ()
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85 (BCRI>0.09)() ]£()() ()()
(0.04<BCRI<0.09)()
(BCRI<0.04) ()() () ()() () (

) () () ()()() ( () () ()

7.

30~52°

16 17

370 18 ( )
85

(BC/?/>0.04) () () () () ()

i£ ()() () () ()
(BCRK0.04) ()() () () ()() () () () ()() ()

(
1.

93.5%

5

9.3%
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1.0cm

1.0cm

( 2003a)

( )
6.0mm

8.0mm

4.0mm

(5 6)

( 1.2cm)

1.2cm

6.0mm

2.1~16.0mm

(
1.

(Raman, 1992, 1994)

• 685 .



2.

(McFadyen, 1987, 1992)

20~30 1~5

50cni (Navieef fl/. 1996, 1998) 150cm

(
1/4

l/4~l/6(McFadyen, 1992)

100 2

84 63 100~150m

20km

1983 12 lOOkm, 1986

1000km (McFadyen, 1989, 1992)

mm Cenchms dZ/ar/s () 25%~44% 79%, 2%

3.

McClay, 1987)

100 / 1000~1300 / (McFadyen, 1992)

1 2 14t

lii
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100~1000 /

1 28~65d

8

>
(McFadyen,* 1986)

4.

( 2003a)

l.lOcm, 63

8

94.1%; l.lOcm,

17 8 31.2%; 0.17cm

40 5 99.1% ^
2.11cm 40 5

' 21.0% 6.1% 21.4%

( 0.17cm)

3 ()

0.7cm

( 0.1~0.2cm)

2

0.7cm

-
( )( 2000)

0
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Bianchi(1968)

dihyroparthenolide psilostachin

(1993) psilostachin

(chlorogenicacid)( 1998);
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.1994. . . . 13~35

2002. . 14(3): 58-61 [Chen XX, ChenYQ.
He X W al. 2002. The alleK>p;)thv of the extracts from several plants on Ambrosia artemisiifolia. Journal of Gansu Sciences,

14(3) 58-61]' .2003. l>i?L,/r . ( ) 21(1) 69-73 [Chen XX. Shan H
H. 2003. The allelopathy ot the water extract from Amhrnsia artemisiifolia on several economic crops. Natural Science Journal of

Hainan University, 21(1) 69~7J

.2001 V- i-jfi/j . 23(4): 27-28 [DengYL. WangYX. Peng

H et al. 2003. Occurrence and control measures of ragweed. Plant Protection Technology and Extension 23(4) 27-28]
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.1993. . . .. 221-226

.1995. . 26(3): 277-283[GuanGQ, HanYG,

Yin R et al. 1995. Studies on displacing and controlling of the ragweed with economic plants. Journal of Shenyang Agricultural

University, 26(3): 277-283]

.1993. . . .. 153-155 . 1991. . 2(4): 202-297 [GuanGQ, USD, GaoDCwa/.

1991. Effect of defoliation on growth and fruiting of ragweed. Chinese Journal ofApplied Ecology , 2(4) 202-297]. 1985. . 16(4): 9-17 [Guan G Q. 1985. Morphological

characteristics and differentiation types of Ambrosia artemisiifoli and Ambrosia trifida. Journal of Shengyang Agricultural
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Chapter 33 Water hyacinth

Eichhornia crassipes (Martius) Solms-Laubach

Abstract: Water hyacinth Eichhornia crassipes (Martius) Solms-Laubach is a member of

the pickerelweed family (Pontederiaceae) and it is considered as one of the most productive

plants on earth and is one of the world's worst aquatic plants. Water hyacinth originated in

tropical South America , but it has become naturalized in many warm areas of the world

Central America , North America (California and southern states)
,

Africa, India
,

Asia,

Australia , and New Zealand. It was introduced into China in the early 1900's, Now it has

distributed in 17 provinces in China. Water hyacinth is a free-floating plant. It grows over a

wide variety of wetland types such as lakes , streams
,
ponds

,
waterways , ditches , and

backwater areas. Water hyacinth reproduces sexually by seeds and vegetatively by budding

and stolon production. Daughter plants sprout from the stolons and doubling times have been

reported of 6-18 days. The seeds can germinate in a few days or remain dormant for 15-20

years.

It forms dense mats that affect navigation recreation irrigation and power generation.

These mats competitively exclude native submersed and floating-leaved plants. Low oxygen

conditions develop beneath water hyacinth mats and the dense floating mats impede water

flow and create good breeding conditions for mosquitoes. Water hyacinth is a severe

environmental and economic problem in many areas of the world with a sub-tropical or

tropical climate. The weed has become a bio-disaster in China, too. It has posed a great threat

to agriculture, fishery
, transportation and environment. It is estimated that each year more than

100 million RMB Yuan (12 million US$) is put for the artificial control of water hyacinth.

This species has rapidly spread throughout inland and coastal freshwater bays, lakes, and

marshes in countries.

Chemical
, mechanical and biological control as well as integrated control have been

employed to combat with water hyacinth in the world. The use of herbicides to control water

hyacinth is common. Mechanical controls such as harvesting have been used for nearly 100

years but they are ineffective for large scale control
,

very expensive and cannot keep pace

with the rapid plant growth in large water systems. Five insects have been released for the

biological control of water hyacinth. These include two weevil species {Neochetina spp. ) one

moth sp&cie^iSameodes albiguttalis)
, one mite species {Orthogalumna terebrantis) and one

mired species (Eccritotarsus catarinensis). Unfortunately large scale reductions in water

hyacinth populations did not occur. But those insect predation reduced plant height , decreased

the number of seeds produced, and decreased the seasonal growth of the plants. Thus it, it

reduced use of hrrbu rl resulted in less plant problems.
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Up to the present
,
many efforts have been made in the world to develop integrated

management strategies selecting the most appropriate control techniques available and

implementing those techniques in order to obtain the best level of control that is affordable and

sustainable while considering environmental impacts.

Key words: water hyacinth, biological invasive, biology, control

Water hyacinth, Eichhornia

crassipes (Martius) Solms-Laubach, Monocotyledoneae Liliflorae
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Chapter 34 Alligatorweed

Alternanthera philoxeroides (Mart.) Griseb

Abstract
:
Alligatorweed Alternanthera philoxeroides (Mart.) Griseb. a member of the

Amaranthaceae family with its origin center in the Rio de la Plata Basin of southern Paraguay

and northeastern Argentina , is a widespread invasive weed species in North America

,

southeast Asia southern Europe Oceania and the East and West Africa. Alligatorweed was

introduced to China in the early 1930s. By now, it has distributed in at least 18 provinces

including Shaanxi , Henan , Anhui Jiangxi Hunan Hubei Chongqing Sichuan Yunnan

,

Guizhou
,
Guangxi

,
Guangdong

,
Jiangsu

,
Shanghai

,
Zhejiang

,
Fujian, Hainan and Taiwan.

The damage situation of alligatorweed in the area along the middle and lower reaches of the

Yangtse River, such as Sichuan
, Chongqing , Hunan , Hubei

,
Jiangxi , Anhui

,
Shanghai

,

Jiangsu and Zhejiang provinces is much worse than that in other areas.

As an amphibious perennial plant , the species has facultative biotypes and ecotypes. The

biotypes are broad-stemmed form and narrow-stemmed form in the U.S.A., wild form and

weedy form in Argentina. The ecotype include aquatic ecotypes (flowing form and lentic form)

and terrestrial ecotypes (hygrophyte and xerophyte) depending upon the habitat it grows up. A.

philoxeroides becomes a severe invasive plant species resulting from having many biotypes

and ecotypes agamogenesis absence of natural enemy system introduction and

popularization. The infestation of alligatorweed can not only form thick biomass to block

rivers and canals , close water surface and cause severe flooding but also reduce crop yield

interfere irrigation ditches do harm to human and livestock health. F further more it can

monopolize flora to destroy biodiversity deteriorate ecology and environment. Alligatorweed

is listed as one of the 9 worst invasive plants in the National Biodiversity Report of China.

The primary means of controlling alligatorweed include quarantine measures to prevent

its dissemination
, manual removal , chemical herbicides and biological control with insect

natural enemies. Among them, biological control with a flea beetle
,
Agasicles hygrophila

introduced from its native habitat in South America, has achieved significant success around

worldwide. Other promising biocontrol agents
,

e.g. the moth Vogtia malloi , the thrip
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Amynothrips andersonii and another flea beetle Disonycha argentinensis have been studied in

USA. Biological control of alligatorweed in China started with the flea beetle A. hygrophila

which was introduced from the USA in 1986 and released in Sichuan and Hunan provinces.

The beetle has successfully established populations in most of the provinces in south China

and exerted effective long-term control of the weed, primarily in aquatic environments. This

has become the most successful case of controlling an invasive weed through the classical

biological control approaches in China. Considerable challenges remain in managing the

serious infestations of alligatorweed in terrestrial and high latitude environments in China.

IPM strategies of alligatorweed , mainly biological control method and challenges in

managing alligatorweed in China are also discussed in this chapter.

Key words Altemanthera philoxeroides , distribution , invasive plant
,
precaution , weed

biological control
,
Agasicles hygrophila

,
biodiversity strategy
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1984)

17m

"" (Julien and Broadbent, 1980 Julien and Bourne, 1992

• 721 •



1982)

1cm

( 2003)

2~3

6

(JulienandBroadbent, 1980 1984; Julien et al.
, 1992

1990; 2003)

(
(Coulson, 1977)

( )

(
20 60~80 " "()

1986

- 1987 1988 1987; 1990)

(
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(Coulson, 1977

1987 1988)

Coulson, 1977

1986 1993)

45%
36%, 19%, 63% 47% 5%~15% 20% ( 1992;

1994)

( 1987;

1986; 1993)

( ) 3.8%^^ 1993; 1986);

(JulienandBroadbent, 1980)

(Coulson, 1977 1986 Vogt et al. , 1992)

( 1986

1987 1988 Wang, 1989 JulienandBroadbent, 1980 Mien, 1995)

( 1993) 1986

159 1334 1020 /m
2



200hm
2 ( 1987 1988

1993) 1999 212 200

21.45% 17.90%

hm2

1200 10 24 300/hm2

212 6

61.3% 38.7%

(
1990) 8.5

( 2000)

2~4

2nc

(
2000) 22~32T(JuUenefaZ. 1992)

2~4cm 41 1000 /m
2
(Mienef

"/. 1992) 1018.8 /m
2

63.7~320g

28.5~45t 5~10 20.4~165.7

0.4~9 2.6~25.9 7.1~37.3 3.58~14.2

1.2~2.4g 1.56g; 0.6~4.2 2.0

11( 1993) (
1987 988 1990; 2003)

( ) pH
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( 1993

1986; 2000)

0~2700m

-5

101 22~32t 321

30d35T

"philoxeroides" ""
l~2d

Im

( 1990) 10%

10% 30% (Hockley, 1974 Sainty etal, 1998)

pH5~10 pH6~8

100 H2S

(Sainty era/., 1998)

(Xu era/. 2003 Ye etal, 2003)

38° 36° 35°

36° (Julien, 1995 2001) Julien( 1995) CLIMEX

34-4

( 2001) (1987)

( 2001)( 2000)( 2001)

Coulson 1977 1 9~15.5t

1 9t (1988)

23°~25° Julien (1995)( 34-5 )
14 (Ma and Wang, 2001)
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34-4 CLIMEX (Julien etal. 1995)

X EI:

34-5 CLIMEX (Julien etal., 1995)

X EI:

(EK25

Wi Matiland W2 Newscastle City parish Eldon.

W

3 Wi

W

2 W3

(Julien, 1995)
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Im,

10~100cm

( 1987 1988

1986 Sainty et al.
, 1998)

20 50

2 4-D 1972

2 4 5-T (Coulson, 1977 Vogt et al,

1992 Mien, 1999)

(metsulfuron) (dichlobenil) (Sainty aZ. 1998)

( 1997; 1997; 1996)

+ +

+ 2- -4-

(2002)

(

1894 1897

1898 1901

1957
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162 400hm
2 (Coulson, 1977 Zeiger, 1967) 1960~1962

George Vogt

53

3

gp: ^& Agasicles hygrophila Selma and Vogt, Vgn'a malloi

Pastrami) (Amywof/ir/ps andersonii O'Neill), 3

(Coulson, 1977 Vogt et al.
, 1979 Vogt et al.

, 1992 Mien and Griffths,

1998)

20 70

(Julien and Griffths, 1998)

(Buckingham, 1996)

(
1.

34-6

34-6 () ()( 1999)

(Agoy/des hygrophila Selman and Vogt) Coleoptera,

Chrysomelidae, Halticinae,

Julien efiz/.

1995 Julien and Griffths, 1998)

5.7mm 2 mm; 7nim 2.2mm

5"
3 (Maddox, 1968
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1992; 1997; 2002)

25d 4~9d 9~16d 6~8d 48d

9~10 ( 1992) 7~8 ( 2002)^
1 1

1295 2636 ( 1994a; 1997)

(Maddox and Rensnik, 1969), 21

39 ( 1988)

40km ( 1996)

12.67±2.36)T (272.06±17.43)DD 22~28 X
(Stewart et al.

, 1996, 2000 2002)

2.

l^ogria malloi Pastrana) Lepidoptera, Pyralidae,

Phycitinae,

267

5

5~9

39d; 6 17 30

(Maddox, 1970 Brown and Spencer, 1973;

Wogt etai, 1992 Buckingham, 1996) 1971

(Brown and Spencer
, 1973)

900~1000km, 0^086?^7/.
1992 Buckingham, 1996 2003)

3.

(^mynothrips andersonii O'Neill) Thysanoptera

Phlaeothripidae, 2.0mm

28d 6 13 21

A/fm2fl"f/jmz/i^m/er/a"aChod

(Spencer and Coulson, 1976 Maddox and Mayfield, 1979 Buckingham, 1989

1994 1996) 1967~1972

3 (Spencer and Coulson,

1976 Buckingham, 1996 Cofrancesco, 1988)

4.

(Disonycfw argentinensis Jaoby) Coleoptera

Chrysomelidae, 4.5inm
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49d 147d 409 57

Altemanthera

paronychoides St. Hilaire Bern vulgaris L. var. Cicla L.

(Cordo et al., 1984)

(USDA-ARS) (CSIRO, Long Pocket Laboratory)

(Sands etal.,

1982) 1980 1982

(Buckingham, 1994, 1996 Julien and Chan, 1992)

(Julien, 1999)

5.

(AZfermmf/imi philoxeroides A.

hassleriana, A. sessilis , A. reineckii A. refraAwera)

04g<357'c/ey connexa^A. opacaA. vittata^A. interrogations ^Disonycha eximia

D. campos/) (Diptera)Agromyzidae (MeZw<2grm;yze Itemanthem

M. marellii Ophiomya biiscki ZX«w:y£:/2fl

pennsylvanica (Illiger)(Vogt et al, 1979 1992 Cofrancesco
, 1988), Candezea

palmerstoni Junonia kmonias Psara basalias P. hipponalis
ll

Solider

recurvalis, (Napompeth

1991 Julien, 1999)

1988 (1990)

©
Adoxophyes cyrtosema Meyrick , Cacoecia asiatca Wals

Culcula panterinaria (Bremer et Grey) Spilarctia subcamea (Walker)

Spilosoma menthastri (Esper) Prodenia litura (Fabricius)

Laphygma exigua (Hubner) Sylepta derogata Fabricius

Gastrophysa atrocyanea Mootschulsky ^ Aphis craccivora Koch

Atractomorpha sinensis Bolivar Cassida piperata Hope /i//om>w«

bilmeatus
, Agriolimax agriestis Linnaeus , Bradybaena kingsiensis

Martens( 1990; 1994; 1997)

6.

t 1 /y/miarffl alternantherae Holcomb and

"ilus( Hyphomycetes)

'KZettler andFreman, 1972 Holcomb, 1978)



altemantherae) (Nimbya altemantherae) {Colletotrichum

gloeosporioides) (/^/I/z^?c?^?m'fl ^/am') 04/fe/7iflr/fl sp.) (
1990; 2002a) A. altemantherae, N. altemantherae MM,

N. altemantherae

( 1999; 2002b) (2001)

[A. altemata (Ft.) Keissler]

(Fi/^n'Mm sp.),

23~31 pH 6.7~7.0

(Tan et al. 2002) (2002)

Ramularia altemantherae (MeZo/^togywe

sp.), ( 2000)

(

1.

(1984)

1985

1986

( 1986)

1986

21 39

( 1988)

2.

1986

(Wang,

1989 1994 1996; 1995; 1997)

1996-1997 ( 2002)

( 1994;
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1994b), ( 1994b;

1992; 1997) ( 2000)

3.

(1997)

(1989)

1988-1991

1500hm
2

5

450 3

4 1988~1994

3.6 (
1994) 1986~1995 19

800 2 3.3

1999 8 200 14

1200 4800 (
1997)

1996-1997

3

70km2

( 2002)

1986~1997

(Ma and Wang, 2001)

(Wang 1989

1990; 1992; 1995; 1997; 2002)

1/10 1000 1 300

(
2000; 1999)

(
1986); 20 50~70

( 1987 1988) (
1989); ( 1998; 2000; 2001; 2002)

( 1989 1990 1996)
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( 2000);

( 1986); (
1999 2000)

( 1997;

1996 1996; 1999)

(1997) 1 61
4~10 1 6~7t 16~17T

3~11 1 8~9T 18~19T 2 ~12

1 10~12t 2(n: 1999~2000

22 1000 160

18 14

(Ma and Wang, 2001)

( 2003a; 2004)

( 2003a)

0X5) 0^6) 0C4) 0C3)

(>'=1.5332-0.2483jc3-0.0512x4-1.6349jc5-0.9577jc6 R- =0.9999),

( 2004) AFLP GIS

(Ma and Wang, 2001)

20

(

Eupatorium aderwphomm (Ambwsia spp.) 7jC Eichhornia

crassipes 4

- 733 •



( 2003b)

( ""

4~5" "
(

(

(

(

if W, ' . 1997. . 20(4): 23 [CaoHG, LiHS, Chen D
H el al. 1997. Survey the insects feeding alligatorwced in the suburb of Nanchang. Jiangxi Plant Protection 20(4) 23]
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. 1990. . 3): 58-61 [CaoY, ShiQ, Dong

F Q, 1990. Study on paper pulping wastewater treatment by Eichhomia crassipes and Altemanthera philoxeroides. Country

Ecology Environment, (3) 5861]. 1993. . 3): 15 [Chen CX, Zhou Y S. 1993. Preliminary study on

feeding milch cow on silage alligatorweed. Shanghai Milch Cow (3) 15]. 1992. . 4): 37-38 [DengGR, LiWQ
Huang D X et al. 1992. Preliminary study on introducing Agasicles hygrophila to control alligatorweeds. Guangxi Plant

Protection, (4) 37~38]

. 1990. . [DiaoZS. 1990. Chinese Aquatic Weeds. Chongqing: Chongqing Publishing

Press] . 1982. . [The Committee of Fujian

Science and Technology. The Edition Committee of Flora Fujianica. 1982. Flora Fujianica. Fuzhou Fujian Scientech Press]. 1997. . 4) 4447 [GaoRB LuYZ MaoJZ. 1997.

Glyphosate control alligatorweed in the river. Zhejiang Water Conservancy Science and Technology , (4) 44-47]' . 2000. . 21 927 [GongGS, Zhang S R,

Jiang S R al. 2000. A root knot nematode of Altemanthera philoxeroides in Ya'an, Shichuan. In: The Expectation of Plant

Protection in the 2 1 Century. 927]. 2000. . 10: 2526[GuKY WangWY, Mao XDet

al. 2000. Exploitation and utilization Altemantera philoxeroides as a vegetable. Agricultural and Stockbreeding Product
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25-26]

/ .2003. . 1: 1820[HuaiHY JinYG,
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Mikania micrantha H. B. K. Compositae Mikania
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(Aca/zf/io/wyc/ie sp.) Aceria mikaniae

2 (CMSCMto c/nVieAwZ

Chapter 35 Mile-a-minute Weed
Mikania micrantha H. B. K.

Abstract Mikania micrantha H.B.K. belongs to the genus Mikania (Compositae). It is

native to tropical South and Central America and has spread to South Asia Southeast Asia and

Pacific region. It has dispersed to South China
,

including Guangdong province
,

Special

Administrative Region of Hong Kong and Taiwan. It has become a serious weed in these

regions and disturbed mainly in forests
,

plantation crops horticulture and coastal vegetation.

M. micrantha is a perennial herbaceous vine
,
twinning counterclockwise on other plants

or sprawling on the ground. It prefers open space with light wet and rich organic soil. It has an

extremely high ability to branch and to grow, with a growing rate of 1,107m per year. In South

China , its white, somewhat fragrant flowers appear in Sep. to Oct. and the number of floret

reaches 136 548-201 188 within 0.25m^. The fruit I seed is small , which weighs 0.0892g per

thousand ones. Seed germination rate reaches over 95% under 25~3CH . The germination can

be inhibited under extremely low or high temperature which is only 0.3% at 5X. and 1 .0% at

40t and the germinated ones die soon in these cases. M. micrantha has a strong capacity for

CO2 fixation. Its net photosynthesis is 21.56|imolC02 - • s—! and the light compensation

point of photosynthesis is as high asl 002|jmolCO2 • m—2 -
s—

i which are higher than those of

the accompanying plants. Mikania micrantha had allelopathic effects. The extracts from roots

,

steins and leaves of Mikania can inhibit growth of some weeds and plants. The volatile oil of

Mikania is toxic to or has significant deterrent effect on oviposition of some insects.

The control measures of M. micrantha include biological control chemical control and

manual removal. Chemical control is the main measure at present. It has been reported that M.

micratha is moderately susceptible to the herbicides 2 ,
4-D, 2, 4, 5-T, glyphosate

,
MCPA,

ioxynil , MSMA. Roundup , Betazon , TORODON , RONSTAR
,

paraquat, hexazinone

,

sulfometuron methyl , etc.. M. micrantha is also moderately susceptible to sodium chloride and

acetic acid. But environment might be polluted by using large number of herbicides.

Biological control is a potentially effective measure to control M. micrantha. Nine major

natural enemy species and 22 others have been reported in the tropical America, which is the
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native habitat of Mikania. Acanthopsyche sp. and Aceria mikaniae (Nalepa) are reported as

natural enemies of M. micrantha in China. Dodder species (Cuscuta sp.) have been used to

suppress the spread of Mikania in Assam, Sri Lanka and China. Although these natural

enemies and some plant species may be used in biological control there are still lots of deep

researches to be carried out.

M. micrantha has the potential to be utilized as forage crops herbaceous medicine and

plant-based pesticides and herbicides etc..

Key words Mikania micrantha ecological characteristics physiological characteristics

chemical control biological control utilization

Mikania micrantha H. B. K. Compositae Mikania

11^5

(Holm etal.

1977 1994; 2000; Chiang etai, 2002),

(Bebawi et al. 2002)

20 80

20 80 ( 2000a) 20

90 ( 2002)

21°~24°(24° )
111°~117° 0~600m

50~200m ( 2002;

2003) (Chiang et al. 2002)

35

I

II

m
IV

( 2003)

1985 ( 1985)
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2000b) 1984

4~13cm 2~9cm

3~7 2~8cm

4.5~6.0mm 4

4 2.0~4.5mm() l~2mm

3.0~3.5(4)nim 5 1.5~2.0mm 5

32~38(40) 2.0~3.5mm( 35-1 35-2)

35-1 M!/:amfl /mcranf/jfl! H.B.K. 35-2 M/itam'a /m'cranf/ia H.B.K.( 2000b) (
1. 2. Head; 3. (
) 4. 5. 6.

7. 8. 9.

10.

273 2

2 2 Mzlam'a cordata

(Burm.)B.L. Robinson, ( 2000a; 2001)

( 35-1)
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35-1 (Holm a/. 1977)

(Afi.fawii'a micrantha) (^/^0/2/£ cordata)

4.5~6itim 69mm

2~4mm 56mm

l~2mm 3mm

2-3(4)mm 5mm

1.5-2mm 2~3mm

32~38(40) 40-45

24mm 4mm

Soerjani (1987) 1949

1956

1987

1957

1907 ( 2003; Holmes, 1982) (2003) Holmes(1982)

(1928) (1930) (1945) (1949) (1954)
(1956) (1959) (1962) (1965) (1968

) (1969)
20 50~60 20 70

1950

(Choudhury, 1972 2003)

(Waterhouse, 1994

2003)

1884 (Melville,

1987), 1919 ( 2000; 2000a)

1884 12. jI^':M ( ) 19
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Holmes(1982)

1907 23

( 2003)

1984 10

(
2000a) 35

(
2003)

;
I ( 2002)

27%, 32

27%~29%(Waterhouse, 1994)

92%,

3000hm2

243hm2 40%~60%

139hm
2

40hm2

( 2002; 2003)
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( 1994) 2001

9289 hm2( 2003)

980( 2002)

( )

0.0892g, 25~30 6~8d

95.3% 15t: 42.3%

1.0%,

52d 25~30 4d 65.7% 2.5mm

2.0inm 5t 401

25~3(n:

35.2%, 6h

72.7% "" period of

after-ripening) o 10~60d( 1994)

30d 1 . Icm 0.33cm
2

( 1994)

20cin 155

llOVm/ ( 2003)

5d 10~12d

7~10d( 1994) 0.25m
2

34 137~50 297

136 548~201 188 38.4%~42.8%

1275~2377 ( 2000)

l

2h 68.4% 6h 36.9% 3h
14.2%( 1994)

(2000)

C02 21.56 C02kimol/(cni
2

• s)

Pueraria lobata Ipomoea cairica; 12: 00
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30% 47%
1002CO2|imol/(cm

2
-s),

2(02^111101/(0112
•5)

(QUE)

(allelopathy),

Asystasia intmsa Chrysopogon aciculatus Paspalum

co«>gflf«m

(Ismail and Mah 1993) Hu and Wu(2003)

Raphanus sativus

^

Phaseolus aureus^ Cucumis sativus

Lycopersicum esculentum 4

>>
(2003)

Lo//i/m/m^/f(/brMm

Trifolium repens Acada /mmg/imi /^z>zms

massoniana^ £«02/>7^^

90%

(2003) ^ L//7fl/7;»\? eo^'m/

/^/«?^//^7^^/0^^//0
Phyllotreta striolata Phaedon brassicae

(Nicollier and

Thompson, 1981) (
2003)

Hu Wu(2003)

(CH3COOH) (NaCl) (stress)

(0.5%)

(0.08%)

0.2%

2.5% 0.5% 15d 30d

10% 7%
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Ruas Ruas(1987) 12 Feulgen

C- 1~14

B

Maffer (1999) 12 6 B

B

A C- A Dortas(1998)

3 Parana

Santa Catarina 2a2=4;c=72

3 2m=2;c=36

3 Parana Santa Catarina

42in+24sm+6st 38m+34sm Ruas and Aguuiar(1997) 6

=18 =72
B

20 80

(Melville, 1987)o 2000m2

3

80% 6 100%

(7 )

( 2000)

( 2002)

''i^:

Dutta (1961) 20 60 2 4-D MCPA
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Ipor and Tawan(1995)

2 4-D 2 4 5-T

(Melville, 1987) (1994) "" (Roundup),

"" Betazon) "" TORODON101) "" ROUSTAR25)

4

0.4%~1.5% 4 4

"" "" (2001) "2 4-D" "") "" "" 50~500

2 4-D 25%

0.1~0.3ml 5~6

l~1000g/hm
2

2~3 (2003)

0.01~0.1g/m
2 ( -sulfometuronmethyl)

( )

HuandWu(2003)

(NaCl) (CH3COOH)

0.5% 0.2%

2.5% 0.5%

5d 17% 10%
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SparriAifl anglica C.E. Hubb.

maritima (Curtis) Femald ^S. alterniflora Loisel. 20 60

Chapter 36 Common Cordgrass

Spartina anglica C. E. Hubb.

Abstract Spartina anglica C.E. Hubb. is a perennial and erect herb which is a natural

hybrid of S. maritima (Curtis) Femald and S. alterniflora Loisel.. After its introduction to

China in 1960's, 5. anglica played important role in sediment accretion in the coastline , but it

also had harmful impacts on the indigenous biodiversity. In this chapter , its origin

,

distribution invasions ecology and biology were reviewed.

Key words Spartina anglica alien invasive species origin biology ecology

Spartina anglica C.E. Hubb. Common Cordgrass

S.mflA7 Vna (Curtis) Femald

S. alterniflora Loisel.
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1963~1964
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(1)
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8~10cm (Poole)

60 70cm
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2
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2

1965 25 hm2
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1959~1965 0.13m
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150~2640
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2
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11

1 1~2
1 10

n 4cm 3~4 4 4 (13^



) 8 9
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C4 (Kranztype) CO2
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(Thompson, 1991)
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Na+ Cr
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4

( 2003) Spickett (1993)
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pH 0.6 Na+
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Lee(2003)
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2
+

PSII 13

67kDa 50kDa B CaCb,

24kDa 18kDa
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cDNA Abdul-Kareem (2003) DDRT-PCR

cDNA KD1 KD1 5'
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(Dovey) 30cm
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7~8h

(Thompson, 1991)

Baumel (2001) RAPD ISSR
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Sparti towmendii (Brittany)
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(genetic bottleneck)

""
(Sphaeriales) (aflWcepMi<r/?"mi

(Fr.)Tulasne)

20

1997

( 2000)

(2000) BC-08 21d 60d

BC-08 (LD5o>5000 )
Frid (1999)

(Lindisfame National Nature Reserve)

(
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188

38 4 5 ( )

36 184 ( 1 )
50 35 16 12 9

6 6 5 4

3 2 19

1

37-1

Amaranthaceae 12 Euphorbiaceae Ranunculaceae 1

Basellaceae 1 Geraniaceae 1 Resedaceae 1

Bignoniaceae 1 Labiatae Rubiaceae 1

Boraginaceae 1 Leguminosae 16 Scrophulariaceae 6

Cabombaceae 1 Malvaceae Solanaceae 9

Cactaceae Nyctaginaceae 1 Sterculiaceae 1

Cannabinaceae 1 t Onagraceae UmbeMerae 3

Caryophyllaceae Oxalidaceae 1 Urticaceae 1

Chenopodiaceae Passifloraceae 1 Verbenaceae 2

Compositae 50 Phytolaccaceae 1 Vitaceae 1

Convolvulaceae 4 Piperaceae Gramineae 35

Cruciferae 6 Plantaginaceae Pontederiaceae 1

P Cucurbitaceae Portulacaceae

38 188

(
188 111 (
210) 52.9%; 46 21.9%; 29

13.8%; 17 8.1%; 1
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0.5%; 3 1.4%; 3

1.4%

37-2

- (9b)

1 2 4 6 7

106 1 2 1 1 111 52.9

32 1 9 1 46 21.9

15 1 1 9 29 13.8

11 2 3 1 17 8.1

1 1 0.5

3 3 1.4

3 3 1.4

210 100.0

(
184

139 75.5%

45

(
) 23

12.2%
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12 (
2 ) 6.4%

155 82.4%

(
49

9 29 18 36.7%

8 7 3 2

1 5

3 2

1

37-3

Acarina Tetranychidae . Curculionidae

Blattoptera 2 Blattidae 2 Dermestidae 1

Isoptera 1 Kalotermitidae Hispidae 2

Homoptera 8 Coccidae Rutelidae 1

Thysanoptera 1 Diaspididae Scolytidae 1

Coleoptera 18 ^5(1 Margarodidae Arctiidae 1

Lepidoptera 7 Pseudococcidae Gelechiidae 3

Diptera 8 Pemphigidae Hieroxestidae 1

Hymenoptera 3 Phylloxeridae Olethreutidae

Pseudococcidae Agromyzidae

Thripidae Cecidomyiidae 2

Anthribidae Tephritidae 3

Bostrichus Eurytomidae 1

Bruchidae Formicidae 2

Chrysomdidae 1

9 g 29 49

(
49

17 ( 54) 31.5%;
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7 13.0%; 15 27.8%;

8 148%; 1 1.9%;

6 11.1%

( )
31.5% 27.8%

( )

37-4

1 3 4

/%

17 17 31.5

6 1 7 13.0

11 1 1 1 1 15 27.8

4 1 1 1 8 14.8

1 1 1.9

6 6 11.1

i \ 54 100.0

(
3

( ) 13

II 11

7 $

20 10.6% 20

(
42

24 57.1% 4 (9.5%), 6 (14.3%) 8 (19.0%)
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(
24 10

( 24) 41.7%; 4 16.7%;

2 8.3%; 1 4.2%;

5 20.8%

4 3

75%; 1 25.0%

6 2

33.3% 1 16.7%;

2

33.3%

8 4

50.0%; 1 12.5%; 3

37.5%

42 19

( 42) 45.2%; 5

11.9% 2 4.8%; 1

2.4% 10 23.8%

37-5

10 4 2 2 1 24

3 1 4

2 1 1 2 6

4 1 3 8

19 10 42

(
42 31 73.8%;

12 ( 1 )

37-6

*^

17 3 4 31

7 1 3 1 12

i f 24 6 8 42
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