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Policy on the management of insect-borne
plant diseases

Ruey-Jang Chang®, An-Long Chiou®, Pao-Liang Chen®, Wei-Huang Tsai"

! Bureau of Animal and Plant Health Inspection and Quarantine, Council of Agriculture,
Executive Yuan
" Corresponding author, e-mail: tsaiwh@mail.baphig.gov.tw

Abstract

In recent years, Crop diseases vectored by the insects have gradually become
serious in Taiwan. We found that the causing organisms spread via this mechanism
were viruses and bacteria mainly, with small proportions of fungi, nematodes and other
micro-organisms. Insects which carrying these pathogens are mostly belonged to the
group of small insects, such as thrips, aphids, whiteflies and leafhoppers. They
shared common characteristics including short generation, strong hiding and flying
ability, and easily produced resistant offsprings against pesticides. Taiwan is located
between the subtropical and tropical regions, where inhabit a great number of insect
vectors characterized being very active and fecund, under such complicated and
difficult circumstance, farmers are forced to face both the threat of the diseases and
their vectors, when the insect vector is not the major pest of the crop, farmers always
ignore the existence of the vectors, hence the insect-borne diseases prevail in certain
local areas. For example, currently the local outbreaks of muskmelon virus diseases,
citrus huanglongbing, and tomato spotted wilt disease had increased the costs of pest
control and the risks on crop production, and even impacted the local agriculture
industry. To deal with the issue on the control of major insect-borne diseases,
BAPHIQ conduct the management programs including plant pests and diseases
monitoring, task assignment, IPM technology development, farmers training and
demonstration symposium, seed or seedling disease certification, collection of
information on international epidemic situations, and regulations control etc., to assist
farmers in crop production, and to strengthen insect-borne disease control system.
The efforts of quarantine and plant protection measures should be integrated to tackle
the problems. In the future, we should not only base on the existing of foundation
and results to shape the plant protection policies that conform to the international trend
and standards, but also strengthen the gathering of international epidemic information
to timely amend related regulations for implementation of agricultural security.
Finally, the sound and complete plant protection system will be established. By
thoughtfully planning the priority of policy for management of crop diseases, ongoing
improving the problems of epidemic prevention measures and non-stop upgrade of
related disease control technology, the goal will be achieved for better ensuring the
sustainable development of agriculture and security of domestic agricultural
production environment as well as the food safety and the consumer health.

Key words: plant protection policy, plant disease, insect vector.
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| mportant plant diseases, areview of the causal
fastidious prokaryotes and their insect vectors

Chung-Jan Chang™*", Hsien-Tzung Shih?, Chiou-Chu Su®, Fuh-Jyh Jan’

! Department of Plant Pathology, University of Georgia, Griffin, GA, USA

2 Applied Zoology Division, Taiwan Agricultural Research Institute, Council of Agriculture,
Taichung, Taiwan

% Pesticide Application Division, Taiwan Agricultural Chemicals and Toxic Substances
Research Institute, Council of Agriculture, Taichung, Taiwan

* Department of Plant Pathology, National Chung Hsing University, Taichung 402, Taiwan

" To be published in Plant Pathology Bulletin 20: xxx-xxx (2011)

" Corresponding author, e-mail: cchangl@uga.edu

Abstract

Phytopathogenic fastidious prokaryotes are plant pathogens that either resist to
grow in any available bacterial culture mediums or require specific or enriched
mediums to grow. They include Xylella fastidiosa, Leifsonia xyli subsp. xyli, L. xyli
subsp. cynodontis and Clavibacter michiganensis subsp. sepedonicus and C.
michiganensis subsp. michiganensis that reside in xylem and spiroplasmas,
phytoplasmas and Candidatus Liberibacter spp. that reside in phloem. X. fastidiosa is
the causal agent of more than 19 diseases, among them Pierce’s disease of grape and
citrus variegated chlorosis are two major maladies that cause serious economic loss on
wine and citrus juice industry. L. xyli subsp. xyli, and L. xyli subsp. cynodontis are
associated with ratoon stunting disease of sugarcane and Bermuda grass stunting
respectively and C. michiganensis subsp. sepedonicus with bacterial ring rot in potato
and C. michiganensis subsp. michiganensis with bacterial tomato canker. Spiroplasmas
are the causal agents of citrus stubborn, corn stunt and periwinkle diseases.
Phytoplasmas are associated with more than 500 diseases worldwide. Ca. Liberibacter
spp., are the causal agents of citrus Huanglongbing or citrus greening, zebra chip
disease of potato and others. General characteristics of X. fastidiosa including its
scientific classification, host ranges and diseases incited, and cell shape and size;
specific and enriched media for X. fastidiosa; symptoms induced by X. fastidiosa;
geographic distribution of X. fastidiosa; and the insect vectors that transmit the
diseases will be discussed. Pierce’s disease is the limiting factor for the establishment
of wine industry for the entire southeastern United States from Texas to the Carolinas
along the gulf coast of Mexico. Recent introduction of the glassy-winged sharpshooter
leafhoppers in California has threatened the winery industry of California. The
significance of the isolation of X. fastidiosa from the tissues with citrus variegated
chlorosis symptoms followed by the identification of the major insect vectors will be
addressed. The biological characteristics of the three phloem-limited prokaryotes,
namely spiroplasmas, phytoplasmas and Ca. Liberibacter spp., and the diseases they

9
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induce and their vectors will be discussed. Most plant pathogenic prokaryotes do not
require an active insect vector to spread them from plants to plants, while X. fastidiosa,
Ralstonia syzygii, Ca. Liberibacter spp., phytoplasmas, and spiroplasmas do. To date
among all known vectors, the single most successful insects vectoring the diseases
belong to the Order of Hemiptera. In the past three decades, researches have
emphatically addressed the biology, ecology, vector relationships and epidemiology of
crop diseases caused by plant pathogenic prokaryotes which were well documented in
numerous review articles. Herein a review of the significance of the insect vectors of
fastidious prokaryotes that cause important plant diseasesisto be addressed.

Keywords. fastidious prokaryotes, Xylella fastidiosa, Ca. Liberibacter spp.,
spiroplasmas, phytoplasmas, Huanglongbing, Hemiptera, glassy-winged
sharpshooter, Pierce's disease of grape, citrus variegated chlorosis

I ntroduction

In the Kingdom Prokaryotae, there are two taxa, bacteria and mollicutes. Bacteria
have cell membrane and cell wall while mollicutes have only cell membrane and lack
cell wall. Mollicutes, including spiroplasma, phytoplasma, mycoplasma and
acholeplasma, are the smallest and simplest known free-living and self-replicating
forms of life. They are bacteria of Gram-positive origin, as indicated by their 16S
rRNA (Trachtenberg, 2005). Most bacteria do not require insect vectors for their
dissemination except afew; e.g., Erwinia tracheiphila transmitted by cucumber beetles
(Agrios, 2005) and Ralstonia syzygii by Hindola striata (Balfas et al., 1991). However,
in the fastidious prokaryote group which includes Xylella fastidiosa, Candidatus
Liberibacter spp., and spiroplasmas and phytoplasmas, insect vectors are essentially
required for their dissemination (Markham, 1983; Redak et al., 2004; Weintraub &
Beanland, 2006). X. fastidiosa and Ca. Liberibacter spp. possess cell walls belonging
in bacteria taxon whereas spiroplasmas and phytoplasmas lack cell walls belonging in
mollicutes taxon. In E. tracheiphila-induced bacterial wilt of cucumber case, the
bacterium survives by overwintering in the intestines of striped cucumber beetles
(Acalymma vittata) and spotted cucumber beetles (Diabrotica undecimpunctata), in
which it hibernates (Agrios, 2005). Today, however, we are going to focus on the
vectors that associated with the above-mentioned fastidious prokaryotes. To date
among al known vectors, the single most successful insects vectoring the diseases
belong to the Order of Hemiptera. In the past three decades, researches have
emphatically addressed the biology, ecology, vector relationships and epidemiology of
crop diseases caused by plant pathogenic prokaryotes which were well documented in
the following review articles: Purcell (1982), Markham (1983), Purcell and Hopkins
(1996), Redak et al. (2004), Almeida et al. (2005), Weintraub and Beanland (2006),
Weintraub (2007), Janse and Obradovic (2010), and Gottwald (2010).

Fastidious prokaryotes are those that either resist to grow in any available
mediums, such as phytoplasmas, Ca. Liberibacter spp., and Ca. Phlomobacter fragariae
or those that require specific and enriched mediums, such as spiroplasmas, X.
fastidiosa, Leifsonia xyli subsp. xyli, L. xyli subsp. cynodontis and Clavibacter

10
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michiganensis subsp. sepedonicus. Based on the inhabitant, X. fastidiosa, Leifsonia spp.
and C. michiganensis subsp. sepedonicus are xylem-inhabiting while spiroplasmas,
phytoplasmas, Ca. Liberibacter spp., and Ca. Phlomobacter fragariae are phloem-
inhabiting prokaryotes.

Herein a review of insect vectors of plant pathogenic fastidious prokaryotes is
provided by the authors. The information of insect vectors of phytopathogenic
fastidious prokaryotes by taxonomic groups and their geographic distribution is shown
in Table 1.

Xylem-limited bacterial plant pathogens and their insect vectors

According to Wells et al. (1987), X. fastidiosa possesses the following
characteristics: predominately single, straight rods with a cell size ranges from
0.25-0.35 um in width and 0.9-3.5 pum in length; two types of colonies. convex to
pulvinate smooth opalescent with entire margins or umbonate rough with finely
undulated margins, Gram-negative, nonmotile, aflagellate, oxidase negative, catalase
positive, and strict aerobic; nonfermentative, nonhal ophilic, nonpigmented; and require
a specific and enriched medium such as CS20, PD2, PW, or BCYE for growth. The
optimal temperature for growth is 26-28C, whereas the optimal pH is 6.5-6.9. The
habitat is the xylem of plant tissue. The G+C content of the DNA is51.0 to 52.5 mol%
determined by thermal denaturation or 52.0 to 53.1 mol% determined by bouyant
density.

Ever since Wells et al. (1987) named then xylem-limited bacterium as X.
fastidiosa in 1987, X. fastidiosa has been reclassified into five subspecies according to
their differences in genetic makeup, host range, physiology, and biochemistry. They are
X. fastidiosa subsp. fastidiosa for strains of grape, almond, afalfa, and maple, X.
fastidiosa subsp. multiplex for strains of peach, plum, ailmond, elm, sycamore, and
pigeon grape, X. fastidiosa subsp. pauca for strains of citrus (Schaad et al., 2004), X.
fastidiosa subsp. sandyi for strains of oleander, daylily, jacaranda, and magnolia
(Schuenzel et al., 2005), and X. fastidiosa subsp. tashke for strains of Chitalpa
tashkentensis, acommon ornamental landscape plant (Randall et al., 2009).

X. fastidiosa requires specific and enriched mediums to grow as compared to
other bacteria (Chang & Walker, 1988). There are seven complex components that are
used in the listed four media. soy peptone, tryptone, phytone peptone, trypticase
peptone, soytone or phytone, and yeast extract; either one or two complex components
for each medium; two iron sources for the medium either hemin chloride or soluble
ferric pyrophosphate; four inorganic salts: ammonium phosphate, potassium phosphate
(monobasic or dibasic) or magnesium sulfate; three amino acids and two Krebs cycle
intermediates. citrate or succinate; and three detoxifying components. potato starch,
activated charcoal, or bovine serum albumin. Rippled cell walls seemed to be unique
for al X. fastidiosa cells regardless of the origin of its host plants. That was one of the
reasons why they were first described as “rickettsia-like bacteria’. However, a
thorough study of Pierce's disease (PD) strain by Huang et al. (1986) disclosed that in
addition to the predominated rippled cell walls there are intermediate cell walls and
smooth cell walls.
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Based on the diseases reported around the world, X. fastidiosa causes diseases in
the America Continents including North and South America. In the US, they occur in
the whole southeastern States along the Gulf coast of Mexico, and California. In the
southern hemisphere, the diseases occur in Brazil, Argentina, and Paraguay. In Asia,
the pear leaf scorch was reported in Taiwan. And very soon report on PD of grapesin
Taiwan will be emerged (Personal communication). In Europe there was a report
describing PD of grapes in Kosovo, former Yugoslavia which sits in southern Europe.
The X. fastidiosa-induced diseases seemed to occur in the region between 15-45
degrees latitude of both north and south of Equator. It is interesting to note that Taiwan
sits at the Tropic of Cancer where the pear leaf scorch disease and PD occur and that
San Paulo, Brazil sits at the Tropic of Capricorn where the severe citrus variegated
chlorosis (CVC) (Chang et al., 1993, Hartung et al., 1994) and coffee leaf scorch occur.
Kosovo sits at about 45 degree North of Equator.

There are 19 diseases that were confirmed to be caused by X. fastidiosa. They are
Pierce's disease of grape, afalfa dwarf, phony peach (PP), plum leaf scald, CVC,
periwinkle wilt, ragweed stunt, and leaf scorch of amond, em, mulberry, oak,
sycamore, pecan, maple, oleander, blueberry, coffee, pear, and Chitalpa. (Chang &
Walker, 1988; Chang et al., 1993; Hartung et al., 1994; Sherald et al., 2001; Schaad et
al., 2004; Schuenzel et al., 2005; Hernandez-Martinez et al., 2007; Randall et al.,
2009). The common symptoms induced by X. fastidiosa include marginal leaf necrosis,
scorching or scalding of leaves, early leaf fall, dieback of branches, and wilting to
death. The specific symptoms are petioles remain attached to the canes after the leaves
fall off and green islands formed along the stem both occurring in PD whereas darker
green leaves and extreme shortening of the terminal growth occur in PP disease.

Symptoms of Pierce's disease of grapes usualy start with marginal leaf necrosis
to chlorosis; normally a yellow band would form between the green and necrotic
tissues for white wine grapes and a purple band for red wine grapes. The following
unique symptoms will follow: petioles remain attached to the canes, green island
formation due to irregular maturing process of barks, dried up raisins, and eventual
dying and dead vines occurs in 2-4 years after initial infection in GA (Fig. 1). In the
Order Hemiptera, four main sharpshooters in the Family Cicadellidae, e g.
glassy-winged sharpshooter, blue-green sharpshooter, red-headed sharpshooter, and
green sharpshooter were the important vectors for PD X. fastidiosa.

CVC causes severe leaf chlorosis between veins when young trees are infected.
Symptomatic leaves exhibit brown gummy lesions on the lower side in corresponding
to the chlorotic yellow areas on the upper leaf surface. Reduced growth vigor and
abnormal flowering and fruit set occur in infected trees. Fruits from affected trees are
often small and hard with high acidity which is not fitting for juice making and no
fresh market value (Chang et al., 1993; Hartung et al., 1994). The major vectors for
citrus variegated chlorosis in Brazil are Acrogonia terminalis, Dilobopterus costalimai,
Oncometopia fascialis, and Oncometopia nigricans.

Symptoms of bacterial leaf scorch of blueberry exhibit marginal leaf necrosis or
burn which is very distinct and is surrounded by a dark line of demarcation between
green and dead tissue (Fig. 2A). Prior to complete plant death, all leaves fall off, and the
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remaining stems display a yellow “skeletal” appearance (Fig. 2B) which was why
“yellow stem” or “yellow twig” was often used to describe the disorder before
“bacterial leaf scorch” was formally designated for the X. fastidiosa-caused disease
(Chang et al., 2009). Insect vectors for the blueberry bacterial leaf scorch disease are
under investigation in Georgia and the glassy-winged sharpshooter |eafhopper,
Homal odisca vitripennis (formerly H. coagulata), is likely an important suspect.

Two xylem-limited bacteria (XLB), Xylella fastidiosa and Ralstonia syzyqgii, are
transmitted by xylem sap-feeding insects (Balfas et al., 1991; Purcell & Hopkins, 1996;
Redak et al., 2004; Almeida et al., 2005). In general, the sucking insects that feed
predominantly on xylem sap are potential vectors of XLB (Purcell & Hopkins, 1996).
Among them, the confirmed vectors that transmit X. fastidiosa possess the
transmission characteristics including the lack of a latent period, no transstadial or
transovarial transmission of the bacterium, the pathogens remain persistently in adults,
and the bacterium can multiply in the foregut (Janse and Obradovic, 2010).

Redak et al. (2004) pointed out that 39 species of Cicadellinae and 5 species of
Cercopoidea have been confirmed as vectors of different strains of X. fastidiosa in
controlled experiments from the United States to Brazil. In the United States, the
glassy-winged sharpshooter |eafhopper, Homalodisca vitripennis (Germar) [synonym
of Homalodisca coagulata (Say) (Takiya et al., 2006)], is the most economically
important species among vectors of X. fastidiosa, because it provides more efficient
transmission than other vectors in primitive or new distribution (e.g. in California).
Furthermore, the machaerotid species Hindola striata is the only known vector of
Rolstonia syzygii (formerly Pseudomonas syzygii) from Indonesia (Balfas et al., 1991).
In fact, the number of vector species for different strains of X. fastidiosa will increase
considerably in the future as a result of agricultural diversification in Latin America
and additional research on X. fastidiosa-induced diseases and vectors in that region
(Redak et al., 2004) or in Asia. Recently, DNA fragments of pear leaf scorch (PLYS)
strains of X. fastidiosa were identified in Kolla paulula (Walker) (Cicadellidae:
Cicadellinae) captured in fields of central Taiwan (Su and Shih, unpublished data) via
polymerase chain reaction (PCR) using X. fastidiosa-specific primers. The mechanism
of PLS transmission and fulfillment of Koch's postulates using K. paulula are currently
under investigation in the authors' laboratories.

In summary, the majority of xylem-feeding insect vectors belong to the members
of Cicadellinae, and the remainder species are from Aphrophoridae, Clastopteridae and
Machaerotidae (Table 1; Balfas et al., 1991; Redak et al., 2004). Moreover, some taxa
(Evacanthinae, Mileewaninae, and Cicadide) are supposed to be the potential vectors
based on the phylogenetic hypothesis (Redak et al., 2004).

Phloem-limited plant pathogenic prokaryotes and their insect vectors
In Mollicutes, the cell wall-less and phloem-limited prokaryotes, there are two
major plant pathogens. spiroplasmas and phytoplasmas. Spiroplasmas are cells with
helical forms during logarithmetic growth. Most spriroplasmas are cultivable in
enriched mediums that contain supplemented sterols and other ingredients (Chang,
1989). They are facultative anaerobic or microaerophilic. They are associated with three

13



BBV [V URS 2 P9 o609 B A

plant diseases: citrus stubborn and horseradish brittle root disease by Spiroplasma citri,
corn stunt disease by S kunkelii, and periwinkle disease by S phoeniceum. Phytoplasmas
have been associated with more than 500 plant diseases worldwide ever since the historical
discovery by Doi et al. (1967) of then mycoplasmalike organisms (MLO) found in the
pholem elements of plants infected with mulberry dwarf, potato witches -broom, aster
yellows, or paulownia witches -broom (McCoy et al., 1989, Weintraub and Beanland,
2006). Phytoplasmas are still noncultivable even though they have been classified into 30
group-subgroups and four undetermined entities based on 16S rDNA RFLP grouping
(http://plantpathol ogy.ba.ars.usda.gov/pclass/pclass_taxonomy.html).

Spiroplasma kunkelii causes characteristic small chlorotic stripes at the leaf bases
of new leaves 25-30 days after initial inoculation. The chlorotic stripes fused together
and extended toward the leaf tips with green spots and stripes exhibited on a chlorotic
background. The infected plants are stunted due to much shorter internodes and a
proliferation of secondary shootsin leaf axils; thus named corn stunt disease. Corn stunt
disease is transmitted by Dalbulus maidis (DelL.ong and Wolcott) and D. elimatus (Ball)
in nature whereas it can be transmitted experimentally by Graminella nigrifrons(Forbes),
G. sonora (Ball), Sirellus bicolor (Van Duzee), Exitianus exitiosus (Uhler),and
Euscelidius variegatus (Kirsch.) (Tsai and Falk, 2009).

Walnut witches -broom disease was reported by Chang et al. (1986) after the MLO
particles were observed in the sieve cells of the symptomatic tissues collected from
Griffin, GA. Abnormal proliferation of numerous small shoots with lighter green color
which resembled the shape of a broom became evident in mid-July. The insect vector
for this disease is still unknown even though DNA fragments were isolated and cloned
from diseased walnut and later DNA probes were developed to monitor the seasonal
occurrence of walnut witches-broom MLO (Chen et al., 1992a; Chen et al., 1992b).
There are other economically important phytoplasma diseases, such as lethal yellowing
of coconuts in Jamaica and lime witches -broom in Oman and many others in Taiwan
which will be presented in depth by Dr. T.-H. Hung in this symposium.

Now let's look at the other phloem-limited bacteria, the causal agent of
Huanglongbing (HLB) and other diseases, Ca. Liberibacter spp. Striking symptoms of
“yellow shoots” were often seen in sweet orange of young and high density orchard
(1000 trees per hectare). Two most characteristic symptoms of HLB are leaves with
blotchy mottle and fruits with small size and colour inversion (Bove, 2006). HLB are
transmitted by psyllid vectors. In Asia, Southeast Asia, and Oceania, Diaphorina citri is
the vector, Ca. L. asiaticus is the HLB agent, and both are heat tolerant (Asian form of
HLB). In Africa and Madagascar island, Trioza erytreae is the vector, Ca. L. africanus
is the HLB agent, and both are heat-sensitive (African form of HLB) (Bove, 2006).
Another HLB agent, Ca. L. americanus, was found in 2004 in Sao Paulo State, Brazil
(Teixeira et al., 2005) and 2005 in Florida, USA (lrey et al., 2006) and its vector is D.
citri. A thorough and in-depth report on HLB and its vectors will be presented by Dr.
C.-H. Tsai in this symposium.

The phloem-limited plant pathogenic prokaryotes, phytoplasmas, spiroplasmas,
and the pathogens (Cadidatus Liberibacter spp.) of Huanglongbing (HLB), are
transmitted to plants by phloem-feeding insects belonging to the Order of Hemiptera.
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According to the taxonomic groups for the above-mentioned 3 pathogens, the
interaction between insect vectors and spiroplasmas or Ca. Liberibacter spp. is
relatively more specific than the vector-phytoplasmas relationship. For example, the
known vectors for HLB pathogen belong to the family Psyllidae only (Hung et al., 2004;
Gottwald, 2010) and the vectors Circulifer tenellus and Dalbulus maidis belonging
entirely to the subfamily Deltocephalinae of Cicadellidae disseminate 2 plant
pathogenic spiroplasmas, S. citri and S. kunkelii respectively (Markham, 1983).

On the contrary, there are 92 known species belonging to 8 families in Hemiptera
that are confirmed vectors of phytoplasmas. They respectively belong to each of the
following family Cicadellidae (71 species), Cixiidae (6 species), Delphacidae (4
species), Derbidae (1 species), Flatidae (1 species), Psyllidae (7 species), Pentatomidae
(1 species), and Tingidae (1 species) (Weintraub and Beanland, 2006). Furthermore,
the above-mentioned 71 species in Cicadellidae that vector phytoplasmas could be
categorized according to the following 10 subfamilies, Cicadellinae (1 species:
Graphocephala confluens (Uhler)), Typhlocybinae (3 species. Alebroides
nigroscutellatus (Distant), Amrasca devastans (Distant), and Empoasca papayae
Oman), Agalliinae (1 species), Aphrodinae (2 species), Coelidiinae (1 species),
lassinae (1 species), ldiocerinae (2 species), Macropsinae (5 species), Scarinae (1
species), and Deltocephalinae (54 species) (see Table 1 by Weintraub and Beanland,
2006). In genera, members of the first two subfamilies, Cicadellinae and
Typhlocybinae, are known xylem feeders and mesophyll feeders, respectively; that
means members of the two taxa can not transmit the phloem-limited pathogens. As to
why they were reportedly able to transmit phytoplasmas which are strictly phloem
inhabitants raises an intriguing but controversial issue that warrants further
investigation.
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Figure 1.

Figure 2.

LIPS 309 B P e 0

Symptoms of Pierce’s disease of grapes: A close-up view of marginal leaf
necrosis (A), petioles remained attached to the canes after leaves fall (B),
green island (C) formed due to irregular maturing process of barks, dried up
raisins (D), and eventual dying and dead vines (E) in 2-4 years after infection
in GA. (Photo by Chung-Jan Chang)

Symptoms of bacterial leaf scorch of blueberry. Marginal leaf necrosis or
burn (A) which is very distinct and is surrounded by a dark line of
demarcation between green and dead tissue. Prior to complete plant death,
all leaves fall off, and the remaining stems display a yellow “skeletal”
appearance (B) which was why “yellow stem” or “yellow twig” was often
used to describe the disorder before “bacterial leaf scorch” was designated
for this disease. (Photo by P. M. Brennen, University of Georgia)
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H l"ﬁ’%ﬁé&ﬂ IR Jﬁiﬁ’;ﬁ% Wﬁﬁfﬁ fhﬁﬂﬁ# ﬁEﬁIH
ERHH R A RRENREHF TR
BHM S Rz heed PR 5Ext

S SRS R S SUES T ) Y &0
PERREELAR G R ERBBY B
 mE@ AL e-mail: auba@tactri.gov.tw
Y BTN e-mail: htshih@tari.gov.tw

#/ %

B H LAz (Pierce’s disease, PD) BEEKRARE » T LTSy
Xylellafastidiosa A75l4e > 6 A S otk THEELEEB MM HERE
/& (Bureau of Animal and Plant Health Inspection and Quarantine, A T i #% 74z &
(BAPHIQ)) # 2002 4t # B A ZE#HA PD> K3 & (detection
survey) » JiE5 ik @ o #EHUIT 2 PCR ARBIBESZ R AR 49 PD fmtk& A 12023
2> 7 #ERE % N (Diplocyclos palmatus (L.) C. Jeffrey) ~ i£ X, b # %] (Ampelopsis
brevipedunculata (Maxim.) Trautv var. hancel (Planch.) Render) ~ 7% (Humulus
scandens (Lour.) Merr.) % & #24% (Mallotus paniculatus (Lam.) Muell. -Arg.) &
PD ey F A4 ; AR REWFARHRY > ZBME KL HRGEXES
(Kolla paulula (Walker)) & &7 PD #9%AR s » BF RO INHE LD RERE
IFE ek T 1%4E PD 9N R & o 2ATE A Z 3 PD AWK ~ A& 8%
KEBBANEAMKE 4 HEFFIHEME AR > 1T 16S rRNA 2 16-23S
rRNA E M 75| A B M5 > i X fagtidiosa FR#EHF EEHHE > F1645
EHR AL BB MR B ~ 24 B Bk s BRILR R IATHF 0 BAF KA
K% (Maximum Likelihood) $L4BHKBE 947 » EREFSHEEME R X
fastidiosa B4k » T4 & FABE B+ 5 —2 A H A8 RAE B R » =8 Ayoioogh S
R FEAAN 2 R AREN > FOE A RANEE B ERA
A ROMHH N REFIRAMBAY PD WA BRBAE 2 B
WA g KA 5 F AL iE 99-100% > £ T aEA LA FlR M o KA G BAR 4R I A
She i BB GG MM ANZ > EHEGMAAEAE PD A6 E T I EY
HEEARAEHNENRE > AR HRELE PD AT RZMHENAE -

MR WA LGN A B

I B sk

4

LIS
EHHNABMBMEIEZETAETEE 4 ARE > BEEFREAFTHREOAE
3200 thANHE > AU EHK - EF T - FL# - HRBAAMEZHE » £ E
z%%i’ﬁ‘{%fé‘]{/ﬁ\}ﬂ » o EJ% ~ %kﬁlj N %?—'ﬁéﬁ?——;‘/@%‘é—%ﬁé : 9\%]’557\1’/};%%/@7}##‘]_ ,
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ERFERBHRREN R R

ook EZERAF A FRMHE GAFRNHEHETOKRAEARSGHRF T
AP OREA RIS BEEEREABRY EEZRERERMZ— -

RG> BHRABIZEEA G 34° 3] 49° XM SHEEKTE R
A 0 A2 B BIE I E AT B R —F SRR F R X (R
2004) - EH M AN EEZBRKXTAHAE S AT HAH AR HE > £H LR
ZFHBH IR AT AL T » — A2 5 ARG BAIEnE B » 1A T —3 A
R HatRFAaANEIN x5k 67 AR 12 ANFRKERRLE Y
2L FRARBEINHF YA UABMEEY AR TTRME T LENB
THRBEERFEINETRR—F R HMAEERARERKRZIN 15 £
7-8 AR 12-2 AR FREERRLR o

R H & &P (Pierce’s disease : fi#% PD) w8 £ 4 mE Xyldlafastidiosa
(Wells et al., 1987) F73l#e > % Réa Bz K A% > itk s L4st > &4
GHBH I MAFIEETRAKZTE A (Hill & Purcell, 1995; Purcell,
1997) kB A BRMX £ R LFXHH 1 £ 5 FREGRT (Smithetal,
1997; Varela et al., 2000) > PD €% & H H I EFAF » LW R m B 48 E R
B RPEE  HRFEF LN BEYE LB F MR R AN
o B RIR R ZAARAS A A 206 0% (Blua et al., 1999) » PD 2 £ Bl £ i
EZHHHMEE K Lm (endemic) » —AAZHEHNHEEI T ZRHE
FoUERBIEINYBEAA AL THELBET PEMNBR LB AR
B HMEZH A E & RFE48 K (Hopkins, 2001) » PD 72 A0 3F % #1 %
BRI B Y EEF S a4 4 > £ Napa-~ Sonoma & Mendocina % 2L 7 ¥
CHEMIAHA TR EFA —RIERZER PD LRfT# A L S8R
A BB 44 (Purcell, 2000) - PD e HEEZHIE¥ PD X mREI|AYE
AR 0 Y E X R E A (Hewitt et al., 1946) - AL B EAERAEEHEH
HERANARAENREARALN > PRREBEANHALEEESLE  REARY
Bl H HE KA o

RNHE A ARELERR

PD BEKKRARE » BAl2¥RALKEST PD RENRRERLE P £ EN
WE o EREMOIELBETE" B Aol - B ZE - B6E  BHRZ B HH
2w~ SR RS s TR MG LESF M (Smith et al., 1997; Varela et al.,
2000);: & £ M 61,46 FA7iE e (Aguilar et al., 2008; Smith et al., 1997) F= & i 3435
(Jimenez, 1985) ; & £ G454 % (Nome et al., 1992) F=%:& (Purcell, 1997) ;
1998 4 ##i4: % Kosova B H B E K PD 25 AEEL PD £EH
4 1) (Berishaetal. 1998): Z7# i HuE » 2000 F /& F Bl K a9k @4 48 % ~ 3L
BARHAFRESA PD &t (¥, 2001) - PD 7% 1892 44 KB /& & B Aw M
B HE » RS L ho N F F % (Califonia vine disease) » 24— A& £ B R
RENHEELRLA  PD S G BARBAREL > K55 T J 21
AR R ARMAER ? EEXBRAFZRIZ PD FLREEMATAWER A
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al‘ﬁﬁé‘g@bﬂﬁlﬁ)? I{ lﬁjifﬁfﬁmjﬁ el

Z\ﬁﬁfaﬂz‘;#*# AlALH PD REXHE » MAZAE 4 (Hopkins, 2001) -

B 2002 5 /%Jrﬁflm,%igﬁﬁ PD 7 #p{4 A3 & (detection survey) »
FAERBRAEEHR G -EFPT BB ERYERF 4 BT IHFAR ALK E
%ﬁ%%~*ﬁ%~%%ﬁ~%@ﬁ~i%£&%£ EFTaELRE - & H
E~RIE-BLE - IHE HAR YRGB OIELHMARATHE  FLR e
MK S SR KA RE MR R RMETHYARLC L ARAELR
E TARAEIRAGREAF TR CHFCELIZLEI GIS B4 8 91 F
HEZRME 99 FHHYLRKUMT LA HH AR Rt % 7388 BRE
Yoo mAEIELY 4142 NE S FEFRBER 10 ERERN AR 311 ERREAL
i¥ 12023 # PD fmtk a4 F 148 FHE 23 EEmRE 167 AEmir 40
SEALFE 36 EEsm B 1116 ARifmik s 548 1 EERE 80 iRk 5 R
B2 EERE 3 AERARBEWALEL 3 BHEREE 21 %Er HALR
g &6 R FA 20 EFERE 368 HrEmkk ~ MR E 40 BifEmE 992 A iEm
# fﬂgummﬁ%@6%oﬁﬁ%ﬁ FHENLEIRENEL 9 ERRE
876 M Mmik BB F4E 27 EEmE 1480 #kBEmie (R 1) -

&L 91-99 F & GRsEH & & B BRI H) KA M A A R R AR B R R B 3
Table 1. Survey results of Pierce’s disease incidence: total numbers of diseased plants
and orchards in various counties conducted from 2002 to 2010

%é? 4 B EWERTHERBENBBFAEZSN > A PD A4
EXHHEE > BRESAREHFRTHME = (—) LA LRHOBMEE
ﬁﬂ%ﬁ%ékﬁﬂ\FEE&%%E%ﬁﬁéE'@J?ﬁ%MﬁiﬁM%%
FAEE - HAREELHEYETIRNE L HEEALERBEEN - RIEY
EE FAMEPFRERAMEARE s dHEFERETRRE SN ERNES%
eI IHBEE > LHFRRERLWEGLEF S AABHENRE R RS E
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ERFERBHRREN R R

G AA PD mREARALENRENGESG > Lil 8 BRMERHHAERSE PD 4
AVBHERRE  ARBEEAR KEREREPTEARFNHEAR » 8K 4
BHARGERBETYHE PD B4 FT@dAEHE R H H AR AL HTY A
ALt EE PD B AW MMIZSEME > Hbs] & PD THEAYTERRE »
7 EEEF AR 8. PD N1Z : LM ERARH EROBM@EL 1800 A E -
fbegHh— BFAEBAERETERELARGEMEAR  AERHHEREL
A RHH PD #4 > BAAERE PD TREANKERARRE » BT 4R A
i () ARMFRHHEBEITRGBEAE M FL > TA PD AR
HATHRARGARS  (Z) RRHOTAEZH HHRBEAY 7 FHoa L
FF| PD fmmrtiG  (2) ZERBMAH B RE A ESITHUL B A A M
R LB R o

PD @HAZRBRARBETHENRBEIHE N AL A TMER 10 EHHA
B 5 EE% PD H#ARERFRARARRBR>NAEELE 18% L5
52% ~ sM A 56% -~ 5 A 85% RAF A 74% (B 1) s L EHE#ET 3 fE
BARNACABRMEATH BEELRRINIEE PD REAARSH B - 128
R AETHRMEIAZRE PD TAHREIEAERIZAA 28R AR G
MR ERABCE FEA LR D FRERFEARSE PD H A4 E o 47
LA R R HE R A BAG] F o fan Bl iE K S B AR A TR R B B T A
A#H PD REAMAMKEAELTE —PBALHCE ) FRAILBRAES E
MAHHE > BETFERAIEH R HBAEE -2 PD 5] A X BB H &4k
Ho FmBRFTFNEABRKELE: BFEEAE 10 BHREHHERERRER ST PD
Tk T BRERCRETRATEY R FATHRRERRIGET o

Y

HNHEAmF I ApERAE

jl#e PD Z X.fadtidiosa M4 F ELHEARE E > AN E § 08488
28 finE 94 MEIMMERLF I ML FTHFSFIHEY TG HEILRE (Freitag,
1951; Hill & Purcell, 1995; Purcell & Saunders, 1999b; Purcell, 1997; Raju et al.,
1983)-3F % F It B K R F 0 plhe kK EH# (Acacialongifolia)~ i@ 3. (Artemesia
vulgaris) ~ #7 #%& 4 (Avena fatua) ~ £ #2 (Chenopodium ambrodioides) ~ ¥ B & #§,
(Fuchsia magellanica) ~ 476\ 4l (Hydrangea paniculota) ~ % k< #] £ 4% (Lolium
multiflorum) ~ Marjorana hortensis ~ Poa annua, #e % 2% (Rosa California) ~ i i%
% (Rosemary officinalis) ~ #) 2 3 #4y (Rubus vitifolius) ~ #p 4t /& 4547 (Salix spp.) ~
#F B A (Veronicaspp.) #=he 27 # (Mtiscalifonica) ¥ » 3F % LAl % 44
AR ST N RBR OEBFTAAL PD X% R HE4 (Freitag, 1951; Purcell &
Saunders, 1999b; Raju et al., 1983) - B ] X. fastidiosa X F F 5. B &L 8RR F £
AR X LBMEARIA R R T2 FE (Simthetal, 1997) » €838 TR H
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AT ELF o flao> L AFHX X fastidiosa 4k FEERFHk (peach) > Fl B4 A
Mz X fastidiosa X HMTF AR EH H - L AR E Acer ~Morus~ Platanus &
Ulmusspp. 45X X fastidiosa ® 4 #&% 14428 2 (Smithetal,, 1997): 4 8
KA M4 2 A% (oleander leaf scorch) % X. fastidiosa MAk# kA EHZ -
Bk~ 2 % (blackberry) 3 # 75 (alfalfa) (Purecll, 1997) ; R A iz E &% £ R &
(almond leaf scorch) X X fastidiosa HA#THEEHNH » AHH > KA X
fastidiosa # # 7~ 7T 1% 4% £ &4= (Purcell, 1980b) - =& L » 5]4& PD = X
fastidiosa W4k B LA A F LHEAEZA TS F LD RMAEBET 2
— 453 A A S E £ (non-crop hosts) T4E& 5l PD X £ £/ LR - A%
RRBERRENGE AR REDEIACH R EFE 2 (Hill & Purcell,
1995) o

BEAHFHAERT A PD X X fastidiosa B#Z F I LEMERAE A 92 F
9 ANRHMAELZHHAR PD FRE (478 RH-097) AR d b 4 KAk
RAEFT RN E PD XA F 2% & 8 B4R PD 4R
HEBRTRREEITLILT THDAE RKEAR > B2 E 45 BifmELE
MR ELME 4 B AT 3B SFTRYE 2E-FEE 16 B IHHE
8 18~ #4tE 5 18- A RHF LM 4 EARMFLE 3 @ L SKERHH I
238 fEady 0 AR S E ZHiE 3,889 B (& 2) » At 72 A 183 B
WA o WEARS 2 HEAT PD mRE AR PCR a4 ¢ 4 AR
Mmoo 43 B ¥ (Humulus scandens (Lour) Merr) (B 2 A)~ E XK LA H
(Ampelopsis brevipedunculata (Maxim.) Trautv var. hancel (Planch.) Render) (&
2B) ~ % # )\ (Diplocyclos palmatus (L.) C. Jeffrey) (B 2C)% & 421% (Mallotus
paniculatus (Lam.) Muell. -Arg.) (B 2D) ;: % /K Z 3t 81 EiketA 5 BEER
oo PREEFTTHEE - RIUE - HARAGRBLHMELFE 211 & 1
B s BRLFH R 120 ERSGH 7 BAERE 2 EETTELE
IR - IR LR RMEHAEITE] 141 B 1 Bk X R
61 EikEA 9 BAERE 2 EERBLHM - 6T TEELRAIHE S
45 11 R 7 @RS AT E BRI A R 51 ERGEAS T TR
135 B ERJEAAR A BT 22 Bk S & PCR 8| & E R JE B AR
KB mRE (& 3): 2#A 4 HFITHEX PD RRHBALERER
FR HMAR o CHERTEMKRANEELTERBYELERRE  E—F MR
% X fastidiosa 4 LA F a9 H & ERBARREKRTAFL > BRI ERE
Fomtidk o M dLAR T B X fastidiosa 4 ¥ 3 EW0-F A b ha B M > sb—R %
MEETBEAH Y PD mE e TREdALEAEARGERF -
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A 2.92-99 FFH F KM m AR R R B AU A E A A RAR S K
Table 2. Survey results of other possible host plants for Xylella fastidiosa Pierce’s
disease (PD) strains: total numbers of various plant species collected from the

proximity of PD-confirmed grape orchards and sample sizes conducted from
2003 to 2010

ND : /2% fmEREITHAZE o

& 3.92-99 %) # A A Mm% R BAR G wAE A A AR A R1E Y
Table 3. Detection of Xylella fastidiosa Pierce’s disease (PD) strains in four alternative

hosts collected from the proximity of PD-confirmed grape orchards conducted
from 2003 to 2010

ND: &= BAR L ARES|ZHE *:PCR BARE A LR B SBI o

£ B &8 HHA R & H TR
B @ 1892 1 % Bl oo M AR H & A A m AR > PD 895 B ik
HEPHEMN BN PREESHE > 12 120 FULFA SR PD L8185 %
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BAMYH R > HTHEERTR » EEASLAER VI K EBMABRET B
PD 94N A d - 6 ARFIMOCAEGE RLAES 3 KL F4ARH
PD #95F/5%» £+ &% k¥EE (Kollapaulula) & 7 RATE K %8175 > o
BB 1e4% PD 9K LM K E2EAES (Shih & Su, unpublished data) - 24 £ B 2
EEZIHRAIN » ART B T A LA ANRAR 4T

— 2B AR

£ 2B OWET TI24% PD 993/ R4 > o4& F3 B (Hemiptera) ~ 3 4}
(Cicadellidae) ~ X 38 &= £} (Cicadellinae) #Zk32 484} (Cercopoidea) ~ & #4 k%8
#+ (Aphrophoridae) #) 4 42 » & B {F jm L F 8 @, #1515 W K A ¥ 8
(Glassy-winged sharpshooter, Homalodisca vitripennis (Germar)) (# 4% GWSS) (&
3) ~ Ei4k x #A ¥ % (Bluegreen sharpshooter, Graphocephala atropunctata (Signoret))
(Bl 4) ~ 4% k£ 283 (Green sharpshooter, Draeculacephala minerva (Ball)) (& 5) ~
45 X A3 (Red-headed sharpshooter, Xyphon fulgida (Nottingham)) si3% 38 &
38 (Meadow spittlebug, Philaenus spumarius (Linnaeus)) (B 6) o k%8 5 N 1%
REEEDTIAE PD 94 A % & %5 A Amphigonalia severini Delong,
Helochara delta Oman, Paragonia confusa Oman ¥ Friscanus friscanus (Ball) %
4 #& K338 & AR & s Aphrophora angulata Ball 32 A. permutata Uhler % 2 #& &
Mk BB R &8 1 A4 K28 A (Clastopteridae) #9 Clastoptera brunnea Ball
(Redak et al., 2004) -

Bk KA (GWSS) B1%4% PD A2 898/ Rk » B AsER 1%
#HAMF £ X fastidiosa 7= R A » 185 Lm0 OIS - LG AR -
Jnym (phony peach disease) ~ ¥ 4 kg% (plum leaf scald) ~ A4S B 57 1k
(citrus variegated chlorosis, CVC) #=#i#t (elm) ~ 484t (maple) S 4#477% %F (Blua
et al., 1999; Hopkins, 1989) - £ &4t A W Z RATEHZMIAEMZ » GWSS AFH %4
MAFALERHEAIRE PD- 845 : (1) AR EMAHAN LML PD RN AR
T BABEGRATRS > BRANHERERAIL > T REHGRIT  AHER
ANEEBERAIR (RITRAKES » ERERRERDEIREANRZ) (2
GWSS & % Abhag g, € teskiy & 24849428 100 422 & (Hoddle et al., 2003;
Redak et al., 2004) » (2 £ ERE L2 & F ROGMEEI> B F B PO I AR
(%= glutamine ¢ asparagine) $ZzxKAt-&4y » Eoax 8% $225 & 4| Fl M4 & 5 6942 48
srkts] > A RE 2 E 80 £ % (Redak et al.,, 2004) : % k& F K Aa4p A7 &A%
PD> £ M. F 4Rl 4 8 T AN 895 Y@L Bl IF 081758 F 691%45: (3) GWSS
AL BRG] EE A G R RAERF T84 (Purcell & Saunders, 1999b;
Varela et al., 2000) » 32 H A A€ 48 398 thdr » GWSS &8 72 #] H AR B4 B AL
ERR > F%% PD REIRREFUMMIFAGEIRASL B THE T
7 ATmEThmRR > By N R E NIRERRERIE L A A AN A
TR 1R B ik ik () GWSS XK BFI € KRR E P ZH H ZA%
F MR 4 (Purcell, 2000) o
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= 6EFRRN

B ARENE PD A A ELALRINTEERERLHR
B KER A RBEARE BRETEEHARELRE PD 98N
o AHHFHETHEE PD WREETEBRRB N RAIAL R343R 3 4
AL 24 #2332 (Shih et al., 2004; Shih & Su, unpublished data) & & X% % &
BXEHEA (EE—RARKE  HRA UMY T ERIE R 2TH 57 &5 8 45
AL FHEFHEANEE SR ALE 200 HHAZARE) 835 « LM RER
(Aphrophoridae) 3 #& (—2Zk4z28:£% (Clovia puncta (Walker)) » % % 42 S8 4k 58
(Poophilus costalis (Walker)) (B 7D) ~ #2 4 £,0h %8 5% 38 (Ariptyelus auropilosus
(Matsumura)) ; K 3£ #8 &= #} (Cicadellinae) 4 #& (& X48Mx ¥ (Cofana spectra
(Distant)), &% K #¥#% (Kollapaulula (Walker) (B 7A) ~ Z & X 3# (Bothrogonia
ferruginea (Fabricius) (B 7B) ~ 4¢ ks X 3£3& (Anatkina horishana (Matsunura)) (&
7C) ; A T8 ¥ 38 & #F (Deltocephalinae) 13 #% (Tartessus sp., Balclutha laevis
(Melichar), Balclutha saltuella (Kirschbaum), Balclutha incisa (Matsumura),
Hishimonus sp., Nephotettix cintriceps (Uhler), Nephotettix nigropictus (Stal),
Goniagnathus punctifer (Walker), Macrosteles fascifrons Stal, Macrosteles sp.,
Deltocephalus distinctus Motschulsky, Deltocephalus sp., #2 Yamatotettix sp.) ; £
At (lassinae) 1 #& (Batracomorphussp.): 4 43 #% 2 £ (Selenocephalinae) 1 #&
(Drabescus sp.) ; #% % % #8 & £} (Evacanthinae) 2 # (Sophonia orientalis
(Matsumura) #2 Nirvana placida (Stal); -]~ ¥ #8 &2 1 (Typhlocybinae) 3 #& (&% 1&
w3 ¥ (Empoascanara formosella Dworakowska) ~ # &g K, = 2 T8 32 /s ¥ 3§
(Empoascanara sonani (Matsumura)) % #t Azt ¥ 2% (Kapsasp.)) °

VAEAERE > T B BPOMRAT R S AR A > 1ABE] PD 895 FFI1E > 464
SRR LRKRERAUMARERF 3 M AP G KER O F@ITE KX
Al R BB R LA EGE AL R AT AR4E PD 9 RFEH o TRk > *F
B AK A R TAETRE XA E KA 691% %503 > 1247 &% 8 2790
WA AAEARIER N2 B PD 895 F 77 o

Shih et al. (2009) 4t#t &% K ¥ (Kolla paulula) #4748 % Z A% ~ Bl
MR TG PV RITREFARIAR » A TERIN T + (1) LFRE
HAT R BRI R BALS BRI L RFEL  SFPTEERAHARFH > UK
FARMER RN AEE IR AT AR R > BRAAEERE LR RREGH
ABRMHA 3 KRB 2 AwmE 4 A7 AME 8 AK-~10 A+va)E 12
AT & HrF%ewiEs 2 BA LY 2 AE 4 A FHBHEHERRK
By 145 (2 AAEREATR A#GHE (1-5m) ¥F e HERFERE > o
MagKERBYRITHELE  BREAFTAEERERITHE ABEH 1-2m & I -
35mARHE S (3) RAMKFAMERIF TRB BAAEEETAENE
ER N KGR R EFNBEE LS ERBE LT RBRET » P
UNCEFHEXGRAHERLREF T - RAMWARERLE T LEAK
B HORFER RN B AL ARG L AFT I L OB REALRIEBIEE o
FHEHF > MABFRT AH PD B RAZ s o
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= EBREBTASEGRTRA

2B R#%A PD A LRmE > BAl R A2 R PD REAHEAN 44
EHARRIG S TR RO EHE > TURBEGENE LA RER - T8> ZEH
7 PD AN REGHEERFAR > EA 2 AREDINAKXERILEMARBERRA
EBOH R UREPRTEREEDE R LT A BRELEIREETNEILYE
B0 HARMESR BRI BARERGF A LT GEM o

&R PD Ak $ARF 10 4 > 412 Shih et al. (unpublished data) €., s
hA R BVl B &k A& KL RS ¥ (Bidnes pilosa var. radiate) & & 474 %
(Commelina diffusa Burm f.) 244y » 4% & 3% K RG34 Bt R & fb £ Rl a4
MARERT » TRERAT > BHERREREHAG SRR TR EMH
ARG TR EBIZUALR

W & H R RME

MR A LIERBRYAAL RS > 12 PD BRACREAESGERNHLAEZZIRSEA
Fo @A BURBFHSEBRAETA MRS PD R4k - 145 PD s2it
NEEVEAUARKETER » I3 RREEGEQRITAAS  FUAAXZEEH -

122 EEGRHRZ TN TEHZHEHE RERFEBLEENLEEH
o MERARNAZATRGEM - &5 KEHABHAAHRGRITRZ
WRSBIARAYERR - RREENREGFHF I 5 REEN RS
ZHGERR  BASRY TR 5TV R A REREREE K
T8 ARABARZE > OREEAAREAREIBE YT RER » AT BT
RERAAEEARAESHEER A £ 68 R A% PD RE/N R &G
FARK » RAET B R BB L ARHREREE @i RN REGF RN > 2 T1F
BARB LA R TR L% dodb F LB A A 250449 PD BRHEA-R
& 09 2 5 TR T o

B A # 2K AR e AEERAG WA

BN e PD HHBERHAEBGEER ZREVAGMIELERE K
BmBIEER I EMABLE 1% RARMNEZRIRZNET 10 948 T ECP MR
Z EARMAEBRI A Iml 2 PD2 %44 0 345 PD2 PR b B 28C X
ERAERAR—ENEANRE RS ETEHRELE > BRRASASTEIEZ
LR RAe 2k 12 RIAXERNH 1 mm> KALEEXETHEBARAGF
AXKN (R x &) & 02 £ 04pum x1-3 um: BaEmAKER T ~ KK &
WREFHK > SITRENR ETHERARBTHET REAKRT I EE S A RE
B AR BRI RRER mpp i (B 8): A fmiiss i Bl X fastidiosa
2 M 3] F4 RST31/RST33 (Minsavage et al., 1994) ~ 272-1-int/272-2int (Pooler et
al., 1995) k47 PCR RJE » B RBE T2 8 BEEHAY THEE 733 500
bp LEFHAHEDA B> AHBA R R @A R EL A AR R LA K -
Fl e Xk Agdia 7 P74 & 99 Pathoscreen® XF X ELISA Kit #4782 » #57
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TEEARNEH B AR @A AR BN B AR R #%%’ﬁuf?r/\#ﬂ MM SR
4&%%[%?@*-?&*” EX S NP E'Jeﬁi% ; /\la‘%ﬁi:ﬁ,%w SEEATFREI @B AR
HAHEARRME BIXE% R AA A4 B #3E 5 A AR o

X. fadtidiosa 7 & %i%@%’&mﬁﬁﬁikﬁﬂmﬁfiﬁ%
(Hopkins & Purcell, 2002) » #| A X Z #42 X5 (Hopkins & Adlerz, 1988; Hopkins,
1989) ~ 3= & 4% (Purcell & Hopkins, 1996) ~ DNA ] /& (Mehta & Rosato,
2001) ~ FR#] K & % A 54 (RFLPs) (Chen et al., 1992; Hendson et al., 2001) » &
M Mg he % A M A B PCR 447 (RAPD-PCR) (Chen et al., 2002; Hendson et al.,
2001; Pooler & Hartung, 1995; Qin et al., 2001; Rosato et al., 1998) » FH4F X.
fastidiosa 4% 4 # > 555 PD B - MAEMRELRHH  2ELEMER
Rk N W AR R AT BLE B (Hopkins & Purcell 2002; Purcell & Hopkins 1996) » B
A Xyldla i3 —B kg h 1 B4 X fastidiosa » & A &2 232 h i X
fastidiosa =4 5 {8 &4 (subspecies) 45| % fastidiosa, multiplex, pauca, sandyi,
#1 tashke (Hernandez-Martinez et al., 2007; Randall et al., 2009; Schaad et al.,
2004) » Xyl. fastidiosa subsp. fastidiosa A # 2 5 LR & H H ~ 4= ~ H 75 B,
#1 > Xyl. fastidiosa subsp. Multiplex 28 @ 2 F £ &k~ Z (plum) ~ &4= ~ #r Bt -
# 5L R (sycamore) % # # (pigeon grape) -, Xyl. fastidiosa subsp. Pauca 44 # A
F E A MAE > Xyl. fastidiosa subsp. sandyi & H H A F L A kMM~ R FE
(daylily) ~ # f¢4& (jacaranda) % /KB ft (magnolia) (Hernandez Martinez et al.,
2007) » Xyl. fastidiosa subsp. tashke &4 ®W A % £ & — B & % #4E4s (Chitalpa
tashkentensis) (Randall et al., 2009) -

w7t 16S rRNA A A tidtt (RAZR A S AABBAZBEZR) ~ Fihig %
1% BERTH  REBERAHMAEHL > 165 IRNA R KM AALEKE X
SR A A % B AT R (Hauben et al., 1997; Hillis & Dixon, 1991; Mehta &
Rosato, 2001; Stackebrandt & Goebel, 1994; Vandamm et al., 1996) % #h > F % A
ey 16STRNA SR A RTHE » AR F I 0T RELHE LA RBE - HHF
K2 EBRULRF DG REE R K 165-23S rRNA & H 5 7] (intergenic
transcribed space, ITS) #1k & o #4# % (Chen et al., 2004; Mehta & Rosato,
2001; Perez-Luz et al., 2004) -

%Tﬁ?’ét%i@@ PD ﬁ% ﬁﬁﬁ*\1ﬁ4kq‘i7}§_#@&ga'ﬁﬁﬁﬁm z X
fastidiosa B4k ¥l 34 Wl 1% > 47 16SrRNA 57|42 16-23S rRNA & K 5 2] th 4t
aH7 B35 R R F X fastidiosa 7 Bl ta4y % £ @ 4k b (Mehta & Rosato, 2001;
wamzmn 9 HFLOEBENYGEARRESGHH ~ 24~ F - b &

28 S i/r/r#)t S ook RoAAG 5 0 R E AR B Xanthomonas axonopodis pv. citri & 4k
(%g 4) ; A ER FH B 4 B Sambrook FAFTE L8k BIRAEKEE
DNA 2] W“ﬁy 10 ng/ul VABEZL K% ¢ 16S IRNA 5 5| 544k A 3] T4 165-F
(5-AGAG TTTGATCCTGGCTCAG-3’) /16S-R (5’-AAGGAGGTGATCCAGCC-3") » PCR K J&
W& R 3g v is 4 4 B Chen K F AT FHEMH# 4T PCR R JEXR S (Chen et
al., 2000) > @7 16-23SrRNA 44 PCR R JEMf&4t % B 16S rRNA R EAEH 5 3]
F# & unil330: (5’-GTTCCCGGGCCTTGTACACAC -3’) /unil322: (5’-GGTTC
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TTTTCGCCTTT CCCTC-3" ) » X tafi#+ 2] 4+ B Mehta & Rosato Af 3% 3H1%& 4+
(Mehta & Rosato, 2001) - PCR k& F74F 16S rRNA & 16-23S rRNA [ M /53] A
B d et > vistgE A4 pOSI-T PCR Cloning kit 4247 DNA K B 278 o

& 4. Bl H) &L AN R BRI 244 X fadidiosa B4R
Table 4. Source of Xylella fastidiosa: Taiwanese Pierce’s disease strains and strains of
other hosts

ND: not determined; US: unsubmitted to GenBank.
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WA A > BT PCR RIRA|E Kin B sE2 8 h B > MAKREEY
R A WAL BN Sl A B I AR BATE T o # 7 PTAF A B 7514 R Bioedit #id
Y BRI IR 48,88 T 5 4 0 4258 1 B a5 2 NCBI 4835 (http://www.ncbi.nlm.nib.gov/)
# AT BLAST wdf > #RA®FF RS E X fastidiosa ®Akk B /57648 M 5 7] o
Flefd NCBI #36 F 8L 1ed 2484 S 46445 - 5 Boowk 49 X fastidiosa #Ak %k
B2 - AR RZEBRMN A TR (EBl) Pr#24te9 clustal W2 # &
(http://www.ebi.ac.uk/Tools/msa/clustalw2/) 4T % 7| b ¥ o 13 58] — 50K 7 2 4% >
BA TR EZIGLE > &R 55 phylip 4R > FrL Phylip 3.69 #r#52 + eg 42
KAFT ALK % (Maximum Likelihood) & A3t A :f1% 36 415 ) GBI B L
Xanthomonas axonopodis pv. Citri # 3% & & M 8F o F] B 4,3 47 E 4 Bk 1000 2Kk 4%
43t bootstrap 1 » AR ALEIRE &0 LY THEE -

BB 16SIRNA #9572 k B4 8 1528-1539bp » & ¢94 1L B 1lbp o &
—FHBFINLHER > EMTABRRALABE NG PD H& X FIALEEG
i KM H A AP A 99-100% AadilE » it fed 249 X fadtidiosa & A
8 7| g H A 98-99% e E o 7 $24F B ShEE Xanthomonas axonopodis pv.
citriu Hh#x A 95% AalE (& 5) o & 16S rRNA 7] 384 ik Bl 44 0 e 95 2
aw o — P d A BHEE TR X fadtidiosa TRME FEZEDEKTE Y
ZEHAF > HFAANAREEAR  F A A BAME R FEHEAKRCS
PP T PR EICR AR PO B I MNAF RS A AL A - AL BBEA PD
WA AFTIREME AT BS X fastidiosa ®AFF a9 H LM EA (B 9)

k5 BAHFAANmE RIS 2484 X fadtidiosa HAkZ 16SRNA 5 7]
AR
Table 5. Nucleotides similarities of 16S rRNA sequences of Xylella fastidiosa between
Taiwanese Pierce’s disease strains and strains of other hosts
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#74 16-23S rRNA E M F 7| X Z L B2 R G B4R E » £45 16-23S
RNA B M 52§ R3S ROR % ¥ E2Z 857> 16SIRNA F 2| Bpfd 16-23S
rRNA & 5289 B B4 R4 511-540bp» &5 5| &JE L4 A 29bp 49 £ 5)] o
R PD R EFEFIRAE G RERE A F 7 LA 99-100% A8 4%
f A F 149 X fastidiosa #9572 M tbik A 97-100% Aa4lE » mSL B A f

18 2L 3E 4% 2 4% 55 H AR89 5] VA Bk B 2bB% Xanthomonas axonopodis pv. Citri 44 5
7| ik R A 84-87% & T7-78% Aafl/E (& 6)° &8Ik E 2 16S rRNA A —3
iéﬁﬂfﬁw » X. fastidiosa K@&J@Efﬁé% A KR TR T 9 Fviifliffr Er PD #

B AEFIRAEEGEAREBY AR BN X fastidiosa BT GH F AN
(l 10) - & 16S rRNA s 16- 233 rRNA M52 MR B 94 BlR & H#, PD
BY  EFIMYR AR EBOEALAR S L %A 99-100% 48405
ARBRHE BREALRLBHEARERTBETRETLARE » ZEFEA
HEPD BARREARALAALEENGE M ATUR O REEIFIHDE L
¥ PD ja TR T RN o

%6, B H H AR AR T X fasidiosa B4k 16 -23S rRNA
F 7| A8 0B P g
Table 6. Nucleotides similarities of 16S-23S rRNA intergenic space sequence of
Xylella fastidiosa between Taiwanese Pierce’s disease strains and strains of
other hosts
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ETHCEES S EENESEFY PELES T EE Y SN E
MK TRRINMPE>BEELS ZA AU LR ELE R ZR AL
FoMMIEAMSEHEERATIAL (B 1) BAAHNIEKEEZ
wE L FEFEMMAREEE PD BB > AR K3 PD B4
ZRHUEABRBEOCHHBRHHNIRE ) —F N BN ARER &R —F =
M BB AR B E B B E 0 BAMORE B E R A kAR AR R T 8 2 2
VEIMYRALAANL PD AREBRERAG AL » (BB IEE 2 Y
HETHE PD BAYE : MM RABE O FHITE 74K PD
FRRT B RAREANHABABIEIT PD HASTERY  HTE L
HEBAAE PD AARBAE PD RS RLEEANENLEILAEY
LRE » %8 % A RAEE I Lo X ARG EAEH 0 A PD &
G EEH R B AT 12 4 BAEYFIARA  EELEY -
BERGAABGBITEERET  LRLH PD REXRREF LA
ok E 284 94 MY M AP S T A &R 44 (symptomless
hosts )» —#%3% 5% A 2 3E{E 4 % £ 4549 (non-crop hosts) T 485 54 PD X
TRRBER > ABREBERRENAE > BABEBNWNHAE PD RREA
TREDEED T IMEDAREGELE > REBRF IR EEARAEZTLERFAA
4 AT RBA A RER PD fBom B BR A  SAS R R B B Y F
IMFAERE MR SERTIIREET ) LAEAMTHETE PD &
THOARRBECAG: REOHBERAT - M EREE PD e 485
BB RAS AT AN B A - FH AT RN REEHA F
ZRE o EETRAEF LN BMARR AL LY A LM EL LS5
#o B PD TRIAGHEFSZF PABEEAARATBT AR R 2 HRIN
THHRRGAGBRCHET IR PD ARRELLHEL  BNHAR
HEBX RIS RARARIARZEAARATHAALFR ? ARRB R
BENKY PD HARBREZAE o
(—) PD 2% B4 % 17 5 7 B 42 o B 31 & 78 B BUR 9047 48 B 15
B ARHE PD HEANHEALEH S £RANHHELAGH
J& o
(=) £ PD ZEHHHAE > LFHRIEH A B o0 f R ARAREM
e ABE R BRAAR - BHAYEYRENLEBRALR -
ERAREAFEGCLrORET R BREAZTAFE PD XA RZXKEH
THALHRIREN PEBAREIATH AL EH LB E
> W LA BTIEREAN PD X Bk A EMGAR AR RS R
LFEMY o FREAMBERBENTH AR PD I BER o
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Abstract

There is no record of Pierce’s disease (PD) of grapes incidence in Taiwan, even
though PD of grapes caused by Xylella fastidiosa, a xylem-limited bacterium, has been
listed as one of the international quarantine plant diseases. In 2002, the Bureau of
Animal and Plant Health Inspection and Quarantine launched a survey project to find
out if PD occurs in Taiwan. By using isolations and PCR protocols, a total of 12023
grapevines were confirmed to be infected by X. fastidiosa and hence eradicated. Other
than grapes, the following four plants were confirmed to be the alternative hosts of PD
strains: Diplocyclos palmatus (L.) C. Jeffrey, Ampelopsis brevipedunculata (Maxim.)
Trautv var. hancei (Planch.) Render, Humulus scandens (Lour.) Merr., and Mallotus
paniculatus (Lam.) Muell. -Arg. In the search of insect vectors for PD strains
dissemination in Taiwan, Kolla paulula (Walker) was confirmed to be the vector by the
fulfillment of Koch’s postulates. Over the years, survey results indicated that there are
no foreign reportedly known vectors in Taiwan. PD strains including originally isolated
from tissues of grapes showing PD symptoms collected from around the country, from
vector Kolla paulula, and from tissues of 4 alternative hosts were compared with pear
leaf scorch strains and strains of foreign origins from grapes, mulberry, plum, pecan,
sycamore, and oleander by sequence analyses of 16S rRNA and 16S-23S rRNA
internal transcribed spacer region (ITS). The phylogenetic trees constructed by
Maximum Likelihood revealed that X. fastidiosa strains from different hosts could be
divided into the following five subgroups: (1) grape and mulberry strains, (2) citrus
and coffee strains, (3) pecan, peach, plum and sycamore strains, (4) oleander strains
and (5) pear strains. The similarity index of all Taiwanese’s PD strains including the
above-mentioned three various sources were both 99-100% based on 16S rRNA and
16S-23S rRNA ITS region. The homology of Taiwanese’s PD strains placed them in
line with the subgroup of grape and mulberry. The urgent prevention of importing
foreign proven vectors via nursery stocks will be critical in disease control. The
continuing efforts on the identification of alternative hosts and their relationships with
local vectors warrant further attentions for the understanding of the epidemiology of
PD diseases in Taiwan.

Keywords: Pierce’s disease of grapes, Xylella fastidiosa, alternative hosts, vector
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1 B 91-09 MG L BN HEBHHAMMA YA DE -
Fig. 1. Percentage of grape orchards with confirmed Pierce’ s disease incidence in
major grape production counties conducted from 2002 to 2010.

2. GEOCBBETANH AR RO @AY : (A) 2% (Humulus scandens

(Lour.) Merr.); (B) £ X b # # (Ampelopsis brevipedunculata (Maxim.)
Trautv var. hancei (Planch.) Render); (C) # # K (Diplocyclos palmatus (L.) C.
Jeffrey); (D) @ %24% (Mallotus paniculatus (Lam.) Muell. -Arg.) o

Fig.2. Four alternative hosts of Xylella fastidiosa Pierce’s disease strains: (A) Humulus
scandens (Lour.) Merr.; (B) Ampelopsis brevipedunculata (Maxim.) Trautv var.

hancei (Planch.) Render; (C) Diplocyclos palmatus (L.) C. Jeffrey; (D) Mallotus
paniculatus (Lam.) Muell. -Arg.
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3. B L ¥ (Homalodisca vitripennis) : .k o (B : & & F)
Fig. 3. Homalodisca vitripennis, adult. (Photo by H. T. Shih)

4. s XA (Graphocephala atropunctata) sk : (A) # @ ; (B) #l @
We(E: 72EF)

Fig. 4. Graphocephala atropunctata, adult: dorsal view (A), lateral view (B). (Photos by
H. T. Shih)

5. % x sa ¥ % (Draeculacephala minerva) m.&: (A) H @ik (B) @ # - (& :
5EZ)

Fig. 5. Draeculacephala Minerva, adult: dorsal view (A), lateral view (B). (Photos by H.
T. Shih)
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B 6. %3 &K&#¥ (Philaenus spumarius (Linnaeus)) m&H @# - (B : & & F)
Fig. 6. Adult of Philaenus spumarius: dorsal view. (Photo by H. T. Shih)

7. 6 HHE PD aakENENRE A) RERREIOENRE
(C-D) : A. &1:% K ¥ (Kolla paulula) : B. £ E K 33 (Bothrogonia
ferruginea) ; C. #4¢ Ak s XK 338 (Anatkina horishana) ; D. *% 3 42 38 - K 38
(Poophilus costalis) - (B A : #%i5% ;s B B-D: & F) -

Fig. 7. Confirmed vector (A) and potential vectors (B-D) of Pierce’s disease of grape in

Taiwan: A, Kolla paulula; B, Bothrogonia ferruginea; C, Anatkina horishana; D,
Poophilus costalis. (Photos: A, by W. F. Hung; B-D by H. T. Shih)
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Ak

B 8 #WAHAAMEEN PD2 FHIZAIRELE (A) BraAKRTHERR o
AEAREEN (B) @ AA A e@&&%kérﬂﬂ@i% (C) »

Fig. 8. Colony of Pierce’s disease strains subcultured in PD2 plate (A), cells of Xylella
fastidiosa in xylem vessel of diseased grape tissue observed with a TEM (B),
cells of Xylella fastidiosa with rippled cell walls (C).
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9. BENH A LMY= E LM F T4a4y X fastidiosa HHkZ 16S rRNA 77 »
& RMLARE (Maximum Likelihood) 247 8458 (b8t Ak Legses Rk
bootstrap 4& » {£4Z & 27> 70 %) bootstrap 14 - B F R4Z%& 7~ DNA 57| & i
a4 tts) o

Fig. 9. A phylogenetic tree constructed with the Maximum Likelihood method based on
the 16S rRNA sequence of Xylella fastidiosa Taiwanese Pierce’s disease strains
and strains of other hosts. The numbers indicate the level of bootstrap support

(percentage) based on 1000 re-sampled data sets (only when values are greater
than 70%).The scale bar represents sequence divergence.
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10. BBAH &L Aim @i 244 X fastidiosa Bk 16-23S rRNA
B3 s &l &k kAL KE (Maximum Likelihood) 447 34 & fL At o Adf b
#9351 & bootstrap 14 5 2427 Z 7> 70 4 bootstrap & - B + RAZ .
7 DNA & 7] & #:89 rts] o

Fig. 10. A phylogenetic tree constructed with Maximum Likelihood method based on
the 16S-23S rRNA intergenic space sequence of Xylella fastidiosa Taiwanese
Pierce’s disease strains and strains of other hosts. The numbers indicate the
level of bootstrap support (percentage) based on 1000 re-sampled data sets
(only when values are greater than 70%).The scale bar represents sequence
divergence.
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ERFERBHRREN R R

11. AR AYmRGmE - (A) HARTEeMaRETRERRLVELE
Hmsk o (B) MR AHMELEML AL - C) AMMEARTEE
2 ¥4n Y G Mg L o (D) BmH HIEHRZABHZHHARALR

Fig. 11. Symptoms of Pierce’s disease of grape: typical symptom of leaf scorch starting
from the basal leaves of cane during the fruit color change stage (A), systemic
symptoms of leaf scorch progressing along the whole cane (B), early leaf drop

with petioles remain attached to the cane (C), and decline in vigour and
dieback of diseased grape (D).
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Xylella fastidiosa s /=5 g2 4 67 65 45 1
Bl AT kit BER LA A BaE

'EI v RRERAES A

PREG R ERBATER S

‘BT RREMEYIRITE R

W ES S S L LN TSNk
*38 2 AF & e-mail: sjtuan@dragon.nchu.edu.tw

5 R

EHMATHRBEADRETP RSB AR Zd Xylella fastidiosa 3] A2 6540 8
MmE» W EFHRKIEHEZRRABLE CTHRAMY AL T E P H5 >
3 3 A TR R E A &R BK - BARNRE - 2R T RWEERBE T
#H A K= (Pierce's disease) & Ad4% st B s {tm (citrus variegated chlorosis)
PP o b B 3 %, o #8354 K 3898 (Homalodisca vitripennis) A4z % Bl 4w 1% » BP
MEXRRBGIEHNRE DL AA REHEEHGR AR AHELR
e KR KAHGIRK o HEBBEBRNHELERRE ROBRE - EF A RBE TR
PaHALABARERILE SR EL B4R (pear leaf scorch) #9% 4] » & & & M
BRI TR AR > R GG REREREEREN L - dNFLRFHTHE
Wom BB ARRR TN AUIFHERSAIA » LFARESEYERFHUL
TR demBRANSHEHH - REEDARTHMFEIIDELE - N EMEH
B A 2 1Rm A E B AR S BORME F o SRR EAHHR B LA KR 99
BEEF R RABRBAL L AN R ESL O R ESIAMER A REN
R M — R o

Baet : AHAIAE Ak - HEF  BERRTEE  HHLARA
G S

Xylella fastidiosa Wells & - K HHRELAH > AR FHKER@H >
Bk AL KB T2 % AL (pili of various types) » A5 IRA KK R4 %
RESRE > FEREEEARERIMERLE o krihx > Jl ARk
REMAH BHAKR L MALEA FTL - B4 - DB KB mK - BEIE
YOI SIEERBIERB oW H >S4z A ook~ BT R EARE R FABHE
AR FATHE - Hig s AR A AAEH - Pl de kBB R & B 3 LA KA
(Pierce's disease, PD) » £ 2Bl € 098 /B 2 £E g 2L R% Hill &
Purcell, 1995; Hopkins & Purcell, 2002; Redak et al., 2004) ; @ % —1fE & X.
fastidiosa & it £ A &% & M09 R Bm F 8] &4 s 51k (citrus variegated

el
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chlorosis, CVC)» & 1990 X fe = @E Wik &k 2L bmit 4 &2 B MK 5 5
AEMRBEENREIVBLR -CAFSRAZAS TEL  £XZBRARETF
A% 4 (Costaetal., 2006) - &7 X. fastidiosa 3]#e#9smF £ F 44 /2 3k £ Mg 205
KA RELEWNRRFIE » IRIVIRF R LR A 6569 L % E A = (pear leaf
scorch, PLS) (Leu & Su, 1993) & i #745 % 49 % % & /@ %7 (Berisha et al., 1998) o

HHARKm A 1880 FKeBp Bl 2tk Huig At e M35 £ ) 3 B B 69 82548
%o RAE 1990 ARl AR AN EBIFIIFRZABE M L FEER (Homalodisca
vitripennis) (glassy-winged sharpshooter, GWSS) 1% # Ao » & 3% i i & 89 7% 5% R
1T (Blua et al., 1999; Purcell & Saunders, 1999; Varela et al., 2001) - [& 1% X % & 2
AN s ERERREBHIRAEFE » I KT ML AL R KR
Mip Yt > EHEEHYE LW E KA L o 2005-2006 F & M BT TR A4 &
o arPRRET2ONRELRA > BFEHR EBFIHRTEHER
RIAERIZ S > L RT-PCR 94 1EA 3 ERIERA > L FHB LML AES
G AR H LR KR o mAENBE X H A BARR AR A X fastidiosa & F X
R ERATERZIFGEIEHR T (Hail et al., 2010) o Bom H H A4 T 4648 TR R
HRAEIEA 4 ZH 2R QFEEL L~ FBe > Z2EERMNERA
¥ BEIZFRABARNTAEG T EBAGEE SAFHE » B oy Rk 4 B 0%
BmABE AR ERAENL s B - NERFFEHBF (Varela et al., 2001) o &
HHFLZAFHEHE Xylella mEHANERREEMN » BHNZLE AFHE -~ &
M ERBRF YDA - N REIAYREREN s BRAEHEN LA
SRR AR B AR R F I EF 0 T AR UF) RARBIT Y 76 R 05
ZobWREE o BEEHEFROAPHRE LI FEELEBER G X fastidiosa £ f
L ERRAR  ERFOERRS FRAFEF ZRARTRREH G% K8
Kolla paulula (Walker) 4% 8 Kjm Z 4L o KB BP 414 Bl oh $AE 338 48 )
Xylella j& Z691% 45 4] - 2B 2 ETHRF ERLERBEE KL ER RRERLEG
HREBIAMZERA LS -

BN LEFIZAAELAR - A REFIAR

M RE I TR EBHEOIERBEART 28 %7 80% 69K b St B0 4A A
F R4 o BB T BB (xylem feeder) & T a8 4eds A Rt i858 > 2 abig AL
HAEFRITERARHEE ; OB RKRENRAMEY TR - A FRBPEIRER - &
SR &R F TAE M (Tipping et al., 2004; Mizell et al., 2008) o 4, & 74 — A% K
AR EF LR EMARRE TR Kyl T > W Lo 8 E 4
HEERZ - BERNRAEBPL ARG HELTORE  TREALA 100 215
37 Attty » TR F YT EBEN R AREBIHALE  ZEEFE
M BER S RBEZENE: RASHEBMERNRA TR ER RAESE > FTR
% E Y& RA K S F M &A (Hoddle et al., 2003; Chen et al., 2010) o 238 & 3+ &
I B EA TR S 5T R RIRELE DA T DA ik A8 R &
FREA A BFRETEEZRARBRY SHFIMYRE AL FRR L
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PHRFIEAAGT RN ERZE s ARTREZANERHR » MG THERRAE
A T A IEIEN %A (Russell et al., 2003; Brodbeck et al., 2007; Mizell et al.,
2008) o IR T F EHMI B AR HBERRAEBI AR ERRAYEI > LA
SPEENZ B FEMAEZGTIRNERAEAREZGRE ) B A& THES
231 B 7711 R& 215 K> A Fu -~ #4495 % 1686 K& 140.7X ; Mol
WM e ARER—SBFER T AT THAE - ANENE  ERMEAEERGE
R HPXALEYGTFHEIRE 2645 5 AR FEIFT186.74 o £E4 T LY
9P A R B30k > ZOP AT G B 509 132 RIGETA2K s mAEH ~ AP
BRREFELERNBEHAAABEEL RSV FE AR EREVELLEHETF
B s BERRMAEENE XX AL FRMRENTERE MLk F9
B 374 X~ AZEXEHFHHEFeEMAE 187.8 X (Lauziére & Sétamou, 2010) -
Xylella 7 % 891445 2 3 IR AR A F B Rk o 2 R RAEAR AR A
AMELFBEIRABEANFTIEDETERAEARER - AV G KER
(Cercopidae) &R TIHE®FERT  ERIEFVNENLERXSBEAESRLEH
(Cicadellinae)» L35 & B A% 4 AR 09587 o 240 30 Al A 9 B 28 #&
EWEkR A ERARER Y LA KRG/ R4 (Severin, 1950; Nielson, 1968;
1979) o % 4-4B i M L A ¥R - B4k £ B EM (Graphocephala artropunctata
(Signoret)) ~ 4k x 28 ¥ %% (Draeculacephala minerva Ball) ~ 4% £ 38338 (Xyphon
fulgida Nottingham) RAZRBEaGIEHF R ~ it pr ~ F MY - BAERAER - 5
WAL F > HEREERRAEBH R TREIRG s (Varela et al., 2001) o
mAAE FR bR AT d 10 B 11 AZZEE{E4% (Krugner et al., 2000) - A st
AERFHRBE LS HASZREE Xylella mEI4T > mEAE ERZYR

Xyellafastidiosa 2 % T W HE RN R AEGERIAR

S R FNRERSE RENRSEERF IMY S AR AEm
ARG R QRN RERBRREBRERAGRS (L2 £ LM NG
BV MU ARFHRAORTH ~ AR L fAEY 8 214 (Purcell, 1980;
1989) o VALK I R B4k R M T B4 L H B A KRG ELREZ A
{e 2 Y fgtidk Lagid 20 R B4 R o A8 A B E Xylella j& F891& 45 20 % &
KA H F 0 LaE s e X fastidiosa AR KGR HHEMANGE 9 —
(Severin, 1949; Turner & Pollard, 1955; Purcell, 1979, 1980; Almeida et al., 2001) -
X. fastidiosa ® /2 w4t EAm EF FRAZLH XM EME 6.4-135% 7F MK
A HE P4 40% (Mollenhauer & Hopkins, 1976; Alves et al., 2004) o & 37 & #5837, /o
M Temecula L& H 3 &M KRB ANEE RETRE » S35 B B4
WAL A I A% > BRiR 485 3 K A IR R AR R B B BCE > A2 R A B
% X. fastidiosa /% & 89 m B H R, o B EIPHEH & EMAE 4 X fastidiosa §AEA
FlOg R X M R 22 A2 > AR ARAE 1 T IR A 3% B A A8 1 0 K SR TE AT UK 2 0 3G o
HHBROME (Bietal, 2007) - # H L 4B 0 £ 38 395 R 5 09 1 F S48 F 3L
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F @7t W RIAR R B A 0 RS B AR M A — I BT R 0 AR
RO RANGFRDRECS AR FREFN 2488 6 N iFR LREFRER
€l X %8 % 3% he (Almeida & Purcell, 2003) -

WA REHF IHDIBTRHITET T E A BRI F08 R RiFtg
IR Z AEY ik Ad BEIR A A% ~ KERR > WERHE FREFNEEREE - E/4E
REREE MU L EARIRETAZEBEEZIANE > @R EAH
AEFARZRYRER AHHmE > EMEK 10 KKK @BEE 5 x 10°
CFU/g 3% 25 £ 5 x 10°CFU/g > m{s& % & 45% £+ % 55% (Hill &
Purcell, 1997)- vA48 B 89 4L /- % & 847 Xylella 7 F1%4% > 2530, 48149 X. fastidiosa
HERIGBEH THH (Almeida & Purcell, 2003) » #8477 T X 1848 £ 244
RAE MBS ARKAZEGAENHE 4 (Redak et al., 2004) - 78 i% 1 4 38 3
B LAY 2R RELAFARBFTREBIERME (Mizell et al,
2008) » B B A A & MATHES ~ 209 F 2 - SRR ERIB RGO REDH > &R
CHEKRGHE IR E & A4 X fastidiosa H 42 @ B & AE3h g 4L A~ Xylella
RO FE R o EER AR RGRIARBRERXARABGTHRELER R L
X ZIEF » TH R PCR BIFEBMEAF A ERDLEG S A 29%
(PD) & 41% (OLS)> M Fl a5 BiF MAE W A EBEAR 7% TRAF HHAALE
MR E B 39% > A &I A TRERERE  FEEREEF MY K
i ABE M L SRR N 54 A X fastidiosa H 32 (Costaetal., 2006) o 7 F]
MARE AR T a4 X fastidiosa B9 Ak - REAMEUKGAYE - &
BH HAb o~ AR BRGRETRTREARABEER—EEENHANR > WA D
H H AR ARE AR AMEAF X fastidiosa HA2E AL B BRI G LAY
(biofilm) » A& fEAE 3 X 1% % 3, X. fastidiosa &322 A5 ~ EARMM X 89 % B AK
AREH > AR REIRTRIF ZRBEEIH AW RAGHET o suitd % F A
R RE AR &R FH R % (Bietal, 2007) o 4/ R & HAME B AR X,
BRI A T B Z AR > BPEAE A £ 215 G B 05 P A% 9948 A AT 2
£ B S m R ARk % (Sisterson, 2008) o

R Xyella fastidiosa Z AF4& 4 H) 92 4 IR Z A px,

W E R MK A AR X fastidiosa BHE LW T WRREI Eg RAKRE
AT B R o EAZRFH AT TFAMATREIBAEIER  TAZAM
ENSMBEAAER T AL ZERE c BGRAERERERRFT AT > M
B 2 DR AR kB OBERINET > RPN ER - IETRR
B REFARBATAR AL ARG EL  FERAABAME - AFHA K
R A9 Fh o 5 SR BB R B RIE F RS 0 B R BRI ERMRB T E
R FE IS AR ERSEREE T PITHERERE > Rk TEHRE
A > B B AR AR B VT 2RO IE BT A IR R A M AR B4 H & (Severin,
1949; Freitag, 1951; Purcell, 1979; Purcell et al., 1979; Purcell & Finlay, 1979;
Almeida & Purcell, 2003) - = & #t4E B 1 =A% /- % & Acrogonia citrina,
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Oncometopia facialis & Dilobopterus costalimai 7% #& 48 /\Bf i3z % —iA4% >
3, X fastidiosa B A2 vA48] 15 P2 7S ROFHIE ~ AR BE 3% 30 I 2 AT AHEE (Alves
et al., 2008) o & %8 f| & FomAAARET » B AEARF TR X fastidiosa #HiE®
YA 51050 cm/s &9 ik 428 & BE AT M o BRI By T 38 AR IR I 00 H BN A Y
AT B AT Iy B R AR R @ IR 0 A2 K K E T A B B AR 3R I
&3% & & (Almeida & Purcell, 2006) -

X. fastidiosa 7zt AH 3 M SE1EY X S BER AR > B EE
Mampp % - B A MRV RADBREBELFER > AT 2 R4

FaH %
el

IR G B S MR (Killiny & Almeida, 2009a) o 2 852 &A% 1% % 5 484
BHEERETEAREIZNARG > WEF S MAD A R TR AHE - R

THAEARRT G A LAFIEENRER P AL WEREHFOTE
{a 3k Sms iz 48 4= N-acetylglucosamine 7545 47 4| 4a i ¥ & 4L 4945 (Gooday, 1990;
Keyhani & Roseman, 1999; Killiny & Almeida, 2009b) » % T & 75 #] 35 %8 4 B & 3R, A
WGP > BRI AE I 5 3 X fastidiosa B AL A R B AL TS B2 B AR > B
A AR ARG » AREKRAYBE AR AR AINE - A&k~ %

3 1% &2 % (Killiny et al., 2010) - X. fastidiosa 72 45 /- % & 815 FAE 88 R &
R BB EE RS AV R 15 M L (Adhesing) ~ 3k 5 & £
(Hemagglutinins) % #afg s % B& 348 (Extracellular polysaccharides, EPS) #9 A &
RAEMOHFEARBREN)FEE > WA HBERBER T RERGF R F
H ik ZMEZ M ik (Chatteriee et al., 2008) o A 48 o) A 4 A AL R A E -

CHITY AR B A AR 0 B35 BKEALAKM ~ BARSLHEAEE 5 3R B BomEL A &
ARG NES > 2AYBE RO ARAT AR EZNFEREATET
(Lorite et al., 2011) -

CERAEGERAIBNRELRERAR

#LIE s £ 4% (pear leaf scorch) & & 45 A XLt Mym & » LR A7 P3¢
WEELABEER o &R &4 T E Xylella fastidiosa strain PLSB (pear leaf
scorch bacterium, PLSB) (Leu & Su, 1993) » st.4m B Z 4 32 A (L 45 M & A4 b i% A,
89 5% ZB 4 ML 9F AR 0l B h4R £ 84 X, fastidiosa Wells » T 2 dp ey €4 M A K%
G HREEWE - MBI Mm% THERRASKRKEE > T TR RRK
T o2 12 1% 4k R B P B R o vh RE (serological tests) 32 DNA 35 4 B 28 547 &
Fl % £ 40k X fastidiosa a4k > #9068 26t Lo 8 pr/349 PLSB 233
F AR X fastidiosa WAk A % £ 2 (Leuetal., 1998; Su et al., 2008a) - #| Ji
16SIDNA F 21 & ITS Folsix 6 B R EG AR RN 2L BRI KB T
7| B sh e 4mag X. fastidiosa 3 {E3=4& (subsp. piercei, subsp. Multiplex X &
subsp. pauca) Z AAfL4A1%7> 88.4% (Schaad et al., 2004) - ¥4t 4 PLSB iz Hitn 3
FAE AR X. fastidiosa ®ax#L&M AR & » T A HAE R F7 242 Q] /A Aok
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o B 2010 % 7 AAefEill 5 DMK ALE % AAL R R B AT T SR AL A4
HHE AREHARENAERRAERTE LA BALFATHREH
(xylem feeders) ¥4 & % X %28 Kolla paulula (Walker) 4748 % & & A 4% % - B 71>
W EZ LT E REHRIE S L& (xylem feeding insects)» L 2 & &5 K ¥
2% (Kolla paulula) %2 M =Ti8 B F A = R & F I8 FHRE (ERE) BEEL
F %M 16S rRNA #HE 57 » #2 Su et al. (20083, b) E4k7 NCBI X
PLSB A #if 99.9% 1A L Failh 382 4T 46 & 45k R H 30 § 8 to B 1R
TN RA 0 AN CH AT A LR PLSB #9E£4 A% 4 (potential
vector) -

CETS UL T PRl ) SRS 23 RES S EA 2 £
%% (Shihetal, 2009) SE# 8 H 5% ALMkE » ¥ TREX AR EI 4D - A5
RERRAETREEZIRURE ERSU AR EAFT oS X EBH % AFRE
RATEL  BRAMIAER  BORITEA DR RELBEMHTLLGRT
%o THOG KIS AME REEH - MTATARRATHM « £E5 1
WERHMAS % BRBEANERBRRALTRERAFTIREN - dRARE
Rk A A RGN EEA 25+ 1C BRET o HETEALNEZ
THEEH A 4329 Ko RANMATES 27.2%  EASTIEREHT » %4
—EEHFHRFTHMAAA 815-612-7.16-809 XA 1002 X : @IPE)
FIF 1354 Ko W R&RM T A 53.04 X HEN 2521C HETX
BERELE - RAMPRTERE 211% > L+ APk £% 5% 18.4%
I AR AR & AN Bk A B E R 5] A 1002100299.1-100 &
98.2% o Ak F LI » MpAEME LA 10 114 - M ZIPATH T35 685 R - F39—
4 APFE 9126 + 38.91 0 ERMEREKR o SHHATHIHT > ALK
aE () A 00473 33 % (R) & 3362 &g s (1) & 10485 F
MERIEE (T) & 7427 RSB0 TRERET QX EFRHARLIBR
A—ERRMFEMEOT 8311 X : LESRALE TN FHRE~EFA A
SO o @ 3k R EMABA R RTEOR L - A A @ W AEAE -

4% 35

PEA R F A SRR E Z A W AR Tk TS R AR
ARETN > ARRTHSAMATEAEEINATFFEHRA LAFEY A KA
ABT  TARARAR LGRS « REBARAELEA  ALT AR LEY
BETRET AR dos B E 6 AW AR AAERE A & @ MR
B MR R P M XA U TR S A s
%36 Rk X 2 37,2 - Bextine et al. (2004) kA A EFIH R EBAITEHAELA @
YE A h e - B AL TR A AR R BT A e R R F
(Pymetrozine) » 4 3 % 7T FL6E SLHUR BRI ~ BRI BB HHE T » 47 AL it A
FAEAR R B A > AR R B X R TR TS A A 0 TR 4%
ROIR I o SO RIS A6 0 R RS A 0 do A A S AR AR S A TR
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T Ja MR SR o A > °T By A 2% 76 S dkim B X (Krewer et al., 2002; Mitchell et
al., 2009) -

WREEGUHY G RR AR IZFFTEXEREZABMAESZZ FILHHK
AMER -~ REXBRATR S R R ¥ WX B pr R B & R 40P 40 R F
RE% > 47 TEAMELERRIRRELRABNLEI A BATRERLFE
MR CEARF B AREGUEDEETRARAE - mETTADEL
WY M FIAYZIREFRD]  ZEEEAMER A REFT - A RFH
GERATHFIRE - B ERINREERFRR UAHAFREYERTF R G0
A e BRF RS RERB R AR FT R EEITATERRR - &
TR A L AR RATTERD B RET RPIEARSIT » RAMIFGEST
R -BE SRR FRGE Y FHDN A T FERB AR FEZE M
AR B 506 G B RS kR BARIEZ 4% o
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Abstract

Xylella fastidiosa Wells (Xanthomonadales: Xanthomonadaceae) is a gram-
negative and pili-forming bacterial pathogen. The fastidious bacterium colonizes only
in xylem tissues and hence causes diseases by blocking water passages in many
economically important hosts. The most famous diseases are Pierce's disease (PD) of
grapevine and citrus variegated chlorosis (CVC). The glassy-winged sharpshooter
leafhopper, Homalodisca vitripennis Germar (Hemiptera: Cicadellidae), is a
xylophagous insect that is an endemic pest of several economically important plants. H.
vitripennis has been a major vector of PD in southeastern United States for decades,
and has become an important vector of PD in California after its introduction in 1990.
Because of its ability for long distance movements, polyphagous behavior, and high
frequency of occurrence, it had put much of USA grape production at risk. Recently,
this bacterium was reported to cause pear leaf scorch (PLS) disease in central Taiwan.
Based on the results of filed inspections and molecular detections, Kolla paulula has
been considered as the candidate vector for PLS disease. In order to control diseases
caused by X. fastidiosa, the following factors should be well understood: the
characteristics of the pathogen, the susceptible and alternative host plants, the biology
and ecology of candidate vectors, the favorable environmental conditions for the
pathogens and the vectors. In this article, the ecology of the vectors and their
transmission efficacies and mechanism will be discussed.

Key words: Xylella fastidiosa, Mechanism of transmission, Transmission efficacy,
Homalodisca vitripennis, Pierce's disease, Pear leaf scorch
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M4 HE AR (phytoplasma) £ —#8 f it B2 64 R AZ A4y » R E R Y7
ﬁ%”ﬂ@&mDﬁMi%ﬁ%%%°b¢§mﬁ%MAl%i%%kﬁﬂé,
G EATHR o WA A KR 5] AR MY R F MY IR T > B b £
MR Fm E (virus-like disease) » £ &7 34 o &M EAE (vegetative propagation)
AR A4 338 (leafhopper) ~ A7k (planthopper) B k7 (psyllid) %fr%{%e%% o
CERMYRAAT R RENARIEHZTLETHET - R A R R A HR
@ > ﬁ*&%%;ﬁﬁ%%% 7o Emé@%ﬁ%%ﬁ%F@m%iﬂﬁﬂ
55gm ~ ARNFESIR ~ fLEKER > BNEER - H E%%%~@m ¥/m A8 A
AERitAaF  BEABITEZRATEOGERLUE R EILE - WFAXHESH £
MG BEE S NHRRFEARMF MDA RE > ELREN AR
EHARTF o

M43 MR T - MRERE N

LY
HAH H 82 (phytoplasma) & 4 4 f2 A4y A8 M 89 — 4 4 dm i, BE 09 R A% A 4
Tig R 500 A eyttt R E  BERIMYRRE - H i%ﬁi% ERDE D¢
AT PR > EEYFE LI ARNGRBEIARERA S R & MBI £
A ~ % K w1k (yellowing) ~ 42 ¥ (witches' broom) ~ 7 %5 % 1L, (V|rescence) #1¢ 8
iﬂt@WMW)%%& %ﬁ%ﬁﬁ¥imlm|#%%(ww)%%ﬁ %ﬁﬁ
ZBH#Efesm (mulberry dwarf) ~ %45 % 5 ¥ % (potato witches' broom) ~ £ 3 & % =
(aster yellows) ~ /@47 % % s (paulownia witches' broom) Fhmtn gt AE
THEMEBRIN T R B RAZAEY SRR FAEAEHDEAIR TR
(mycoplasmas) #84 a‘ifﬁ}/ﬁﬂd ERE (mycoplasma-llke organism, MLO) (Doi et
al., 1967) » sb.Z 4 — A5 F 3| 1994 F b IE N € 4 B phytoplasma (Schneider et
al., 1995) o
WA A TR EA D REUALYEALBITRELA RHEITHE » £ 4
RAFMALAFLAFMRRE - B+ FREHE ) FEYEGERE > MM 24 A
YA E K B2 49 16S rRNA (16S ribosomal RNA) # A F 7| #4738 4% 947 > 3B 5 44
YA E % JES% BN F i K G E (Gram-positive bacteria) 2 Mollicutes 44 »

Q
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H ¥z 5] — 4 Acholeplasma -~ Anaeroplasma % Asteroplasma =18 /% &9 3.4 Ml 14
¥ » #2 Mycoplasma & Spiroplasma #9#, 4 14 8] i% (Lim & Sears, 1992;
Schneider et al., 1993) - #j#% Lee % &4 —FiRIEEAEEHE T 124 16S rRNA
A PCR ¥hg R B4 TIRA|88 Z82 A8 R Bk /L % A (restriction fragment
length polymorphism, RFLP) |» & 3 £ a5 ta 4 8 K 48 4-8% » #5 & 16Sr group - 2|
2006 “F Bkt A RS ok 28 Bf> it 40 {EA L 4G aE#E (subgroups) (Lee
et al., 2006) -

MW HRE TG AT AR )R S e I (leathopper) ~ A #x
(planthopper) 3 K #& (psyllid) 3 & & 4% (Weintraub & Beanland, 2006; Fx,
2011) o —AZx 5 0 MR H B 09 HE A R A AT B K G (persistent) 49 E 7
A o AR A MERME (circulative) B H » FREFENRARE - MY H AR GLE D
S RN A MK B A8 & R P (epithelial cells) it <7347 » &
BN B e (hemocoel) » #4%5 Z v AR 4m i, (salivary glands) % HLARb404K o 727 A%
Wl TS IG5 > TR R AR LA I £ 05 > sRAR P A ME B H AR T &
W U 4H& 3] 4 E a4 £ (Hogenhout et al., 2008) - 72 £ 44 F o 7 4 ) o7 L B 44 1235
MOAEEIERNEED A A EERAI TR ABERERE > 4 7-80 X% > m
Ha 22BN E » 283 3E 4 B IR T 1560 Mg w &b -

EHDRATRREGGEL AERALRANEY » BREH AR T H
FEo EUBREBRIARGEENRE > THLRFRE - 55408 FEMERR
d > THREHORBEANGRAET ARG R B2 EETHAL FELT

HRE A H FA o

EEF LY EAE R BRI

B RELNHMA TR RTOEEAZH R RNEH B LEZER
BREER HEHEER BAZERRABAEA RILRT ALK T ER
BHROERLEREIRLE MEMECERTOFRMAY ML T
1. %359 (pear decline, 5% /& B #> 16Srll & 16SrX groups)

71994 F 6 ARTRAGHE PHRAMBREERL 6 AEY@REARE
FE R FA G B 16SrX group $1 16Srll group X 6 A R R H K B
(PDTW iz PDTW 1) Ar3lie » (A& a4 M43 %78 PCR AR BT » L+ &
1% specific booster PCR ~ multiplex PCR -~ nested PCR #2 PCR-RFLP % > #[{tw
M Bm Ak s AR A REEAAZ R R ARD (%], 20073) »

BABRBRGEHEEEN A 2002 AT 3 F2 8 A4 RR A
¢ phytoplasma X PCR {a A& » &RETHRAEEBF B RENAESE 35 A
ML BF 69 AMARRARERRS > MAFERENIRERAES

Fd P Bl ALK #k (Cacopsylla chinensis) &% i 1% & 2K 5% > & F PDTW
phytoplasma ¥4 % PDTW Il phytoplasma % #tw F Bl 2L K 1§45 2 44k Wi ik
SRR ARAAE T 35 & % 4 F 4% PDTW phytoplasma & PDTW |l phytoplasma & % A
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A AMAR » VAR AR AR Z A F 0 s Oh o S4B R 2848 - B 4L Kk (Cacopsylla gianli)
Bb Bl R BATF & X EF M R BRR > 2R 7MEd 30 30 56 5 ta i,
BEAR MG AT > RRRIMED A E M (4], 2007D) -

2. RNR35#% (papaya dieback, 5% /& /&> 16SrXII group)

#E 2003 FAg o S RIEARRHEHKERER F - ERTE - BHRH L
mAE R F RN BETAOEYE T (phytoplasma) A73l# (Bau, 2005; # %,
2006) o & m AJN4EE R LKA T D R B R B9 89 4a A8, > w4 phytoplasma 16S
rRNA X E 575 & 435 F847 PCR» T3¢4gHFa8M49 DNA A £ (556-bp) » &
Fr B2 A AR B4 B Al e R e RN B9 AE A B H A A9 AR AR H 5 R 5 A AR 3 89 4R
AR > 8,4& VL& 5] % papaya phytoplasma (1844 & 84.2%) ~ & 2.4 papaya Stolbur
phytoplasma (48 4L & 96.6%) ~ papaya mosaic phytoplasma (#8424 & 90.5%) #=
papaya yellow crinckle phytoplasma (4844 & 90.5%) - 7 ;8 31 é9 papaya die-back
phytoplasma (84X & 98.4%) » it 3 sL AN H H 42 £ 53 3 L J& B 74 Stolbur group
(16SrXIN) o /2 Bem B Bl & ) 2 F 4 ® #8  (Hishimonus sellatus) & — 2 ¥ 3§
(Cicadulina bipunctella) » Fl 4k " vA{a &% 48 F] 49 DNA A BB F 7| » FHbifish —
H AT B LA Rk o
3. jeA % Em (peanut witches' broom, % /& & 7~ 16Srll group)

A ¥ % (peanut witches' broom, PNWB) £ &5 4 & 3R W £ hib
WAER > BALTEGEEANBERR  RrREEER > EEROHEYEA LM
Fral ez & (Yang, 1988) o ft A i w1 240 8 SR AU 92 & B 45 42 <m0
BB 25 B BERE o ARAGEEN » AR T o AU AR
EITAEEF L&A T+ MR EAE » ARIFTEHE - —ABHHRER
(Orosius orientalis) & T E894E NSk L1 8~ BhE - FLEREFETiA
AP mMFEohmiEss 56 A& 910 AXFAE RS 1l AZXEF 2 AME
JE AR o AEAE AT AT B 89 TAE > AR TA AR E A G T o

AR EREDRAERLZEERROEY R R — HFRE XD wE 2
R E R FRBIMAM (R, 1994) » B e LA REE6gE 58 L A R 2 509 %
£> 8,45 group Il intron (2%, 2007)~dnaB1/dnaG # A (5%, 2007)~rpsT/serS/hflB #
B (&, 2009) % : AL ELFERATRAEA -RAULH (plasmid) pPNWB
(3%, 2002) » 4,235 pPNWB Z £ 43 & — 4% 844 (3, 2008) o
4, %N %% (loofah witches' broom, % /& /& 7> 16SrVIII group)

HONE RS 1972 S4B RS AHRE EAER » B E T BMERRERA
WA A ARG A g AR LR EREMYRAH MR FH sk MK
XSG ARIN S TN BN~ R s LRNFRBLELELER > B RETSE
BEMEZERNBEERTHRAGE —RRATIIA » @ & FEE (Hishimonus
sellatus) & R4/ AR MRE S 4 05> BaR 48 N BF TR
AR E BRI RRER 1 g B 48 I TEERES%
WANREHERRE » ZARENE - AETFHRMERRT R RIENLE B8R -
IR OHAL B FHRA L T HER R R (5, 1984) o £ REMEA L > & KE R E
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MRTEE BB TS E XA (F, 1986) » f & AL ER{R 4T PCR 4
o F R AT (M, 1996) o

HHREXERBYAEROAREE T @ GREDEARITENELR &
#% tuf ~ 16S rRNA ~ 23S rRNA ~ 5S Rrna % =18 tRNA X% K (tRNAVal X A >
tRNAAsn % ) #2878 3 2k o
5. H3£4 #% (loofah witches' broom, 7 /& /& # 16Srll group)

BmdBBgL ERL  HM%EE KW~ LB EFRE ARRE
BEEFRELER ASHAREZIFDERK - AR TEREBRES - B - BR
SHFF AR wH LA AR (Orosius orientalis) =T4E /%45 o rh w25 9) >
HHBEFI - Bk ANEFREEAZFHEYTHEAERRGFHFT L 4
A LEGHRRIG - mELTEH L G REW@R EHRETFIE O & e
BB H A (O, 1992) s2izak3E 4t (AT, 1993) STHLBH - B5ie 7 kb B ARG
W AR M L BRREA@ERE BR L ARELEY » JEA
EF\ s g e iiE (4, 1989) -

6. &M% Em (paulownia witches' broom, & /7 /& # 16Srl group)

BAREERBRARE  AaB s EL ERAG ARG FE 2R
TG RRERS BRARKRAR BP0 HXRpRAERRFR
RAIMZN RAENTRETEFABEARBR L A A HFARIFELE K
HEFERREFARSGHI - shmF T 2 AL BT R 51535 B
TEEHRE RARMEEIRGE T - FEMERDAEAAZTH S (Cyrtopeltis
tenuis) ~ %44 % (Halyomorpha mista) #=/ 4 ¥ (Empoasca flavescens) 2 it
RGN RG> FAEASERNRAEET - AV ARFARE G EHETHEH
FBIR (T, 1986) » L F R R EGHEXBRATHEGEBMAERBA TR
MER B BTIR 4T R PCR BRid g RIHATE L » Hom RAABDAT i ik mBEsE > o
R s A T AR,

7. B BAEHR FILRE (periwinkle leaf yellowing, # /& /& 7 16Srl group)

Kk B FAMAB RGN AT MR E - 7 2005 FAHE KX EHREEL
WARZEEGER VMY AT RREMERI D AARET  RERBEKRTZ
RAILEAFZE - REENFRBOM LG L ED AAE KR FH1Lm (periwinkle
leaf yellowing, PLY) (57, 2009) » #F 7.3 K % /= M AKEE 1 0% R 75 B 7t 5 —#F
(16Srl group) 1Y H K o G KM@ H EM R EE TR RERGHA OEE
#8 9] 38 % PLY phytoplasma » 2 3] & £ 7 = L ¥ #8 (Macrosteles orientalis
Vilbaste) ~ =25 3% 3 A TA 3£ 3% (Cicadulina bipunctella) ~ 2 25 & Ta 3£ 3% (Phlogotettix
cyclops) WA & == 3% (Balcluthasp.) LA R 7 =L ¥R T H R AT R T4 R
o LA T RIMENRE -

8. K#¥kE# (rice yellow dwarf, s & /B # 16SrXI group)

KIGEERGRAGE TR ABGREI 12381 20 FRCHEAEMR - TE2E
FoIELE o BRRGHRIABERIL ) BN S > ER IR FE o o BRBRMAMESE
ZKAG BT VS BRERREFE B E o RAREIE TR IAR o BR{E AL
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AL BT RAE o WKL BARA RUI AR - ARk RAFdEEZRE
#% (Nephotettix cincticeps) ~ Z4% 2 2 %% (N. nigropictus) 3 &% 2 2% (N.
virescens) L NEHE o A ARI B AREZZEMMEA T RME TEE
AEME S ARG ARG I ST A A RS B 1506 RS T iR s A2 (IR, 1978)
9. HEa¥m (sugarcane white leaf, & /& /& 7~ 16SrXI group)

HROERBELEREGEHRERZREI— AUFRKFFRE > BAfEMMb
BARBAERS - EHREEIRE > EA QAL -ERMEF G &tk FEK
WELAFUEGEEL ) REFAEY G - HrBRES » MULRECT 28K
28 % 67T AmBRS R XA EREAR G ERB - AKLLERH > &
MERSIRTRAEZ  BHAER - AR ERY A AR L2 FRE ald &8
s R (Matsumuratettix hiroglyphicus) #47 = k1% % » A R4 B K& HALE
(A=, 1968) o Frig LIk TAEE HATHE RAZ W R6 I > BRI DR ILTRAEMR > M
FE R R BERAERAM (9 AT o) EEM) RAM @M 2EHEERES
MR o
10. M4y HA H 38 Bom R A 93K 5t

& Rt ta 2ot % A A £ 2 W E % (differential display, DD) # 7 %
A A& PnWB BEfAREREYRAAMEARLA £2H MRNA> 57
A 64 {8 Cdna A Pz £ > v real-time PCR i —F 5 a7 B85 7 EAREZ
RARLERM - BRAETHF 3 EEAEA cDNA 2 k52| » 3wl b ABER
X244 > 4% & ML domain protein gene, eukaryotic translation initiation factor
SUIL1 gene % plastidic aldolase gene » H-3h &8 3| L4549 2 X 1 %,9% R J& (innate
immune response) ~ i 3% R & (stress response) $2Z3¢-&-1F A (photosynthesis) #a B
(K%, 2011) o

AN B TR W H 8RR IAAAY AR R R R A AR B
HRARIER AARYREZ L RUREIMBETEFZH > 4B AAEAR
FlLRMBY AT RERCALEREDRAARERD DA A LRI
k&% B Bclass AP3 & Pl~ Cclass AG & E class SEP3 s &k 2 % F
chalcone synthase # B (CHS) & chalcone isomerase # A (CHI) % & # K &3,
TG o BRER > DOATHYRARBALEE  WEHBERICEGRERT
WRACCHRTEARNEZRETITHAM > AR TR FEEARD BARLEN R
G AAEYE E R BR AR P RFE A (k, 2010) o

HFRHBRANBEVHED AL ERF
1. WG
FERB AT HERMIGHAT I DA TR FGERY > BEFLRR
Mo BATTIRR - K AMYR AR (CAXAERLDDAER FLREDRE
) B R BAAR R 4% F IR LE KB M AERE A AR L8 % 4 TR
AR ER&ETF ETRBASQREGED AT LA T H4E > T—AREM
ME LR e RO ELTFRANBY = EA 4R A T B ER > £ 5D
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—F B AR R ARG RERET > AANET TENMKAN > 5
MRS TR EATRS H T MAAYEHELFATUER PCR 477
A TR A B B RR AR M 8 B AR B ARIK B KE) PCR A
e IR MBI > W TR AR AR B T A A
BB RSB TBENA Nk o THREAEMKN O ETRAHE
Bfkm sk A R X PCR 1A% » & T ZXBRN BT A 2R EF A K
EREETROASF LM AEEGIREGE £ 5k L b & 2RI B
Ko MR A K BT 2R o
A—mBEATEHAEY A TSR R OAE  RAERF RGER - KK
WEM WERE 100 A B RGE QM QAL SHEF T4 B
EMRR L D~ b RAEMF 68 EAR AR FATIE G 37 EARMAR A o A
2RI ER A A X PCR HATMEREA =) TR A M T8 - & T+
NI A B — B RO R IR K AR R S R B o A LGB B R AT e
BN ED R TR EARREA EGRLX S EAMKRE UK UBEREZE
AEmEAR » NI R E £ RAMARGYL -
2. BHR % Ruh#F
FERAERFNHERRGHER AR E L~ LR UMD EH 124
ZWA FHETEX PCR THGHAEMA B 2T LMY EAHAL : Bib
BREEANEERAHE LR T EHEEMGRB PCR MAALET Y
HHB R B2 W3R B> 16SrXIl group : X4 5 &M LR B RS FH4
FEA N BAEG ] AL RERFRMPCR AR OBET X HMWE R
LR B Il MBS 165 group o E—FRAKAHSE HEEAMYE
AR EFERNAAER  BREAFEALETFLraRREN > HRTRILESE R
BB - HBmOHHEEFETEFTIBH > BRAEARKWENMA E 5 A
BER o AR (LLAE) HFBRE] > B siid TR HRE 7
Higit —FRRREBT -

5] R T Bk

ZIE X 22008 - A A real-time PCR #477b A& ¥m A A H A H pPNWB £
ZRAEEEGEZFRAEEIRD G KEWMYRILEF RATFA LI Lo

248 02009 o LA E LR P T rpsT, serS 2 hflB AR EFAMHH o 58
KA B AT AR L L o

WAF7R 21992 c HEEERERMATEETLEILHBER - 68 KXEHEYD
A TR RATAERL o

PAARH S RS S AR A 01986 2 H RO ERIAR - EEBLTRTE
% o MR Z g g 10:3-10

FTBEY 21993 - HE R EmBRME T HEAZRTHAI L HAERR - 615 KEHEYD
R EEH RATAERL o

BRAPIL 2 1994 c AR E R m RMA T EERIEHAILEHRER - 8 KEHEYD
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Jh & TR R PTFALT  o

B4 22010 B BAEA TlumE A AHEITRERENN - EHKREHMDY
AL ZHF RATFA LR L o

BRAG 2011 A AAXUARERA VAT MR EEARRRLANA T &
B REAEY R IEE R o

FHL 22009 A BAEH FILRIA BB A TRALENRAEIRL - 688
K S L E R AAER L o

F45Hr 02009 o LA EER W T dnaBl Fo dnaG A R EREHH o S K
S H A BB R AL L o

245 - 2010 - A H H B AFH KIERE G AR imp, idpA 2 amp g
AT o B REMMA IR B2 RATFA LR/ o

H—Po1989c H#mE - 6 REAL T - THR A XL AT HIR-63L-164 B -

WiHEE 21984 GENAHBRALT REIAR o 68 KEMW IR & T2 A
W o

BRE & 0 1978 o KA om L MATE ol KAG/m & F - ARFRAATE ) A E3
Rk (BRAZEH) o BRI GHEP - G3b - % 139-166 &

HH%20100 A A AR FLmMED A H 2445558 RNA, rplV-rpsC, secY 2 tuf
AR EANH o GEREFMEYRILEF RATFALHL o

B M 0 2007 o A Z ER A AR group llintron ZERE 5T o & K LAY
g TSR R PT AR o o

%% 2007 G A EHRIRRALENRBEIRF - 6B X EHYRIEE
B RAT IR L o

Bl -2007Tho G B A X Hm AR AHRIRN - 6B XREMDRELLEN R
FrAEEm L o

WEH 02002 c UEMTFRBRANAZRERARATRIARIE DNA- &
B R R IDE R LR o

W BT - 1996 4 R R E I MBR IR P PCR HURMB SR - 6%
KEAEY % 5 T2 R/ L -

FRAKAT ~ A= ~ B L 22006 SHEME AR E AR ER LR BAMRE - 5t
A2 15:301 -

FREAF 02010 - MM H AR ER B BACEER L~ AZRBBERILT ~ 1
CiRE ARG EY R AR R EIMG - 68 XK EMMY R IEEH R PTA
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Current status on important crop diseases induced by
phytoplasmas in Taiwan

Ting-Hsuan Hung * 2 and Chan-Pin Lin*

! Dept. of Plant Pathology and Microbiology, National Taiwan University, Taipei, Taiwan
2 Corresponding author, e-mail: thhung@ntu.edu.tw

Abstract

Phytoplasmas are prokaryotic organisms that have no cell walls. They are
important plant pathogens causing more than 500 plant diseases. The pathological
studies of phytoplasmas are hampered because they have not yet been successfully
cultured in vitro so far. They were categorized as the “virus-like diseases” based on the
fact that the symptoms they induced were usually similar to those induced by plant
viruses. Phytoplasmas are mainly transmitted through vegetative propagations and by
insect vectors such as leafhoppers, planthoppers and psyllids. The researches on
phytoplasma-caused diseases in Taiwan were focused on their diagnoses, ecology and
genomics. The investigation of pathogenesis of phytoplasma diseases was recently
initiated. Currently important phytoplasma diseases occurring in Taiwan include pear
decline, papaya dieback, peanut witches’-broom, loofah witches’-broom, sweet potato
witches’-broom and periwinkle leaf yellowing. Rice yellow dwarf and sugarcane white
leaf were severe diseases years ago. Recently, several disorders similar to phytoplasma-
associated cases were discovered in citrus, potato, grape and wax apple plants, but the
confirmation of their pathogeneses on their respective hosts are under investigation.

Keywords: phytoplasma, virus-like diseases, insect vectors
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B 02 8 B 1 A P
MIBEZRRIBELELERRGEHR

KA PP gt 2 SRR 2

# %

1951 FMABHHERAZELFEAEL s REVNALEEZE T 2MES
Ao AL ~ ARA BRAPIS S 5 1971 FAE IS B fedhda > RV IERITA A2 > BT
PR AREETFREAFRE o HLAS RVAQAE | MG A (A ~ Mg
L EMAEE) BITAMRE > EHHBNEGEEMESA 4 XA RD AL A
Sl g R R EA B ER BRE AL A% 1 HoiEE
BleuAE H Bym R S5 M > BT RiRAL NG 0 A4 T (€ AA M5
FePE R EXELHRBERM - A5 IV EREAM B » 124 & mME
o BaEMAAKL [T ARG ER - A MK ERITRERERSET » T34
# 3 MRBEFER AFEMBERGFEAGRE - BEREARER T XL RAHR
MR FRSREIMG AR EGREE YR ENMEZ I FHERE—R
Rtk o B E R AR R AR FL I AERESBEFILMA > B
RmBy B~ BAUBE A (FETHERR) RBBRELERS (723
%) o AAMIE AR TR E IR AT R T 0 AL - MR B R
M4 3Rk 2 s L E ~ AFAR A AR o KA KRBT BB ~ 7 &
At~ m AR R IR O o AR RE R R W EBKRY > HIELESTY
ARBEAZRIERRNELS TR S o L286%& L KEF WA Su ¥ Leu 1972 #
AeAE Rl @B B E Rk > AR5« B AR —EEEEAT AR
R FBEREN ) UAWBBERBAE - LB KEDEBEIES X 0 WU RIEIER
£ 80 AT » iR A LA A M mEAG LM 0 A F RS 3T A A E KRR
SO AWEBE B F By 4R o 4 1000 ppm w@IER B LIEE 3 KT iE RAFIS
AR > RIEBEMMAE » TR AT H AR o SLEERILF AP HET 0153
A ¥k~ BIRBIL s EHRERERXEEZEFRAE > ERTHAFFEMAE -

W

P2

WSEE @ AR AR~ ARG R LA AL ~ (LR K - AN S AE

A E
#A% & #e% (Huanglongbing, HLB) 7% 1943 F4274 Bl A4 4 > 1947
SF IR JEA A A greening JR B A & 0 6 7S 1951 SFATPAAS B E AR o B
A#PFEF (1961) #R4E Lm A8 B s % (Likubin) o B & 85 {€ 4n btz =T &1 4242
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1 Hom R BIEA R % R AR B S+ SR R R KBS AR ARG & ¥ 4851960
SaGEE 103 BMEKTHILAS 2% (R, 1976) 1971 F & dHE
AR XX LH EERF R > £ 1975 FIOLE X BMERFIL (5, 1978) -
£ 1979 FEF shm QB ET A LMW (Su& Wu, 1979) - sbim & R 5 T AGE %
£, B R (1987) 4| E T 88 pAsE 7 sE30sbm B & % A (pleomorphic) 2 % &
3 Kumg (fastidious bacteria) » 2 &AF4K » KX /v# 350-550 x 600-1500 nm » s} &,
ek (B#20-25nm) s AT FARE T FANES RGEE @ BT EH
B R YA Ak 0 &AL A RME (B 1) 225 Candidats
Liberibacter asiaticus » #4 — 2 % i % 5 2 ¥ TAS » RE ST E » Hdidisa -
A R o i T8 A B HAR SLHE A A48 (Capoor et al,
167) » HA 46 21 A B 0 B4 8 3E 10 o B 5L 5 80 B 0 A AAEAL AL 8 A
S R A RS - ARS L EA RGBS S LA ARIRARTONE £
Bl L s+ Ea i BG4 E - SR TE &G F > MUY H AITE
BEMARE > ARGH B EM A AR T TR CEE  SIEAMEE
Fem ~ A £ o (citrus tristeza) $ZAHAR A% 3% (citrus tatter leaf) » 7 A %] & B A7
W E LG SRR AT R ERA o

V/(/?i';%ﬁé'fn% é’]i,ﬁiﬁ}f %%F&?fk%kigj@i%fgéﬁ{ﬁ ,Ell]a!iﬁ]z s Effg j’?’i’ﬁ]".]’_é/] o
6 Rk ik iRk o BATE A 2 M 4R PCR 188 (Hungetal, 1999) »
o AR R R S A 2 8 0 PRI R B A RS L A
# o BULAS RIICR ST B AT W M i m B R AL BT SR R RA A
AR URBRF R FH s BZARRETM A SREMGHAA  HEEM
BRNRERELZMAGRKAT (iR - £HARKER) X f kW
e —E o WA o 3SR B S 7 AL R R AR 4 R Y B AE R
7';1‘:: o ﬂit;?]\ ’ $5C ‘7]:53?%Z‘?ﬁzﬁ/ﬁ%ﬁééﬁ%zE;*%j’%ﬁg%(iﬂ%,}i , V/(’fll;/é']g'?/g‘.\&]',é\éﬁg_
EERMZAEH o £m TR E7 @ N RESZEL6 A% 122
R R— B A EMEFHERN REIRERK - FHELEH ERELTRHR
R4 G T Ak > B b MR BN TR F AL TR AKX SRR > 4 PCR
BB IR > AR BAE S Z 0N 0 Btk i 8] & R B Ak
R e ik BRI o BB T 0 BB RE IR B Tk AR A B AR % o

FRFAZIRRERLET

FHEsm 1951 F B GHE LIRS AR > ARG EMFBEL - M -
MESELRREREL > £ 1971 FREAMABIARYEE L LTRAL IR T F
% 09 B Ak 3% & 2 HLB (Huang & Chang, 1980) #a 7= sbom B 89 0% R M O 5 4 0%
G o K RIER 4 A& Rl upn XA 4B 5] se A2 - 5| B ALAR ~ M5 ~ L B ph g
FEAF o AL SRR RS B B 1951 e sk e AR LA R X R AR b A2 (Matsumoto et
al., 1961) » X B Ab B R A| hoiGiF & 8 A0 B R mAim B At m X g o L b
it 4 FEEF MY T AN EBRBFREIENEY HREALEE IR AN
FR AR R ABATES] » ZEHG A B 34T R ZEBRAALAT R BRAM - &
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EHILE 2B R BALA B 2R AL S AR ERE AL B S EX
AR 2B E RGBS AR E TN R 2R

VNS &

FRARADHERIAGT AT AKE 4 EMBEN SR KRR GFN
REATHIZ - MBI RMICTH TR AR A 4 BRAG - E8HME 12 AX
%o B ARG | TTALAM A G A R R 24P AR R L B (B 2,
strainl)» 4& PCR 8 &R mBAA L LHFEREPIHE (R ) mR ALK 1T A
B AR HMRasatmR AL T RMABINEDRERK  OSAEAR
FALEER ~ ¥~ Ekxib (B 2, strain 1) W& &k 41 - 75 PCR {48 $ %
TABAFEAR o mR A W AA—FHUARL > TilAFERe E7TA
LA~ Mpie R L B (B 2, strain 1) o A7 R im0 5 ¥ K 42 & (leaf-chlorosis)
MM BEMZ RA 2R MR IR TR BN R RRAK IV Bl E—
55 AL TREALAE ~ PR S RREARR > REREMIYGRE > L RERE L
edEg aMAARR (B2 strain V) BRI &FAZT @M RR AL T Ay
A AR ARFE o

EEMEME R IRR AR FEEREIAR

— HLB 24 5EdxmzE (CTV) 4ERE (CTLV) H5RERN

EHMBRFRERBEIE > MFRREE S > RAAZEAMBER » 84
HLB J&#% 2 & SLAE Mg Aidk » 488 HLB~CTV 2 CTLV #% » &2 H¥A %2>
W EE I W R EBAA RARME R A AR 146 AR A A F LR BZAL
MM EARE  BRET LHH 30% ZsmMAHE HLB-PCR Z 3 I5MH & JE :
AL HLB Z itk d » HLB $2 CTV #4488 65% » HLB ~ CTV s
CTLV Z#HEARETRNA 30% ALBERB A HAHE X HLB B ALM
WA R &2 100% % CTV B4 > 30% A E% CTLV &% o

ETRBBACE R E L O~ Gdh ~ Bt~ I I EER LT RE
Fibsmth 267 A2 P A 30-45% 5 HLB B > @ HLB smskst CTV 4R %
HESAEIBABKG TR » £X 8~ b~ Bsbid CTV #H 45K LR EKA
A 3-8%> & HLB $2 CTLV X &R RN ET 40% - /£ %) H)4h R U s A X
HLB 4B A R E#F N> HLB 2 CTV #4& &% 4 60-77.8%>HLB-CTV &
CTLV = £ R A RFEAE 22-30% H b #4543 HLB w44 90-100% %
CTV B o

BRI ERBEIINE G RAIME AR » LW E R
JAARTNE 30% Ref HLB> REEHH CTV #6-AEE T % £ 8-10% 12
B CTV B CTLV R A28 90%  ATAEIMEEREL HLB &35
T b L HLB Mp#ssm Ak 3 X 4% T 4% MAE AT o AT R o

A MBI T RREEY > @F KA HLB A RBREIRE > HFOTHK
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BEEH MR E L HLB 2% (Tsai et al., 2006) » 3 B 77 /2 & M 89 & £ 1
o Bl REFTHE RARETHBSHIIZEMAERKE 115 HiLeMA
#2384 10% Td HLB-PCR {583 HLB REX 44 3E+ HLB 2 CTV
ZAEAERPEA 33% 0 HLB B CTLV Mo L H ) 4R (2 =5 LB &3
F#@iE 66.7% Hibm A&7 CTV &$E HLB £&hmikiE 100% > @ CTLV &
% HLB &MmMTA 60% WL -

WA AT EEPER R BA£EMFILEM HLB X84 m4 53 42
b A 50% CRET HLB: 4 & CTV #HE6RLMHER  EREKRA
A 35.7% 3t CTLV #ARE - AIRRTRAL TG RAEM LB SR ES
BB gib R FEIFZ 3 EAmMAE 127 4 BRFA 29% % HLB &g > &
g d CTV K CTLV #BEREHEN o

= mRAREMERFESCEARAMBERERTRARARBEAAIDE

w74 B A6 aR MG ERiE T CTV 2 CTLV &% > R E
o EAREMAEARSRREGEE R KRR RE I EB] B EAFRAA A
WHARBRERLTH o TG EIEMSE HLB ARG R F 05 AL £ % 7 & 9
P AL RMERRR  BRBEBRERELTIRERM - EHEATHR
TP RE R » mpmEHRETER RERBREEIRB > 21T
CHEER—REAREFMEY > AL EREMRENA L - A RETH
WmENGESETERA LM AER » ik TiLmB0ER -

FAeR | MR R A 6t

MAGF AL AR EES HLB 488 » 1238 3% & HLB Al » B M-gibmsk
£% . mpAEsE S S A& HLB REURA > wbEE T AGLMKRETHLSBE R
To AR R ET T AR FHLY ERERE 173 EZbitat KRB TR A
B HE B 6 A (B 3) LAERRRFEASREEEINNGN » - ¥
BEgiRez 41 Battktd 1€ 2 8 (48%) & HLB &g %= : i
EMR P AL (Bsk4%) X 8 ERMA > KBlEsE HLB X &3 =
Ao RMERA R GZARE (MER4E) X 27 BRMETAH 4 B (148%) &
HLB %o fwmAl: ¥k g ibe ENIRFL e k4 e 16 Bix A+ A 8
(50%) & HLB &% o HaA : £ h E R gt AL EE TIREIFSE -
FERMEG DA AF 25 BRMAT 12 8 (48%) & HLB ArRkZo Hx -
ERBEAN L ZRFETHYIIABIRAEM > 47 BER4ATA 34 8 HLB &%
(72.3%) » B P& A P s o BESLeTBEAR 56 s A e A B SF e m AR R R 1 o

MG H RS F IR R R TRBRERER

—  FRAAASHERENGARERRRABRERRE
B2 BT AR OIS AL - ARA S AR - L E M 24 HLB & 0 B
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ARBRAHERFRRERER (RREIEE TS 0-3 8#)  BAERL R LM
SR B B 0 wAEsR PCR SRR AR > 745 6 EA AR
BOKZ 3 Gmtho kB % 3 X B EHMES 8 BEA KTV HIE
PR o LB MEEA B AL 5 10 BAM AV EEEZHE 3 % K
SHERMES 2 SRk - MBI R RARILK S PCR ITFHBL B A -
HAM ok BHEIR—EE 12 A FEFEAREERE - EMER LR TM
THEN S AR GHRBENZ FHAABRRE > BB SHEH 2 & o

= FRAEAZMFERAEAR FRRRRBERRE

BX 9 HBEASFRERRE 2 EEMBHRAEZEERNEN I HEMTF
(Severinia buxifolia) ¥k % (Limonia acidissima) » i& 5t = ## & & PCR & Z
BREL R RBENR ARG A KBS REEIZE  THLEMNE 4
A (1) BB 6 s L iE Al 28245 (Sunki mandarin) ~ @ £4% (Calamondin)
VAR Bl K e 2 438 (Kau Tou sour orange) A5 A #3845 48 & Bz B 4248
BERRKKRMASERAEMRERBOES 10 BAFRMCEEER 3 gailn
Byasxo i A& 2 PCR 8B IE-(2) + Z & : Volkamer Lemon, Rangpur Lime,
Rough Lemon % Citrus macrophylla #4247 % 8 BAREF HREK R E
B Z BRI FTILREBGRM > 25 12 EA B > RBAETAF T F PCR R -
¥R RBBETLEBEFES 2 X FTERK - A —REEMMEY &M T
(Severinia buxifolia) $2444% 78 A RAFRSMH » THEEMAGEE K > 125034/ 6 (B
AETHERABREIARABH  BFAHTHRATER  RAEEFHE & LEH
AR RRRENREmEY g esRET A L HE T Eam-3) &
& #t5% : Troyer citrange, Swingle citrumelo 34845 —4 123 K 45N 9) » 2 S ALfT
FRBOER > REIBEH 1 4% o PCR {HR| R4 7% RIEE — B 44 £ 5008
FEAR ARG F bl 83 & 3 E atsm AE Ko (4) a7 K35 % (Limonia acidissima) 4%
A% AEAER S 8 A KRR BB A ARG I B A M I AR 12
A MEGAIEANG FAEE - 12 AFmE PCR ALK & » BEFHEA IR -

FRAAAEDEFEZIF;HEAOEFZH R

WEM 3 RAERFESREI LI TR AMBEITRRAREIEAR L
BRARE  TEARRELLEFRANSET RS > MARIEI PCR & /ZM
WL A ML AT R R 2 2R o S EARI 2R E KGR WF RS A
AR TRE] o MBEUAER AP E R b > PR E A KAER o
VAR BRI R EBE R ~ o~ RE ~ A BRI RETHRSZTHR
RRRE RN T EARE  RRERAE - EERE L RLRAER 4 E
PRk F R VERIE > KB ERFRTIRE - AEEHIRFE S EX
RAER AL BEEHHRINMEERTEKEREAEZES > ALZHERE F R
B AR o
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KA ZACL BR%

FALm B MR ARG TN RZERA A ML » AT A Riud £ 206%
IR R > GEARIR IR M & (tetracycline hydrochloride) #p %) 235 49 s& #% ~
A AEZZBOHMERBERN T XNRL AR EZORBEARKS NG K LA
(Martinez et al., 1970 ; Schwarz & van Vuuren, 1971 ; Su & Chang, 1976) - &17 % 74
RN KRB E TR 5% » FHEMBE/RT S » dlmeptiimd - EHF
BRBENTHERFIAL  RALZ 20 FA LG LMK (BHEER) £RRBT
AFERIRGHE DT » AR R BIRELR » LA RInA H X8R mARE R Y

—  ABEEERARREEZIEK

§ AR AT W R A o S AR AL 4 5
ARG T RIR A X @R M E R F AR B MR AP MR B A A
MR REMET LSRR B X AMR T & 6 8] RIREFRBOLRKA
FRABOLFBRT o KARBRBRAE ORBERZIEZ LS 10 ug / ml (ppm) 4
B RAA LI K S A AR S 5k R B AR IS R P o A ds
TAE TR o AT AR A YN - AdmEMEETE 1000 ug/ ml 14
EEAFRIENWH R mRARA ARG TR ORE LA G F 8 ELT
10-100 4% o

= W R R KR

RRBRAFE Ak~ b~ 0 AT AR B R R o 2 AR B
P AR NG RIEEZR  BRTFNENL L TAEEEAAGR (RS
ER) R AL EERREA B A (B 4) 0 TR AL @ MK A
ik o BRI AW R LA R Y 44w A L AR A X AL
BATRB L > A (1) wIRELE (tetracycline-HCI) » (2) wE &+ F 8 &
(penicillin-G sodium) » (3) w & f# % +harpin- (4) % MR ML (& HE RRRLE)
(5) W& +F# A& +harpin- (6) harpin (harpin 1434 %40 &) » &R E A
TR e BB EATRI » SEAE AR B R AL E POR R385 L7 ko
BRI o R RIS AL EATAE s 2t 5 4 (O:RAML - 1:0-25% H%
fto 1:21-50% 3E3xfb o M:51-75% kb o IV:>76% ExiLRAlH)

W MR 2 R A B b 0 AT 0 AR R R A 7R 3t (Diseae
index, DI) X Ad s kAT B 2 KB A L X By B3 Mk HEH- & 3 %k
EIEABH 1 FF SAWBREI LR A IRA I EIR T R R B L
1000 ppm X @R & RH (3 AIH/EAR) #iE 20 FA UL RM LR 3
koo FTIEE| RAFAGIGHRAR > L PCR GBI 1 ¥ 8 & B R > BRAREME
1 RgmMk > B 3 RIEIEAESEF DI ZpkIg™T & RIFE9ER2R
# 4 HRF DI Ltk ¥ TREEABRBANY - ORMERLCE
B2 A2 BRI SR Ao L E R T A TIAE O &
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| 4% {2RMRAERGILER A OREERR R A - B IE harpin & »
Bl BRI AR » RARBE EANBRESAR T RM > AHBEME > K
harpin &84 F - MEEEE A TR A KI RMIMESTRE 4T % &
X AR AABAREEFREEER T W% LIt 8RR #E)
B E L b At o LA R AR -

ARt 3 AR EZH T WREBMEBLREGA T H ik g5l feoFihagi
ToododAEmk s ERBIL S ERBRBEREXLEFRE > BTAFFK1BE
WA Ew A& o

Bl

SEALARBREHBZ IR B FRABIFTRE > Hikibp Bl
A RAE 0 BB B AR RIE o AP RLIRBFRE 45 HEEERAERD
FAEER 5 ISR R 0 HIBAF AL AT & &M RAR AL B AR AL ATAAR
oAt B Ao AR o Blle M BARME T AEEE T XLLEFTEEGE RAEBH
o AL G T MAEMAEMEAE I - Bk % G0 RAR LG A
B TRBEFELGEE - AR T > BAMEE RN ZHERD S ALARE
AEDER B 4 B mE ALK | REALA  AAAT R E A R EI TR
T R X PR R B o 3B 3R, £ 1951-1970 £ 4% @ MRS R R A AL
M AR EAZERE R ALREEREAFHFZE AL o KR
B—RWRFL RGN RE R T AN RREENREGR EFE
S AEB FRAG T LR AR B A G mEF L UMEE%RF (CTV) &F| > CTV
W FEE T A% (PUM/SP) RASBIRAEMAL | e E4E1L - EA BB R LI UG
JaBk o MEE G A4 (SOISP) ~ B kAt ¥ A4 (Mand/SP) $1 X W% A4
(SY) Blfk g F4n4a (Tsaietal, 1993)- 40427 HLB A% | & 4218 Rt L
M (mandarin) Rig# > A% I TEFEMIGRAE LETEEMA L RiEEHE
gl TR o £EH > WiFHRRAL I TRLAELESREEZ AR TIRE
RERLTRERBEZ AR LE DRSS HREMAET AL LR
o MR AR A A BRRHRER ST EEA ARG 1T A% T £aM:EF A
AP MR R NEOMRARERTAEFRITER - - 2R IV A—
BAG AeaMakTETFTREARK > RAYGI8BMRG > BERSHTK
BRWAGERELRBTEE —FU L LrdNar fER AR gL
IKIRIE °

& A 1951 F454 HLB R EA 48 50 4> XKEZ B4 HLB 3o
A2 T o R B AR AR AR B R A B o 2 ARF R @ M S b 3R 55 &S A MG R
¥ty 30% AEE HLB Fiilde » muldtm G L BERALEERZ » &
AL o AR B AT bR b R EBATIEAE » RERTFaEE L R4 > Balit
CHBKELB LM - AFRTHMBLRAREN L HEBI TERZIFAS
1R —BEHRA AR &L o AAMERAMER T THERAK SR L THEZ
ARBEFAEEERFERBEAZFTILZI L D% » & HLB-PCR 4 & 2 & 3
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HLB 3£ 70-80% (& 2) > AR & HM R A AWM ER » A RRTVE
A AR A s AT RLE S FRART  BWBEERE I EIRLR » RAY
BY TR E o LA~ MM WERB AR ML A Y HLB #A S (da
Graca, 1991; Miyakawa, 1980) » & 4o k32 b Bk ou A2 4 -F & 100% &% CTV > @
CTLV 7hE&mpf 30% ALk » At HLB $ijg F48 6 R tg 4R » WLIF 7 AifE
W R R e AR BRI TZ AR A o MmihFA BT E B Z R ARAR H A R
RS B AR FHA R ERSE HLB @255 E R L AL HLB ofsFz & »
EAELREARAXRERASREMBIAN  KF0-IRERSTEEH > LL UMK
XOX B RERDE “EE LB RN BEXS RAikigd 30 £ %
Mgt HEAE R HLB R TAFEkTh o A —flm A5 > 3R E HLB g%
LERETH  REG D 2dAHEHERARAKRR T BURHARTSEZES
AR W RE R AMARE KR RARCR S 0 TRIERAEE R ARK o 0 e
i# HLB AL AR EER » R RALH HLB BHEAIMFSER FAELE
FEHE o BB AE & I AAG A £ 71482004 FATH IR B B G IiE ) G AR 9% By Al A
HRE T hmaTRGREEEL Al | Lo M EEMG  AE T AR
Ml O R Ffe R RAMAG R L mAk o KRBT 7% % AEAE KH HLB #94uredt »
G e AR AU > B b RAE Y HIE > RAMBEE - RANABRTHR > B
MR X ER AL dvn AR B R AR R K 0 S R A AL M - AR A R B 4E
HEZ BB A A Bsb— 38 & B 242 72 R R4 B B R B 48 38 70 i Ak
R, b 93T S0 b iR BT 0 AR SR AR AE KA AE R T A R B AR SRR TR KB R
HE YRR > Wk AR > BT AR MRS TEENILE £ 0 ok
BT RMERZIAEZEFR - BEHFAIERARKBTARERTH A G A
Jh o TR AL s b R AEAE & Volkamer Lemon #ASNE A 0 Mk B4R
BB B Bl M R AR sk RIp R fem Batm e oh > AN EEmE (CTV)
TH AT Rk AR Ab R8sk 7 (CEV) RAR Bk &L o 47
VAR A AR AL X AR AR > A 4 898 Rusk, Troyer % Carrizo » AKX FiiE A
8 Troyer & 2B Ao M A AR > £ EE B TE M » REABRF T LA Kig
FRBRBERZERRDEFH AR TR 4t T2 A K3 & AH A/E
1o MABRXBET TRAH TR LD R K > b b AN E BRmF
CTV - R/mHW ~ b~ ot &~ al i RAt 8 S5 > HbR A EREFIRR 7T
M B A K HATE A R AR AR R LRI (R Rinid) B K
ZHERFE (CTLV) B > §38 RARA B3 E A WG mEL > 48 AR
(Calavan et al., 1963 : Garnsey, 1970 : Miyakawa, 1978) o Bl i 4 [ & 4] 44 4k i
MA CTLV MmifiFizsa RIFAE K& R0 R > 5 T > 78 & 2548 & BT 49
AR fE ARG 8948 AT IR CTLV B Z e B k> Hubsbdast kgL ZE £
FIABAE » RIAR B B AT B L AT R o —HFdem BB Aum I X rE K > w3
AR AL EX AR RER > TR A A RILBAENES 5 12
RGAEEERADEF R4 o

AR BR E A E G RAR  MAEAR R B AT W M T AR ¥ 28 R A I A
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BB AMIE LR G EFEEERSERT o HbE 2404007 L eg et & » (1)
ﬂ%@ﬁiﬁ WFZXEHREEFZ D ERKRRYEETH > REBAEESEE
% 500 ml Fi#iE 3-7 & (LR &, 1978) » 2% A5 A8 30-50 min BP o %%, o
A OB E B — tﬂmr%w,w%kW%+ki1kWﬂm WRFEER
B AhEABE R EHEOMAEARRH XA THROERILT - () 2
=R R i ;)LC%C'71&/)\?}Ibi’§‘/{t./‘i/)\i§ia'li’i LB R Bk ER RS E M A 3
mmmz&mﬂﬁ&A@@*%&7ﬁﬁﬁ ek LR A 0y 1 iE 2] A E 39 49
MR L L FXLETFEREET AR FEBFH RS IV & 4F +die back
ﬁf’%ﬁﬂﬁﬁﬁﬁ%z%w0$i%%%ﬁ%@wu%%mﬁﬁ§,ﬁ%T
oW RIFZRE ﬁii&%z#&%#ﬁ%%ﬂiié%ﬁ%é (Schwarz et al., 1974) WL
ALK DARBEAL 20 FIFARET LS RARIEHRTAHZH
B (3%,1981) o

w

1 A TRk
BRA=3E ~ 2Rk 0 1976 - ¥ F 26:20-21 -
FgA] o 1987 o AR SAB R A RE X ERH R EITHFR - 2F XM
Ja R FE R - 148 A o

TG - 1978 - #LE A 7] 109: 23-25 -

BT 01981 c WEMAH I LR TS E I HE o £ B &4F 408:18-20 -

IEMG ~ B or i 0 1978 o M SLAE R R B RS AR o B 14 B o M EMAF

R 66 4R 248 B o
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Abstract

Huanglongbing ( HLB) first occurred in northern Taiwan in 1951. Previously the
HLB pathogen infected main citrus cultivars in Taiwan such as Ponkan mandarins,
Tankan tangors and Liucheng sweet oranges whereas it did not infect pummelos.
However, HLB pathogen began to infect pummelos in 1970s implying that the
evolution of the pathogenicity occurred in recent decades. This study was designed to
differentiate the strains of HLB bacteria (HLBB) through the bioassays with four
indicator hosts. Four different HLBB strains were identified based on the results of
their pathogenicity and virulence on indicator plants. Strain I was only pathogenic on
mandarins and sweet oranges by inducing typical HLB symptoms. Strain II was
pathogenic with high virulence on all differential cultivars with fast multiplication rates.
Strain TI only caused intermediate symptoms on mandarins and sweet oranges and
mild symptoms on pummelos. Strain IV was a mild strain which could only infect but
caused no symptoms on mandarins and sweet oranges. Strain II was prevalent in fields.
In field surveys, about 30% of citrus samples exhibiting yellows symptoms were
infected by HLB and were popularly mix-infected with citrus viruses. Plants with
mix-infection exhibited more severe symptoms than those infected only by HLBB. In
order to understand the relations between HLB and various yellows symptoms
showing in trees, samples of 6 different symptomatic patterns were collected from
virus-free sweet orange field for comparison. After HLB inspection, the highest
incidence of HLB was found in type 6 (72.3%). In the study of resistance/susceptibility
of citrus cultivars to HLB disease, Ponkan and Tonkan were the most susceptible,
Valenica sweet orange showed moderate in susceptibility, and Wentan, Eureka lemon
and kumquat were tolerant cultivars. According the disease index, the rootstock
cultivars were categorized into 4 types; they were susceptible, moderate tolerant,
highly tolerant, and resistant type. In addition, the distribution of HLBB in infected
trees was diverse and the seasonal dynamic of HLBB population was higher in spring
and autumn. In chemotherapy, we improved the transfusion method based on Su and
Leu’s 1972 report. An infusion device was designed for analyzing the effect of various
antibiotics in which tetracycline was shown to be better than penicillin-G. In field trials,
all antibiotic formulas injected to old diseased pummelo trees with an air-pressured
injector set at 80 Ibs. could reduce disease index of HLB. Three applications of 1000
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ppm tetracycline resulted in the best therapeutic efficacy. After treatments, pummelo
trees recovered and produced normal fruits with good quality. This improved
therapeutic procedure caused temporary phytotoxicity including vein browning,
slender leaves, leaf scorching, and defoliation, but the injured trees would recover after
half of a year.

Key words: Huanglongbing; pathogenicity; HLBB strains; chemotherapy; citrus
cultivars
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Table 1. Pathologlcal identification of HLBB strains using differential citrus cultivars

Strain Differential cultivars of citrus
PM LSO WP EL
I 3 [+++° 3/ +++ 0/- 0/-
il 3/ +++ 3/ +++ 3/ +++ 3/ +++
II 2/ ++ 2/ ++ 1/+ 0/-
I\Y% 0/+ 0/+ 0/- 0/-

“Disease index / PCR index

Notes: Disease index was graded 12 months after inoculation: 0, healthy looking without
symptoms; 1, mild chlorotic symptoms; 2, intermediate symptoms including chlorosis,
mottling with intermediate dwarfing; 3, typical greening symptoms including leaf
yellow mottle and curling, vein-yellowing with distinct dwarfing. Pixel value (density
count) index of the HLBB-specific band on agarose gel electrophoresis: -, pixel
value< 50; +, 50 ~ <110; ++, 110 ~ < 170; +++, 170 ~ < 230; Differential cultivars
were Ponkan mandarin (PM), Liucheng sweet orange (LSO), Wentan pummelo (WP)
and Eureka lemon (EL).

%2. éi'» Jﬂﬁ%,m BLF M RBHE S HLB 2 ¢ CTV - CTLV i £ & %

7

Table 2. InC|dence of HLB and its complex infection with CTV and/or CTLV in yellow
decline citrus trees

e A HLB = # & HLB 2 CTV & CTLV 4 & g 2 & (%)
A R % HLB HLB HLB HLB+
Rt (%) + + CTV+
CTV CTLV CTLV
1 3778 BH 9729 (31%) 079 (0%) 6/9 (66.7%) 019 (0%) 379 (33.3%)
% 4 16/56 (29%)  0/16 (0%)  11/16 0/16 (0%)  5/16
(68.8%) (31.2%)
v v 6/8 (75%) 416 (66.7%)  0/6 (0%) 2/6 (33.3%)  0/6 (0%)
2 waE  fiH 13/49 (26.5%) 0/13 (0%)  9/13 0/13 (0%)  4/13
(69.2%) (30.8%)
.44 4/12 (33.3%)  0/4 (0%) 34 (75%)  0/4 (0%) 1/4 (25%)
v 5/6 (83.3%)  4/5(80%)  0/5 (0%) 1/5(20%)  0/5 (0%)
3 24 2 25/77 (32.5%) 11/25 (44%) 2/25(8%)  12/25 (48%) 0/25 (0%)
bt 15/36 (41.7%) 9/15 (60%)  0/15(0%)  6/15 (40%)  0/15 (0%)
7 4 7/18 (38.9%)  4/7 (57.1%)  0/7 (0%) 317 (42.9%)  0/7 (0%)
g 12/42 (28.6%) 0/12 (0%)  1/12(8.3%) 0/12 (0%)  11/12
(91.7%)
4 TEL &AM 12/115 012 (0%)  4/12 0/12 (0%)  8/12
(10.4%) (33.3%) (66.7%)
v v 717 (100%)  5/7 (71.4%)  0/7 (0%) 217 (28.6%) 017 (0%)
5 jEEs v 29/93 (31.2%)  16/29 1/29 (3.4%)  12/29 0/29 (0%)
(55.2%) (41.4%)

TE 9/20 (45%)  0/9 (0%) 7/9 (77.8%)  0/9 (0%) 2/9 (22.2%)
MR Eh  10/23 (43.5%) 1/10 (10%)  6/10 (60%)  0/10 (0%)  3/10 (30%)

6 LEZ g 10/26 (38.5%) 0/10 (0%)  1/10 (10%)  0/10 (0%)  9/10 (90%)
% r 3/4 (75%) 3/3 (100%)  0/3 (0%) 0/3 (0%) 0/3 (0%)
7 ORAE R 28/53 (52.8%) 18/28 0/28 (0%)  10/28 0/28 (0%)
(64.3%) (35.7%)
L 37/127 (29%)  37/37 0/37 (0%)  0/37(0%)  0/37 (0%)
(100%)
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Fig. 1. Electron micrograph of citrus Huanglongbing bacteria (HLBB). A. HLBB
packed in sieve tube of Ponkan mandarin. B. The rod HLBB with side-budding.

C. HLBB consisted of a cell wall and inner cytoplasmic membrane by
cross-section. (Huang & Su, 1987)
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B 2 zfF o F] 4 S e A ] S fd T A A 2 i o PM: fi4y; LSO: #rgg;
WP: < 2 EL: £ 45 o

Fig. 2. Different types and severities of the symptoms induced by the 4 HLBB strains
(I~1V) in 4 differential citrus cultivars of Ponkan mandarin (PM), Liucheng
sweet orange (LSO), Wentan pummelo (WP) and Eureka lemon (EL) under
greenhouse conditions during 2005~2006.

87



G L NG Ry

i) 3.

Fig. 3.
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Six types of chlorosis and yellow symptoms
often observed in the field. Type 1: mild
chlorosis. Type 2: Zinc- deficiency like
symptom showing yellow blotches in
mesophyll. Type 3: Manganese-deficiency
like symptom showing chlorotic blotches in
mesophyll. Type 4: uniform vein-yellowing.

Type 5: whole leaf yellowing. Type 6:
yellow mottling.
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B4 etz mg BIELEELILL F0 Y LEk e
Fig. 4. Transfusion of antibiotic solution by improved air-pressured plastic injector.
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2 38245 % e-mail: scchang@tari.gov.tw
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BEAM EMREGMEILRE 6B ChAMMEIRTE » 05 1994 F4
R824 K7k Cacopsylla gianli (Yang and Li) & 2002 4 %53R,45 F Bl 4L K &
Cacopsylla chinensis (Yang and Li) o &7 & Bl % F A& > R £ V4R > %45 B AT
CHEARIRETA LEFr AN AALEELEUARNRN 0 BZREEBHT R
S MG EEFELIER o T HE > FHEAARZ L OE GRRARAEDTE
A E 5% (pear decling, PD) > At R Bt R A ~HE - e ¥t KELAKRRT -
FlAe G AR B RIMYAAEA 2 42> B PDTW & PDTWII 4@ H 32 o
3B % 10 B (16SrX) A% 2 #F (16Sr) MW B T8 AHAN L FEAL
RIBERAZFHRIAYERE - BE> A~ RRMG RRA—FIEEG BT X o

>

BlaEss « PRIARE - ARHR - YR AHERE  B6miE

LT

BERB LRIk AR B AR B2 F 2 8 (Hemiptera) ~ A #x A+ (Psyllidae) ~
Cacopsylla B - B £HE & F R G 49 H 3 # » Cacopsylla pyricola (Foerster)
S s b E S BubE ;- Cacopsylla pyri (L)) o3 ~ b E ~ BRN &
FE M H % ;5 Cacopsylla pyrisuga (Foerster) 4~ 2 321 & £ M #,[& (CABI, 2011) o
it 3 MEKRBEGELRRAS Mt - Bl 68 QR MAER KR BifE 1994
R I K7k Cacopsylla gianli (Yang and Li) (B &7, 1994) & KB 2002
#2500 B 4L K7 Cacopsyllachinensis (Yang and Li) (# %, 2004) - 7] % £ & &
EHEEK RCESHR > BEEANGEARNELRZE S -

BARBEERB TR ML AR EZEBFEUR RN O ZRREE  JLF -
iRk TABRABIE R ZANTO LR EEEFEEER - ALEHALE
FT124E4L X 5975 (pear decline, PD) » 140515 %4 ~ 25 ~ BIShRIGTEM » K E
HEEAMAT - R XHRMGEH X% E T (pear decline phytoplasma) #7351
#e o WAEE K 12 (phytoplasma) {£15 [ o 7 7 AE 4 40 K 36 49 65 & fm il B 3 EE 4w
Bo > T & B4 (grafting) B4t/ 5 & 1845 (Jensen et al., 1964; Schneider, 1970) -
£ 3 fEELKZE Cacopsylla pyricola (Foerster) ~ Cacopsylla pyri (L.) & < B4 &
AR ERFTHETIRBHN X mE 48 (Cararo et al., 1998; Garcia-Chapa
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etal., 2005; Liuetal., 2011)c AN B FTEEKREZZILEYH PEHAKRELS
BZRERMNE M BZEH[REIBR R BERAN - RESPEEKREM
Z MR BRI AL ko

— PREARZEIATEN®

PERHAKRZERZDNPEASARAIIREE ARERCRAFZRERARE
(B 1, 2) o &sx 1950-1970 F £ A A R A Rk F & > 1981 S gL 5
Cacopsylla chinensis (Yang and Li) $1Bt & £ #4&# 7 F (% &%, 1981) » 1986 F
BaABEREN G S TENERNEARREFE L B4 AR E
BRABKOETINEE - RTAE BEPEANEETFE S » A KEAH
A EPHEEHEM (F2%,2003) -

PEAAREAE 25C By 7-11 X £ &M 1618 X0 R A& F S 812
X —#REFR 4 31-41 K (4K, 2004) - ZYpdrf 2 ey LAk A EL
ZEMWALE 24 NEFREIRBEPT pub G e E Y 0 A B R BR b4y
AT g QAN A5 (B 3) - $MM¥h AR EEFMMw - 25C 5
BB &M 1-5 3% 229 X > THEE 6.3 mg (A%, 2000) - & W E FR >4
By @R AR - BB - Bk HIEAAK O pH R 50 ZEAS AK
53.05% - B4 19.1% - % 4% 226% - & 063% RV S4BT E  BBTUEEY
¥eLots] 5 88.0% » RAERX 81% (%, 2001) o B E P X A A B AKX P LMk
(Aspartic acid) 42.1% & % > 4 %8 (Glutamic acid) 27.5% Kk Z » 18L&,
LB R E (55, 2000) - £AEFRET » Ao R A#E > BMERRAZ
TRPOBBAMANK » 2% K45 HE Cladosporium spp. % 4¢ 4% 70 &
Alternaria alternata » L 38 8 T 4842 A\ AEA) LT BAE M Hm - KT8 A
TUEEEARLEE » AR EREZANARTHE > jlelti@r (B 4 (F,
2003) o % @ B MATIL R R MR m B 5 > T AR AN BBMAE » R 3UA 23U
H k> mAARA R RARGE > WS MK - A MEKE (8%, 2000) o
EESPBBAER > TGS ERRERELEN » 153842 L SR EmRIF > B
TRE FREFEERES & -

WAAYBBRE T FRAREHEMOETTrABELFRAMER
T BERFRIELERRE BB RIS TR HARBE L BB )
FEE SR RR S RTARTR  HEBSMEME - MELFRIEERNEZY W
WA A > EEARLBMENEREAT A A LA EmaFE
Kafo ik » R MBBERERIFZAR > £ %@~ RERMME LN Romst» £E5] 4%
FRRELE ABELFAMBELTZAME  mMBELTORELE LA LS
BFE (F%,2003) P B AL HLELAPHATHTHEREN G (1R,
1999) > # A ELBAA LY KT > REFLEZGMHER ML ¥4
HFeER Gl F IR ERE A A K B —HBELF R EREMYRR
W2 AR FF A o

Ny
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GO REE R A I AN 1964 4 F @Ak 930 % A | 1974
#%}%@%%ﬁ'jiﬁffé 4 dAR R Ak £ 10,000 zi\\tﬁ » 10 ﬁfgﬁ + & @AE R
& 10 1%,1994 4> HF A FZ@AL 9000 %A EREBEAMEY > £
R 10,000 A ALMA FAnE > L HEL O @R 45004700 A > E
BARET ARGR L oS P TR I foF A BE YR GH
R RH  AH 2B HHSRAE > BREAE - & RERA - Y
Lo BB A B AEFH EMAR 40 155 (56, 2002) o
3B & At (Rosaceae) 4L (Pyrus) ti4h > & ~ KE KL HA R LA R
£ 100 25 ARG EHT S AR EHRABRRE Frwps - AR
KA D ARRAS ~ Bk BT TR ARA o SRR UL S R SR
K~ oK Fedr 2 AR AL A E T AR AL (%, 1991) -
A5 RRAE @ 5 BRI R BEARE > wE B WA LBE > FRMRE R
i BFEBAINGR A FRMBEARME > Mk s] BARMK R T > g HHE A R
HEZ N RRK -

1994 % 6 A & ¢ iAo F o R AMIE B AR RHA i HA 200
NEASZE > HARBERGRREAE%R > Ak —mEZE 2 > £ 2000 F &
CAk Ik 14,394 25 0R 28t (B Rk, 1997, %, 2001) - A Z 35 m AN T & &
R AI144E (Cararoetal., 1998) RAX AT ELHAE @M% 6 F R34 (F
WAL FHARE > wRAEARE T AL KZE Cacopsylla gianli (Yang and Li)
(B %7, 1994) » {a LW M EAk » B RS HEE » RO EVER o

2002 4% 8 AL PHAULEMELEALARETATHEA B B
WRR A AE IR 2003 4 4 A R o T L ERRE LR LS
HAF R 8 AT RBEEGR - PURE < SOL AR ERAFAE
W h b BAAT > AN KSR ARET (RF, 20041 B, 20041
% E, 2006) - 2004-2006 1 0 4 HEA T NE RS A PLAALLAED
MR > 2004 FARIFX 435 FALKIEAA T 0 98.9% A P EIALAZ > 2005 &
FRIFZ 264 EERFERET » PEEKREFAET 99.2% > 2006 F KT
713 A KZE A& T » 100% & PR KT » ZHOEREEIE P 2 A KBIE
$AEEPELRSE - PRARKAEAEAHLNYIETAE A0 A HEAS L
Bl R A A B s o ki Rlid ok P AR AR THRALRA KB AAE DS
RFFANGHE -

Z EEHEPHEEARNEZILEEMR
(—) PEAEKRZLESGHE PB4 M

2004-2005 M » FALEREARBRLERENE T R - FHE > B3

B4 6 EHE > FMEARER 3 B TEB BAEBE TR 712 5k:E

3 EHAE  ARAESE X BB R R E R AEKB > BP B EAMELEE 46Cm -

K OOcmiHMEN » EHIERABER 5 X AREZNERANZIELKRE
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PREFEH » THREEKEB BARALT 1 k> ER4wE 67 TR TH
MR EL S AEWERZ > A%kE 7 E - K& SRR AL
AMAKRK BERE ABEERBE - AASMELTE . A BEMEE
ARBAFRALH » L FRETRAERMIE A > BHIFEBPEF A
BEeXe e BALRINRENES - Rk 2-3 AR RNARILT
R —REZ G Ll R E LA BT/ > & B SR S sk B0 T 1
F4EH o3 AT O)ABFELMH LA 67 AXRKENER S G151L56
B BB ARE-FPOBAZEN - RREZNH 2 AZE 1 BAKE
1 k> ARARERS S G EREE - EALARALEY BT &£8F

Ay
%
N

R REE TR A TRREAFRERT » AR5 N R B R AR %S
Bz N RE s R RS R H G A REAREHEETHRS -
7 AREHEENRAE S5 HERARIGRAEZR  AREBERMAHEE
k-8 ATa)EMMAETLREANES -8 ARmBEEAEGHRATE
BMENEALHAN WEETHERE ) ARERY  ARERBEEY
BEEF -9 ATOMBLERREARL AL BAKK THEI > @
KT AEBER LB - 11 AR EORIRE > BRRE& ML ER %
MABMEE BT THERENRER > KE-RANCTAEKRE 287
HoHBLETEAEE TRELKRZEL - MRS - PFHREZIRF 2
AEBAGaREE A BALERRAGIBICHALE R R
BERL ARG - MEA RS o FHEXLFREFHNA 10C XL ARE
BT R EFRA KNS EBRL YR FEERE £E6HY
AEE AR THIL 2004 F 1 ARPBREKE A VH oML R E TR E
g > AR ML BT R G B iE R -
EAEERBER DI AR R AMBIEE AL 7 AR 11 A K%
B E RS o FRA G T EALRE A& I 2R A g .55 Mk
1 &G HORZ (E,2005) o 7 Sh Bl ALK 3R /2 P B K Pk T Sb AR 35 Py
ITRAAMRANKE - REM AL EY 60.97-87.5% &k & EH# 50 cm
AT 8GR 4618 3.6-25% > % 50cm A L&k b s (2 F s e 38 o > A
A fEEZ A (25,2003) 0 23 o FHELABRARS S X RE > o
AFRE S 2FTARE BERETEL AL - PEAKRZFIHEE
S AL FHE 2005 F 7T AEFZBRALERERI L LNERE
L EIG R ARBRERD N > BRAEEA 142 G KB REYF > EARER
AR AR AR R AR AEBRE L 2R E R F R ALY - Horton
(1994) /£ 2Bl AR A B % E K% Cacopsylla pyricola A& % & A & 45
EHBAMAARBPORL -
(=) BARZEEBEARE
CEABAANMEIRZFZAATEHEAKRTE X7 RET® - FepFR=_8F
%o MR AREREEZEFTENREREYRA ARG AR () KEEA
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B 8 S %’1 (2 RARBEZR N MRKEEE  REANEZRY

iy F AR RIS B S0 (3) A ﬁi?ﬁkfmﬁ‘éﬁu@ﬂb EoEE KR
t&ﬁﬁﬁ’%f—ﬁﬂﬁ (4) RE>#&22E > FABITHERAKS  (5) #

TAREREOHEE  THIRERE : (6) REZR #ﬁfi%ﬁﬂmﬁﬂw&,@ﬁ
RABHRIRI 9176 ¢ (7) KB AR R RAIRRNERE AER « (8) KA
LRI 6 » B &6 (#F, 2000) ° ﬁéﬁ%‘ﬁil*” AP L& R
FEHHEARNE FREL > RGRRKELEFTLHA

(2) RAZRBAEHE

PESALAE 20022003 FRELETE T RY A FF S
AR R Rt R R B0 0 2004 08 IR A6 B 88 AT AL AT
R ek EEIARNBZEMELTRALCEE @B E
MR AR EHR E BN R LD - SHE - HE
FLHERERBTABE o

ARBRIBERR

2T 55 0R Z FARIL

*"?\(55%4%&7%2’{55;%%@ (pear decline phytoplasma) #7 5| A2 o 44y
W A A2 (phytoplasma) 2%/% 7 /X & 4 (Mollicutes) » & m e 8% ~ % A »
HooB AR R AT fetmE 2@ 300 %4 (Agrios, 2005) -
Rk AATLRE &> ERARRBERIDANRAEREHELEEA > A
DAPI (4°-6"-diamisino-2-phenylindole) # &4 /2 % X B 45 T » RAE T
fffﬁ%éﬂﬁiﬁﬁ@ | (Seemtiller, 1976) » 4#8 B ¥ o AR & 4 F AT £
AR VX\:b PCR #4i73%ma L DNA » 3 & o4 DNA 4R 49408) » 4
&ﬁ’-i’*"f B FAR R o r?’nly:%ﬁ BEEETRE 2 A it
@ o aﬁ#ﬁ%&Txyﬁiﬁ ERE VAL AT EE VAR FF LR EAE A o FAK
BomArRBLRE ﬁiﬁf’&w%/? ﬁliéﬁ%ﬁi/m%‘ o B L 2004
International Research Project for Comparative Mycoplasmology (IRPCM) EQ)
A4 E K B T AF B % k%A ¢ Candidatus Phytoplasma & /& % > 4 445 4%
f@%ﬁz Ve E T3 2 4 o B4 16S IDNA 8 5 5) B4RIE > #4E
ME KA 15 B (16S1~16SrXV) » & #f (group) T A % {8 & #f
(subgroup) % {B4E (species) > R B L& 1200 bp w4 L#g 16S rDNA /7 7|
¥ F 2 AEME (identity) K7 97.5% BF > R EAEe9AE s B LF £ -
HILANBAE » FO|RRABEE LT BT AT RA& (IRPCM, 2004;
Bertacci ni, 2007) -
ARG g il ARG RIMPEA LR /BNE 10 25 (16S1X) & F
2 Bt (165rﬂ)o$9v13fy'litw)ll&ﬁtaéwl’fwﬁf %33/ (PD) XAZHHAK
#% B Candidatus Phytoplasmapyri (16SrX-C) » 32 3] A2k apple proliferation
(AP) s& £ ‘Candidatus Phytoplasma mali’ (16SrX-A) » & Bk st + F 3
European stone fruit yellows (ESFY) s& & X ‘Candidatus Phytoplasma
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()

prunorum’ (16SrX-B) » 47 Fl B 74 % 10 2 (16SrX) » =% 5 7|3 1¢ £ &%
1.0-1.5% 12 B & £ & &AM T E > &AL E 3 REMWETE >34T
F R g2 % (Seemuller & Schneider, 2004) o % 772 2 3 430X 4L % 33
Ja o A HER A d5) AeHE ¥ = (sweet potato little leaf, SPLL) Z A&
MW AL > BB % 2 # (16Sr1l) (Schneider & Gibb, 1997) o

WA FEd PCR HAif3gte 6 AL 58% W H 4249 rDNA> a6 B4
RZAZBRUERARE > 2 BAE 10 8 (165X) 894 H5 % 35 7
(pear decline-Taiwan, PDTW) #a4) ¥ H 48 » REE R E 2 #F (16S11)
PDTWII #4442 (Liuetal. 2007; Liuetal., 2011)

FREBHGH AR ERNERAEB I RETEZAME - &% 10 #F
(16SrX) HHAESIA » ABRE DA SRZIAZH % > LRCTRIRER
B2 i 3% 55 (quick decline) ~ 12 M % 35 (ow decline) ~ # 3 (leaf curl) &
4z 3 (abnormall colors) % » i3 sym B T AL B H AR A - AP 2k %
AL ABERERRER  ERAEAE R BRAARERKANL
T ERAKDEZHE LFIRRAG > BHHE  wE - HKRFE M
THRRAERTH ) ARG HABERCEF R BRASEHES AT
BB ERCE R AFKREFRRRTRIFBRECE RIALE A
FEHRAELR TV ALEHNK ) HABERILF Y ZRERY » REH
FRRBHIRERITILER BB RBTHEBRERIILAEETR » RE
S B B3R ABE 55 - T (Agrios, 2005) o % 2 #f (16Sr11) ®H 52
FRME R AL E I Rm L LR R > RIEE R E R 2R
SHEZE Y B R SRR ER TR (Schneider &
Gibb, 1997) -

EHAZHRIEEMN

GHEE 1994 F 6 A 6P R - FPHESF -REREAXFHRE
o AP Bmilut ek Fi5H 915 2% mAAKIEL ZRMAMK - Fi
34 BARRT  mIERFLGRT  FAENERE 10 SR LELE &
KERGCBLOREAAEB - BREBERESDL > Bm 5 —EREE
o BRAEL MG MEABARETAAZTHRIAVNEEAREK
W% B REG RB A M 30° AR (B 5 24 bdkd
ML BFER A E LERLTHEESN -2 h £ BBHRAEKXET L 10-15K
M HE 0 MR 875-1000m R o (B & #k, 1997 : FREF, 2001) o
& 7% AL 3% 59 gk S ALK 3R 09 Bl 1%

A ZHmTEHBEERENRERE  IBNAEFRCETTE
WAL RERRE s RAPTRALAERLE A KRZEE AR » 1994 F 8 F ok
MR BB RADBEKRE  MEIEEGP RIPERT LER 13K ML %
BrBAREAARGZAE (AR7F,1994) - HixdfEmBERELRLKRE
EaRAB L2 FHRINA R (B REk, 1997)0 1996 F 4L % 55 m 21 E
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AR BRIABRK > BEARBELBAZMEEELSTHEA o

2002 F 8 AETHAAOLEREXHALABZRELFLRA ¥
P MK RRAEGBIRE > PREFRELLAER > REHRIE
OB ALK Zk o sbk ALK FR R E A M 2L 550 40 B Uk K 2R 8 0 2002-2004
Fo dhadhard 10 #169 PDTW B H &1 PCR AT > AL 6
FRYAFHE RS T PDTW BEBSEIFH B LI Ffril
MPLHARRHELEAS 35 AMMBEA XI5 69 AMKREER
B AEEENRBFIEET (FIRMK, 2007) o X4 4532 Bom H A ) B
MARFBRBEREHALKBHAZH A PDTW BHH > ERAEEHEF
HENE LR RERE - AN TRAETBAKREABARBEAS 254
PDTWI # A48 > ME&KERE A 2R Y BB - 388 fd
HHM 2005 F 8 AAHTREHENFERERENEN TR TR EE 2
REHE RSP ERRMMI HAREH R TRETRE > T4 PCR
g

Hehg iz 2 HMEER (2%, 2007; Liuet al., 2007; Liu et al., 2011) o & 3kAF
FoRl RO G FRUEHATHE o

L PERABEARHRIESH S
GOPEAABAABERR  HXSCHARHAY 2 AHHE AR
PDTW ~ PDTWI #8498 88 » AT & & 7 Bl ALK 1845 2 244k - R H 5%
T A RmAfE P49 PDTW - PDTWII #4214 2 0 A A% (Liu et al.,
2011) o AR R AR AR R (L AL)  FaFr KRB H F RRmB (IR,
2001) ° Wb T RA B KRG ABA RN AR FRBNEZRE - HETHEKRER
HEm REABMEREEEZNETEMAE  WKFARNPTREARTE REZHRZ
BEEF| T o
(—) FEAEREIGE
25 %
2002 4 8 A6 FHEREALRKEETR WY T AR TR SLBP
B4 Bl R RAEAT R B 76 0 2008 R~ o PHE S E AR E
G AEEG S RBRAG SRR TR A RLETH AN RELT LS
BR| AN BRIZ - STERRABES LG LR RRAETEITER Y
6 o
AEAREREET DR BATHARERETH AR B ol R EHT5R
ZRGFEE RG> EXBEBOERA 11% B AL 55504 2000 42 - 5.87%
My 4 K #F] 2400 4%~ 16% T R T AKE &l 2000 1% ~ 20% 4% K
A 2000 15-9.6% #HiEM sk 1500 1%~ 99% HE4yihFLE| 300 4% -
18.3% 3r4kis KAl 3000 45 - 25% A 5iH TR M Al 1500 4 (B &
F, 2010) o TR AR R A > B2 7T RAEE K FERK Tk
Hdy i e 2 AR R A ) AR BRI MK 10 X A4 TARIL o 322 05 7T iE
FBHRAEEF WAL BERE A - FARBKRNETEE FE
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B > A 80% Hiar A 400 43R LA E B A 0 GUKHEE
FEARAR XMk B 0 ST RIG IR AR F A R AR AT Rt a4 -
B RRAKEEEE > EFEA B LA LR B EFAEENS > THEREY
BRR o
MEARKELRZGTO LR EEE - BEELTIFME mdFHEER
B R BAL BB IR LR KERE BHR T > s R R 5 B335 3] &
B o BT VAGE R A B BE B 69 23R G A AL A T 0 BE B R AT o
Y%
2004-2006 M FA4 £ GE PHRARCMA LR P ERAREFEFEL
Z K@k 0 3HA A # ¥ ¥ Mallada boninensis (Okamoto) ~ /v 2 2K &
Cryptogonus ohtai ~ 5B 4 2K £ Propyleajaponica-~ 44 4 2k & Lemnia biplagiata
B <2 & Menochilus sexmaculatus » F o AL B BB S R B W
Ao e KiEFLE R E R B &N & AEHME > £ 25 & Coccnela
septempunctata & & &2k & Harmonia axyridis (Palas, 1773) %X (4%,
1999) » B E M A TR B L e NS H T BRI E HA R KGR G
(3%,200)) - 12 A & B AR X Fg g MFR &2 FIFR L e X
MIRE RS EHREIGESMERERHK (Rieuxetal., 1999) » HAFE R
MAEE EMY (315, 2010) » KT8 KRB E 3L -
E By s 7 ik
RT BRI  RERARGETERRAAEEIZRI HTHEK
AT o485 % (1) £E%E AERAN L @A LR > RI AL
S (2) ARKBIHLE E A EK AP E R MG » sl AR IRAL L a8
Bl6 th A E 97 » A0 89 A 8535 SRS BB > |G 6 > A5 S K H
Wb EEN > BEIT SRR 0 BPRIER S (B ARERTT# LA
RIBERWERERBERLE  BEERISITLRHEE K> FERL
o Bpafag B4R 3t o aF FME 45 T AR RAGFE T T 0 A8 ALK IR S AR
NGE o (4) BAREEARABERMGES » BEFERERER S U2 a
Ba R o
(=) HEHRIGE
255G
YA AREAAH R B EARANGEHEN 2B AR RER
Mo KA @R E 6 R TG R o AR RRBIEENRE > di#
FEHRER  IKERFR 2 FEBEH o REEBFNBIRE > EETE
AR 2 A% WAL B IR B4 24T (Beutel etal., 1977) o {2 1
A FERA LRG> RAESIHY IR B AR N G H T 8%
B R g A RESUH R RENGEAAREAREEZLER - %
F05 6 F B RBL BABALE LA REBRAERIPEL  FRFAZH G
A REF 0 B E A 4F e Mo B3R 414K (Schaper & Seemuller, 1982) - A ptidl
Gl FARRMEESEE T > REWRBRAKRAB S EZHB S o
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R A8 7 ik
HeHEHEERTEERBNERBELTHH > FFART LA AR
RKIBEEZIN BRAFBRELTERRELRETE ALZERLR G RETE
FERAER BB mERRE » ERARR R AR o 2R IAER 5 A
A MIE » EAER A REALE o F R ZHRFHA TR TWIE @
Bl & A AL AL B 4K > WAEIRFF AL A o

%

EEEE FREONH T 6 HME DBEANEY R - P ELAK LT
FARNELFAL > THTEHAREHEMMAILEE > HRES BHBAA > 7
R AR B AARIR » B R ST B B E KRR TR MR A R
AREROYEERRE - SR BAKES  BAWNAHEAT > R
BHEE—REAS B RREANERA  LEFSRERE AN > 46
BRARGS > HTHA SRR - AARAKELE M > iR ELR
AR o % AR LR R R 0 A RERESA S AR
HRE ~ SBAEBIER s TR S A AN » R T A RETHE -

5] R TR

I XA 020050 FPEIZLRIEZ A B8 o B IE T HHAMA LG L4 355-366 o

FRAEL S TN~ FRFE g 020030 PRI KZEHRAMRG G - LBRH 4
30-31 -

BILE N BRAKAT 0 1997 o LA B X AR ETAL o ARG 39:23-32 -

B R R 0 1999 0 K BINAH AL R IRERIERM R LER o Tk
28 1140

BIGEs5 ~ 7r 4= - 1994 o & B #H A RISEL R TR o F ¥ R L5 % 43: 467-468 -

B F 02004 o ZLERGEX A REEB SN o B LM R4HE 2478120

AT BB E -~ A3~ AR RA= 0 19910 L 2L 38 8 R AL KRB R T R 2 o
G E ¥ 15:29-39

BB 02002 HEW A EEFNMR I AR ERGHFFAAER - BEHR
226; 48-55 o

BB~ BRAL S Rk 0 1000 o ¢ Bl ALK TR & F B A B BARHEAT o 7T ILAK
R % 14: 81-85 -

B R~ FXEL - RFEE - DGR - B R4F 0 2000 o P B ALK IR I B G A5
BREGCERR - LR ERSLEH 3:80-820

BRI ~ BARF ~ R A ~ Ti5% 020040 S AT AR XA L kI
B o REW RS 247 18-22 -

BRELSZAT ~AAEF - H820010 &8 BMEZFm FAAZIFETT - Y
RELEEF 43150
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FRAME s TE% 020060 PEIAKEINGZEGSL ITHRELEEZBGELERR
P H AT IR 7% 66: 12-15 o

B X &~ T 0 2010 - A8 49 #%3% F At o http://www.tactri.gov.tw/htdocs/ppmtable/

WEd s xEIL S FkT 020040 67 Cacopsylla B (¥ B : KEA) X —#
wEAE o 618 Rk 241 213-220 -

E 3 ?%ﬁowﬁoﬂiﬁf—mk%ﬁoiw\ﬁﬁﬁ 3: 35-47 -

ERM o HEA - BRI RGR - B1¥Ek 02000 0 P BB KIS AP E L

&%§¢;%%&ﬁ%%momm%&37%3%&

HRMFHEE PEAFER 2001 2EANEHTEEAREL ZNHRE
il o MR S 4R 28: 285-286 °

B % Ak Fo2007 & ¥ AL 5% 55 % B K B AR RIHAIT A AR YL B ] - AR € T 16

1-10 -

B H A BlRA S HEY -~ h&F 22007 - 68 AL F 55 R RS R A
Z Kt o HE %1%&?@ gF 4:13-26-

B4 H - 2001 o P EAL AT b A AT L REAAT () - TR EREE
# 24:110-112 -
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I ntegrated control of pear psylla
Cacopsylla chinensis and pear decline

Shu-Chen Chang®” and Chin-Ling Wang®

! Applied Zoology Division, Taiwan Agricultural Research Institute, Council of Agriculture,
Taichung, Taiwan, ROC
Corresponding author, e-mail: scchang@tari.gov.tw

Abstract

Pear psyllids are a group of psylla that infests pear trees. There are two pear
psyllids found in pear orchards in Taiwan. Cacopsylla gianli (Yang and Li) was first
reported in 1994, but it is rarely seen today. Later on, the other psylla, Cacopsylla
chinensis (Yang and Li) discovered in 2002 has become the most economically
important pest in pear orchards in Taiwan. They damage pear trees by sucking the tree
with piercing mouth and excreting the honeydew which caused the black sooty mould.
C. chinensis was confirmed as the vector of the pear decline (PD) disease by
transmission trails. There are two types of PD-infecting phytoplasma, PDTW (16SrX)
and PDTWII (16Sr 1T ), that cause pear decline, leaf curl and abnormal reddening of
leaf colors in Taiwan. The biology, distribution, and transmission of C. chinensis and
pear decline and the integrated control measure for both collectively were to be
discussed.

Key words: Cacopsylla chinensis, pear decline disease, phytoplasma vector, integrated
control measure
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B 1 PEAKREREH AL - B 2 PEIAREREAL A o
Fig. 1. Adult summer form of pear Fig. 2. Adult winter form of pear paylla
paylla Cacopsylla chinensis. Cacopsylla chinensis.
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B 3 TEARZLAREALAACS B 4 TRAKRZIDES 71882
)R FEF o e
Fig. 3. Cacopsylla chinensis nymph Fig. 4. Black sooty mold on honeydew
hiding in honeydew. excreted by Cacopsylla chinensis.

Bl 5 ARHmIBE - oERMo

Fig. 5. Symptoms of leaf curling and
abnormal leaf color on pear
caused by phytoplasma (PDTW
strain).
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Fig. 6. Population dynamics of Cacopsylla chinensis adults monitored by tray-beating
method in six pear orchards at Dongshih, Taichung.
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Fig. 7. Population dynamics of Cacopsylla chinensis adults monitored by tray-beating
method in six pear orchards at Heping, Taichung.
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B[Pt B HL 5 7 e e P Pt g )
MR RRZEDERENS R ESTEIMRER

HEEY AL AT AL ERAVESE Y BRAS By T S

YITHREEEZ R RERBATEA G A

PE AP RREANE A

A SRS & TEL LY 3 NPl 3l
‘BT RKEHYRILE A

P EB AL T KRB RIE A
CELPRARLRELA

" i@ AAF & e-mail: htshih@tari.gov.tw

B &

WA R R AN RS 0 2B R A EBA KB - RBGARA
B RHHEARANFEF R EANEEAEILBHE AT R A RIS
M S AR e o AR A A A S B Sk TRk R B0 B o B T A AR
PR AABE R AR E RS BRESRA T RN R A ESFRPEHA LD
B AU ALEMRAARA RANES TR > SILLHS (ot AT R &S
16 R B 80 A A ) ~ A6 (do 4 R BCRMA M H78) ~ BB E (o Fl -
B A LIRS TR SR A S 65 A E) B s

Bl4Es7 AR RIRAZAY ~ WA Resk > AT EIUT - mAAL - MANT S

]
B R G o AR A R 09 RAZ A o AR A AR R RAZA M (plant

pathogenic prokaryote) » 3L =T34 & R & 1% 4& 4 » RIAE B &MY m R RAZE
Boaf () EAFTIHETRRTRAKNBIRET @E (xylem-limited
bacteria, ##% XLB) > 4= Xyllela fastidiosa (Wells et al., 1987; Purcell & Hopkins,
1996) #2 Ralstonia syzygii (Pseudomonas syzygii & H El 47 & %2 (synonym))
(Balfasetal., 1991; Denny, 2006) : (2) 4 874 4 F RE9 LI LR 1B R 65 % R
#% A4 (phloem-limited plant pathogenic prokaryotes) » 4w 3% 7% & H 44 (spiroplasma)
(Whitcomb, 1981; Markham, 1983) ~ # 47 ¥ H 44 (phytoplasma) (Weintraub &
Beanland, 2006) 1% # /% ® (Cadidatus Liberibacter spp.) (Hung et al., 2004;
Gottwald, 2010) o @745 s &4 AE R R RAZ A Y B 5 ik AE Fl — 3 2 T
AR (invitro) ~ £ EZ & &R UAFRIZAR T U A& > BB OB R T A4
HEdm R R Az A4 (phytopathogenic fastidious prokaryotes) | o

LB AR RALAEYPTE A MR F 0 BN R B S R T E B
G B s TR E THAREN S A A B Rk BRAREBERAEY -

107



PO URUED 2 P02 5 PR 3 TV Pt

BAARAROTIBHG o EALBLLTI6 K EH o Lo AT R
B AR RF A RARME S5k ARG HA FE L REL
WA T EETERBORE  FEEAR BT FEIROMARFAFZ
Flegn A NI > AAARA S BT 895 Bt b A% MR ERARA -

A AL > AL B A HHR RN REL ERTERE » (A A
A (A FERE  HAITE  RATHES 8 RIEH) 0 A A -
RREE - FLAMEEF ISR @ PR CAER R AR TN £
AR A6 A R MR SR » WU ST N 6 9 M R A A
AR B B36 Rk o ROk » A S B4 (kaolin) SURCE #5536 5 F HHE M A
BB o TR RRI AN BB B T I R B5 R R R
LTS U

HEAE YRR Y R ER
W SEITRBE I RR R A BT THEBEN LK LB 24 RN
M AR Ak a0k () ERACHMBRET @Y - MY BT AL
B sm A R G Lk > R BIRIE R A A A - (2) 24 F (dodder,
Cuscuta spp.) THEDE K1 A R LMK G Z M Riadk 0 Q) A EHETF AL
PRI T > AP ERAEMY AT LT RBOReHR-FELm, =2
Cordoval et al. (2003) # 4 # &R FEMmF K FLm @ T4 (Letha yellowing
phytoplasmas) #94fF 4 £ » k& 72 ERIEETY TR L 13 ERZEHR

HEAARRY> TR RERBETAREA T REAETF1RE -

B RS IRE AR R R4

RAEMEDGTT  EABBHOREZLADERERIEL  EAMERL®
(phytophagous) #9431 B %8 (hemipteran insects)» £ €4 25 F T 1% 4% sh48 5% R
AR & (vectors) » R PTB - FaMAL > TR 4h B8 A (Cicadomorpha) (4¢
#3841 (Cicadellidag)~ £ Mk 2E 1 (Aphrophoridag) - 495284} (Clastopteridag) i
R XA (Machaerotidag)) ~ #2832 B (Fulgoromorpha) (4= % M #&#F (Cixiidage) ~
75 3% #+ (Delphacidag) ~ & 2 A& 7 £t (Derbidee) & ¥ KA FEAH (Flatidag)) ~ M7% 3=
B (Sternorrhyncha) (4o kK Z&#F (Psyllidag)) 42 %31 3% B (Heteroptera) (ketk %4+
(Pentatomidae) $2 & fe & £+ (Tingidag)) (Severin, 1950; Purcell, 1982; Markham,
1983; Purcell & Hopkins, 1996; Redak et al., 2004; Almeida et al., 2005; Weintraub &
Beanland, 2006; Weintraub, 2007; Janse & Obradovic, 2010; Gottwald, 2010) » L i i3
LN R AR GH RN EN > 7 SR AL TS O-28F TEREZMEDR
BADHRERLENREIAREDE | LBENE -

F 3 A AR R AR E M S B ik a9 RORIRALA B o LT B
WMBREREIASY ~ WA ASRE N @B ESFHEE > 2R WBE KL
B4 (xylem feeders) ~ #9 & ¥R B & # (phloem feeders) 2 ¥ A 4m it B2
(mesophyll feeders) o E.4m 89 KE I I A 4 » 636384t (Cicadidae) ~ 338 Aoy X ¥
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% 32 At (Cicadellinae) s2iRSBAAG R B ERABSHORE (KERE A8 E
#8 &AL (Typhlocybinag) r&sh) ~ M2k 3= B S8k ~ RiREE sk (IR ERE
f+ (Achilidee)~ % A #xf+ (Cixiidae) kX A Fx A+ (Derbidae) 4945 £ LW W
Tk sh) (Wilson et al., 1994) 142 % $agta otk 250 B Rk B B 39 L3 BRR
& EBA N ER DAL EE N @R o

W EETAR] 0 K EEME D A IRBAA R B > BAARBBREET LH R
BT T B EA B R R A B E A B R ERE R R A
AR E o M 7N F] b RS SE A ARG B AL A B B A REL AN R SR AR
TAEZMAE (1) FHAMEMIEEZEE LA REEYRRRZEDNE
wE AR A4 (Family) REA (Subfamily) #99#&% > 2 F A0 EH —
BB EW.? Blde » B2 BARTREE N mfn B Moy K ERF I 3
B G M AMYE TN LA (Wentraub & Beanland, 2006) : (2) Ak ¥4
wAtEB] > 22K 330 & 2400 #& (Wilson & Turner, 2007) » 2+ & i ag4p 4
f& 50% A k> BAT{EA 39 & (Redak etal., 2004) X ¥#iT & X fastidiosa
AL R gk o

Mk o Bt AR B BUR H AN R 0 AR TR AR o R4
BIREE R R RGENRE B > R RALEBBEATGR N E RS BRE
AN AN F TR R S LEBHEZE > BART T RARR > 12 R&
W — B AT 0w R Bm R KBRS L ATy B B R & e T (Purcell, 1982) s #7414
B ERZAY (MY EHEE  BrABETERASF) LN LERT
H BB EBEATRRAIEL  RARAPEAMENNE > ATA LIRS
(Purcell, 1982; Weintraub & Beanland, 2006) -

WA REESEEHNO TR MR LRGN

HBWRET (SHENOEYDRE) Ok BALRREERAEIEMIGRAZ
— AAZBURTZHREEDYRERE  BHEABAEARRZS (EEMA) g
Algd (RREREGMA) MARA - Bk ARMSERATRLUNRAIES
TEEM AAALERRERARENBITERAEANE > AL EEE/EY
AFHN SRR EER RSN > ERENER (HHRAFTN A EHRaE
AR s RARMGEH) ERRRANE IS R R AMNBIERE  wib RS
— MR~ L% B KRR 13 0y 2 5 F BT o

WA AR FNRITBSRENREAMN > EBRETAXNELSEEHLIMZ
o ALBREMYRIE s BE - > TFETHN MBI AL ELEETR
RIABIR A R K BB R B s Rl &R B A REIS5 TR
WP HERGABRAABMERIRERATAEZRGETAFNRE - LT AE
AT gm R R E A R AAES > B B R AR R RN R BT TR T
BALFE > de sk A RRAEDZEENHIEH Z c KXk HHRERE EBLEN XA
(potential vectors) s sz & 1 BL B FHF o 4o st A8 F IR E A L8 BF A9 U5 B A o TR
o Bl BEREREGERE  REZEFRREOMREREENEZ I/ AEBEAR
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Wombis (FTE AR » AESRAR B 2 A s
BlmRAE N R kA AN ER > LRAETRYIFLEAIALY (R REL
MR F TAY) BEAY R T (i EEREFRMER T LERREF)
F o AR A S B TR E AR TR RS A A SRR -

B R R Rk > AR TE K
42

e
)|

WA & ESTEHAN

FATR 4 BN R R AR ENY S B EENRENGE o 2
T BF 4 R BN R G WM > (T A RERA 67 % (EM)» £—-T1
AR RARBEYREAEATRYE » WA REBZEH A4 » bR
JEABENREZ L BARBEFMENLEOESFTZITLE L T Lidx ~ @8
$13E A o

ARG E ST IZHMEA > OB E TR EFT DR R £ XA A
FAS 89 H A > BN T AR &R P B T R K40 B R BT AS e 7 76 B R o 6
REeG 5% > WIHELERANEEZEEMGEAL - AR NN M EZRALY
EECHABARANZEN AT EEMIMEDRETHOAEL > THEAERA
MEREAEFEROTAALEEL > b A 1EEBTERALRNNEF AR E5F R
AT R FAEEEA o

(—) FRABEEKFTEE

Ag TP ERBMAMY MY ERRAEAT ] (2011 5 3 A 31 A E
#R) (http://www.baphig.gov.tw/public/Datal141214355471.pdf) &K % » B4 T F
BRI MBI AES | P A RRRAZAMA 5 A& 2R A
JE M A M AE 45 (Candidatus Liberibacter africanus Garnier et al.) ~ #4524 1L7=
(Spiroplasma citri ) ~ H % 3% 22 % & 'H %% (Sugarcane grassy shoot phytoplasma) ~ 4
FatiiezmE T8 (Letha yellowing phytoplasma) « Xylella fastidiosa o

LA RR AR AEREN EHHE > LmREAREEHTIE R
BiE (LR)> ERARR -~ A BN RARERE (BRE BK - WE) F1F
HREGEMEIFME - Flhe > R HEIR FeE2MRE) L L RRIENR
SREHHEZFLE (N RHGER) IR (2o BmiERE G @ E R
T ABEREEN R EH D) LR E XD #0943 > 3 R FE & B A
Rk R G IR LR RE R RA RS ERENT MY - ARAENEZMK
k49 X fastidiosa &) » R R H AR AT R Y LAYNAE (Pierce'sdisease
of grape, PD) ~ #4581 2555 % 7% (citrus variegated chlorosis, CVC) ~ L 3 4% £ 4 %
(pear leaf scorch, PLS) % o 15457t A7 b EHAN R &I EHF A4
BRRF W AR EMY X fastidiosa £ &R ERIEN R AL R I AA £
BgFESE » 122 VA B A AR ER S A A (Redak et al., 2004 ; Su & Shih,
unpublished data) » st &% % X fastidiosa & 4B (£ E® PD - 2.&HH
CVC- 64y PLY) Al #mE » HmRTH 4 TAUE » B8 A0 R F
RAREM TR > BABFERZ L WEEETHABAERZRYFHBE > —Lfm
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al‘ﬁﬁé‘g@bﬂﬁlﬁ)? I{ ﬁ]ifﬁfﬁmjﬁ el

MAEE B AMEIE (it RER) B 2R BRBRARGT L ER T ZHED
05 E > FEE T KRR RERBR R E B R o BATRRY
13- B> UM RAERAEG > FIANEYE T i0:E A RELLGENRE
4= Maize bushy stunt phytoplasmas (16Srl-B) * & Dalbulus elimatus (Ball), D.
maidis (DelLong and Wolcott) 2 Graminella nigrifrons (Forbes) % =44 /3§
124 (Kunkel, 1946; Niederhauser & Cervantes, 1950; Nault, 1980): 7 A #F &3k & 45
# M. striifrons Anufriev [M. orientalis 2] & X Bl 49 % 2] #2 Euscelis incisus
(Kirschbaum)) 2 338 » S EF T TRERE A LgEY H A3 (Posnette &
Ellenberger, 1963; Shiomi & Sugiura, 1984; Almaet al., 2001, Palermoetal., 2001) -
LT ERAZIBHBRBRATEY (BRRALENRLE) HEX
W HMERFAFTADRRSN (PRA) #% » UEAEB TR AA M IERR
AT A 76 09 kA5 > v AiE B #yk (escape) #9 B 89 » — B & LBl 4 oh LG &
ﬁ‘“‘ﬁfﬁi%% T B > MBRIEER T ABITE LG E o
HEBA TR EEYREZAHED R EST MR E > 20A TREL
IR B A BT o B BAe R B FHALBA A F] NBEIMEW K AL 0
AAITE » BlRR B LCEB KM SINEMER - BT 22 R EFARRERR
BAEETRBEGMAMY MY E R BERT » BRI AEBRAZEY R F
fiiﬁz/ﬁyiéﬁa‘&@ L #RAFETEBEREFLERNE B INA T A8

(=) L2 %

BARASA T RBAEF 6T HORE > AT LR RAGERRORE
(Weintraub et al., 2008) - 738 » f£3F % 24 J%%”/\Wﬂ\fbé’éﬁ#ﬁﬁ*% BZAT
&ﬁ@%%m?5%/%% K& RN R & CRAED > R EFWAL L
NRBESETEGL T (BL Rk o £ MR (%i&&%ﬁ%ﬁ<aﬂfﬂﬁ‘%¥§ﬁ
FE)~ EAEILEL (EREAN A EH T TAY) HHFTARGETE G mat
v R AT AR ) o T ME R B AR s AR R MR g A #H’Uﬁ’iﬁa
14 A g‘ééﬁ&ﬁ/&f Baldessari et al. (2010) #9572, #8 7 7 ) 2L s A F 4% %] 49
BAEFDHEREALH T (appleproliferation phytoplasma) H4E /- % sk 49 25 &
S 28, 5% Eﬁ%@ﬁfﬁ%@°@%’¢m$@&éﬁm%%%

4y
E‘-‘:‘;&&

Y

ﬂ'\"‘/\

£:4
i 7
MribtR4e ~ B EMIEE M &R RN s (R M - R
BF &~ oy i 7]‘%‘%?—7"1\‘%6?) R T PR Ve RO &

AL ph—B % ZAF 4 (B A#R) 2% 2009-2010 > A& P THAERKFHH
H @R ¥rm (PD) &%u RENEFEERER (MFePAKERAAET-K) A
) » B ag KE® (Kolla paulula) #9384 5% B 550 2 AME 4 A7
A#MZE 8 A&~10 AYAZE 12 AF8) BRGEHEIFH 2 BA > BRETHR
7 (BiR) 2FKEHF G5 KEFGEA > BTIPNENIE R AL F BT H
$E % B 152 BA -k BRE AL 2010 F 1 A 56 AK 910 A#gef
Bt PD BRMEGHERB G AMER - i HARET AR
B THERIEY (o 3%) 5 4 TR & RABFGRET > FHEF R
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G R R ﬁ+HEIVF%ﬁ@

Bl 3 KostMis AL BREREZERTIAEZLR L THALEEAKM ERET

2010 4FAR#575 2009 FFl MG K EM AT E » FHTHE 162 150 &

S Jo s R B AW (60 M) i (5576 H8) 6 MILEER] > 5T
AR E R o

(=) YEr%

A% F A RBHEIGEIN S — 14 > EAEE R A& B T BRAREE A R &
i%ﬁ’éﬁ%%%ﬁ%%ﬁﬁﬁ:ﬁ%%ﬁ%ﬁ%%&%ﬁ%ﬁ » —Bigig
SR TR > AL EIE RO LARER TR FNRE - Hik
— RN FANELSELRYE &@ﬁﬁ@ BEME o R AR =R AFTLEY
G Bge AL [ AL 6 F 0k (I8 ~ AW BBER 6 %) o F
FTLE> TRUENDEGIRTEE - RITEEIFEHEFTE » BLHESERELE
MEEN R B LI 6 EM > B TEBFF P58

TR QYR G EMP » RBAGKRERAF A EHFELHITX %%
FHBURFRE Bl d O RN KB ARBARZFHENMILAEL
HHR > CRLRESEEABENREGIZETH -

ALARAERANRAELEBR IO ELH B EM > £BE A AR
A BEG G EM s AMEERBREAEABTSRNAGEANZTHEEH
R EARIE o
1 &4+

ETHREEAZAY (RE - ATV RRBRMAMT) 45 - plkfE

BFHYAE > LEEYOEE  ABURYE TN (Fedsa Lt ~ Fim) &

#ﬁ% HEM (KRB~ Eibwh) A i@ UAERKATEDEHELE

R o IR A AAES T A 0 E PR e o

2 1990 F > £B E3F7/B X Appaachian R £ %3549 Micharl Glenn

Wt B FRDE BB E 2D EH R R ETORR > BRSHA

iﬂiﬁi@ B P E AL Jﬁﬁ?—%.ﬂikéﬁﬁféié%@ikﬁ Engelhard 2 &]

S BEHBRAF LTS EENSALES AL ZE - R H

F) 2 B 4 1 RARAE A 030 R L Bl R AT R > 32745 1999 4 E X if i 3 o

Surround Crop Protecant » F] % Glenn et al. (1999) % st & 4| 7] &0 89 & £ 2345

BT AE & > 2000 Fi —F 4 B EAMRE (WP) 89F| A o

Surround ¥ g R 95% B msa L 5% {£F 0 BasA kAN E

oo AR E R LKA LR A AB R T > 8 R ERER » B AFZ

Bradp iR Bl o 2 B A A FFE W (OMRI) £ 2000 473 Surround Z

o 7] A%‘a‘&”‘ﬁ%ﬁi@%ﬁ o VAELEtE & A1 » Vincent et al. (2003) 45 i

Surround R £ £ BAM T EELNERNE > CBA 30% 9REFHEAE -
2008 F k& » H—VE A R EBBR A RIATE B > BREBE BN
£ LR Z A5 &%ﬁ“”éﬂwﬁﬁ%<& f—EHONEZA > Mg PR
SR AKX IMAEFEL G M (brochosome) 7K id » sbif 388 6 4% % gk

KB ERA T > AT A B AT AR A AR A A WAT R 5 B F —1F

112

A B m
LR



LIPS 309 B P e 0

FWER I B (aAL R E RERF) EEEHE > A
BB FAR ¥R YA o BBFfE > ANZETHERNERLH LR (dlica
crystalline) m X 1% » KAE R HAE AN 500 348 215 B RAA -

A AN B R ATIER Byd 4E K 8 AT BT AN % BB AR 8
AR EFIA > BAT S XA A AR LKA (IR TKO9) a9 M A7)0 » &
Mt P mBER (1) AHNHARMRENER - aFRER EITEN
(26+£17C) MFaREEAEFNRK » ERETGERERRELTLR AZHA
O ERRBEN > B ERHYHRRARTATEEOHEBM Ak
T RE R EF IR SEI (2 £ RAATAB AT E L TKI9 4 F #4k
%38 (Sngapora shinshana (Matsumura)) [ [aEL £ 3K Ex » 4 57 %8 7 12 Bt ad
ERAARN FAGA—KSRBALGREER BT TRXEEEMERGRE
W o AR B BEARARN K B A AR R 0 H A
EWBR A FE KGRI MY 8.2-95 1F o

A LB TKO9 £ i3 REFHY AR T EER A > BAf&86H TKI9
BAE LT GB LN i 10 lE o SHEWUBIEBEZE %7 1F
Rt

MAEF S > TKO9 Tl FlAAR &4y 2 HAE R BANEY > HELS I
R ALZ0TTER 2?2 BAESEFTNETTER Y B L6 R J8)F BT 2 38
HEH —BRKEGEEL T -

Ve B4 TKO9 e9ardd » T AR R AA TR REENETH
[EAEF > TKO9 TAAA &N » ARBEEMM A @GEYREFR
g1 Surround Ak o AR EEBE SRR S HHETELIERK
WEATEAFRIR > B BRI > BHEREEE RGN E T E R Y
RAMMYIRER » TR HERETH T o

2. BAMCEINRZ B

HNBE AR ENEY AANREE DA LEES
HREFEREEERFOENLSE W EERETRENTELARE EE
ATRA B F o A LA AE Al R A B REN R EHE > HEIEKREF
B o Bt BISMETTRMCEIN RN B R E BT XAEXGE ZMA - A
WHl R HE AT S0 %FFHE (Costa et al., 2002) - Weintraub et al.
(2008) #tF 7% °T 1% 4& 8 T A1 Limonium B a4y i B A2 4L /-3 a9 432 1906 7% 46
R R s e tE A AL ST RAMCE ISP R B A 89 R IR A > # Orosius
orientalis 1EAELE AN FEIELE AR A A A AR > AARBERNEDRTS
B 051 mos fRoLRFHE ARG FHE > RAERERA B o B £ A @R
&4 (25-30 5LA) » B FA[EME N [%E 0GR 1% o

o R E AR T R FH » AR ARBICET G RPTSA] > Alb
EHARE BRI R EEAARL AR AN R WIEL e A R sk
MEXETELZBRELYGFEN AHAREATREMZIARSERRERAE
WEFREE o

3. #W@E

WX .

MAEHBNIR —B i
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AN 2% & (Papaya ringspot virus, PRSV) & &1 3F & AT1%4% » R & %
ANEEGEREHFAR K - BEARREAL 1985 F 46174 T AREIE > FAIa%F
H1EHE PRSV s m R AL £ 1998 M T RARBIZOHIELE KR
AEF@AAIF (FARIK, 1998) 0 25WERIZARNCARE EE RNE £ 945
& B GE RN TR %G8 G EH1E3549 AN Stolbur phytoplasmas
HEMEE (Bauetal, 2007) » Gk T 40 &80 E AR T HIZANTAL Litl f
HEHBEORNRE -

Rt > Walsh et al. (2006) #F 748 & #5,3% AN B a4 /- R 2 1345 Australian
dieback disease Z =44 R » BFE TR EET A X E KR EH A » agkik
1 OB ARNYHE LA 5 LA HIR MK A KR FIEH X &
T 35 AR AR B R E A o
W L4 HERZBHA DA RLRENREGESEEDRT > HLE6E

BB ERE BEABSUEBEFTA ALI @A L EHAELOHE KX
BB ffY XK @aARZOE LR E » &Rk T2 38 A K@ e » F 5
MRBIZAZAZ (F @~ BoJR ~ FEB R ~ KEF) AR > FE TR AEAE A
WEE > AIEE AR L0088 MM REPE » SREMLER] Eis
Rk~ RIRRRERBFFATHINZ > HAEERARATEZEZYRE L > Bt
RIFA NIRRT RIE T UEER o

(m) L£HF5s

AL R AT ERORKE L AER A 8 EA (Mymaridae) 243
# B AF (Pipunculidee) 5 % > Rk ARM AW L& o L9 B 8%A 4
EIMW I R AL > IR A R B RAB] B L SR & Rk -

FEL BB AI Z Y HRIPMFT ARG ZE MM > HATHIFL A
FEAME B NI EBAEH (Pl B % A EBEAAEH) mE o TR F AL
BlIAR Y s HAMEMI LA B E (B FRGEBRFRBESES) Jpk
FAG B AHIRG  AEHATHIEEEY AR LI (Blhedny KERE
A Rdk) > I F AT AGE G R K o

VARB % 3 R AR (GWSS) A > M S5 P 2 M) A d > AR @E
VAL A #E AE A 89 %)% (brochosome) &3 9F (Hix, 2001; Triapitsyn et al., 1998;
Rakitov, 2004) » 1248 H7AAR A5 07 F A @ NS BB M3 > BEAM D A
R @Y Ak A E A M R S KA, Triapitsyn et al. (1998) #34,
GWSS #99p#% Gonatocerus ashmeadi $2 G fasciatus iz myAf 42/ N3 4 8 1k
E5iE 50%s 3 F TR FALENFE 69% 32 31%- LB TiE MAEF
4 ¥ AL w P R A9 4R A o

EEE - FtEARFALT LB R R YekA (Sdticidae) #2482 K
RABE RO EERE > THEZEERSE  LREARARE - AR E
BRAEWEERM AR LR Ga A di i g RE 08 Bk » BILT
AFTARELBEGFEE > RBARAOF ZHANERE T (FRKAEDEAM)
(Skevington & Marshall, 1997) » 122 & & & idx E AR F A b E 5 2-3% £
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o HAMBEA R —BREH > wE G B RAT AR R B
ZJ o

e R KA I HF R P H O ERA N MAY 6 IERE o Paratransgeness
ARG A7 % A REABEANEAREHE > ARAAEGH X
APR S » 32| By SAEARAEERTERROGRYE  BILELL RS
(symbiotic control) =3t 4 B 747 (symbiotic therapy) (Aksoy et al., 2008; Favia et
al., 2008) - R EA WG EI A AAFRET REREE NG LA WAES >
WER CGARLEAR > FRRTARERETRAETHAD > KRt &% miE
3485 B 42 (Kuzinaet al., 2001; Weiss et al., 2006) o k.2 » 4 B 75 7T 46 45 7% R 42 &
FREAN AR THERRERE A ANRAE (Gaetal., 2009) -

Bextine et al. (2005) B GWSS # W 9 dk ~ £ iz A A4 H
Alcaligenes xylosoxidans subsp. denitrificans » i% 18 & K #2 78 B AT AF 46 % £ & G
A. xylosoxidans #) % &84 F > BaF A B E 41444 A, xylosoxidans /& 2 #4554
M > A xylosoxidans [ % GWSS Rt AN ELH A > k&R ERTUF A A
xylosoxidans 2z & 3% F % T4 A 69 = M E R > EwmiRy GWSS 891z et -
7% 9 » Bigliardi et al. (2006) 7 #) %) % ¥ %% (Scaphoideus titanus) 48 1 49 A5 15 59 ¢2
o i B P 4538, Cardiniumhertigii 22 A Hoh AR H S EB AN Y LA BT
%% (Flavescence dorée, FD) 7= 894/~ %8 > @ C. hertigii $2 FD #4754 F &
TR0 Bt Cohertigii #3284 LA 576 H 4w E8144E FD 997% 1 (Marzorati et
al., 2006) -

RAABENY LA LY > T RHIGFER LN EHEREAN LA @Y
Wbl bachia pipientis (Werren, 1997) - Wolbachia &% £ $518 6,36 &8 ~ ¥odk ~ FaX
Mo EGEF > A E 7N L2228 EA ARG ELHZNR (Weren &
Windsor, 2000 ) - B #7 & 4= Wblbachia # R A B E ¥ 6046 - BT FAE K
(cytoplasmic incompatibility) ~ 753 4 78 (parthenogenesis) ~ # #i4E Al (male-killing)
@ R L% (Werren & Windsor, 2000) - Chang and Musgrave (1972) 4 k48
3#4% Helochara communis Fitch 8 A A A A H W A & o R 7% E LA R
PCR AR @&k h MR F 7 X > &g E#8H N4 Wolbachia & & W & 4R 5t
Wolbachia #3£#8 4 74 49 % % - Mitsuhashi et al. (2002) ¥ Wolbachia # K /7 7|
(16S rDNA, ftsZ, wsp) » % 3K, % 3 R 42 & % Hishimonoides sdllatiformis
Hishimonus sellatus #9744 1 & # 48 ] &% % %9 Wolbachia » 15 4 4f 8] % £ B ta4h
33 R B 0 R R AR 89 Wolbachia *T A€ A5 Bl R 0 F A AE I
$-48 Fl 4645 5 » Wolbachia 44 %) 33 S5 4 %32 A - Takiyaet al. (2008) 4-#F 27
AN BRA 9 AWM A S A Wolbachias it 45 i3 2 Wolbachia strains i
BEEBI &R R o Negri et al. (2009) 15 & Wolbachia =T 48 & i %,
Zyginidia pullula (Boheman) E3#49 4 78 L% » shA& 338 F o P30 a9 3E3%
Bt RE BERMEY 3mmy FHEAOK FIHMYOIEERERAFEE - £
1984 4> & RELE B BF M ag R o 8% S F B F RN AR 7 & 09 At 8% (AT AR
E B AR £ 1993 F 0 R RE MR AME SRR R A A Tk
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MR 2% > AR PCR 1882 Z pulula 4 A A Wolbachia » i /5 4z A
Wolbachia =T #¢ 2 i€ 1% X35 Bt a9 2 B (Negri et al., 2002) - i — 4 69 5F 7748
3, » Wolbachia & s, Z. pullula & 1X35 B e M a9 Jm B & s M Ab d E B4R AR ] o b
Ih s VE B BET THR AL M s TR SRR R B > B E T ENENA
(Negri et al., 2006) » Z7 et b egthd] » 154325 Wolbachia TH#EHHE Z
pullula #9745 K Heg f €48 F A1k mie T R R QGBERENRGHEF R4
# (Negri et al., 2009) -

Wolbachia £ & F E2ELERAG » BREXRREN T X » HERAER
T Y o FE B3R A TS5 4618 Wolbachia 49 a8 2 o 4% 24227 4 A 89 g &
R B > BA A Wolbachia B A 693 Mg LA MR F 8 » & X BAZPTE 8 F X
AT EEERAFTAAR -

(&) #1E S
o J& R A2 ARIE A R B RS AL R R A BT A6 0 .45 5 AL ATE K
VN RARE AR E M R &R AR R EEDF T AR TRRMA - $h1E -
RIZRSEEY ~ A BEAG RBIZFHIEDF - Baj b fmE 8T il AT —
AEHE T 6836 » TR IR R REE N R &89 5 4 » 42 2 2T LB 88 4K o R R
ERRENREGHAE > hAHKAGPAE G635 o
HARBRA ALEBNBEARETHHRELOHEH > Lot d § 4K
fEEAEY S AARALE% o
1. ¥ %2R RN TEBRTHHAELARR
AL RBTERMRBHERE > AR F IEYOER > BEME A SR
% % -~ BlAAES (Thompson, 1999, 2004) % iz 3 & 4848 (Brodbeck et al., 1990)
A LT BBERE AR ERB AL L IA - BT REAETRHED
EF 0 FE L EA SR EAE LR OB RN REAANGAEL
Fyw o BELE2iusefe (GEx - @ARE g est) B ot L g ig
W 3 AL AR o BAEGE S B IERT o
2. Bllhm R R AN RAEL AR EEDFT L LEARRERI SM LML
HBRRETIRRRENRSE BT EZTHRGF EHEY - AR RAH
K AArmeg X fastidiosa & GWSS A1) » A M F a5 E (host
range) EF XA TR B WH AR LM FEIIAEEN R -
ERAEREAREREAENZEI I T I EXEH 2G4
THABEEKREZOMAREE - Bt MM T EE2% T A KR RAKGH
B MEFRIBANREREAARERRENEEDFT LI REZEARAEE
X KA VE By Rk K R AR > de db 7y ST TA s R A5 ) R AR MK 7
AFEHRERERE -
3. BTk ifmk » sEE 4T @ M T4 T4F
ERAE B AITIUAE F TR & TR AR R B AR R A B LA A m a4
JAABE ALl BB THRATIA EXB 0 TREEN R &GRS WA
RAEZRTGEINBRRIBENREEA R ESOLKRYEE - Bk Z 8RR
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B B a4 & R R R e B > SISO S BPAR BB TR R R Ak 0 77 AE A 2K
Ak JR & B R SR AR o

FIRMMRH AN RAZBE > QI EABEMAE LR AN A RS
P2t 5 o st RTEAIS B AL > f A &k H AR A BE © il Mg il A 49 &
Bt 7k o Ttk ME LSRR EW GG > T RAREREFRE - B9
Bl LS T RRAAT AR LA LA > 2R RRANEAGE > &
f6 B LA B R B R TR F A LA RANF T o AR
m B RAMA RAE 7 RRT A B3 RO LB R ERARE RS T
A L R AR RIS (SR A A RS A Rl — S48 1 45 R 89 K
R A RA A R 0 % AR RA)  AME A AR E AR R
FEREAIA SO EA AT FREO LM BT EX T LAAMAR - B
AR R R AR BI LI M EE RIS E M SR E A A
B A RERSHERITIS N RERARNF EHNEE - SRR
FEBE Wl A LA RO BRA T RN LA RS EAHA -

*

AIGEZEFHITREG TEAMELER AL RRET R AN LA A RAS
SRR RAR GrE4IE 100 BAF -93.1- 4 -B1(8) [ #7 fsk &5
L-REGEREMAFTANI Y LR GRS EE GHE4%7%:100 EFAF -9.2.2-
B -Ch) Tl N F sk gL A F A Hid6 (GHE 4% - 100 R BhA %
- M -01) ) XA AR ES ALY RR  RPIATIT AR RTEAR - R
MEZMDEEERTFENLETHE TR AN ELERIAR (HE 4% 100
BA -921- B -CT()JtERAS s WNEBx Bxdiydam i JAKEFA
& TEBRRARMFEAERMAZE>HEIEA GHEHIE - NSC
98-2313-B-055-006 -MY3) | 3+ & & & AhBh o 1F A28 sb—ff Rz 243t o

51 R TR

FTAoK ~ KIAGE - 1988 o 4 F KJN o $40-4TE o 4y & 321bsehe (RETE) - 5w
Mgl i e 6hBEREARGHFIEIK - 6H 55 B o
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Abstract

The magor vectors of prokaryotic plant pathogen are found within the
Cicadellidae, Cercopoidea, Fulgoroidea, and Psylloidea. To date among all known
methods for managing plant diseases caused by plant pathogenic prokaryotes have
focused on controlling the vectors with insecticides. In general, vectors disseminate the
disease pathogens quicker than the insecticides can act on the vectors. Researchers are
turning to develop an integrated management technology to minimize the vector
populations and hence lessen the disease incidence. The technology scheme is
reviewed and discussed herein, including chemical controls by using insecticides of
different chemical groups in rotation, biological controls by the usage of natural
enemies and symbiont control, physical controls by the application of oils, kaolin,
insect-proof screening, UV-absorbing plastics, or yellow sticky traps, and the tillage
control measure.

Key words. plant pathogenic prokaryotes, insect vectors, integrated management
technology, kaolin, symbiont control.
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#/ %

M BB St AmES (Tospovirus) # & FESAHREH - FE
SETHAL O SHEERHRE - KR ALAFHY > BEFeRREDERE
HARR o R HAE—RBEF R E AR FERFOEN RS 25 2HRTHER
H 14 #HHEBEY 20 A ELERALERARFBRF LT 6 A HAHY
e Rk A EE LR K (Frankliniela intonsa (Trybom)) ~ X A4 &1 &
(Frankliniella cephalica (Crawford)) ~ #% #: f¢ &] & (Frankliniella schultzei
(Trybom)) ~ /Js55 & % (Scirtothrips dorsalis Hood) ~ &% &1 % ( Thrips palmi Karny)
% & &% (Thrips tabaci Lindeman) » #£321%4% % 5: 1% 8 7% & (Tomato spotted
wilt virus (TSWV)) ~ it 4 %1t & 325% #& (Peanut chlorotic fan-spot virus (PCFV)) -
F sz iLm - (Capsicum chlorosis virus (CaCV)) ~ % &4 F k1L st 2% & (Calla
lily chlorotic spot virus (CCSV)) ~ # & Ak 3% & (Melon yellow spot virus
(MYSV)) ~ @ )N 5E5m F (Watermelon silver mottle virus (WSMoV)) ~ % 6 & #7%
# (Tomato yellow fruit ring virus (TYFRV)) o KL J3 4 448 M LER BT AR &
Ao MNESEENRENAHAENRE > Lo AT - ARETEREE RS
WL > FlEF AR S ARG 6 H a6 1R 5 2] B X 76 B A BB A% » #UE T #it
e R B M ERZ LS

WsEs : SRAERAREh - A5 1RE - H6 -

Y
5B EME (Thysanoptera) &8 A M N mk > &4 0.5-2mme 2+
ReeskE B 5000 &> 2 AATRAMEE > AIHKRS UMY RERER » B
BAEEE > AR BB R O R Fhla g R BRaE sy o £F 5098 HF > A@EE
GHEHAH 100 & £EEAGH 20 5 AREREREEHERB L (£
%, 2007) » 4w /)s 35 &1 % (Scirtothrips dorsalis Hood) ~ &% &1 % (Thrips palmi

Karny) ~ 6 % 10 &1 % (Frankliniella intonsa (Trybom)) ~ f£ 2] % (T. hawaiiensis
(Morgan)) ~ & ] % (T. tabaci Lindeman) -~ #] f¢ &] % (Dichromothrips corbetti

(Priesner)) % o A S 3] B A2 H 42 A B AkAY » WHEAIE4E 840 & 7 52 £ 0 7 5

123



R A S VR ) T R H R

J& 7 (tospoviruses) o

% a3 E B a5/ (tospovirus) x4y % 42 /% Bunyaviridae 1> B % 48
ARBIERAE-% 3B E % F (Tomato spotted wilt virus , TSWV) o KB & &9
o HETASEEETFEFRY > b FH o W RARIAF > KB R HR
ERAVEYAEAIARTRGEFRR B 1 Bt AnaglisiE 10 F3875] 4
% 14 £ 494K (Rileyetal,2011) - §#% 752006 & 2007 4 » ¥ MR
BIEHE RN LR &k A 5 1% 4% 096K S 375 & (Melon yellow spot virus,
MY SV)) i & JK 4% 32 55 & (Watermel on silver mottle virus, WSMoV )(%% %, 2009) » %
F@Agsy 500 A BREFHEGHE AT E L Ak A HHERBEREFTFH
REBRETEEMYAITRE -

AROREKGEFERHERNRE 14 FHH (57 &%k, 2007; Whitfield et al.,
2005; Pappu et al., 2009; Riley et al., 2011) » 4B #» 4R E B » mLFLE 5B
(Frankliniella) B 4] % B & &L £EHAA 6 A HidEainEZ Lk
16 E - WsiLE & (F. schultzei (Trybom)) ~ £ A &1 % (F. cephalica
(Crawford)) ~ %81 5% ~ 1% al % ~ LA H > st HER X AMNBEGEE £
BREAEEE L Ib 4 BABHESER AN T LR BFEFEZMERFDIER
FTRBEK o

ALEEAROLSIENBLEAREBEARIENN B/ 125 %
Boyide e — Y REMMABEN AL AHBNKRGEEGENHERRF
AT UERSQEE  mBRGHELEANEE  RERBEEELE o oh %
Al HRBERAE A RFNES ~ GRS ERAERRFHAHERGSH
MR~ AT MR EERE A ATeth R FAHHIEISLE o

E X REY R

Ficm % % x4 J(Tospovirus) = Bunyaviridae 5+ 2. — i - Bunyaviridae
fhP 9 A 350 fEsm o FHEARFESRFAE—FAMIME LECHEF
AANBERAILBEIMI mRE - FHAXEAREBANIMEHET » UBHZE
(nucleocapsid (N) protein amino acid) # B g4t ~ B2 5 R F T E K
W T RAmENEHEEG T 4R GRS 90% BIBTE —#HAE o KEmax
XA AE it Bymd (TSWV) Bl & —BA BRI RS L8 4E
80-110 nm X Fl » LA KM &2 T =15 F A F42 RNA (sSRNA) -

Fm KRR EE R AARAR F 5 EA %G (Tomato spotted wilt virus ,
TSWV) (Brittlebank, 1919) &% —#&28 > & %] 1990 5 (Law and Moyer) %3, A B %
B yR - BAL L IE E B gL % & (Impatiens necrotic spot virus, INSV) 74 » KB 7+
AR ABAE R YRS F Rtk BRCHR 20 & (£—) 2 HEH
R&H o AP AEMHEHEE 15 )5 E(Pappu, 2009) o 1 AB F A& s 5% A
w7 (TSWV) ~ BALILE A st 3 5% # B B R Atw 527% & (Iris yellow spot virus,
IYSV) Rtk KM o KBrEFTEEFRZ BEABETHERLTFE 90 4
4 1090 #&A b (Parellaetal., 2003) » £ @5 5 &HFY - REGFD AT S
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HE o FLWNFRALRARKE (TSWV) Lo TERAE 900 Hihsy » BAFER
JAELEE A (INSV) Bl ZE S TR 300 fEtady o

B % He L IR A B R A AU MEAR 0§ R A BB AR BRI RAREE A9 ST IL AR
HEEFRM o TLERETRERAARKOE & LR TEFL > FEERF
FERAFER > REFERERSEE G - FRAEA - LEMHBEAEREERE
VAR A RN R B B R K » BA BB RAGERET L RE
BEMEREARLT -

2] B 12383 & %A

MERBERAEARFE RSV ERABAFEAEA (persistent
propagative manner) » E /2% 3% 5 XA P A H AT Xdg & > wIEF G H{eEA 8
o mESFTLBMEAY > ARLTEEF IR FEEE L R REY
NEFGIENEN > REHARTULERLEENERESLY 22T iRl
MAREZERZBRRENRE B TRBREF - ABHAFEGTHA O R F R AR RRR
MR R E o REG OEE O LE A P RGBT YN > HB
JEBYGEER > Bm EH B EERM > BRAREGER > mEFREERIEN
HAREE A o

S FAE 9 H AR RS mALE BRI EY Y EEEF A
RiE s AR ERBEMM L ERSERREEARARR RKTE RE 2
BPRBARFRE S o AR OIE F A BINT B AR B R A A B A S A AL
Mo @k AR L S R 2 A B2 M defT B PB4 EeE i (Whitfield
etal., 2005) » 1214 Moritz % (2004) 42 & A 4] B{E 4 F L e9hE s L3RS -
Fl B3 0] BT R A e — 35 S B F By sk A A 1R 587 o Moritz 5 g3 R
B #4530 69 08 77 10 3] 5 4 S 9 R S BRE A A 2 R AT i X E T M AT b ag R
BATH ERMAMETEBREE > FATRAARN SRR TMABEER
BRok g o —#h B =8 in 1 ) WP E IR B b 15 B MMM R fe B3 AR A I 0 B A
REEAR TR > R T AEB LAY R T AKMS S o &P IS EERA -
egdl HREE  MirdggaEnNs > mPBRAEEEEMN  BREERT
EATGEER > AMBET RELESBAKMNED Ao iaTHEE EE
B A o ok AR B dEAR £ BORA MBI BRI AIF R ST AR RN - A 54
HIE Ak 30 54K AT B AR HRE LA mER T AR A RER

B RATRAMM A SR E L M BESRGABERA 2 hkk
JiR 3% & FAX o
REREZNS

BajaA 20 & mpurAnahrisd 14 Ea 54 HEENE
(Thysanoptera) 4k /£ 32 B (Terebrantia) & %4 (Thripidae) 2 48> L P LA 5B
(Frankliniella) 84&> &1 % & (Thrips) 342> k3] % /& (Scirtothrips)~Ceratothripoides
% Dictyothrips B2% 1 /& - A+ e85k 6 HAHEE 7 HrF (2) -
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EHELEETEERREEN BV AR ERIEE E LY T WA
RAEAMAER T THRIKBESNEETREDRAKBE YRR » A& LA 58
CRAFERBETE S RREBEA NG EEE RYBEELENIE L - 3] HE
Al > ZFEHSBEZTAET Y » HEFERILHAZR SR LHA BERIE A
BEEAENHE > B L 2N o ALBaELA SRR 68 KA e
M| —% (£,2002) » ThesksiREBEE 47 B 120 42> HEA KA B E 5
B B BN RERR > AR KA A FENN LN & 02007 5 4H
BAZZAE 2ZMRENFEHRE  HEERFEDARETHAH 7 42, 2 4
ABM A T AN E R R R E (E Rtk 2007) o 355 B B BAL AR 7 R R L
F Rk G A BHAEdE > BRI EE T T A (KF, 2010) o A L ZHEHEF R
LR REE T ER  BARAB LA B HET LA ZRA o AXIRARK W
FHREEAMA HETHFBRILFHM - E5 ke R RF0AHEHNL S
W BRIDAERT ~ BRAGHB L F B E R REIENF » BERRFARRGEILE o

— - & #ILAE B (Franklinidlaintonsa (Trybom))

SR EERT  GERAH A AR AL BN R EN » {2 F 2 E
BAod KALA AN bk o AAEH ik B2 > BT S 68 L
WAAAEZAENI S R B fuE  HE S B6 - HRRAFENA
M~ BHAE - BALREEE (E R, 2007) - RZHAAEHE T30~ F FHik
BHBELTHER > TMEBEI > BRLGEFRY A - FFHREDR
EHETKRE - AZLFR > GEMEREBETBERY » RAKEFTRKAZRRE
R FR R EA i HEF - B ERARIERE SN E BB E R H
MERBORBIFL - FRERRFHR AEEILA G EAFRERES
F B o

FERBZ R EA AR BR A& Groundnut ringspot virus ~ JBLAL 7638 A BE 26
J% 4 impatiens necrotic spot virus ~ & 7 %t 5.2 J% & Tomato chlorotic spot virus
(TCSV)~ & 4% Mk A (TSWV)o %0 fics% Fpmsd bofas 2 34
ik 3897 o o R IF(2010)4r H FiboR R FRAIAST  GH £ 2009
FRBRED BRBR TR FRERBARAT » R EARFILRE
86.8% WM A 50% tEARR G s 2010 ek H b R B % E 32% > W A AR R
Je BAKA 5% (B85, 2010) o £ % B 2009 £ 2010 FAvie 4k mF > &5 6-11
Ao Ag e RAERAT - FRAFREAGE HEEREILRE T 2009 F44
R EFITH HHTHE 11.8-111.8 4 : 2010 £5454 BT 01-7.0 & » Af
FFRKHEET > A 8% ALEGELH K Ry AEHARE (western
blotting) 4 #|Emik L& E LA HIE AN mE » L P &AH 30% RS EE T in R
TSWV jidr > BTHBESEAEAIRFREG B HHMAAE 0 EARRERNRT -

= £ A# % (Frankliniella cephalica (Crawford))
D BAEMAERT + G S AR BRIE - wELERE S TEN S EBEFTR
2B o AMEAHGAEEMN - MAF -~ H3E - EBIRRHFE LWER > A6 A LR
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BhbiEHRTE REBLELEEY > BE 2010 F 68 T AL > ek
(Wang et al., 2010) -

IR BI R EAEERAERA BT KA SHERERBENRENRT
BEEE YAEEFEED ERED > AL AESGERBAREFVRERETS -

= #EiLE H (Frankliniela schultzei (Trybom))
2 BRAEYAERT R AR R ERAFIE B A 2R ERBONHE o

AU HEREI A ST M SRR ERWE MY » R~ LA~ 58
BE > WEREER R HEFHEY EEEBFAT LR EEAECE
RS RAFE  HLRRY AHALBIEERIT  2EEZEERH o

ik BipA SRR E RS - F LSRR F (Chrysanthemum
stemnecrosisvirus, CSNV) -~ ft A # %% & (Groundnut ringspot virus) ~ 7t 4 T8 3
¥y %4 (Peanut bud necrosis virus) ~ % 5 {b 5.2 % & (Tomato chlorotic spot
virus) ~ % 3t 2 % J8 J7 2 (Tomato spotted wilt virus) % 6 A&z &> 27 0§ §icx
ERRFac®) e U find 2 3 b ol B AN AT
WML REL S c ARAHARGREERY > AP REAH 17 H5
%o RO AR FE S HFF R o

W~ g A% (Scirtothrips dorsalis Hood)

O BABHERT ¢ AR R R s BN o R EFIMEERZ 0 %
ER MBS RH X BOL RKH T A e K EMNHP S F
AR B FARRRFARMAY » FE1iE 150 ul ko

1452 g5 & B 764 ¥ sEsm & (Groundnut bud necrosisvirus) ~ 7 4 516 & B
4 (Peanut chlorotic fan-spot virus) ~ ft. 4 % #8554 (Peanut yellow spot virus) - 3
ps bo®r g FAR S paFL 2 88 BREF 7 30

& &A% (Thripspalmi Karny)

O BRABMMERT  Z R~ RFEMREZMF > B B Al & A H
ko FEMGIRZ > OIEZMEINHE - 28 - At~ +FAA - HHA - ZFA
ey o

1945 2 = 7 B s ibm & (Capsicum chlorosisvirus, CaCV) ~ % &, ¥ & 1k
% % 7 (Calla lily chlorotic spot virus, CCSV) ~ # & K& 5% & (Melon yellow
spot virus, MYSV) % @& N4k sism 7 (Watermelon silver mottle virus, WSMoV ) -
e = BNE R S

7v » B & % (Thripstabaci Lindeman)
DRI AR FELIRAELGAIE - FE AR EXF o
1938 2 5% &5 &Rk s% & (Irisyellow spot virus, 1Y SV)~ & 7 5E % 8 % &
(Tomato spotted wilt virus, TSWV) ~ % jt s % 5 (Tomato yellow fruit ring virus,
TYFRV) o &% B a7 3 & & BA6F Bk & 5 /£ 28k o

127



A B Ve 2 R B P

A BHZAREM®

ABOAE LSBT - 4hd WA REDE » A E A AEN » AL
HBAMEY AR ERATI R » K30 A B 4 £ATHRREH » LA 5B
(Frankliniella) » S HATH K AR & TR HF L2 ENAE R > wEHAH
(Rhipiphorothrips cruentatus Hood) o &] % 4 & 49— ~ =#% » Wm#L A &88 W AR AR ML »
BAEGTRAR » —H&BK 2R BB THEEAK REARL L@ > RL
B4R 3~ MRS S R S MR B L8 & AT A > AT R AELR ~ PEi o, B
AHED) o MBI —REN o M F AR BB R A o A G B
E YA AT LR REATHEAR -

Al B YR AR E B R AT E R R FeREIR O HA HEHE R - &
BMERFAEMRF I A EE 4ot 15-20-25 % 30C B~ A% FHEFH
FKHH > AIAEET ARENE ARSI E 435227135 % 89 A &E
RAETREAR  MAREEZOIRASE 713635297 & 134 A » BEAS
Ehfe ARIRA S 70181345 & 156 4> £ 25C AYRk % - w4t
FRARRENKRE S EEdd HEASALTWREHEMEH 25C 24 £k
METHBEFRARALBE IR » AT LALBRMEAREGEEHREAE - 8T
PRI By A5 WM » A BhA LR 506 0 A B4R 8 & A 2K %508 % o

A H s RANHRARALAEEGERRTALEHKZTEM » MM A
Mio » Air e 6B BB REIHNHI AR AN - G5 2@ H - &
MEE AXRRBERFIZBRENEON RAZTRAEINRF » A T EHE
B duibsn ) —ZAXRINABEETELE (E &K, 2002) » FHHIL -

B EHZ S

M BB ) > EHTEE RACHE I LRI WA AT R
B bk k Bria i ik > R EEMAARE o M B A A ERNMEA - 2B R4
BIARZE > K300 0GR AR R 4~ £ P AREREE U BUR LR e R S B HRE R A o
RALFHHGEHLNE i B N ERENES > LEHIH R A
TLAEFY > BRI ZHER > FRAMREE - EEE R HIEE B
ZAGFRE BRI > Ao LARIE R BRI 5 23] B ik AL AL o
WA — BBk RS R AL Bk s R R AR S A
ERELEGMBEROEE B RERRERGBE » AR REEN A%
g%o

YR EREERXEABMREREIMY > EHREARETUE G
Bl MMM G AR BB TR REEARE R4 ERA MG
B FlBSied A6 EMNE - M A OMA R EEE ML BERE
POk e AR 0 B A BRI R AR RV MG - S REARENF
3o AAERARBENN GREGRER > BB AT EELEE > TH
R B E BT A AR o

BT it 4 B 0 5 B > B3R 56 000 & A% B B T ik MK AT B AR B E
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&Iﬁﬁﬁé‘g@bﬂﬁlﬁ)? I{ lﬁjifﬁfﬁmj%&f el

SR E o BB EGE e FA L5 Meg ik o & B LS LR 0%
ZH o FRFIYRERTR @A LR B AR MR T M L s &Y
FlEHBAT AN AT AEME 40 A E (2 R4k, 2002) o A 2k 2 7] B & w4 ] o
q %ﬁxmﬁu& » R A E R A S A B R o sl ééﬁ*ﬂ@[‘; ~ Ve d b iR
BE) > B&E R ABEFEN - BF DA HEFEEAELFAY R
SN R S S %Lbﬁﬁ%zﬁﬁ<ﬁ%(ﬁ%2mm # 30 A2
REH| P > fEIRAAR ~ TR ~ JofRAK ~ T KRk ~ Y7343 ~ R L R Mo
G T MERAGEERIRANBIEN ARDCENLNBERED LEER
ﬁﬁﬁ BAATARABLEG ETNETREF AL SR TR (REL) &
BRI R F] 4.95% Z5-5 RAKCEFI#HFE 2000 18 - 44% hotRik KB E| A 800 4%
48.34% T A Aotk ILE|#FE 1000 1& ~ 10% & AUk K E|#FE 1000 12 ~ 2.5%
By BB FIFAE 2000 2R 50% %M&gwuﬁ% 500 1& ¥4 FE ik R AK 24
hr 68 LA B TRz 00% A L RRE MY 66 E LA & TEE
5% o R HEBEMNEEER w%ﬂi%%f{,m HEP o HEAHE - ERHL
FR o L fié%ﬁi’i&&lﬂi%ﬁ% B 3% i S R ASAR AR o MOAGR BB R G 5 h A
MARE s TR FH G ER o

ﬁ%%kﬁﬁ%%y’b%ﬁ‘&iﬁ%%% S RN~ A R AHALLS

s Mt A B2 ERF c AP ALRMOCBEANARED LETEDY

o ho & %éﬁ%k;@ﬁw 77 N2 ks % (Orius strigicollis (Poppius)) & sz B &
%ﬂjéﬁ BB RAT TR %%%Ek%%%iﬁi&ﬁ’ s A A M b b g
SFCHH e E e A K A RKT HELRHEFTNHEAR (5,200 -
NERME S A mk o S RBAIFNIEFRT > BRMATEEAL AT HGHFME
AGERE RN A B R RIE AT IEHBRINT BB R —
AR B FE R AT ENZ » HN 618 A BHag Rk > F ik AR AT B 2R 21 8 3K
Bmirms  BRETEESBEEZRGEH K ZARER G EE LB ER AN
m&’&T%ﬁ%ﬂ%m&% 120080 T AREFIH R Gk » P EIEM
Bl FERAM > BEFEZINEF  MHARIRESGERASHARABRNY
H o

MR b4k @B L EM BN E IR R A CERF T RAE
EEEATE BEHERNKS - R TMHEEREARESAZ R EL ﬁﬁ
REXEREEFRE S ZERIFENT & WEEFEESEBUA LG
FH B XA @%%%%%K%ﬁ%&m’%%%wfﬁ%ﬂvﬁ%%%
FRRHAE—EDI > FRBUREZFRAERTHFHNHRE ) — 7 FHH L
By iR 0 1R B8 m g R RIE o b BRlE A G K E S ENIEKES
MU R AABFRRANE R » L8 by P ZRIFHA -

mm
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EENEBERIFIIETRSH HEA LT BERMERBREZNAEAN R EE R
éi%“ 6 #& - f%é\ﬁd?} %ﬁsﬁiﬁ A0% - 1&3E 5V T EERBERRES
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XmE o BLAHEFTABEREEANIANEREREFRE > BT e LA Hii
JaEr o WhwFH S b RA AR —~ZAFE MGG AR o Hk s defTE 1245
AR B A IR AR T B o AR R TR HELSME LA
BHRELMGEERGEHAR » AR EHBHEB R FEREREGDIERZ
Mo gkt BATBIRE 5 9% RES A BN ERAEH 0 $8 o
AEEHNGAHREL IR ESANZABEGEARLKERS - BHLEE K
BEYAERRERERANEE > ARG RZERAAMENIREAER » MIFRZHE
o BARBINRERFTENRZ GERENAZRBERE § 4 84535 L KR

1 A TRk
Tk 020020 63 M A RABH- AN B4R D B o X RBAF B0 327
B o

EHK ~AREN 02007 - REMEY EREF o REABRPTHFIH 13L3F 155 8 -

IEAFF4 - REEK20020 3] H KA— N E it L (Oriusdrigicollis) Z %
FEIA|F o 68 RAWTH = RV EH B TR AN 6§ 157-174-

—F - HRBH S B EF S EF% 22010 HEAFIHER DR AH (Sirtothrips
dorsalis Hood) (Thysanoptera: Thripidag) % &3k - 6% E £# % 59: 78-85 -

HWBEL ~ BR—F ~ thE M s EEA 2010 FRAABYHEALEET - 68 R EH
% 59: 151-164 o

FH R~ B Lif 0 2007 o &) 5 £ Tospovirus & & Loy A & R L1534 o 14 &im
TRy s g & 83-1007 -

BT BRE B EZ 0 2000 o B AN R A SR FIRATA S o Hbig
MRA%5 ZF| 78:9-11 -

A RER S BT BT KB  EFE 0 2010 o FHuR R F A
AR o REXRATHT] 149: 227-239 -
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Abstract

Thrips-transmitted tospoviruses are a major plant viruses that infect over 1,000
plant species and cause severe yield losses to vegetable and ornamental crops
worldwide. Thrips are validated as the only vectors that transmit tospoviruses in a
persistent propagative manner. Fourteen thrips species were documented to spread
more than 20 identified tospoviruses globally. Among them, six thrips vectors were
reportedly distributed in  Taiwan, including Frankliniella intonsa (Trybom),
Frankliniella cephalica (Crawford), Frankliniella schultzel (Trybom), Scirtothrips
dorsalis Hood, Thrips palmi Karny and Thrips tabaci Lindeman. Those thrips were
reported to carry one or more of the following viruses that could infect numerous
plants. Tomato spotted wilt virus (TSWV), Peanut chlorotic fan-spot virus (PCFV),
Capsicum chlorosis virus (CaCV), Calla lily chlorotic spot virus (CCSV), Melon
yellow spot virus (MY SV), Watermelon silver mottle virus (WSMoV), and Tomato
yellow fruit ring virus (TYFRV). This paper compiles the information of relevant
literatures and survey data to discuss the current status of thrips vectors in Taiwan
including their distribution and plant habitats and their vectoring of viruses. In addition,
the suitability and efficiency of various control tactics of thrips vectors for the eventual
development of control measures will be discussed.

Key words: thrips, tospovirus, transmission, control.
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Thripsvectors

Tospovir uses’

Frankliniella intonsa

Groundnut ringspot virus (GRSV)*

I mpatiens necrotic spot virus (INSV)*
Tomato chlorotic spot virus (TCSV)*
Tomato spotted wilt virus (TSWV)

Frankliniella schultzel

Chrysanthemum stem necrosis virus (CSNV)*
Groundnut bud necrosis virus (GBNV)*
Groundnut ringspot virus (GRSV)*

I mpatiens necrotic spot virus (INSV)*
Tomato chlorotic spot virus (TCSV)*

Tomato spotted wilt virus (TSWV)

Frankliniella cephalica

Tomato spotted wilt virus (TSWV)

Scirtothrips dorsalis

Groundnut bud necrosis virus (GBNV)*
Peanut chlorotic fan-spot virus (PCFV)
Polygonum ringspot virus (PORSV)*

Thrips palmi

Capsicum chlorosis virus (CaCV)
Callalily chlorotic spot virus (CCSV)
Melon yellow spot virus (MY SV)

Water melon silver mottle virus (WSMoV)

Thrips tabaci

Irisyellow spot virus (1Y SV)*
Tomato spotted wilt virus (TSWV)
Tomato yellow fruit ring virus (TY FRV)

Z X

LoRRVRA B
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H l"%*”%’ﬁé&ﬂ oot Jﬁﬁ,;ﬁﬁ WF}?@ fhﬁﬂﬁf F‘?EJJIIJ
- A O o3 4= L e L
Z+HFREENEREREORITHLREY

BRITERM

"ITHR B YRR RERB AT R A
2384 # e-mail: tcde@tari.gov.tw

#® %

CERNAREORFHLAFRALE  BETEIEBNER  FIFKHER
FRRTFR  BAERATHRAETF - RARGKREEGENENRFH 16
o I HIRBE - X B S TILim (Beet western yellows virus, BWYV) ~ K
#$F 4L % 1% & (Cucurbit aphid-borne yellows virus, CABYV) ~ #A N4 &% &
(Cucumber mosaic virus, CMV) ~ # K #F 4 & 1tsm & (Melon aphid-borne yellows
virus, MABYV) ~ KAk &k % 8% % (Melon vein-banding mosaic virus, MVbMV)
KIN# 2 5% & (Papaya ringspot virus, PRSV) ~ & N 3 4 % 1L & & (Suakwa
aphid-borne yellows virus, SABYV) ~ 4 # /A5 1L &% 4 (Zucchini yellow mosaic
virus, ZYMV) : &] %1&4%49 : /&% L= & (Callalily chlorotic spot virus, CCSV) -
#NF = 5 (Melon yellow spot virus, MYSV) ~ % 6 525 % A 5% & (Tomato
spotted wilt virus, TSWV) ~ @& N 4% 32 & J% 4= (Watermelon silver mottle virus,
WSMoV) : # #1454 « JN# iR % % 1Ly F (Cucurbit chlorotic yellows virus,
CCYV) -~ & R\#3E3E#2 % 5=+ (Squash leaf curl Philippine virus, SLCPHV) ~ % it 45
¥ /8 2% A& (Tomato leaf curl New Delhi virus, TOLCNDV) » B #& F{& 4449 : 3K
Y 3Lk 8% 7 (Cucumber green mottle mosaic virus, CGMMYV) - L& CGMMV -
CMV ~ MVbMV ~ MYSV ~PRSV ~ TOLCNDV ~ & ZYMV & 7T & djmbr it i %45 o
A 1944 FRFAZTERAINER R Fesk > B RANREREHET > &
W80 % & — B RRNFAF Y L L 28977/ EF > 846 ZYMV - PRSV ~ &
CMV WUZER %7 X » CABYV vlik4 M7 X1%4%-1990s X &5 1% (Thrips
palmi) Ak & A 7 X 1%4%49 tospoviruses kA » WSMoV & MYSV =4 &
A o ¥ 7 (Bemisia argentifolii) A1z L% & %1% » begomoviruses 3 34
NRIERFEINF > L+ SLCPHV & 2008 F AR & & # FINL E 0 RATH 7 ©
2009 4 PR H —IEEERE CCYV BN EH SR E LB L 12
2011 FAnd 7RG8R - AR MRS EEIR  RERBHFFAHE o

B 3 AL ~ AT~ SFAAREE A BH1RE - HR1RIE

D >
Al &
GENABRZ QR RLAERT S » RIE 2009 F K XA FH o HEAEY
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PN S FN S XN FR B FRRFFINFOAZE @fr4E 22,984 N IE >
SLOM A N S BN~ A A SN B R R AR R R VRN AN FLE
BIEMARIIANG - HARNAAFHMARMELE > BEEZR XA HGER
RN LA R ENERRBTAREEDAERMGLETL » gF AU RFRE
WERE o A INBEY A AR AP IR T IR IRA A F 0 1999 F R E &Mk
2 BUNERIE @AAE 38,854 AR > AN A E R E F g8 0 B AEeR 10
FRTE) 6 A% 0 RIAFERINCT IR R 112 0 3 K% B35 5] B AF BUL JL 61089
BRER  ERARGFRGEARS  £FLRTEEHRRRRBMEZBAKEF

FEERBIRTTRERNBED R FEHAALE 50 & GERAA REREN
HMgmaA 16 A (Bl) aissF &840 #E B 5 iz A& (Beet western
yellows virus, BWYV) (K&, 2003) ~ JN#aF 4L b= & (Cucurbit aphid-borne yellows
virus, CABYV) (Deng et al., 1997) ~ # A+ &% & (Cucumber mosaic virus, CMV)
(42, 1972) ~ ¥ N #F 4L % 1L 7% & (Melon aphid-borne yellows virus, MABYYV)
( Knierim et al., 2010) ~ 4 N Ak %k # & 5= & (Melon vein-banding mosaic virus,
MVbMV) (Huang et al., 1993) ~ KN4 2= 4 (Papaya ringspot virus, PRSV) (£ %,
1978) ~ # JNEF4E 5 1tm 4 (Suakwa aphid-borne yellows virus, SABYV) (Knierim et
al., 2010) ~ # & N7 it 4k &% 4 (Zucchini yellow mosaic virus, ZYMV) (3%,
1985); & H1%4%49 : /& F 5 2E7% & (Calla lily chlorotic spot virus, CCSV) (Chen et al.,
2005) ~ ¥ )N ¥E7% & (Melon yellow spot virus, MYSV) (Chen et al., 2008) ~ % & 3
2L %X s 7 (Tomato spotted wilt virus, TSWV) (Yeh et al., 1988) - & JA4% BE 40k 7
(Watermelon silver mottle virus, WSMoV) (Yeh et al., 1992) ; ¥y #1245 49 :+ JNFE R 4k
¥ 1% # (Cucurbit chlorotic yellows virus, CCYV) (¥ %, 2009) - i A5 F 2 & 7%
# (Squash leaf curl Philippine virus, SLCPHV) (L%, 2005) ~ % 7k 35 ¥ #7114 2 & &
(Tomato leaf curl New Delhi virus, TOLCNDV) (Chien et al., 2008) » % #& F1%4%49 :
¥ JN 4 BL % & 5% & (Cucumber green mottle mosaic virus, CGMMV) (£ 2R,
1982) - £+ CGMMV - CMV ~ MVbMV ~ MYSV ~ PRSV -~ TOLCNDV ~ & ZYMV
BT R FINFAMEAR o 8 R B AE R B 69 NFIF Y L AT A 69 0E
WERTE > AAMEERERER  ERMARTREEGRE  BHEER K
ARG X T MRAEFTRE ) EHERRRENA » TAFEH » kA RIFE
ARFLIRFAS  FEARRSERAET B2 F Bm im0 MARR & LR
TG RE o 5 F R EANARIZ A RRIMITIES - R R 0 RAITAB S ALIRIE
YB MR G RARRABE > S8k TAERAF A o 3Lzl 2% @ M E R AT R
W R kiR > NHARFEFEKEMERAERRFHEE - KX{EHKSE
P AS AE  INFB IR F R RATAB R G RE AT A 709 8 R IR 0 R A
BEBRRERIIETE o
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INFB IR R B B IRATAB 3

— 1980 LB (CMV & WMV)

1944 5 &8 E R F o BNHEY 9 7k E P RpA N4 (mosaic) 7 »
PRI 3 B i R B AR AR 0945 B2 CMV R G B8 EBAG - $ a5 F SRS
RGIEIP - RFEALMR H AL (Cucurbitaceae) 1F4% € @46 R A 89 A48 NI - K4
BN BRIEHAT PR > BIME RSB AEIRIR G| 3R > A PTARIE G RFA BRI @R
BR > RERLEZ R ZZL1959 FEEAREEREAEZTLR AL BT
P & ERNEAEA FEREA RLdE (R4) ABERA 29.3% 5%
o Mg iy 3 Ak R R TR RS (5T AR, 1959) 1968 R f1ikd b 6
% J\ 4% & % (watermelon mosaic) #95F %, » 752 @ N4k & 5A 5 (watermelon mosaic
virus, WMV) £ 1970s SRR & & 5 NHm A 7209 LR (R, 1969; #, 1978;
2=, 1981; Wu & Su, 1977) » WA Z WMV A M & B SR AT 89 N % & o 1288 R4t
KmHEA 2 & WMV-1 B WMV-2 > i F R AE 2B o 76
B —3% (Webb & Scott, 1965) - 1975 4 & KN#2mF (PRSV) 4nde » %
B R AINER PRSV TTIAR L & AHRS (5, 1978) - 1984 4 Yeh et al.,

1994 A 4 it Rk piFT 2t §
1992

1990 B. argentifolii (B type B. tabaci) »\iz
1985 PE ®if s #4312 40 i

Purcifull ,1984 Shang,2009 Peng, 2011
. Okuda, 2010
Xiang,2008 Chen, 201

2007 1 4 g s % # 5
Kato,1999
2010

2009 CABY, MABY,
2009 CCYV_/

1. B NHAmF Rl FHEAL0FLE -
Fig. 1. Diagram of cucurbit-infecting viruses and events occurred in Taiwan in a
chronological order.
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3, PRSV s WMV-1 A KT & 989 o5 8 KB R AR B 69 A 4 245 » (£ £ 7]
£ PRSV *T &% & A NAT 3 B AR AT i WMV-1 R 58 R 3 34 A & LA
TR FARRA o Bl WMV-1 3% £ % & @8 KA K N2 & (type W isolate
of PRSV, PRSV-W) » J& 4245 PRSV & KAZ KN# 2% 7 (type P isolate of
PRSV, PRSV-P) (Purcifull et al., 1984a) » % 9M& & B )R8 855 09 R H WMV-2
(Purcifull etal., 1984b) - % A & Az 88 - 2| b » R AR Lldg SR g m
Bl Mk A A A B BRI aEREDRE WMV-2 LA ERAEASGE GF
%, 1987; &, 1987; 3%, 2006) » % K LALBR )M ELT G R B F > AR
WMV-2 TTHREEE L > Ba] WMV 2| &4 7% B R)58 B (¥, 2008) o £ #
PRSV-W 2 PRSV-P H R & %8 ik % B & » 1 PRSV-P L& &3 3 B Ao
F 38 &3R4 P A R %75 B R & (ELISA) Fii% PRSV-W #9333 & B PRSV

g
248 o

= ~ 1980s (Aphid-borne potyviruses)

1980s FR &6 > 7 F @ KRG 7 - Jm F KBRS P2 48 T H T 09 2 -
Jo EARE AT 693N Bl RH gk 09 T 7% AR B BRI o SLBF A9 RF R T AF
E o Ar B9 » BF R LW RAK5] A 0 1985 SFHFH AL AR TILLERF
(ZYMV) 5 gesi g ® 74 > shym &2 & KA & R & (Lisaetal., 1981)
ABAaZE - 28 - Red~ B A @IS > BEH > BEF - AET FH
%3, ( Lisa & Lecoq, 1984) - FF L&A 1982 F 5 2% N8k F (KA
#7,1982) A& ZYMV > & & 05 NFA 4 A4 i B i & 0993 48 o 7 SN NER BEL
Him i (CGMMV) 7= 1982 F 8 T w4esk (£ &K, 1982, 1985) » 3 &
CGMMV ZEA#H G HE N RN MR EF KF > 2L LB FEF0HFE 24
HAR & TAE 69 F 26 o sLBF EASE BHN 5 B AR — 1Bl A M AF 249 potyvirus &4 T AF
& BB Nk 4 80 & (MVDMV) (Huang et al., 1993) » 12 3t &% 4 695 B4R % o
1987 F =B NHERFrBELAERSE (5, 1987, k5, 1987; &5, 1987) & 5
AR R FEAATAETNEN ) KRLBEREEIWHARTAEE > k2 A5
1985-1986 SR #AN ~ N~ FIN~ N~ @ SRR B )NE Hm FE A FRS
AR A ZYMV > H kB WMV-1» EA K2 CGMMV #4 £ & o ik 4
2576 1B A £240m F R AR AR P 4 19% SRR RA R LA H 35% &
RN LT A BRI AR AT R R o e > i IE A~ 1980s XA Potyvirus
AATEAR > 3B R F A VIIEARE M (non-persistent) 7 X126 > G E VA
10 AE3F & 7T 1448 PRSV-W>6 H3f & T 1448 ZYMV> 2 vipksr (Myzus persicae
Sulzer) % A%%F (Aphis gossypii Glover) 1&3%mtdm H692 Fms (M%F, 1993)
Potyviruses 78 °T 35 & ik 1%4% » Eb @ M B FipEesis 09 T A A B 4545 »
¥ he & AR T IR AR S o

= ~1990s (Thrips-borne tospoviruses)
Tospoviruses #9451 & 3 &) 51248 » AR T LB A LA E (Frankliniella
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occidentalis Pergande) » /& & % 7 & #9357 &1 % (Thrips palmi karny) A7k & 2 7 X 1%
#Ho 2 REERHYHEPRBRART R R F > MR FEDERRAEYA RER
FHIRET] o AN MR ETNR TR E EEEARKNER 4 e
/& 7> Bunyaviridae £ Tospovirus /& o 4-ifi4e T :

(—) % 6522 % 7= % (Tomato spotted wilt virus, TSWV)

TSWV F & 1915 SRz a s » e EmE L FHALRK - 68

A7 1988 4 w8 FHIZZ A AN A @ A &R LA (Yeh, 1988) » TSWV 3]
eE B BENTHME ) B TH# R AR BERRGN LA LR BAGE
% 7187 % (Chenetal., 1990) - TSWV & Tospovirus /&7 % 8 » /£ % 4
BEE LR EENmEE YA 50 £ 500 A LT HEE s a8
RFERBETFEMY > wHEAFDFOEN TN 2 ARF > mfHED e
WEm BESBEERBRTF > sHOBNLAERTEFETH TSWV 75
% (Kormelink, 2005) - 12 1992 4 WSMoV & x4 » 324 &6 K8 LR b
4 &) tospovirus #3-Z WSMoV o
(=)@ N3 4 m 4 (Watermelon silver mottle virus, WSMoV)

A Az> 1984 SFBfd Iwaki % 72 ¥ )N _E 430, % —A4F tospovirus » & % @
INEE R KR 2 Fa B UMY AR &R A FIBFE R 40 2 st > Bt
B )N tim (Watermelon silver mottle) » J& & 8945 82 TSWV #4L > &
AL B A TSWV > {23 & iF 45 M 275 TSWV o & B 7 1992 F 2 &
WSMoV #9484 » i m B NARIE R AR BR B - BNASL » G AN ~
BNR AN ME G WSMoV R3¢ o JE A1 % RiEmgid > AR L
R ALeHERRREHE > 2 RHEEHE 1990s F KA AITHFE (K3) o
¥ 8 2003 5 9 AZE 2005 5 10 A £ E5m 30 #r4E N R @Ik H
E o BRI R4 o

(=)# ¥ #5% 4 (Calla lily chlorotic spot virus, CCSV)

JmaFAF L WSMoV Aadd » R T &mf > 125 £ 68 FHLRMA
%] CCSV (Chenetal., 2005) -

(@) &K% 2% & (Melon yellow spot virus, MYSV)

MYSV &% B K » Kato et al. 7> 2000 F# &t % » mEdhs
WSMoV a4k - 2008 F /2 &% & e A 38 48 T 09 9 vk 2 4 8 BN (Chen
etal., 2008) > 12,2 2007-2009 7 & & R 8 7® N FE WSMoV 89 b 247 1t
MYSV & o B4k 2007-2009 # M8 % # &KL L AITRFTAE MYSV (Peng
etal, 2011) o A] HAF4E9b > iR T1R4E MYSV 2] R# E > B &g 245
M £ WSMoV (Chen et al., 2010) = 2006/07 4 & # th 38 & Z 45 # & il & 74
HERRERET  ZF@AMLE 500 A HEkE_EATET > MYSV s
WSMoV 2 2895 m B F (&4~ A5 &6~ &7) - 2007/08 45 4k 5 v
tospoviruses & 56 BAZ» BB B EERE  BURFR » @F-g%& > A @ o
18 9% B R T AF 4R %] (%%, 2008) - Chao et al. 2010 352 MYSV £ 4 ##
INEAGAE AT o
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@ ~ 1990s (Aphid-borne poleroviruses)

1990s F4X 72 & #ER ALty B — B Ja 75 Polerovirus o sb#sm &G EA M
A WIS ARENEEA > R TAEARALE > HILBRF0IFHTAEL
A mG o 2RI EEFX - GERHAY LER 4 HEZHnd > 2857
Luteoviridae #+Z  Polerovirus /& » 4-ili4e T :
(—))N#a 451t 7% & (Cucurbit aphid-borne yellows virus, CABYV)

1988 kB & 4 > 1992 4 Llecoq et al. £ E K AR F 2 -4
luteovirus » 4% & CABYV o & /& 1997 5 5 A Lecoq 7&-E &R & K
SRR E CABYV ¥R % Z&mFigalx » %3 CABYV oLwsb
EAGENEENA L LR EGINRPARNE R T2 EFIL KRR TFEL
(Deng etal., 1997) - B Lz A% f 4 2 kAR L3R EFRF» L CABYV T
&M IGIE SR A AR AR T AR TR FH AR SR CABYV &
BB ARG 1997 FUAKYREHFLRAEL O E (R - FLOIE—
R B HFAA - B A AEY o A R FE UMY ERE EATF A
89 CABYV & & 3T & B AHNE W > &R BAT AR M 25 B B R TR
41012 CABYV HmMEtnA sl » KAAKAARTRERFILE » R
EmimEffsm o A CABYV EFAMN LI GE 22 ERENEMR &
7 X /&7 circulative type (Brault et al., 2007; Reinbold et al., 2003) » [ ¢t 1% 4%
MEAR > £EERNAL RN RETEE > CABYV 6944 ZRaa %) -

(=)# N4 1t 7 (Melon aphid-borne yellows virus, MABYV)

MABYV Ja 4% CABYV &9 ddr » PR ERT K BB ILHER
BT RN —EAE (Xiang et al., 2008) » /2 & # @I\ ~ XN N LA 48 8]
%] (Knierim et al., 2010) -

(=) 4% NEF4EE 1ty & (Suakwa aphid-borne yellows virus, SABYV)

SABYV R k& CABYV #8949k » 454w F] CABYV » 1247 8% rb#f
HRAT A {4 (Shang et al., 2009) » £ & ¥ % )N & K LA 44 8] %)
(Knierim et al., 2010) -

(m)& ¥ @ % %1tz & (Beet western yellows virus, BWYV)

2003 Fi A6 H @)N ~ AN~ N~ N~ BN BN S HORFE A
B A BER BWYV B8 H o LA AF IAapiE 150 Al k> @k
Fhe W B E ~ FHEFAL BWYV @ £ AN EXHHE - BE - &
AAREF > TERMAER FIL. £61 BWYV R&HmdmR 1845
B BREF ~ AREF - 18 EEF - G R4 sF R AMTIRSF 5 5 A A ARG 7 X2 4%
(K%, 2003) °

2 ~ 2000s (whitefly-borne begomoviruses)

7 1990 N1Z &% > B AR AR SAE 64k E ok & (Bemisia argentifolii Bellows
& Perring) (R & ik, 1997) #4347 (Bemisia tabaci Gennadius) Q #! 4 4y /] 4
(biotype) &1%4% begomoviruses #9544~ (Brown et al., 1995) o /2 & & & N# 89
begomoviruses A 2 #& > 4%/ 7~ Geminiviridae #}, Begomovirus /& o 4 iti4e T :
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(—)da R E3E#2 % 54 (Squash leaf curl Philippine virus, SLCPHV)
2005 F1E &N Eedg @ N m & (SLCV) & SLCPhV £ & E6ga 4
4 (B4, 2005) MmN~ FEEHINF ZAE NI 585 SLCPHV o & %
SLCPHV & % RAEsk A swit ~ Bk RAMRE - ¥d ik - ¥ LA KRIH
55 H B LR R FGH AR REZERTAE=Z (Liaoetal, 2007) - #
HINEG SLCPHV A E R ERRMREL MG RERG MEE » R
FHRLERAAT BB IR REFSERREOINE 2008 F 9 A HiE&
R R ENBIENRGELS VAR Z - %A S > L 2008/09 B89 F FIK
WEEMBRENRERAEET » 252G SLCPHV jlietiihirm » AL 4
BRERHEFERNRERY 4 o WEwHERY 50%;, 6 ERLEFH
BB 4-6 Mo Wik ERY 55%; SMALMERLRY 6 K REE
HFRE 45% (B%F, 2009) - +—AAéhTadaRERMATHEES =R K
ER R R PTIRIR AT AHAFA SLCPHV o L P R¥F K F LK E "R
Kk BAMBRAE T &AL (5%, 2009) -
(=) % 345 #7/5 27 & (Tomato leaf curl New Delhi virus, TOLCNDV)
2007 SFASRAESTNE AR > 8 F L A B G FH IR ToOLCNDV Ak
F 7|48 ] & sz = (Chien et al., 2008) - TOLCNDV £ A Begomovirus F7# &4
M 124 K] TOLCNDV XA Az > TR E R 7 BEKN - N~ £d)N
AN i~ BN B EXAERFH > AOMBEALNELALAE -

>v ~ 2009 (whitefly-borne crinivirus)

ESE SR IEHR RN crinivius RA 1 &8 CCYV » Bt
Closteroviridae #%, Crinivirus /& - 2004 % CCYV # &% 4 /£ A A& (Okuda et al.,
2010) » &% 7R 2009 F & k44 (%5, 2009) » 448388 ~ F AN~ FN -
@R~ E R R F R FRFESEAH CCYV B% (¥ %, 2010; Huang et al., 2010;
Lietal, 2010) » —Ax RN A F P HIMATE A tiMk 4 @ FILBAK > £.% B CCYV Bt
BE o BREMRBRESWHAIRAT IR BEEFELETRAET E - CCYV &diyik
1R 3G 3EAE » T AR INF I L35 3 A1~ 24T~ R AU s B A R e AHeg4a4s (Okuda
etal., 2010) - CCYV B a]A # 4 L4 EERA B AR (JuM A~ AN H 35 p
WEROBERGHE) 68 FhE) FFPBE KM (B FHERFR) - L
a4 CCYV MAZH 8 5] > sk B Al & Hdg CCYV A& R — AR (B AN AE
KER) o A 4y IR 18 9% » 2010 # CCYV & SLCPHV {3 & )K#8) %% 5 CCYV
EEATMMERLASR o 12 2011 Fid G080 » BMARY  hikF Al
BEAK > TR IR EAF AR & o

& @
AEARERGTZEIME DA B AT EEE Rk RBERAHESE - 285

F R PR BORAT 0 M AR PP 22N R ARG R - AAEHET : AANERE
sk (1944 F R FARF) Bl AtaF a4 (Peng et al., 2011) #9428 T » 2F &%
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WAAME B0 R FR AN LT 29 RTRE @45 ZYMV-PRSV-CMV 14
FEREMRE CABYV MUk&MF NGB A ERNERFRERLAREY
BEE o A RAEERZREBA T AAZ > BT &8 R E&F 36 H » B i H R4
BRRMRZREERE - 22 32 B AHAHH HREBEAR » 2L HIREG
tospoviruses #&k1574 0 B E 445 L E #4560 4 a4 dm R 2L (5
%, 2002) o

1972 5 &N JRHZ (FF,1999) > 1985 FHi &k PE A X483 K
RRAEBALEFRIERA > TROIRTHE » BIER - LRFMA - AR
B (H£%,1985) c M At XA B EMWH LERAEFT (BdAR €A - FL5
HEME) 2R AR RFEEE > ERHERAFTHIERA 4% (K F,
1987) o A X B F S RN KE > ERODIEN  BIREM KL - 3
2006/07 Fi& Zsmam k€A% » Al H1%4549 MYSV $L WSMoV B £ 2T A, -
2007/08 7 B Sk E R » @AEAE 500 N E 0 4 @ ELEAE R F R TR AT A
EH (%3, 2008) - 2008/09 ¥ HNAE R R EGRFR o LREBETHER
F %2 d SLCPHV FAijlAedydb i » HAX R R & FHFA SLCPHV (B
%,2009) 5 i3 S B & & B 3t 7T 48 SLCPHV %45 % > 8 & 36 3% 99 4T >
Yo S B SRR G & o d2t PE Ak AR E 58 B Al F N AE £ &2
R miB AR BIEHELIEE & BRI A FIMREILC T M
YHEEROEA S ALERLEE > W42 PE AN R LR SMAEEHALLNE
Ao REZF MR o Bk F R BA) R 48 5835 A Ta sk 3L 646
¥Rt R% (% 5F,2009) » sb— R JEF 2] CCYV 815576 JEZALA 2K o

INERFRTE 1944 SRR E 24 > UFFRAMAEREL
1980s X4 A6 4045 3R & > REME T B R GHR B H BRI R FAE - 2
& /5 1985-1986 4 M AR #LF| BT 2 % AR 89 2576 (B4R AR AT A 35% & X4
AT AR 2R E (5%, 1987) > i H P a7 &mE00 & BB » AR
Uy & T B R AR R R A8 gk B AE 0 19905 Xk EW oAt i (&
EEARAUE) B R oA MHATOM AR 0 BAMY RS R 2 B R
A #& tospoviruses #94EREAASLEIR > BER R BB HARERSL - BATAS
A 4 #& tospoviruses £ JNFE > EZIAATHEL WSMoV & MYSV o W
MYSV tt WSMoV % 7 #mid4k6948 7 » o245 A BT £ £ (Chen et al,
2010) » ™ B. MYSV #ATA8303% #9773 (Pengetal., 2011) » sEABEAFHH R M IE R
Bef R 1R 45 R k49 CABYV » #ikAzk 2 29 M =1ME4& (CABYV, MABYV, &
SABYV) (Knierim et al., 2010) » 4esb 38 A A L F AL L L E L » 12283
KA LB CAAMYREESEYIBBELTIEER LT » WUib
BAEEN - % 2000 FHERMABREIN > #HAREHR CCYV LT
A AR E SR A VR AN ELE S > TR CCYV B RATH o
WAR A TR TR IB I AR R E > HUb R R RE TR B3 T 76 =48 )R
L4 %% F (SLCPHV, TOLCNDV, & CCYV) > TFZFF s k% o

KLHTD| G 16 A HAEA R O 48T ZAEMN IS LA N MR L6 sk b
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MAE T PR FEARANGAERN » F LR — BRI R A T
7o BhGH R A SIS 16 M LA ESE —F IR o

5] R TR

EEMER B ERBH 21944 ) h(NBEORE - 25 K F1EE: 1075-1076 o
b & & R AGHAT - 2280 pp ©

) B~ BROKEE 0 1082 o M B A B W R B SR o ARG 241 279 o

F % B~ BROX L 0 1985 o # NSk Bk SR 5 Xk T A S o ARG T 27: 105-110 o

FiEA 2198l EE B RS Emm R eI FR BT - BLPFRRE
AR RPTREHL  EP T o

IEZ I FRAHE BUWE 1978 &1 KRNI EL& T RN o ARG F] 20
133-140 o

el s TR R 8L BRM - THI RER - 1985 - FH NP A%l
A3z 7374 FRMTHRAE T - 6R B EARGH R ER 19:13-22 -

B XA 01969 0 EEBRKLFIKRETRAEHE - BLEE KLHMYR&FTH
RPTHEEHL > 667 > 59 pp. ©

R XA~ BRBk 0 1968 o FRNHLLR XA R o MAREF| 10: 79-80 -

HEERIT RS 19850 4K (Zucchini) 1L 8 4k F 2 0 B4 T o
¥ E £ R 35 87-95 o

AR mAM S RFR S WAEE ~ RA Y~ S AR 0 1987 o BAERNHm AR
AN EAAE LA o ARG ] 29: 233-244 o

RS TR BELE S FF R MEY S T 1987 c AfERFERFL S
BAREGINR BN A B o FER LR 36:389-397 o

5k 2~ AT 57 0 19820 B e 25 N A F- MRS R BB T o tE R ) 24: 281

FAK S AR A 01087 o FERNGEXBREHEATHAITE - 6HR
REXRRGH R &R 21: 25-32

FRME S IS S RFRFFE M 1987 c KEK N RFREAIEER
Lomrbsr o ¥ R L5 % 36:413-420 -

FREREBRE  RLM 1999 EXEFABREZEEL - 6R B EARFH
#ir %7] 88-6 (N0.92) 26 pp. °

FH o MAeE 01960 c BRERREHAE o PEREM T 9:32-39 0

BRSCHE ~ TRMe3E 21997 o SR My 28X A LG5 - R B £ R IGHUIT 7] 86-1
(No.67) 6 pp. °

BRIE & - 2003 o & ¥4 X @ 5 F iy & (Beet western yellows virus) 4 -
8 BB B A B o MR g 12: 43-56 o

WY RBE S BMF R H 020060 & HENMARFEREUMEIEB )M o
GmEREZAR 55911

A IR H - EHR 220082007 FmE HaEFEFRNREREREFLR
R ZFad - Mmegh 17:86 -

o
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BHHE S RFE -~ A EH R - 2000 o A B § 48 F EAKEE NN E A
FRARBRERE T EETI MG o MREF 51:130-131 -

YA~ RITIE B RS 0 2010 o BN AR - R R EF LR
FoGmBERESA 73:11-14 -

IR~ BRF AL ~ KA AR - 2009 - 4 )R8 Crinivirus B s F B ETHRE T o 48
R 51:132 -

AR R B F KA 219930 NFARAE S B4 FY B R AR B R A REF T o
% 391-403 B o MEAm B AR R A G LT o

B-E 75 0 BT B E > KT AL BARE > RiFK © 2005 o KX NS
B NS EREIMTET o MBRGF) 47:432-433 -

BB~ BTk ~ SAfRAaL ~ BRAR A - 2009 0 2008 # H MR EERBE RR TS
AR BEZ IR - HgmgF| 18:77-78 -

iR 0 1978 o LA A RBERREFEAI P HRL QKRS LR - B P HX
P e B R/ > EF T 299 B o

FALE 22008 o &N SR FIMARAE - THIR K E B G MY 57K IE 5, 35
pp °

A BEG BT R E - YAk 0 2000 - RIS E FEEE A B
AN LN FHAE - MR ET] 18:78

BRTAR ~ AR E S HAEE - REME - T4 - 2002 o A H B EHIZY W INR F
7 E o BRERRATHATRA FF] 51:21-25 -

BT BEE KA REMG BE  BEZR AT I kAL Lecog, H. o
2007 o JNIASFHEF AL IR F 2 61 A4 o 5 163-183 B - 2007 M4y &ilmF
B A g & T o

SRR 21972 0 GEFANBERIAR o Bl LGB KM m & FH RPITHELH
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Evolutionary change of trends in prevalence of
cucurbits-infecting viruses in Taiwan, 1981-2011
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Abstract

Cucurbits are cultivated widely and annually in Taiwan and the growth periods
or field spaces are always overlapped or linked up that give rise to prevalence of viral
diseases. Incessantly prevailing virus infection is a restriction factor in the production
of cucurbits. In Taiwan, cucurbits are infected by 16 species of viruses, including the
aphid-transmitted viruses: Beet western yellows virus (BWYV), Cucurbit aphid-borne
yellows virus (CABYYV), Cucumber mosaic virus (CMV), Melon aphid-borne yellows
virus (MABYYV), Melon vein-banding mosaic virus (MVbMYV), Papaya ringspot virus
(PRSV), Suakwa aphid-borne yellows virus (SABYYV), Zucchini yellow mosaic virus
(ZYMV); the thrips-transmitted viruses: Calla lily chlorotic spot virus (CCSV), Melon
yellow spot virus (MYSV), Tomato spotted wilt virus (TSWV), Watermelon silver
mottle virus (WSMoV); the whitefly-transmitted viruses: Cucurbit chlorotic yellows
virus (CCYV), Squash leaf curl Philippine virus (SLCPHV), Tomato leaf curl New
Delhi virus (TOLCNDV), and the seed-transmitted Cucumber green mottle mosaic virus
(CGMMYV). Among them, CGMMV, CMV, MVbMV, MYSV, PRSV, ToLCNDV, and
ZYMV can also be mechanically transmitted with diseased plant sap. Cucurbit virus
occurred in Taiwan has been recorded since 1944, and the current data show that the
aphid-transmitted viruses have been the most prevalent in cucurbits all the time. They
are ZYMV, PRSV, and CMV which are transmitted by non-persistent manner and
CABYV by persistent manner. Tospoviruses which are persistently transmitted by
thrips (Thrips palmi) in Taiwan emerged in 1990s and ever since WSMoV and MYSV
have become the major viruses successively. Begomoviruses were extensively spread
after their vector the silver leaf whitefly (Bemisia argentifolii) invaded and established
in Taiwan. Among the begomoviruses SLCPHV has become the major prevalent virus
and has almost wiped out the muskmelon production since 2008. Another
whitefly-transmitted virus is CCYV which broke out in 2009. All cucurbit cultivars in
Taiwan were infected by CCYYV in a very short period. However, due to the continuing
low temperature, the relatively late start of spring, and the low whitefly population
density at the beginning of 2011, the virus epidemic was slightly lessened.

Key words: Cucurbitaceae, Prevalence, Aphid-transmitted, Thrips-transmitted,
Whitefly-transmitted
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floih i iR

£ 1.1959 £ 48 BRAELRERAELRY
Table 1. Disease incidence of watermelon occurred in Taiwan, 1959

= EAEIA

% JE B IR =R 2 5 E ¥ Zlsm ¥ A A FE A
bl 87.2% 74.5% 60.0% 30.4% 23.0% 2.2%
A6 (F18)  60.6% 11.3% 50.3% 31.9% 33.2% 0.9%
B8 (FHL)  56.6% 10.6% 50.2% 13.2% 23.7% 0.8%
M3 (ARE)  72.9% 63.9% 5.3% 4.1% 14.5% 29.3%

B3 (FK4E)  100% 100% 97.0% 15.0% 100% 1.0%
Y $dE sk B, 1959 #RF RARE A o
4 2.1985-1986 & % KHmHEARD LR D
Table 2. Incidence of cucurbits-infecting viruses in Taiwan, 1985-1986

ki L

N3 ZYMV  WMV-1  CGMMV N.R.? Complex  CMV®  wMmv-29
#AK 511 308 (60%) 164 (32%) 12 (2%) 147 (29%) 134 (26%) 17 (8%) 13 (6%)
JN 298 234 (79%) 148 (50%) 4(1%)  31(10%) 121 (41%) 39 (17%) 0 (0%)
N 174 115 (66%) 115 (66%) 3(2%) 31(18%) 91 (52%) 3 (3%) 0 (0%)
AN 178 67 (38%) 37 (21%) 2(1%) 94 (53%) 18 (10%) 0 (0%) 0 (0%)
B 132 64(48%) 42 (32%) 0(0%)  44(33%) 23(17%) 5 (5%) 0 (0%)
R 200 10(5%) 29 (15%) 102 (51%) 74 (37%) 16 (8%) 4 (3%) 0 (0%)
#N 610 278 (46%) 68 (11%) 20 (3%) 203 (33%) 36 (6%) 78 (23%) 0 (0%)
@R 473 167 (35%) 75 (16%) 3(1%) 268 (57%) 44 (9%) 3(1%) 1 (0%)
43k 2576 1243 (48%) 678 (26%) 146 (6%) 892 (35%) 483 (19%) 149 (9%) 14 (1%)

D 348 35, 1087
2 Negative reaction &M 2 JE o
9 RA& 1986 AAf o

R 5k, 1987 #yaF AL
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4 3.1997-2006 & % K#mFHAAELR
Table 3. Incidence of cucurbits-infecting viruses in Taiwan, 1997-2006

wE AR A LK £

JNFE E# CABYV  CGMMV CMV PRSV WSMoV ZYMV Total

YN 54 339(22%) 19(1%) 258(16%) 231 (15%) 87 (6%) 329 (21%) 1566
K 37 107 (10%) 4 (0%) 68 (6%) 88 (8%) 68 (6%) 162 (15%) 1111
@R 23 36(8%) 15(3%) 9 (2%) 96 (22%)  95(21%) 158 (36%) 444
%K 25 8(2%)  3(1%) 102 (25%) 116 (28%)  12(3%) 222 (53%) 415
¥R 8 7(6%)  0(0%) 20 (16%) 6 (5%) 0 (0%) 3%) 124

£ 63 226(9%) 11(0%) 162 (7%) 1079 (45%) 727 (30%) 593 (25%) 2399

Mk 14 15(14%)  2(2%) 14 (13%) 36 (34%) 000%)  39(37%) 105
HR 12 0(0%)  53(65%) 9 (11%) 2 (2%) 6 (7%) 3 (4%) 82
iR ¢

236 738 (12%) 107 (2%) 642 (10%) 1654 (26%) 995 (16%) 1509(24%) 6246

1) I dErF, 2007 49AF AL E MR o

% 4.2003-2005 & ¥ N385 A A A R Y
Table 4. Incidence of cucurbits-infecting viruses in Taiwan, 2003-2005

AR

N B ZYMV PRSV CMV WMV-2  WSMoV CGMMV  SgMV

B 730 207 (28%) 199 (27%) 463 (63%)  0(0%) 114 (16%) 18 (3%) 11 (2%)
#K 2188 1063 (49%) 699 (32%) 1335 (61%) 15 (1%) 376 (17%) 59 (3%) 18 (1%)
ik 764 158 (21%) 376 (49%) 581 (76%) 14 (2%) 49 (6%) 33 (4%) 2 (0%)

43k 3682 1428 (39%) 1274 (35%) 2379 (65%) 29 (1%) 539 (15%) 110 (3%) 52 (1%)

1) #HEHHF, 2006 9RLEEEMR o WEROELE - 6d - 2~ F o
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4 5.2008 F 1-6 A &% P RHAFHEAELRY
Table 5. Incidence of cucurbits-infecting viruses in central Taiwan in 2008

A AESE
INFE MK WSMoV MYSV WSMoV+MYSV
@R 914 216 (23.6%) 134 (14.7%) 7 (0.8%)
#K 937 2 (0.2%) 265 (28.3%) 0
A 499 65 (13%) 35 (7%) 0
MY 2350 283 (12%) 434 (19%) 7 (0.3%)

1) #4EChenetal 2010 #9R L E ¥ M > HREHEIEE P ~ H1L ~ Tk o

% 6.2007-2008 4 & #K#mEHEAAELR Y
Table 6. Incidence of cucurbits-infecting viruses in Taiwan, 2007 - 2008

R EAEFE
JNFE B3 WSMoV MYSV WSMoV+MYSV
7 )N 1811 4066 (22.4%) 166 (9.2%) 3 (0.17%)

#JK 10480 631 (6.0%) 1906 (18.2%) 17 (0.16%)

M 12291 1037 (8.4%) 2072 (16.9%) 20 (0.16%)

U iigPenetal 2011 #93E &4 MR 0 WEHOIE ST - i~ THko
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& 7.2007-2008 4 & NHm A A B L RY
Table 7. Incidence of cucurbits-infecting viruses in Taiwan, 2007-2008

B
KH 43 ZYMV PRSV-W CMV (3)mixed WSMoV MYSV (2)mixed ,OD* — )+
Ao WSMoV  MYSV
221 302 150 156 193 46 3 44 4
A 877
25%)  (34%) (17%) (18%)  (22%) (5%) (03%) (5.0%) (0.5%)
1781 1346 1137 764 542 1060 13 57 163
W OS32T a0 (25%)  (21%)  (14%)  (10%)  (20%) (02%)  (11%)  (3.1%)
2002 1648 1287 920 735 1106 16 101 167
w3 6204

(32%)  (27%) (21%) (15%)  (12%) (18%) (0.3%) (1.6%) (2.7%)

D diEPenetal. 2011 ¥ L &% mm s HEROELELE - S T F R o
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L (P B0 LB o e B PP
DESARLEE AR REY R TR

RAT D S

VB P KSR A
PIEREEZ RO RERRATER S A
® @245 # e-mail: chifeng@tari.gov.tw

n &

IEEF EAFTEFPERFAAAILD  KELWB T AR REREEK
BEAIITH MBI AE - MERELEMIMGEM TR ELAMG AP ERAES
REZERFMMEBEEF VD F I EmES > Am /b Eaam L% EZR
SAxER > AL INEAEZIREN ALELETAIA G - ALRMAZIER
BEW N EEEZGNGLE —AFRALIEABFRARIZIAH 1
B R T VU TG TG EMRS] > AN EEIBRARREMDMIE  Ah
WARBL AR LH S A REAKEIEALZTUREEZA LR » &L
BANBRBIAY > WTHR > £ IEERERIMBELENAFSMEEREE >
Wk T NEABFSARRNRABREAERAIIEFTE O EF I RAERYE
ARG FABA G G R FEIEA o

¥
9y
e

\

JEe

Jme

MeEsa - P ES S RAREALR - HAHMA

EI)

I AA AT REELEL S HANOE S MEALRTEBHENOAY
GESAEYE LES LYY ISR Y L ES SR S 2N
fd o SALABFLEE > EARELEE EWARTRLRAE - MEARL
PR m X Al MG AREABAREMIZAMG  —EAF 23 ME - X
LA IR R 2R -

PERIETIREABAIZE

PEAEIZREEN

Bt & & (bark beetles » KL P HMAEI AR 2 L HBHMA
(Coleoptera) % & & #} (Curculionidae) #—1B A+ - ) & & &4 (Scolytinae) »
T REAF B B IR B R = AR IR Z A5 A > A4 % % » S # A 5800 42
(Beaver & Liu, 2010) « sbat At @& A 3F 5 R R R A4 AEH (Wood, 1982) » 4]
Yo BLA- i A 853 (myelophagy) X Pityophthorus /& ~ LA # % (spermophagy) X
Conophthorus % ~ & & (xylomycetophagy) B2 7+ A% 42 Xyloborus & (st

~
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#8 7R F8 2% ambrosia beetles) ~ BLg A F 4% (xylophagy) % Cryptocarenus /& ~ B
£ 3E KH Ak 4k (herbiphagy) XV #ufg ~ BRI 29 %3¢ (phloeophagy) Z 33 %
28 A ETR AW R RO RILEMEZ B bark beetles » 12 —4% bark beetles
BFRERLERARBF AR NEAEARE > ALTRBERALBEIT
A AR AS NS A o b R A SR A B ERAT & 0 AL
HERRBELEABEAN ~ L EANIWENRESELR » FTVMEREHFGO 4
E B & M (inner bark) o #& % IR A KM ZARE R o

I EAEIALETE

A ES o AOEFEE - JE#H0 (dispersal phase) ~ i£3247 (selection phase)
# 4 (concentration phase) ~ Z 2 #1 (establishment phase) » 227|384 T :

W - AT I RENIE » — BB B F LD FREEE
A REWEEFZAREN RN g NS A A A (gonads) i 2] &
HEF > B F KA EBAAME B FATG AT o DB ENLE R E XL X E]F]
FHEZ RG] 0 5 AR IR BRARZ A ~ I~ A AED
RBRER S RADEEEERF (ERTUEERFHR) > 4579946 F 5 D.
frontalis » 4 £-7% 89 p. sk 1 % 3 F 7% 5] MR IB B0 RATHR R & LB € %
B FENINFYERT] > ARMIEEHAE > A RBXIFEIRIMESLE - L E
A REREERG FE (Gara & Coster, 1968) - % % &/ & & R 2L £% = (pupal
chamber) A ME R E > f AL R E TR 0 L FRAE R MBHE > L EBUR SRR
IR — B BF H] > RIR A X F AT 095 AR » A B4R sb i e BB R 38 R S 3]
FAXAELFET MORBARLIRLEBEFINEY R BTHMBREER
(Ophiostoma ulmi ~ O. novo-ulmi) Z Scolytus scolytus ~ S. multistriatus % 1% #%#&#¢
#* A ® (Ceratocystis fagacearum) Z Scolytus intricatus » H 311t & Z k& F
48 18— A B A A R B o

R B A LEEMEIEE (original pioneer beetle) & % %) Al Ak sk T A& Z A
KPS BB E PR 5] (o dE 5 Z 0 M BHAE oleoresins ~ #23d1J€ terpene
hydrocarbons ~ B4 %) » FL LR B SH LB EMARF K (ALEHI K
SRR B A LA MEE) s BITAEMRE BEERI R mEAEE
ZNEBLEHEREEERARIESEE  -HRBRETELEEZNH T A
Gnathotrichus sulcatus (Borden & Stokkink 1973) % Scolytus quadrispinosus
(Goeden & Norris 1964) « Z 3889 EMF LR GTEXENWE RS 1 EE > wRE
BT IHALNIFYARRR S EARTABRERELF I L &
ZH A& TPk 4 (dispersal) 7 E425)iE & (concentration) A /B8R AL N &
SBELAIIZLTE - FHAIZ% M (aggressiveness) Z N KA EETHEAEY
B > T ARAE A4 E A P& 5 (kairomones) 2/ & & E A I REFEZWHAAE AR
%5 & &R AE > o fRis B0V 4% %) Dendroctonus ponderosae & #2154 €
EAFEN (myrcene) o AR AR AR T FHEMINFDE > o RFHAAIRR
B Ophiostoma ulmi & & B &b itd 105 2 4 -5 54 (o-cubebene) 4%
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Pl EAERRE o

REW I EEABIRT R R RE B G800k %% % » Pitman et al. (1965)
%, Ips paraconfusus & & ZAE IS REFH > B L ESRRI PRI A
L E TR NEEBFE > LHARG TG 24 05 Wb A3 B Z R
AN FAFEROEDINBRERE AR - A —HRREDNFE K
ARG BI04 > TR REBS A > g aHBEAR - KR EHE
b s #5438 o 56, F 38 ho B 58 F 44K - Dendroctonus brevicormis /& & X Aot
MR e E AR EEM” (antiaggregation) %74 % (Renwick & Vite, 1970) & #e
¥ &R (verbenone) & R X ¥k AR (trans-verbenone) » 4o bt 7T 3E €8] 3 4 B 2 )
AR LA B R KB g AR AR B g A R B E
ZoE &8 E WU L EEEK o Rudinsky et al. (1976) %3, D. pseudotsugae 4
S 08 v B a b s AR R M (antiaggregation) Fi&% 0 Bl o
B G B G R IHAEEZE DI —FRERREREEE -

IR EHFEMAREL AR GEES O BIEH R XAET (nuptial
chamber) » A& BENGYH AL G MEHN > BIREENRHE - [ F &
Z M AR R ) s 48 R R A &F R (egg galleries) (Wood, 1982) » if 72 sbgr
REEI > FRAMINELHTAFRAIFAFER o HhBMHILHRE > &k
&iuig (larval mines) » 4h &g X K% B A % ¥ (pupal chamber) » £ 2 A 311k &
Rk o NEEATIEIRIEREABEA NS o

PEEBRIBALE

KA EAEAAFETIMYFEL M AL IEXAEKZR®
(aggressive) 49 » T AsZ #4¢ & X 8142 » 42 Dendroctonus brevicornis ~ D. frontalis
D. ponderosae -~ Ips grandicollis ~ I. typographus » Xt 9- 69448 @ L% H E % ~ kK
RRERFTEFREMHL ~ IABAREBEEIBIR o PN EEIAFEE AL SE
MRS B BARR o 2 2RBE 55 AKEY > 448 R BRIZ9E 1 (aggressive) #9fE &
AL TR IFBIR > MEKE THEIBIR  MmiEHARRGHEY » F A
KEZNFEILEA RILRMEY T E M4 (Kirisits et al., 2002) o 1z 98P /]
B HLEEREEFTRBEREB RO TZIO TPl fERNKT EHAEERS
NEERFEE AT A E LR EG T RRA A NE A XA EE
ZAF a4 RKRAK ~ RAABAREZGERNT IS ZE > B LFRA
KK BRAM TR miE R E IS > TAFIREB KRR N EEIZE niLF
AREIZESMFREIEACEFIREL o

REZBHAEER
AR AT RRERLEZIIRE BILEEMRIBT > W TFEANERE
A TE R REFEMIET > AN EL > BRASLAEFINME  bia 7 1
EHBAWERN » AENE D EVACE AR > £9 T R RR LR (BLEF
WEAE) TAR WA FRERETLTF » LA A SEa /ML (outer bark) A o
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I FRT —B# 69 BEREATEAT

2 &

K%M H#MAEA (ophiostomatoid fungi) & 4 #& % & (teleomorph) =
Ophiostoma ~ Ceratocystiopsis ~ Grosmannia ~ Ceratocystis /& ~ WA B2 A EZ S
#& (anamorph) Z Pesotum ~ Leptographium ~ Sporothrix ~ Thielaviopsis % 2
BELAMEBAAMMIFH  wAREITFTER S TRERDLEH - TEBT
Flafp B0 &6 30 LM IS > AR A AT > BT LA B W AR B
kA EBAALE (AL F Kk##%E % Ophiostoma &2Z)» Amiy#a LA £
£ 49 » Ophiostoma ~ Ceratocystiopsis % Grosmannia /& # & "4 #% # 8
(Ophiostomatales) » Ceratocystis /& 7>/~ # B (Microascales) (Upadhyay, 1981 :
Wingfield et al., 1993) o f 4 £ & (teleomorph) X Z-{B& % 7T 4 R 45 A 2 s M R
(anamorph) /& -

Ophiostoma ~ Ceratocystiopsis ~ Grosmannia % H & % 5

MHAIRF R AALRARL AR RIS WERTHE  IAEGE LA
MR 1000m AL A RARAEYIGM E o WEBIFREALNTFERAZ
A B R ERZEEAA LR &M (Zipfel et al., 2006) » Ophiostoma
F) B B Pseotum % Sporothrix 2 1% £ A Hyalorhinocladiella Z #& & 2% -
Ceratocystiopsis £ # 4k 71 % X F % 36 F & Sporothrix 2 Hyalorhinocladiella %
&M RE ~ Grosmannia B 74 Leptographium Z b A& o H ek X M T o

Leptographium : sbB X F#2 A A L e k9 AT T4 FFRS L0 Kx
23K A% (annellidic proliferation) » 9430 F & Bt » £ > T AP AT T
1R TSR IR GE TR o K S HGEHA R SR LR > FREMES
Lt (Grief et al., 2006) -

Pesotum : 3t X 4512 LA 2 A% F R (synnema) » Z 707 R A R4 X
(sympodial) » 2478 F RIEH I 9 470 F RARAEK -

Sporothrix : sb/B X 455 2 X4 X (sympodial) 2 2775 X » AFEA N5
R EA (denticulate) » H—EHRERRAEZL B AT BEL LG TH
@Rk (Aghayevaetal., 2004) » mEERTFEAEF AU E 4 5 —EFRT o

Hyalorhinocladiella : st X 454 B 2 A5 T2 & R A % T e rail » £ &
To ta fFa 4L Sporothrix /& » 124k % B 88 54k K Ae (Aghayeva et al., 2004) -

Ceratocystis & £ &M & Thielaviopsis

M BT RBFREASMH 0 TRERRARERMEY - FTREZTEZ
MEEZ A > MR AT XA RAA RAMMKAT (phialidic) » 78 F 75K &
mpAT R 2k~ LEFEREAID T KEEHARF LA AR T
(aleuriospore) -
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FARERAAR NI E

fEREA
FERFZEABAILAGTEAET REHA (vascular wilt) ZmF > FAKE

ZHRRE 0 R RE T AR I F A PR K I E > S B TR
B2 Bty ¥ (Ophiostoma ulmi ~ O. novo-ulmi) » H#495% )& 6,45 Ceratocystis
fagacearum ~ C. fimbriata sensu lato ~ % Leptographium wageneri % o

BEREHW

HERIRFARNAAAE R THAIAE L LR (blue stain fungi). F & LR
CX WY TEFIMMEM EERE - R~ EEZEE o LA AN
544486 (ray parenchyma) ¥ X 24 RAERE > ML L KT £ F84 %
PTVAE R G BORB AR B M > SN LT A B R 3% 4 RO R IR LR B BE 4
ZRF o MAKBYERMAELYREARAALRERGTRAMYIRT > 2
YRTFGHRZ  EaBETR (FFABER) WMEE (Kirisits & Offenthaler, 2002)
EEERNBERRET » TR R ECEE ~ £EBARIRT o LR T B
% R4 @ (vascular stain) » JEEF RER > HERREFZIEH R BRI KEAHA
8% » 8,4 Ceratocystis polonica ~ C. laricicola ~ C. rufipenni ~ Leptographium
wingfield ~ Ophiostoma minus % (Kirisits et al., 2002) -

REZRABERGER

HARREEI RSB ABERAIZ AN RAR ~ S EH LA KRGER
AR E AR LA ERAR  ABEABART EFNERIAAE
HARTOAZIBA A ERAZ KSR EHAAARSGHAMELLE - R4
W& A B R PTIAR - HNME £ E BB AL @R » &g 2R EHES (Solheim,
1992) » Nk & HAE B EAB AR > GEUR I BRI AR LA SN LA K
REBZIFGE > LR HR AN BHI ALK BRBART » BHE LM
HRAMBEIFEABERATINR - AR LA B RHRF O & ERBFEABAK
Foofe g TR B R ESSEE K o

AN F-TLRS Bl iR

EMTABR N EHRL LA LA RN AT ZZAFN -~ K
AEBIEHE s ARVHEARCR T (EREH) LHEY - I EEF ERTH
FHSAREIALR ERAAMEFPRF T EARBL AL -BE (BARYIE
W) RAGTHR TR FHABALE B0 FABELRE RS
4 REBEHOSF KX LR E SRR IELE N ES (Furniss et al., 1990;
Paine et al., 1997) » £ A J & £ ¥ 45t 2B H £ (mycangium) 3 & (Six,
2003) > M —H ARG TR _E AN EZ REARAHALAEAY ML WG H
AR A E & I A Eeg A B MEREIL G A T R ESAERE (B
4= M AEA4= Dendroctonus ponderosae 4 X HEH » —FHAEXKES - F—FLEE
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RAEH) AR RN EEF I LHAAEBATHEFLELLR  AERE
B - EHRABAINESL  —MTEA MHBHRAAILLER > ATA—4
PSR By SLAR BUR A1 B W R S A B AR B R A oL 454 (Kirisits, 2007) o

R EA - RAELE - REREKAE

— MR E N EARAE T AR AA LA (symbiosis) XM ME o “HA” 3k
ERMIE R BHFRGEY LR AR E A > BREFAILUAREF K £
BTSN EEIGB R TITITR I ESFER BB ER AT
HEY o TRERFA—FTRE > BRFELALRORF -2 HAERITEH
LW AT RAURLTABEEAREMILELERTAE £ A
AL SR T MR T By R AL ARG NEABRM A -
sk i ZAB 2 kT AR B L3k (Six & Wingfield, 2010) » 2 — « T L% Bt AT <
g RABT RS ERRGHETEAILR > ARERAETALL
EHOHEAT (RABRFRERAIILR) M EJLRIEBMRAHRES > BT
M BB ERARERGET » WRBNESE VR TANEERTURE
ZEARHATEMRG - A= - wR AL BRBETRYE M IEALREDIY
sl EEAMAAGENLLE LEME RIS ELEER T EA B RIS
AERT HAEARERAER L BRI NESELREETHEMAEY R RFETL
TR FSZIEELERALENGHG L A3 (FETHMD)

I ESERY LR ARRAIAR  BTHARAINESELT LIELE
WEF - A= - HEAHRNBEERT » ZFERAME S EATEMILEE L
BAMY > AEWHARERIRE  RARTRF Y LR XV 8h &
HINZHEY  EERE > EREAFEEDIGERE » TR ELEZGKRKAE
B SR B AN RAm AR N o A LR R R A B W AE A
AR BRI R By BRI A o RMILBLA TR AR — AR
HARLERR BB EE A —BARBR TN EEEHE > AR ABHEH
B0 L E W nd de Ak B HH SR (Wood, 1982) » BT A B BT 4 4 2 A8 36 9 8 44
HRPIEHE > i 55 B EAE S 0 RBBEE DR A IS o &AM
AEREEARA TEF I RELREY T ERAZAER - AfKIFH o & &
BR g 6y 3R A R AT IR R O W m AT AT R o BT AT AR A A AR R AR
BHEI MR RAREN o B H MG NEARRTRELMEFI LA E
B A & @ %% > southern pine beetle (&7 #* F & Dendroctonus frontalis) #»
Ophiostoma minus XMl 14BF 24wt » SLE R Z EBARF AR Eh0 - KL BT
INF B BB BB MG o A A N S MR B AR A A RANEE A
fa] > {2 3 B2 A% LA L HEE B B (mycangium) 2 3% B AEi% (Six, 2003) > #t ik
4 MR & ARLHE (obligate) FRBAAEAMER A IFRAESL (RE
WEH TREALTEERNMA) NN EARLZNBAEEZN—7 o

D EARBZAUE
R RIS T £ o A SABURE P RA S REBI S o3
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=

Tomicus piniperda #=.4 % Ophiostoma wingfieldii 34 » {248+ XA
18 % 51 (Solheim & Langstom, 1991) o A S f& 8 74 8% + % HIAAHE &
CAERRIXABEETREEF AR AEAR DAL LA R A AR Y

2
w

D
A0
~

\|

oo &=

pave
b
e -

= ~

:

Ophiostoma ~ Ceratocystiopsis ~ Grosmannia #= /)~ & & X 14

RHAFIEEILAMGEE  LARLBBIERAKAIESL RAY
¥AEE B EI LA MAREEG > mBFTAHER ~ @K AR EITE
% (Krokene & Solheim, 1996; Stauffer et al., 2001) » %= Ophiostoma piceae % O.
piliferume £ % M@ » ALEHAL MK dHFTINEEMEFR WKS
RS MK ARG AR NEAEFTELRRIGF L L

Ceratocystis = )s & & X H 14
WHE WA EREEMGRT R T PEERAF by X4 7%
HEAEELIFRLLIEN B B - E2FRAVREHALAZYE K
(Harrington & Wingfield, 1998; Yamaoka et al., 1998) -

& &

MANEERELEA RS U ABERAIAR —ELEHREBAANEE T TR
Z R 6ETAHFS N EEEHEZ 2 (Beaver & Liu, 2010) » 774 VS k%%
#8534k (Lee, etal., 2009 a; 2009b; 2009¢) » s K AL #, B E AR A F 4
F£02002 FEERBIBRESERARLETRENGERL LA B H
BRESIENRNFT S CE LM Ao LHF > R ERESE A HM I EEKL
BEZHFEIHGE > URBARKEEAR P ZREN > B EEBEERERAUL
FHIR > MAEKEIMKE ERT AL IEEI LRI LF R4 FH Ophiostoma
quercus X AW - AN KA IR EBARIELER  FEYARRBEHA TR
B BETRPRESLT BB NEE HRRER  REBFEIER WA
RATEREENIRLT  REMIREREAEZKTITLE —FH > BHYR -
LIRMAELT » RASNRIEE S BRIIMRABLEINAEGE R 03] 5 BmZF
s R AR TR ETIRE L A TR IEEURL A Z KEAHRHE

AR FAMATIEARR > RAPI RS A B 48 R BRI E A Z 156 o

71 B SRR
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Abstract

Bark beetles are commonly associated with ophiostomatoid fungi. The
devastating Dutch elm disease is the most notable example. The relationship between
both partners is recognized as being symbiotic. Fungi benefit from this association to
infect new host trees via bark beetles’ delivery. However, to bark beetles this
association can be beneficial, neutral, or detrimental. For the beneficial effect, fungi
pave the way for the bark beetles to invade trees by overwhelming host tree defenses.
This conception is being challenged due to the fact that some aggressive bark beetles
can invade and kill trees without the virulent fungal companions. It suggests that there
remain lots to be unveiled in their symbiotic relationships. Nevertheless, bark beetles
are the carriers for many pathogenic ophiostomatoid fungi. Therefore clarification of
the relationship between them will be valuable in the prevention and control of plant
diseases caused by them.

Key words: Bark beetles, Ophiostomatoid fungi, Symiosis
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& RO R EEZDARZIT B RS

BRI, -2

"ITHIREE R B RERBRATEA SN A
2 i@ AE# e-mail: spchen@tari.gov.tw

#/ &2
BAW BN MREE R AARREYEREN T AN A RE (£2
B A af) CaETRAEE Y 10 BRENETAS Y E Lt RE
S K LR E BB MRS A R B AR A R & 0 A28 B A8 SR B @
Mgk Ls A as : (1) BRAREIYA (2 OMBEFE (3) Ak
WIEA (4) HEGE (5) FRRAF LY 6) HARAZERTHE (7) BA
235 o

=
R

m

M= - it o ma1RAE S s
WA am A (plant virus) & EAMH I ERmE 0 B AT CAekidy sk 428 1000
&> 27 78 /B (genus) (BR, 2006) o —Axf 3 » H 4w 2 A & L S RA A & -
WmEB LA RFEY o ThF LML BHF A mF/AMWRLEANA (vector)
1%3& > TRE T MR IER B MY o mEUAY (B A3~ RE 1%
WA BERF) IR TRAETESIZTE (o B4 K £
7 EAE B R R (57, 2010) o R 09 S AEIRAE T NP o A (R & AL E
Yo BB REAEWF) BRid TR 2® 70% m AL dRE (K
B R Pridds (Tsaietal, 2010) A AR TR sk (0¥ @
B (Hemiptera) 8= 3 B (Auchenorrhyncha) Z # % #} (Cicadellidae) - # #& #F
(Delphacidae) : M= 3= B (Sternorrhyncha) &9 % &F #+ (Aphididae) ~ #5 /- #% & #F
(Pseudococcidae) % #y #& £ (Aleyroididae) X & # % B (Thysanoptera) #] % #}
(Thripidae) %) & £ (B&, 2006) - C.4n#818 380 #& (2B 27 B) mE&w-Fa
B %8k 1%4% > M kB A-42 A (Coccidae) B4y 3% S AHe91%46 % &0 F& ¥ 4
10 Az Fd 19 A2 L E &35 (Nault, 1997) » AL#HABH N R EILH TR
PE A REH MR 06 Rk AR e AT i AR AR AR E TR AL E
I e
W% &4 (Pseudococcidae) Z &% & &1
A% & (mealybug) B7AFH B ~ M43 B -~ A% &4+ (Coccoidea)
w A &AL (Pseudococcidae) » B af 4 #F €324k 2285 #& (Ben-Dov & Miller,
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2010) - sbAAFT AR A > LA RIMER SR L RED s AE -HA
RATHE Sy = 38~ M~ MEIAF /o WG eWET bty - AN BEFTELE 3 &
REGE o M A RS MR BRWEYERE S BEA LA AT
o B AERICEAG > PAESME - —F L EHNK > ALEHAFEE
P A2 S ATH AN IR S AEAE Y o R sk RIS &AM M 12 #35 &R
BRA T ERIRF AN (b~ TAF A - ERHRF) i Bt
R BE# (phloem feeders) (B %, 2003) o HLAEF A 2R3 ~ E8 TR LI F
A RRE MR L AEI R B F IR A ER RN RAEETENENET S
(Hattingh, 1993; Hattingh et al., 1998) » 4% 5| 2 B Z % &£ A 154y » O &R - BT L
AR~ FlB - Ak RELASZETRENGHEYF -

WHELKTAMAEM LA SHALRKEY BERLKRREET/EYYE
FF& (RF,2003)c LB FHHFRNats (1) RRBRX v ZEHRRMEHIER -
EH o E LERBITR FEFIMYARE ARSI FIMERR B B
H & F 5 B2 R (sooty mould) > TAEAEA 7 A GER s AR A K L~ E A IE -
REBETRY  RHERESRE  FKF A AAREERMEY ARG o -
EERERBAZNGEE I BEERRRORE 2) XERNMREERTF
FAEM BB T AAEANGERSAFE > TIGEET RABIGEEN - R E
R RsgfuEmER A FEMDET £ K Lo Z8 /-4 (Maconellicoccus
hirsutus (Green)) & AKN##r/~7%# (Paracoccus marginatus Williams & Granara de
Willink) 5 (3) #lw&eg@f2 > & o489 R R - TR 4482 Ll > AR
FZ - (vector) o AH B £ £k Fm-H B E % (grapevine leafroll disease)
B > CEBALEREFEHINSET R AEE - mi%E4#H  Grapevine
leafroll-associated virus 1 (GLRaV-1), GLRaV-3, GLRaV-4, GLRaV-5 and GLRaV-9
A2 gm F091R3E4 BT B A4 & P75 A2 (Gugerli, 2003; Tsai et al., 2010) »

ABMERITT » 12b K % 9k 8 RIAZ T4/ 20 A ok L R BOrE a7 A= i
T35 NSRS EARAERARER (38 kiR - SKRAED) BBEK
rBEREL REBABTALFEN TR -

WAREERSFRELBEGAG
it g (¥ YmESE (Ampelovirus)) 44 &% > a0 s0H
(Coccoidea) T 49 #82 /-#% & A (Coccidae) Z#y4~#% & #F (Pseudococcidae) » 1214
WA A B 2 R4 m 544 (Engelbrecht & Kasdorf, 1990; Martelli et al., 2002;
Sforza et al., 2003; Tsai et al., 2010) - B &] & #2304k 2285 #&# /- #% &
(Ben-Dov & Miller, 2010) » - #48 E A 1§45 10 #Aadpm E5E ) AEH 4 19
A& (Nault, 1997; Sforza et al., 2003) » & 7> H-45 2 68 77 1K » AL B B 1R 3B 30 F 8K
g4~ R & (R, 2006) -

Lk &% A gz & A (Closteroviridae) % Closteroviruses % 2 # % 7= & /&
(Ampelovirus) % B &6 T & S MmN at &£ % 1E4 Ei%4% (Martellietal.,
2002; Tsai et al., 2010) o 3 &) & m /B AL E T EMY » Ad i &Mt (o

176



LIPS 309 B P e 0

89 /- %% & A2 Parthenolecanium, Pulvinaria, Neopulvinaria Z ¥ /%% & £ Z 44
W 4~ #% & B (Dysmicoccus) ~ £ ¥ /- 4% & B (Heliococcus) ~ 4 5 4 2% & B
(Phenacoccus) ~ & & /72 £ 8 (Planococcus) ~ & B4 4-#2 £ /& (Pseudococcus)
Fo B #y A-#% 5% B (Saccararicoccus) A ¥#F 4 (semi-persistent) 7 K. 1% 4% (Nault,
1997; Martelli et al., 2002; Sforza et al., 2003) » 3b/B j& & % R 4e A F i ik Ak 542
(sap inoculation) #1%3% (Martelli et al., 2002) o 4R & £ 8955 L35 4848 5,5 L
gk -7k #& (D. brevipes (Cockerell)) ~ #t Bl &L 4% % /)~ 3% #&& (D. neobrevipes
Beardsley) - #4454 % &0k 4% #x  (Planococcus citri (Risso)) ~ &t /4% & (Ferrisia
virgata (Cockerell)) ~ & B4 ~# & (Ps. longispenus (Targioni-Tozzetti)) ~ & #&# />
# # (Saccararicoccus saccari (Cockerell)) Z # %% /- 2% & £ 69 K K B A 3% &
(Parthenolecanium corni (Bouché)) #= Neopulvinaria innumerabilis (Rathvon)
(Cabaleiro & Segura, 1997; Martelli et al., 2002; Sforza et al., 2003) - /= & ¥ B #j 3%
TR ABAE D 0 A AL AR A 1238 B % A% (mealybug wilt of pineapple
(MWP)) Z BLALME#r A% & (PR, 2006 ; L, 2008) R H ZHH LR EED NHR &S
(%%, 2004) o

TEZENRXD AR AR F B E R A7 2 A 24 0§
Mo AREAEE FHR A (acquisition-feeding period) £ 1 XA (Golino et al.,
2002) o N & BmFNH XN O FFE M R IEFGE M4 (non-persistent
transmission) (5%, 2006; Ng & Falk, 2006) o 3% 4 M 1% 3% 09 45 1 & % 1% 35 /2 418
NBF RS 0 AR B AR RS BRI M 6938 he W e 0 3 AL ARG A AT R
BB A (BN ERR) KERBREFNRT (WIEER HE LR FIM
B3k s LR FrM % 24 )iy (Cabaleiro & Segura, 2007)) o ¥4 1
12 3& 89 5 SR A R F AN R &G AT HiRE (& &) (cuticular lining of the
foregut) » % & — B8R G R X TG RF - SHMIHANREHTIEERE
% ik AR F RIEE I ho F i Y R AR F R L & T ARIERAE E AR (MWP)
09 BLAL WAy A% 8% RAIRBLA A A & Bl 0 23 SR 1 S A SR R A
HEFEHFEZ (KR, 2006) o stg) > ¥4 Pseudococcus njalensis 1%3% 49 20 K5 {b BL25 7
#+ (cucumber chlorotic spot virus (CSSV)) &1 » Z &K 585 & 20 £4% : a4
£ EMNREFER <3 NF > BABERD > RETRIERN OHEHRS - AR
T XFAALT 2% 09 FE S AR 4% (FR, 2006) - B ik sk B AT A IR Z IR - FAh
SN Vh B (R BT R FRFEMEBF) » TR N XA BB R EIRERAEE RS
B REIE M N EENRE B BB AREKGENRE > 2HEHEF T YA
FRBEDAGER > ZRHUHATHETRTHIE LR T R FHRK

% & R A R R X R%
BN ET G R ER o AhRit-RE-FIMAD =5 @R LR R
Rt o AR B HER A EAHRA 33% AR E > BAME AR R TR
8350 Bl 5 FAAKRIemE 83% RijmF (Cabaleiro & Segura, 1997) » ¥ &
L AR N R AN EEN o AR EEA ] BRERTTIMEA 2 > %
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BN E B RBERENm o AAF IMD S A MAREHIE (R sk
RRHK) M —BBRE L EEABFOREHEAGE - A& (LA
%) HAERRA K LE MY - A BRI IE T I A (passive
dispersal) » ¥ HE N R EI B EAAHBIEEID AR ARERGE 1L
KEABRABBRATRE (R AR EEESFI WA R LR ERF
R) > VMEB G ET 6 (AL S Bi6 ~ WILFib ~ AW B is IHE8) 4 HE 1Kk
B HAPNRERBIAFLET B2 ENEAR LS HLEMAER
VAR Y 338 B R B AR e BRI 8 R %o T

1.

BEEREFIGARE TR I ABLERZRR - AEEHHRERRRE
Bl A FERESEHZELE > GRASUMEEEE LI AEE » 758 A%k
REBAKZEH A (BF, 2004) o shob > EALRA MR RRG] F & XA
MR AT AT 77 K o

B pARETHEEAF LAY LI Ak > AT HRGR A R
FEFTR o AETHELERKAEHN RGO (0 BTIR B EH ZHAR) o
A TR s AR &R MR IT o sboh > A M T > I ORKRIPRL HE
M LA A IR R T F U O EIMERBITE R B FERAR -
RBAER - MM RFRFANRBKEGM T EAH T THEEHF
B I o

SHIRIH S NRETHNEE > R Fisisgitd o Rukbfa T S5 RRE
G HhER > VABE IR B R X S B AR o sboh s BN R AT
A MGP THEXRHE (HEBRRFAMKRER) BB EER L5
B TR 3G o £ G 09 T3 o By b sk A AE AR EIRAT > T A ] Lt By e db
5 (sticky trunk barriers ) ~ {t. £ 22492 A X [ [a4% (chemically impregnated trunk
barrier) A 164 3 5| 5 8185 4508 R A TSR 25 25 3 (Ueckermann, 1998) o
IR 4T c BB R A EGEZ EBIolETR > BEB N &R 7F
SRAGEEZIH THERBTRATIEF I Y RAEHEAT AL T HEF
&0 b A U IR B SRERAR T o MU AT TR AR TR T A AR AR
B RBE o

WAL EZ BB TR A
TG & FE AR A R A R
TEEEBHRIASL o
L1 76 ik B A% 8 1 208 AR B BN AR G SR TR R - SR B @ M
RRIDIE s (2 BT B A AR MRS R - WA AR ARSI
BB E I o bE » B REAERB 95 HEAITEB 6 > THALEK
Rodshs THRNAGMER R RERBRGEM L) £TELHARE
FWHEHT » IR 4E%F &BF o AB 61445 Little cherry virus #9472 & &
| RBEE M > AR B b 35 i B8 R AT KR BF o RIAIE S LR EHR
MNeecaMA&ETmG : BNEDEZERETRABANG G - REAIBLHE
RN AEBATH T RGN > RAER LOIHNR LT &T B H A MR

SRR THEMEZREEMFREILR - REH
98> IR T B i) Rl £ 7% %2 (pheromone traps)

=
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#oo BB F A E B8 AR TF SARAE o M R A RIRAY 0935 BB AL S
Wﬂ%é’*ﬂﬁﬂmmﬁﬁﬁ<%%%ﬁ’Wﬂ %ﬁ%& UELE R CEPIN
T A RIS R HAEAR AT & F 176 TAF » A5 F & AR EETR KA
KT 4 8 FAT AR B o

g‘g ?‘?E.

N AL R A REBXESRALRAELES S BREZCREIK
gt~ & (R, 2006) o B Al #r A~k 8 & 2 S LA 40 % 2 M 69 2 2 A% R A8 B
HREAT SR A2 @B 2R - BRIEFRE AR ER (i~ SKRED)
%’uumﬁﬁ»&wﬁk%i(%%,m%)&mﬁ%é%ﬁwwh%ﬁ(ﬂ
o R AR R EBREF) mAAIT MmA ARELEMY BB R F 1B o
ﬁ@ﬁﬁ%%ﬁ%%%ﬁ%%&<%ﬁuw%m,u%%%ﬁﬁﬁﬁ%@i@%o

5] R TR
Bite3 ~ BB~ 1R 02004 - SE R H R EREFILNRG S o H HRIZH
HEF et & 95- 113o
FHMK 2010 c Y BB R TR LEEAREAN - ITHREZ TR LEREMEMR
B BT 344 2] 158: 1-11 o

BB s HH_F ~ ZXLYH 22003 TZHRBRANALKAELNLG BMWET LR
SR AT B R EMAEYTLT] (2): 163 - (THREEEZ BTN

WiEm -~ Bl P R—RERET RGN -

BRE & © 2006 5 A& € MY m I BN ARG FRE MY EZ L AR
BEXRTEE T E G LT 6:21-72 -

B-EZ ~ AP TRIER - ART4R 2 2008 - & BLAL A & E A A MR -1
TEE o GH REAR 57 1-14.
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Strategies of control mealybugs as vector of important
Crop viruses

Shu-Pei Chen?'?
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2 Corresponding author, e-mail: spchen@tari.gov.tw

Abstract

Successful disease management strategies necessitate a more thorough
understanding of the factors that contribute to the development of plant disease
epidemics. It is clear that some species of mealybugs (Hemiptera: Pseudococcidae) are
capable of transmitting at least ten viruses which have caused considerable losses in
crop yield and quality. Although documented cases of field transmission by the
mealybugs are rare, it is essential to set up strategies for the control of mealybugs in order
to minimize the secondary spread of the viruses by mealybugs. The strategies for
mealybugs control include (1) planting healthy seedlings from virus-free nursery system;
(2) field management; (3) use of natural enemies; (4) control of ants; (5) control of
weeds; (6) monitoring of mealybugs population; and (7) chemical control.

Key words: Hemiptera, Pseudococcidae, virus, vector, control mealybugs.
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N -

H &

T EmKBEFEEZINMYREFNZE LR OEDRET O T6%
R GRS REAMITEE - RAB TRV HEDRSFENEY > LI AR
REARRBENAE o 3 &K S VAIEIHFE M I1R4E4 X (nonpersistent transmission
mode) REEMNEIE YR F o AL F TN EZRRAATE L SN HED R
EATRYGEEZRF L F 5 E (hostrange) R AE S 5 kYR H1%4E 24
WAt o RIRIBAMBEYE @RA » B G A RBYRER > BRRE—RE
—FEMMEFT @GR EMAREF o oL/E 08Kk E R J TR AR IR Y KB A
YVESF & AR R K R% 0 do b 7T OB 22 5 3F &AL 7R SR B RAT o A
AR IEAE Y R F S R A AR A MM s BT S MEBFEYD R F 0 AR
H R BB & A R H R 0 56 R % o
BIsE  3F & AN R E  RBANE S HoBEE

1Y

VEERKBEFT LTI R ENIZE » & RRFEOMRRE LR
% o Hogenhout et al. (2008) #y4z &smitds i : £ F S 89tadpmFF > HA 76% o9
AEFFE DR ADIES  c RERFEBHFAIMAY » L ytais LA BZinhy
wmpp Bt > BT R B RIRB RS - MR ENEN A OSEE - BE
R o b RALELEYRERROEBZ LD EERNAE > Gl
A 42 (phytoplasma) 2 #% 7% % A 4% (spiroplasma) . & 7 4 1R £ & & R 1% 4%
(Weintraub & Beanland, 2006) - #8475 &894t~ % & K % & F A (Hemiptera) &
o MBAREAPNRRND R > vl At REET R AARES1RE T4
PR EE RN R AF > FEARTZWARERLE  AETAENR
SAE# 49 55% (Ng & Falk, 2006) - AR 4.3t » B al5F & 7T 1248 697 A% &+
49 197 #& > tuf5] & 28% (Hogenhout et al., 2008) o 54 » A4 E § A K¥n
ALEE A HE R B > Y R R AN R AT AR R F MR L -
A RBEALEAKTRBEYE ) SRAGGH DS RARELEAEY BRI
BmagmENERE LER2E - FKET (Anderson et al., 2004) o A LA
AR R F S A IAEA R AN > KAFEMEEED R F 0 mER
R B BF & AR FR 56 R o
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1RIE Y7 092 &

AR AE 4700 S SAEMMH I > P 4A 190 ki § A&y
AR (Katis et al., 2007) « SN M = F 09 5F & 2% BB /B (Myzus) ~ F &
/& (Aphis) 7= £ K 3F /% (Macrosiphum) (Raccah et al., 2001) o % L & 5= 89 7 4L 5F
SAEH 0,5 BesF (M. persicae) ~ 13 %F (A. gossypii) ~ Z 2%F (A. craccivora) F= 3L 2
#F (A. fabae) (Raccah et al., 2001) - 7= 2 ¥ T 1% #5184 9% & 09 BF S AE 8 A DRF ~ 17
3 ~ 2 29F - A EF (Toxoptera aurantii) ~ #k#y%f (Hyalopterus pruni) ~ #5 4 &F
(Rhopalosiphum padi) ~ £ K %F (R. maidis) ~ #& AT Ak %F (Hysteroneura setariae) #» %
%F (Pentalonia nigronervosa) % (K&, 2006) o

X F I EFRREATE A LB R FRITRGERZRAT > B
&F L8 E (hostrange) R4 7& B kMM m 184 FROM 4§ RATP A9 &
R ER T TEZEM AT BT ALY > &G F R EBATRORG R MR
B4 (testing probe) o 25 & 3k F M4 » AF ST P RA > AESNAMU H —12
WAL R A ET LMY > A AR T AT KM IR A (prolong
feeding) » # o 4t 7% % da B B IR A A4 42 RN B9 30 436 (phloem) B a4y it
oo RARKRAEN R EMEFTFAR 05 ~ 3B XA F GEY » § e
FBT 3 &% (non-colonizer) ZMAEAR B X IRILR » LG M ALY = 891845 (Ng &
Falk, 2006) - A& 7@ » AR SR SF S a9 ap e - RIE AR IE AN
MATBAS AR £ %4 £ (primary host) #2:k %% £ (secondary host) #9#4% 45 & %/
%3 KA 4w B % 09 W 1 1% 4% (Raccah et al., 2001) -

W HIEB I MRS

$FE R4 70 B m5E T 19 #EE > Lv 8 197 EiadhmE 54|
& &A% B 1% 454/~ (Katis et al., 2007; Hogenhout et al., 2008) o % % F & 1% 4% 89 7%
FRGTERBREDMAR LG ERB L AR K 2E T2 EMD R E -
$F 5 K 5 VAR AR5 4 X (nonpersistent transmission mode) 1234845 % & 0 ¥
4 M (semipersistent) $23F4% M (persistent) %354 X AL 45 A8 & /]~ 89 sbAp) o 3F 2% JE
4 M AR %49 % & 6,4 Alfamovirus ~ Carlavirus ~ Cucumovirus ~ Potexvirus -
Fabavirus ~ Macluravirus $2 Potyvirus & 7% & o F#HF & R 12 B9 % F 0%
Badnavirus - Caulimovirus ~ Closterovirus ~ Sequivirus $2 Waikavirus /& & o 354
HEBFERFXLTRAFAREREFABANAEEAE  ESEBRA
(circulative) $i3% 75 A (propagative) o % 4 M 76 3% 7 89 5% & 6,45 Enamovirus -
Luteovirus ~ Polerovirus ~ Umbravirus ~ Babuvirus ~ Nanovirus 2 Sobemovirus /& j
o HE MR M E F 045 Cytorhabdovirus #2 Nucleorhabdovirus /&= & ° A
M AR 44 X093t T 2 2 R &1+ 2006 F a3t g2 L (R, 2006)
B3 442 Annual Review of Phytopathology #94z &4 # (Ng & Falk, 2006;
Hogenhout et al., 2008) -
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AN FFEREGEIRE

BK S HAIF MY R E (KA 82%) 4Bt X s L AUHELE Y
7% #/% (Potyvirus) & k& (Hogenhout et al., 2008)- & &% B 7] & & F £ 494057
FHBAAREEX ) ERNEBA S BRESEN ~ REERBII N R
J% % (Cucumber mosaic virus, CMV)~ & % #& 2§ j§ #+ (Cucurbitaceae) 11X 45 é
JNFAL S 8% F  (Zucchini yellow mosaic virus, ZYMV) ~ & & KN Z KR 257 7
(Papaya ringspot virus, PRSV) ~ & Z 5422 E4 % Y & (Potato virus Y,
PVY) o &174 JF 34 R3G90 % HIHE N RN & — B R E H R AR &
ARG LR ETES ST &GE > BT REZGFHMEHAE HHSTR
HhF (ER, 2006) °

SF SRR IE I G MR FE FRENIEATR F RAFE R FTH > AR R
ERN4E o HME LK FRE TAEH LA RS XM EAAEKRNA (latent
period) o 122 $F &% &G = F 6985 M (retentionn time) 1R 42 » (£ A 4 E 805 -
oF SRRk F1%35% F9945 /7 (Watson & Robert, 1939; Ng & Falk, 2006) - 5
INSF & — BB 0 BP R K RRTIRA AR o

BERFFGMIRE R F T AL ST R HIK o RE G —HEY IR
SRR FE| A — Aty > (2R CH R FRBERRG I LY R FLEIT R
AR B AR F o MR FWEAIF L 049 H] 4 A capsid strategy &
helper strategy » 3% 4a 895 F & 8 5F %34 %% Prione & Perry (2002) -

RN FIHELREZIRF

2B A BN FBEER BB I MR EET Y o £BIEE L B

% B k%K= F B (Closterovirus) 4 % 4 & 5 4 (Citrus tristeza virus,
CTV) - 3w (1994) ML CTV F Lm0 muGERe > @
H K % 3R 509 R AR AR B B w4k o AR Bl SP4R 45 i KA5%F (T, citricida)
BAESE CTV B8N & AP AR T BRBAERZ - HOMATE S
KAESF R A ESEMBRA Y TR0 &84 B TiE CTV 2254
T ERE S (5, 1994; Yokomi et al., 1994) o

FHEEBFBERAFTERIEEIRIENEFRSFREBREEN - £
AN R 0 S o MR R F B R 0 TG o dF B R SR AR R o B MLk
BFOMEBEXNER  EAMFRFEGBREIMEAABRN - FH
GHREAFEBE N RERGEMBEFERRBERNK - &858 > B
FREMNRANRE - FEMFREE > HEETAL IR 2R %F5 7 Kl
Yo RCAMFFEAGBYs FREFRFSLF Ng & Falk (2006)

M HRBNFERLEEZIRF
BAlE 2B A& AENNFER GBI YR ERARE > §BNFGHE
PER ARG > 55| B A £ 4% F (Banana bunchy-top virus, BBTV) &K %F4E
#1ts% 4 (Cucurbit aphid-borne yellows virus, CABYV) - £ $F1%4%49 BBTV ¥ #
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1892-1958 Mz P A EAME 5 B HE K AAT BT RERE A A TE R34
AERAB o 12 R A E A F S 1983 FHRKAERIK ROFREENEFERE (¥,
1998) o BkEF 1A% EF 124549 CABYV » AT B9 » LR f 2469 548 N
o4 » RSN RARREFHE7] 3 (B85, 2007; Lecoq et al., 1992, 1999) -

BBTV & &7 X4 /%45 (Babuvirus) 7% 7 CABYV 2| & B4 EHER &5
(Polerovirus) # 4 » b =a & G B o S oF £ 09 RSB B £ k™ F > 2R G54
Rk Sr &AM E (Ng & Perry, 2004) o 458 A IE M7 7 5 18 RS 39 2
P o PTASF 8 U A A A I B A AT R AR o TR 1REH
FMm FO ARG E R FEHG N EER I FEMGHEXZ R A% F
FHNEERR A B R FRAEERF > SRS T LA R BB B A A
BB TR TR EREAY - RFEAREFEARABITEERRIR > FH 4
FARIE R FRET > PTAH BB SR A VER I o SF AT R FR 0 B F T L
AR RE ENTRENEBERIFT O RELYAENTERMGERLE
itk T G ARG R AR NGB REFLERERFFIEO T M
A K (Katis et al., 2007) o

7 % R BE&F & IR R 2 R%

RS EITREN R TR BRRE - RF-FEIEM =7 @ LH A
FARF o BAIREEM R —RH RO F o 3 A4 HERGERRBGRE
7T VUK e w M gk 09 0% (Walker et al., 1982) - 4] Al 12 4 5 /2 0. R 232 5 h#fe
sk F1E4 (Valkonen, 1994) » 4o R 2 A4 A B i E M 528 » AR
ERZ A ESEIEE R ARG B F R o Ao T SR BT &
BT E D > A ADE (LS5 AR EBREFNRT - BAlCHA
seft 6 3k B S s EVE A L CTV #944E ~ 3w PRSV 8 KN ~ 3 ZYMV ~
CMV ¢ PRSV =4z &M RFEILLIL PVY F= 46533 % F (Potato leafroll
virus) #9 %44+% (Collinge et al., 2010) o F4F AR B 09 REEF E E U F 230 BFH
B AEG R F > RET 818457 F o (LS RS F] 856 A 7T RS0 3F 8% ~ M4 5F
SR BF > B RIPHFEEARE R R T IRAT o 128 > FFFG R REEN
ST EBREFH (BY) ABAFREERS ATUARELZEREAFIRE  RH O
BARB AR » #EMH R FRFORIT - REFREFNRBLAFENT L:EER
Mo BlheF G MR A EKRS Bl e aF & (colonizer) 1445 » M IEHFE MR F
BRI XA B T T e M S ARG > JAR AT A B Rk H RN F
BT o BRRIFIEAAM AR IFFE MR FN RN R IR A B 6 5F
HAERG G E R FENBAZ c K> BAHRR SRV EEAST R DM AITR
oA ATRER SENESHE > AT UK R A E AR £ o

HHUMEREREIGIE RS > JE O IR G M BT TR AR Y S B R B
$F &AM T | FAE A 7k m B &18 A (3, 2007; Katis et al., 2007; Wratten et al.,
2007) :

(1) &R &EAEG » VR @ EEER o
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(2) MW M Jeam A o Ak SF & RIER TR E o

(3) i B A Ak Rk kit A ik R

(4) AEtadim (resistant) KAfsm (tolerant) 1§45 o AZXRATREW AL R > BF
ity 40 A 4 @ B R BB o

(5) % 8 BALPIIG » i %38 % 5 LR AR AR AR o

(6) 4 A1l 52 5 3l 3% s AL F A BF o

(7) 4% R B4 o 6 R & o AT kOB EANZHEFBERLENY (T
&) REBE > AB S HERERE LA S B E B AR LEF M -

(8) 3@ %4 (mulch) - M & E 4 £ I8 €5 AR & 5% Y2 A AT 8
BATE > % ERATP A AR F LANLZAL o A9 0088 77 S AE HEAME
A RANINAZ > MG R ARERE G o

(9) #AfF4y £ @ % %4 (row cover) - # & ¥ R424) span-bonded polyester
polyethylene 1% 514 & @ B %49 » 1A 502 oF S5 Ak B 1R 4 © 5 R BB
(tunnel) 2 4% JA A 4089 R 2]

(10) s F 5 @A » & ARELME ALY -

(L1) #A A BEAE 4 > 5 5 % B9 4L 5 B R 80 1F M0 5 o 4637 A #0952 245 40
16 B B TE  SSFAAF T4 8 B AT SRR AR » o 36T A 20K,
SRR RIS R A AR o Bldo 2 R EAh B 2 M ALA M B B AE
BRI > RS A S5 PVY 8AF ;£ EHA ARSI
B E R R PRSV 89144538 -

(12) A RAEA SUKAE 2 85 » VLR B SR 9T B3 2 00 B 0 > FEAS K AUBLIRAT 45 40
T g .
& .

HAEZENERERREBURFREALAN » HEREDREFGFRAE R
% o A2 M BRI R 7 @ KK S LR RINR A SR T TN
RE 0 RANEAE ALY R 0 R R gk o HAN R I R A LAE Y R B ] 8 B AR
AR g B sk pg da M KBt 7 B AT R % AL (3¢, 2010) o 7 Bl & 8 3P 4R S R, %
KT PRSV > B St H MR AL RAim i L BB A a a2 - A
ERF RPN R FARESEEAENREZNEERTF > E8EEY R FHR
ThREAT > HANRENEFERRFRBEOMMEE T - MEZ RO 5
PLEAARBELERZTUNHRAB I > BEISAARZ M H 3B E4F > 38w
APV RBE LR TR T RATHEA GO ANEARMEHRTANG ST
& o A A W W R SR R R F ZRAT o

518 Sk
ik o 2007 o 7 A MR RS A RREEHR - RE#R 282:10-18 -
B & 0 2006 o Bk B R AR A A RAREERIE o MM E B LK
HEHDBETAE G L] 6:21-72
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KA 0 1994 o MG FERIFR o REAR 21:62-70 o
Mk 02010 o W SR FRLHEARAN - THRREELZBGRE
Wy e T A4 %7 158: 1-11 -

EREE 1998 FEEHRRARIADERY> FTADRHURLAR - AL 2H
P s EL A ERIL 2 132pp ©

BT~ BE 5 8 E RIME BB B E - ARF I FkiF% ~ H. Lecoq ©
2007 o JNFASFHE Tt m F /2 278 Z 554 o p. 163-183 2 2007 #E4y &dhm E 8
B G LT cATERRREERB G MDA TRIER - B P R E YR E
2 A mEp 0 278 pp ©
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Control strategies of important aphids that transmit
viral diseases of crops

Chi-Wei Tsai and Wei-Te Chen

! Department of Entomology, National Taiwan University, Taipei, Taiwan, ROC
2 Corresponding author, e-mail: chiwei@ntu.edu.tw

Abstract

Plant viruses often infest agricultural crops during the growth season. Among plant
viruses, there are about 76% of virus species transmitted by various vectors. Insects are
the important vectors of plant viruses, and among them aphids play an important role in
virus transmission. Most aphids transmit plant viruses in a nonpersistent transmission
mode. Host plant selection and feeding behavior of aphids are important factors
affecting the epidemics of plant viral diseases. Also, host range and life history of
aphids are keys to determine the transmission rate of plant virus. From the perspective
of transmission biology, it is crucial to consider vector-virus-host plant interactions in
order to control the aphid-borne viral diseases. Two control strategies are suggested to
effectively control epidemics of aphid-borne viral diseases: (1) to eliminate the source
of pathogens in the field and (2) to reduce or avoid the population of vector aphids. This
paper describes species and biological characteristics of plant virus-transmitting aphids
and its transmission mechanism. Finally, we suggest control strategies of aphid vectors
and aphid-borne viral diseases.

Key words: aphids, aphid-borne plant viruses, transmission biology, integrated pest
management
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Table 1. Important aphids-borne plant viruses in Taiwan

ok 2 & 25 it FIEIHE

Cucumber mosaic virus Bromoviridae EIFEE Qi e~ RE S R#
Papaya ringspot virus W strain ~ Potyviridae FIFEE L 0 EAHED

Papaya ringspot virus Potyviridae EIFEE i KN

Potato virus Y Potyviridae EHFE M SR AN S NN
Turnip mosaic virus Potyviridae PIFEE §cd +F AR E

Zucchini yellow mosaic virus Potyviridae EFGE M W EAED

Banana bunchy-top virus Nanoviridae HEM T
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BRENBBFERARLCERERELBIEAR

B R A TEAT A’

TR EEERBGRERBRATERN S A
PATHIRR R B O R ERBAT M AL 4
‘Bt RKRE AW ST R
* @A e-mail: fclin@tari.gov.tw

#/ %

SR Ik BN E 4 A2 A (Bemisia tabaci complex) # B 4 3242
(B-type) » B &% B al sk B AR 3090 SRk BE o RENBEAKRE JIR4E 111
b 8 m &4 (Geminiviruses) ¥ Begomovirus B 49mE 0 KB mEF LEF
Rz RS REMRENEHRIBER - 6B skl S dnmagh 7 & LFlE
B ERFRAONBERFRARA LR AEUMBRELET Fim ~ FEHENF
MR o W SBIHREL RIPILE K09 URAK 0 8 F 7@ M Rk B 63K
R-WMEABBRET  FHADPENALIMAES R ALBERS
(TYLCV) » REHEERERRE > AAXB LR AR FNEE > ARRALA
BRTT 6 R MY 1R IE B R AT K% o AL NREAIRAE BT MR EMHH
BED R RERF R ARAKETEGENEZR% o
s - ¥k ARG St ERSs  ARNBERSE B

W OE

%A A (Germimivirus) & ek E k13 4E 0 mE 0 ARG E S AEE 111
A& A £ (Jones, 2003) - 34/ 7~ & Jm & At (Gemimivirdae) + Begomovirus /& /&
o HFIMDFESRZO9EREN s CESHEEY  wdin T HEE
S RNBAHE S FBE - HE VR KRR RE B BRBEE o hp
BRI ENE ST EEBERBRMNBTHERR > MB LS LR TR
Begomoviruses #9#&- B3 » W R R ¥ £ A — AL 7 R 5% (Jones, 2003) -

MBS s 6B E2 VA5 7T % 4% FF (Jones, 2003; Chang et al.,
2003; Green et al., 2005; #k, 2007; Liao et al., 2007) » & 5| & & & % ks &
(Ageratum yellow vein Taiwan) ~ % s 4o 45 3 5= & (Poinsettia leaf curl virus; PLCV) ~
3543 % F (Sweet potato leaf curl virus; SPLCV) & &% % i # % % & (Tomato
leaf curl Taiwan virus, TOLCTWV) ~ K /R# % 7 (Papaya leaf curl virus, PaLCV) -
A% F (Squash leaf curl virus, SLCV) & #i4& 2 % 35 3% ¥ % & (Tomato leaf
curl New Delhi virus, TOLCNDV) » WA Ejz #39 &4k ¥4 7% (Bemisia argentifolii
Bellows & Perring) 1% « £ @M XA E R ZHERERARNBERES TR

193



S ID R IR 7 3 W H P P

BAREL® 10 FRETEHINFRARAFEY 0 BFBA LS Oy R
BREFR IR ERE > FHE MRS (FRE, 2003; 515, 2009; %,
2009) o

1GAE 0 A R F R I AP A2 E 4 % (Bemisia tabaci (Gennadius) #&#f
9 B A& (B-type) (475, 2002) » & F iR MR A9k » Esbr 2 - B
AMLRFEZTAHBRENERFNERNEIDBEFIRLS 2 Ay M EE G| R
BH B A4y M5 &5 a5 42 (Ko et al., 2005) » A 47535 A 4R R X A5
% o

BENBRG LR EREFLE  TENRAZBABEMEAEARE AKX
B THEREHENEZ - GALBEAEBARTHTHANFRREEFTREL
KRGy ho LB HE G E G - R R R ARAAREDBHTAREL
AAGES - RERBALAGREINEANRET S EEHDE > 2EHEE
EABE ~ Fi s BIEZERFBFHNK > BFBEMIER > s e eER
BHMAES B FRMRAEHBEME - 4B ARFHEDO LT L LN AH
B i — BB ERE o R Rk > B AE R TS o REN T
WA RHERLEAE > — O B4 BT RAFEE CHERM GHFRN
HRLFIMYRZ BT FERFIMY B EE L 2GR E LR o
W AE D Jn R T R VABRFIGR  do E R 7 R VR AL B AR B R BBk
FEE L RS RREN RS E S AR LR TR A0 F A E &b RS
Romdr o MR A AR S ARFMH] Tl 3R BRI R 6 77 k o AR BT
FELETSR M B R FR FHEAREISLF o

-
)q-
>

O

jeksd

SERHEI ML

sy 7R A F M A (Hemipatera) #» 7 £F (Aleyrodidae) %] 7% X % & o sk
TR E ¥y 7% (Bemisia tabaci (Gennadius)) B A 4% /N8 o 3A 3k Zk /£ 1980 AR
AR LBERES  RAFTRRAEFHENRULERF X EXZHA
(Lemonick, 1991 ) - 1986 /= & Bl#h 4 D ) » 483058 3 2 B & 37 09 5 1A
YrEo pEEZRERE - BIEN RGBT DR FORT 0 B EZH
oy ik —# £ N AEA% B B-biotype-~Florida-biotype 2 poinsettia biotype (Byrne &
Miller, 1990) o #7328 A 45 1s4& (biotype) & #E (species) WA T ey 42815 /& » i@ % F &
Hial g A M AERR T EEZRY 22 AR LT E B 5| HF 8009 & 2544
Z o ME 2002 F o AFH A AL B R R > L P 24 ERFF OB
B A LA N E > EER Al FAF s (Perring, 2001; 473, 2002) o

1993 £ Perring FARAA LI AB AR VEAARMY ELRRAL
4 s G# 3R, % (Barinage, 1993; Perring et al., 1993) » 3% & B-biotype & & — #4244
B4k 3 ¥y 7% (Silverleaf whitefly) » 1994 8 E X% 2 4% & Bemisia argentifolii
(Bellows et al.,1994) o {215 & XL x4 4, A A 4y [ E > Jo L A6 2 05 Bl A4 3k
SR TR AR AR > RIKE AN E R LA 4 (Campbell et al., 1993;
Rosell et al., 1997; Frohlich et al., 1999; 472, 2002) » WA & X BAT AR BF T IR M A
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o AEdE B A MER A0 A s E %) 3 R £ 4 (De Barro & Hart, 2000) » 7~
Beamansni s BLEBE B A4 ERIE - HELTEE - BATK
RN HMEREN TN EF LT B-biotype » S1i A4 MELAEL L
FHAEAHF > BRI CMBFAEF R~ 28R AEEPERBIES - FPF - A~
THLEHE R RMMNEF 7 4% (Perring, 2001; Ko etal., 2002) - &7 B 7] A
3 @A A (B, AN & Naurn) » AL EH KB ENZFAER LN ZME
B A2 g A A Y RG] o SRR ER RGBS o

RENFZIAREN

BRENBEFRTAG YRS BAFL A ~ 254 ko BAm]
mEE KLY 1mms £& 05-08mm- X &4 QEHY > PmiLESE 1 #EE
AR TR FREFTOLE LB EAZRAET » LIBEHZ HO LA AR
b IR¥L R BT 2 s S B A% By oh > 392 Bl % 4 % (Summers et al., 1996) - % 4 #
EH A GRETHRANEER G| RIAPCAT T LA Lk & Z A 6,8 7598 4%
(pupal case) M > Abafmzxd 4 HMEWMI > L RB > BHALHAES
(Martin, 1999) -

BERBETRY LGSR NESFEIRBEIZEMATE o £if
By @ RFEAM O RIRE > FRBEE H7 35C S4k# 15C B »
AIpagm i R A S HIRTHENG EERKEF B A& £ T L 15C
BF & 35C B> P B FAERENGERSFE 39.8% & 36.8% > 9 &K%
20-30°C %9 59.2-88.7% (Wang & Tsai, 1996) o /2 ¥ & K ~ & B4R L » &K B8
JZ B 35°C BY > YRR ARAL - 23 ik T A F (Nava-Camberos et al.,
2001) °

BERBREFRNEFEYD LEBR T EETHT — o L3 EAFY LO9ET
#t % » Powell & Bellows (1992) ##F kel G409 KN L £ 20C & 32C MK
LABFTAEREMEEM2 34 38284 174 B - 59 Tasi & Wang (1996)
BRLE 25C zBT > REHELEARNLEDINEF AR AT 193 A - MARIE Pai
& Chen (1998) X #F % » 7> 28°C #F#4#NLE > diPEFEREE 186 A - 4
ERREFERNLGE T £ 28 20-32C > diHEF & RETEIEM A 14.6-36.0
A (Nava-Camberos et al., 2001) - Pai & Chen (1998) #.% & 28°C B » £F &N L
JIEEH B R SATEIE M A 145 B o £ N LA 28C 8> dirEE A ST E
M4 25.2 A (Chou, 2000) o

SEN IR RAME LB TR RERE T T L7 152202527
30C & 35C F T BT » wiisd A M & kA5 1049298176 -
16.0 ~ 13.6 A & 18.8 B (Wang & Tsai, 1996) o fz &t b » 25°C B » &P F 5
MERPTERF & 18.1 A (Tsai & Wang, 1996) < v Muniz & Nombela (2001) i —
TGN TR 1720232630 ~33C & 35C % 7 BT 80 » 44K
T EIPAEE B AR AT E MR G A 452365+262-215-179-168 A & 19.8
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Aoemit®ie b 25C T  dyPEd & RAPTENHA 179 A (Tsai & Wang,
1996) o

AFEHFRNEREAFTRENZRIAT LR (hF,2007c) » £ 16-28°C Fxid
B> WA F A R TIRBE F Mm% F 15.4-553 A o &£ 30-34C T &>
BEREERMKRBEFSMEE > F 158-21.1 A o X 16-28°C BB F sz %
Z BRE AR BEIF-RANBEFTERMOLE 11.5C > mAIFEEF & R &4
HH A58 259.807 A (degree-days) o 5 AIE LR e BR AL X fF & H B E S
RG> % wiRE A 37635 + 1.0126°C » w9 AF A R&VWE T RE LR
(optimal temperature) & 29.9°C » # & Bz X 4%/% (low temperature threshold) 5
9.17C -

SER TRAEFF RN LR A EF R B E > R Nava-Camberos et al. (2001)
REBEER > £ 30C B> FHHMBELE AL EIEAE 1583 42 - @ Pai &
Chen (1998) # 28C ## & EHFRNGER > AP EME 2B ENEE
104.36 %0 5 —F A& RE SR 13571 £ > AN EEE 91.8 & - Tsai &
Wang (1996) R4 3 #at 25°C Bf e AAEAEY) Loy A 75 S T30 e & F 4 A
AWwFREHREFEZEN>TE 2403 A K 2055 A kA5 E MY ek
BEGIN: FHGME —ABENEUER T LARS B 22367 42> &k L
KRZF¥E 16755 # o

RF RN EZ X BAER

R T MR A LA R A M A L EAR R 0 A BN AT T R % AR A
MmF o mEARBEEANREYNBHNRE s AREREEHFERY
Begomovirus 17 » oy FAR| R R 0 BRI K IS 0 FEA A 8RR T AT R
Fo AN TR OGN (food canal) » &8I ILE AR AT o &R EA
J& = (filter-chamber) £ % B85 > K0 B2 # 42 £ % 85 (hindgut) 49 /s B
(ileum) » & sk Begomovirus # ik 45 % M it F @ H LB A e BIE M BN T & 09 o
#h = (Hemolymph) » & & B ik = A4 3 & 2] 4% 45k & Ak (Salivary gland) % fg,
BE > LB R i F @ PO BB AS By Bk ik B R B IR O SRR AR
N E M 4ape, (Hunter et al., 1996, 1998; Ghanim et al., 2001) - Begomovirus = %
WBREEN AR > B RIETRA BGLAMAEARG RS o SRR YA AT 4G TH AL
AR IEAR » RIS BRAR AT T B BAR B 7R (Latent period) o K89 k4
M EEmRENIREGRE AN MRZREENBEANRTERAAH TR
RABY H % 498 (Henryk, 2007) o K 18 RERABMEN - R EREARFEIRA
£ & fldod)NIEERE (SLCV) 4 19 h (Cohen, et al., 1983) » £tz &
(TYLCV) # 8-21h (Ghanim et al., 2001) o &3 48 & ¥y Ze i & 5 TR & 6 L6 3
JRiEAR 4-48h & B RS T T UEAF 05-1.6 ng 49w R 49 DNA» F
HuF 5K 4R 1-2% (Caciagli & Bosco, 1997)

BEGEVERERIBELRRE REDERE AAKKLOE FFH
(acquisition) » A e x ¥ HEm & (TYLCV) B » #8 20-60 min » 48 5% & 05 M
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# 10-30 min > KA E 10-24 ho BERIRAB A EH4 24 h BpoT{d & > 21
BFiEAE 5-15 Gk HE R FILB LR FRRNEE R 9T LE S 90-100%
12 &2 % (Jiang et al., 2000; %525k, 2006; Jiu et al., 2006) o 4 7k 69 P4 7] oz 5 34 35 &
HESFER > SRUTHREREY  AFBERFVEBES AL LK
1R F 48 AR e R Ak Blhe 1 12 ZIN A A S 48h NEP T %
L EmF R4 5% 1M 3 2RSS 60% BiGaat > MRl Ak A
RemRERT « FHANBERFTAFELELENEEA 10-12 X » BV HT
AHER 20 RVALE o sbohs mETFLIPRBET RN (iu et al., 2006) - 4k 3
WERETEREFLBERSTE  MBEAATEFYRE RAT N EHE
17-23% » “F39 & 9p& iy 40-50% (Rubinstein & Czosnek, 1997) -

7 6 B AT 2 7 76 R %

WA R AR AT ARG R AL S > )~ mERENH
W MG ARG AR RO BRILR RR o BRREARAFAMEER% (IPM) -
BB G R T A B AR R AE A o ARAE 2008 SF R EAXEATABRAE 5
RER (BEKTR) EXRARMBES AL BERFHEZRASAIY
Eonpplrb L aH MR TG 2 A (je)-4 A (BRI)-6 B (REAK) &
8 M (KAM) BREmFREMEEMMIERL FHEREHALEARTHLEEN )
% 10.5-107.8~181.8-496.9-63259 % 637.09; £ -FH R EF L &R E 1.8-2.4-
29-34-379 & 500 4 RBET > ErARBELTMEEREHEIEYEDR
o EAGIRERER B EARKET AR MHAILRER RERREBF
FINBRBERFRAR TR S AR NRBALT > {2 @ M BRETRA 84
REo>aMARILYN ORNFEH60em k) LA RAEF > FENRLER A KRAH
o REDEEE °

AR ARRER 2 HE G0 ENAERREBARSFNHEN > A bk E
BEARENRS ) BEEADEDNRBE M BELARTENEE > it
HOGIP R B T AR L RA B R 1FE R > Bt &
RABUR T 06 AR R 0 Y AR LR 07 o 3EIR SRR SR B by Ik A2 W A PR I AR BF
A R AEMF IR R R TR R ETRK - ZREERAEER > TUT BT H
WERBANKE  FREGHYRFRFPOERE > RTIEBITGE T - £l564
RS FRATE AR EFHERMREGEFE BRAFSHOER
R miEaa MR EARRERRAFE L BEERHR Y &BREL -2/ -
ACHEFARERZROMHFAN TR  REGEGESAYAKEHEL
15+ A RAED I & R F TR B IG 60 338 m 096 F B o

— BEWEZEAR
WARERFOEA e M EABEAEY » AR RIS &Y

Bl —OBRAnEYGEE  BARBERECAZP MRS E0EH - HkE s

SRRy I AR BFR B R 0k s AR T IR HE A > AL BB E SR E
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R TAEHEL BT E 0 LA RERENZBEBRER L IMEER
MARBG RIS » R R FE TN E ETAE o B Al AT ik 694
Bl ATHRE B ERFTEEERMAAS » —ROBIZEL VAR
71 B SRBUR S AR B 69 o R B A B A AR B RIGG BAE 0 e b A AR M 49 BB K
Ao AR BTG R E s TR s R -

BAl 68 B R BERREnkeyik 2254 K% g% (Rolling circle
amplification, RCA) & % 4-A4¢ 45 B & (Polymerase chain reaction, PCR)» %354
HAF 522 (B4, 2010) » )40 R 3h RIRIG L L AR R E & » My 8 /) > &
WEAMGHE T REBEH R BHERE S > 12T — 2 T A EFER B & F %
Wk o AT ERARTAL T AF R LA W FEMABENT £
Wy EE R IR RAMF M AR EL > THARBEE R LB EREFRS
JNFE R F B AR FR 0 B AT 655 B MGE A Bl PCR AR 3L B % &0 7k
(35421, 2006 ) » 1F B B2 8| % s 200y 3 25 L 77 7% o ko vk GCPA/PA4 3] T4 » T A&
ERBIEF O RFE RO T RSB ERFRT (43, 2007ab), & THRIEF
FENEFRRLTCERFINEARLARALETRENEIBE - A48 AR
FUHBERSFHE M FH EARRAFAEIMNEFRNERERNFTEE > &
A F > el FESRNESREERFFAMME -

WA R AR FOARBE LS EGE RN BRS ATMRB TR FHE £
BT # K EZRBG R RFRAEORXG5] FH > TURAR A % MR
FoEUEMABRRATELNARLME  wAREREFLIES  §HaMF
S GESEL RG> AMHEXG FTHATHH BT FFAR A%
AR ERGHL  MMEREZJERTEWAREGERBAIARZLERSL - B
st FIRLAE o AR BB AR R &R - & MR AR HAT B (BF,
2010) o

RBHF A H BERREL BT FREEHEETBEREFRFENE
mMANBERSFE RAQUEHAGATEYS  RFESEURBEFEFE LM GE
PRmF SRR TEFEFHRRFEDRBELIRM > HF AT WK
TR AEESBRRE RAZERM B AARREDEREIEY
I RAE A AR INER BRI

= B ERBRERIBRTH

Wi Ay I 7 kR % 0 dodb R AL - MRS 6 - RIS R AN IEFHF o
RERFVAORRBIETE T > G LLEARE RSB ELRG R > 1224
B EEN DR EFNRENE  AVRABRETASMAEEHNEIRTE ) RE
Bk &V E 89 % 0 L § 136 R i Z AR K o Al Al B AR R R
MRV ILr 6 » BRI AF RGO EE  ERAANEYHRERT » HEORK
EHRRFRFIMEY - TR RBRE AR Bk FEMYBERME > 1
MIBRKBFHN N o BERFED RATRCH A SRS E LR o A RAEDY
AU BB R ERFRE > LA SHREARG BRI — KA
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A F SRS ABMEA TR REN BRSO RELT  TRALARE
W RB MG FamiE m H R Bk b R &k R AR F — KW & —
K o

B bl o SERA LB BBI A BB R R R ARk ARRES
WMAMERGHBIERNET L RS2 AL R ENEZYEE -
MELREREARTRZREI -

BERABABOBRTERAASRERERA TR » ERXHAEANLD » £FR
FAL 9.6% HiEMiEk 1500 4& ~ 2.8% FIFEILAl 1000 4% ~ 11% &AL 35
FLE| 1000 4% ~2% FT= iT$LE| 2000 45~ 25% JRidiF =T A4y &l 1200 44~ 10%
SULIR K& F] 1000 42 ~ 2.4% F R F KR 1000 43 - 10% R ik & KA AL
4000 1& ~ 25% Ap i TR MR A 1000 12 ~ 20% 45 d S A A 3000 42
16% TR T Kz rekis] 3000 4F ~ 10% 72K o# &l 4000 4% ~ 2.1% H kT
FLA 2000 15 % 3.5% &AEAFILA] 500 135 14 M EFHER > BIEKE A TH
AFMERGHTAWE » FERNLEBENZI ARG LEHERIFGFH - &F 8
T 11% &AL 5FFLE A 1000 /28009 2R Stk > i 90% A k> A ZE A 4R
EN BRI - HE B EWA T » REF P > EH IR 35% &kt
BIREAHHENE 1-2 R 34 BEHE 72 [HEIRATENF] 83% &
98.7% » H ARG BB R LA b AT YK 30% o BN E 12 #
L&A 35% &EAHILEIREE T2 [ BHEBELTEE 456% 0 LAREFRE
By b BT FHIAS 10% o & RB TR FBLE A Fw A HBAH 0 KL
B UAAETHEN OB ZTHES o A2 &34 B AT AR ARETN o HR
S0 FARIE VA 2.15% E R ITILE] - 2% FT= iT3LE] ~ 10% &R AZ K Hor
B~ 35% RMRAEILA R 2.8% FHFIRRRILE 24 I B IARE LT R
A B 97.1-94.9-722-67.6% % 63.9% > HEREF|RIZ 24 |BFEy Fx < RARA
60% o

BERBHETNLRENBEANIFICAXER > BB AR BB R E
WERAFHERNEGBEORBERS  BARTEGNAREG EH T > MR F%
ERAE o BBy > AAPTA N ERREF AN By iRag T F K BT T
R FEIN B A iety 3 75 B NN E R A6 B AL 506 390
T 2 T RERIT 6 Rk o TR & sk o

3

BB RRRHE

BERHRAEAGBOREIMUAEEGE OMBIRE L > RREDE RO
ko hTEEREARERR R EEHIBESHEEE > BEMOYE 558 - 154949
B T Hm FRANRB GG o R FRTFR RO AME R S 4
BT TARBEMEDRZ LR BEHRFHEBILENEGE » BRBRREREDY
HRERNER UM BITREREOERTUAEREY R85 A BTG
TR R > VMR R BT S TAE o MR R EHBERFRITYR LG F A
AR R BB IR A AMEN  BFEERZRHETFNEY > mERBH

199



S ID R IR 7 3 W H P P

BERFOLE W RBERBE—EFO6 > BIEE ThikiE2| 5669 B 4
B4R 336 3 R SR B BB L » A7 T hG Ak LM A A 09 o ST 2R
RERMELTEAREEMLANEBMET - IR TSN T HESTHEITH R ZAE
JIfR R > BRI R ERZRMI — o

71 B SRR

B~ BRES 1998 RERBEMTIMY LI AR - 2FRREEX
R 355t % & 4 58: 33-41 o

HBHL 0 2007 o SRR IR IE A R R F R L6 R% o WS R TR
WEHE G & F] 247-256 B o

HBEL ~ R A~ EiFHA 0 2007% o SR REEF LB ER FIAA o AR
g F] 49: 355 -

B~ A ~ LiER 020077 0 Hah kb B ERELEHET
fRgF] 49:364 -

ML ~ FRAZIE ~ RAK T © 2007° o FHE N LR ERHRIBEFRTEESH - 58
gk 27:377-378 -
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Abstract

The silverleaf whitefly (Bemisia argentifolii Bellow & Perring), the B-type of
Bemisia tabaci complex, is the most superior whitefly species in Taiwan. There are
more than 111 Begomovirus (Family Geminiviridae) species transmitted by silverleaf
whitefly globally. Among them seven begomoviruses reportedly existed in Taiwan,
especially Tomato yellow leaf curl virus (TYLCV) and squash leaf curl virus (SLCV)
that seriously cause yield loss on tomato and cantaloupe. It is inefficient to control
silverleaf whitefly with insecticides in the flied since their toxicity to its eggs and
larvae are low. Tomato plants-infected by Geminiviruses during the seeding stage were
unable to grow, bloom and set fruits normally. Therefore, an effective and suitable
control tactic applied during the early planting period is imperative in order to reduce
the population density of silverleaf whitefly and hence the reduction of
Geminiviruses-infected tomato plants in net houses. This article describes the
taxonomy, ecological habitats, virus transmission mechanism of silverleaf whitefly as
well as the detection of silverleaf whitefly that carries the viruses and the effective
control strategies for silverleaf whitefly.

Key words: Bemisia argentifolii, Geminiviridae, Tomato yellow leaf curl virus, Squash
leaf curl virus, control.
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BP0 0 B 51 S B B
#7212 3% criniviruses Z A WL R L1556 X%

Adel®l FH K

"WHIRREEEBGRERM BN REAT
2@ AAE & o E F ¥4 : lhhuang@tactri.gov.tw

#/ %

Crinivirus /& & —#& RNA 47% & > 7> Closteroviridae #}- & 7lA4eH & ~
HEA - FHFHREALTRYR SR T o Criniviruses £ b4y & A F 4 M7 X
&4 BHEE REFHORADERA > BABFEHRREAM - 27 Ttk
Crinivirus B A 14 #& - 28 - A B T4 7 (Trialeurodes vaporariorum) ~ 4% 1
# 7% (T. abutilonea) B JE ¥4 7 (Bemisiatabaci)A~B-~Q F =/ A4/ \fE o Bl K
€45 % Crinivirus B #2#8 A Tomato infectious chlorosis virus (TICV) ~ Tomato
chlorosis virus (ToCV) #= Cucurbit chlorotic yellows virus (CCYV) % =#& » X P14
CCYV HARERE » EF Nk B A AM ARG > 2009 F8 L2
2010 i F AN N PARFHEAEDILHEBRENGER - KT m&
WA m R ENE AR BRFLT FAEY R > Fhoidt i 56
RREZNTHRRY% » BEFOEAZRA XA RRGTIEF &> FREF EL
WAF B 3B TR A I TR o AT R S R IR A R g o

B4233 : Crinivirus ~ R &4 - BE R E - B ThE PR E A9 E

B N T

&
¥ #& B ¥ M B (Hemiptera) ~ #4 % 2= B (Sternorrhyncha) ~ # 7 48 4}
(Aleyrodoidea) ~ # #x 41 (Aleyrodidae) Z fR X 0 & R » A ~ BakaR S

ML RE o AR Oty Ik A 1556 A& 5 457 161 & (Martin and Mound,
2007) - 12 ¥4y 7 (Bemisia tabaci) sh3t/ ey R B E S L F IMMUTE - &
7% ABAE IR AR BB Ay ISR B R — 1841 &-4E# (species complex) » B AT
24K 24 B A4 (biotype) (Ko et al., 2002; De Barro et al., 2011) - /& ¥ 45 #&
7 1970 HFRARST 530244 > 1980 FRIE X4 7 biotype B £ £ B4R H R X
%o AF LHETE RN > MmRBFERESRE M REAEA T I
o, FF Ym0 & e ¥ 3R & (Tamoto leaf curl virus) » 42 a8 & &
R B ARG €2 E & (Jones, 2003; De Barro et al., 2011) - 1993 #J&
by biotype B AR A B —#4E > % B FR (silverleaf whitefly, Bemisia
argentifolli Bellows & Perring) (Bellows et al., 1994) o % % » 4k 24y 7% X 58 KoL ik
ZEE S SAAS AR A s FEIRE - AMNLFFEARERIYTEE
oy 7k biotype B il AR B —FAE R E B R VAIE F o0y I biotype B R AR Z
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% i# % (De Barroetal., 2011) o

IR B R EAERA O A Y 114 A L 4 = F4 (Geminiviridae) Z
Begomovirus 15 90% - Closteroviridae . Crinivirus /& #45 6% » 7% #h4g 4% 2|
/& #~Closterovirus ~ Ipomovirus % Carlavirus (Jones, 2003) - A » 1556 #& 494y 7%
PR B 4 TR mE > 427 & B. tabaci ~ Trialeurodes vaporariorum
(greenhouse whitefly) ~T. abutilonea (banded wing whitefly)~T. ricini (Wisler & Duffus,
2001; Jones, 2003) » £ < v B. tabaci 1456955 HAE4E % %41k o

Crinivirus /& & 3 /& 7+ Closteroviridae #= RNA #4735 » Lrd58EE5
& % 4% (650-900 nm) » B A MG ER EMEME RNA» & -8 3B R MR F
(phloem-limited virus) (Wisler et al., 1998a; Martelli et al., 2002) - 47 €. 324k
Crinivirus B 42884 14 #& (Wisler et al., 1998a; Wisler & Duffus, 2001; Martelli et
al., 2002; Segundo et al., 2004; Gyoutoku et al., 2009) » 35ty Z A F- 45 4 7 1% 4% -
1998 FRE A & E £ 8 A X R %5 L8R40 Crinivirus Bz &2 09 % i 184
% % Tomato infectious chlorosis virus (TICV) #2 Tomato chlorosis virus (ToCV)
(Tsai et al., 2004) - 2009 F 5 A ¥ a)74 TG4 F AR FEFINA B A FLR
%o RBER R FAL EMRA 248 067 AGLAERH =4 BE2F
W G HINR ERINE AR » BAZBR 9T R HE 18 K54 2004
F B ARBRG IR EAE - NFHMRLTILmF (Cucurbit chlorotic yellows virus,
CCYV) (Gyoutoku et al., 2009) = Hsp 62h gene 34 A 7] A 100% #a B+ » 2010
F CCYV ZA Pt ¥ A RNEMNAEE  FRRNRBESGE RENZE (T B.
tabaci biotype B) & s £ %89 &4 (Huang et al., 2010) » Crinivirus B & &+ % 537
SN R 0 AR EFRRA LR IR > ALK EAN4 criniviruses
AR R L B EENE  URBEBE AR RABEHAEF LS > LI
B R BNRRAT IR B AN TR B R FRFIRLFHRREERIK -

Crinivirus /& %-%8 345 $138 1§ 4 4

Closterovirus #fZ a8 B k4K REDREFPEEREKS  RKEHY
1200-2000 NM » s & % 4 /£ 30 Z 30 dmf ) o W 75 3 09 J& 242 48 R BT Ak 2838, » closterovirus
B 1996 ik 4% s & Closteroviridae #+ (Pringle, 1996) « #4457z Ffa 4 7 f& 2
A 48 %5 #4 & Closterovirus 2 Crinivirus /& o Closterovirus /& &9z &84 5
B kMg 44k (1200-2200 nm) » /& 75 E4% RNA % A% (monopartite genomes) » & &F
SRS M XA%4s > LA XAE A Beet yellows virus (BYV) o Crinivirus /& 8] &
9348 09 %1k 650-900 nm > B A& B X EARME RNA 4 F 42 (bipartite genomes) » 4
IRk Bdr iy » B XAE B Lettuce infectious yellows virus (LIYV) (Martelli et al.,
2002) o &1 789 F AW F0GE P o 18 B F B B MR 0 45 I E wbi A7 > Karasev (2000)
3% % closterovirus B899 #A 1 JE R % JEsm iAW 9L RNA A R@egskn » i
BN AN HGRE - BRBEFH =EE Vinivirus » 3L B 4
Grapevine leafroll-associated virus 3 (GLRaV-3) &4 XA » 3% b1y /3% 8% 1345
KB LRI A AT H L% Vitisvinifera> 73 E# # & GLRaV-3 89 A &K% % - 2002
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£ RBEBRFNHGLEEE (International Committee on Taxonomy of Viruses,
ICTV) 3t#%:1& » 3% & Vinivirus /& % st Flexiviridae £} 49 Vitivirus B &% »
sk o #% Vinivirus E X %A% & Ampelovirus & (ampelos » & A EH HZ &
(Martelli et al., 2002) -

Crinivirus /& #) Mk RNA % 45 54 % & RNAL (4 8 kb) & RNA2 (4
7kb) s 3 5" 3EA F AL cap o 3 &R A poly (A)tail - RNAL #3495 % & i
HBAM > RNA2 S B8R QR HRFREER REABIABHRENR
1545 A B (Klaassen et al., 1995; Tian et al., 1999; Ng & Falk, 2006) - RNA1 A%
B s 22 22 4 (open reading frames, ORFs) » T # /& & 4 = {8 /%& & - ORFla # /& &
4 — polyprotein (217 kDa)» 4 7% papain-like protease (P-Pro)~methyltransferase (MT)
#2 helicase (HEL) : ORF1b & RNA-dependent RNA polymerase (RdRp) (55 kDa)
(Karasev, 2000; Ng et al., 2004) : A & —1{El K % 32 kDa ##¢ ~75 4% & - RNA2 ¢
4> Closteroviridae #4928 5+ % ® " hallmark gene array" » ¥ /& Z 4 —18% 6
kDa ##ki& & (P6)~ #ik L, B RM & & (Hsp70h) ~ £ 60 kDa & & (P60) -~
SR8k & & (CP) Bk &sh#57%&a (CPm) (Karasev, 2000) - ¥4 Closterovirus /& %
BYV 51| > P6 ~ P64 ~ Hsp70h & B & & & (CP A CPm) 2 4o M
(cell-to-cell) # % 4 M (Alzhanova et al., 2000) - P6 5 %a f, Bl # $y & & sk 48 8
FotE #H (Alzhanova et al., 2000; Alzhanova et al., 2001) - CP ¢, £ & RNA %
BB 4% 4ok R 3k > CPm siLygs F 384555 5 & 61 s, “rattlesnake tail” » 3t &
Closteroviridae #}4&F] 49454 (Tian et al., 1999; Satyanarayana et al., 2004) - Hsp70h
Fo P60 A Bh7sm A tail Mk o £ FEAmF RNA 89 5 3% (Tian et al,
1999; Peremyslov et al., 2004; Satyanarayana et al., 2004; Dolja et al., 2006; Ng & Falk,
2006; Alzhanova et al., 2007) °

Criniviruses Z /848 - ¥ T MR AN LS5
Crinivirus & & CseékfEda A 14 4 (k1) (Wisler et al.,, 1998a; Wisler &
Duffus, 2001; Martelli et al., 2002; Segundo et al., 2004; Gyoutoku et al., 2009) » P
Tomato infectious chlorosis virus (TICV) ~ Tomato chlorosis virus (ToCV) % Cucurbit
chlorotic yellows virus (CCYV) % =48/ Bl A €4 324k (Tsai et al., 2004; Huang et
al., 2010) - B & & 324k 7 12 4% criniviruses @ #y & A2 #8 & B. tabaci -~ T.
vaporariorum ~ T. abutilonea =#& (%&1): X P B.tabaci & K34 criniviruses #9
S4t 045 3 EAE > 5955 biotype A (1A% sweet potato whitefly) ~ biotype
B (silverleaf whitefly) % biotype Q (Wisler & Duffus, 2001; Gyoutoku et al., 2009;
Okuda et al., 2010; Martin et al., 2011) » R ] 4 32 /N by 8 R ] criniviruses #2#8
Bt UTIBANY4EER criniviruses X F T8 E & LR 584 o
1. Beet pseudo-yellows virus (BPYV) : & & & # 3R & &4y #81%4%49 Closteroviridae
o FmAELHR TR (T vaporariorum) Fri4% (Duffus, 1965) o F 48
r8E Rz BRI ~ feFt - X FHWIIANFT EHY > wHE ~ #E -
AE B~ NE (Wisler et al., 1998a) o
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2. Cucurbit yellow stunting disorder virus (CYSDV) : 7~ 1982 # & 3k f& [T 3548 % &
Bl 2R - Lmsds BPYV & &AL » 7> 1996 F 4+ M EX4 2 » RHEEH
7% biotype A ¥ biotype B F7i%4% o F A4y £ % 5 3 E A (Célix et al., 1996;
Tian et al., 1996; Wisler et al., 1998a) » 2009 38 ¥ CYSDV .7 VAR H b
P AERE > 4o H A (Amaranthaceae) #9 44k % 3 (Amaranthus retroflexus)
Bassia hyssopifolia ;: + 5 f& #F (Brassicaceae) #9 Sisymbrium irio ; %L #}

ak ar

(Chenopodiaceae) #9 Chenopodium album ; ¥ # (Compositae) #J# E (Lactuca
sativa) ~ % B % (Sonchus sp.) ; # 7 ft#F (Fabaceae) #9# 75 (Medicago sativa)
@ % g (Phaseolus vulgaris) : 4% 3% £+ (Malvaceae) &9 [ ¥ 4% 3% (Malva
neglecta) ~ Sida hederacea : 7 #} (Solanaceae) #9543 (Physalis wrightii) ~ 4%
355 (Solanum elaeagenifolium) % (Wintermantel et al., 2009) o

3. Lettuce infectious yellows virus (LIYV) : 7 1981 7 £ B Jw ] & 38 A 42 AR 1 4K
B b EH ERTEEE LA criniviruses o sbym &£ 1980 F KRR
1990 F XA A& A B X R A EAED R T LIRAB K-LIYV 895 LEHEH
% > CiskAEsA 15 A+ 45 AEtady - 1980 FR P AT BERZIRE
biotype A » 1980 X K M4k ¥4y 7 (B. argentifolii) (& 12 ¥4 % biotype B) &
#251990 X P ISR by ZRARAF 2 L ik b AEo 98 1980 F4K49 1,600 4% -
W 48 E 4y 7% biotype A 7% 2f A4k biotype B AFERAX » 4843 LIYV 85384 Faf
BAFEAR » A5 A R4 0.1% o LIYV $En gt @ i » 2 @ FEd it R B
R EE (Wisler et al., 1998a; Wisler & Duffus, 2001) -

4. Lettuce chlorosis virus (LCV) : LIYV #4 & X #4% » LCV BB MK - F 14
VB BHE R E AT LCV 2R REH EAEY o L1485 80 518 Fohy i
biotype A ¥ biotype B —#& (Duffusetal., 1996) - B 7] LCV Z £BH#HE A
HEEFETGRAABEGEEBK -

5. Tomato infectious chlorosis virus (TICV) : 2 % —{B 4 sE3% A bipartite genomes
49 criniviruses » . & & F # 3 & criniviruses T B 4 & 35 (Wisler et al.,
1996b) - % F 445 % A bristly oxtongue (Picris echioides) ~ /& ¥ (Nicotiana
glauca) ~ 27 7# &] (Cynara cardunculus) & — #:7¢ #+4= 2 35 (China aster) ~ & 2 4¢
(petunia) ~ £ ¥ B 1475 (ranunculus) (Wisler et al., 1996b; Wisler et al., 1998a) o
1&4% BIEE AR T h i —4& (Wisler et al., 1996b) o

6. Tomato chlorosis virus (ToCV) : & # TICV X4 » B R TEEFT 51
criniviruses % £ 5 F 52 TICV ARl > k3t 7 #F 24 444y > a4 BAF 4 ~
A ~ ¥ % (Wisler et al., 1998a; Wisler & Duffus, 2001) - B & Crinivirus
1 ToCV T4k 4 &k #ki%4% > £ % & T. vaporariorum ~ T. abutilonea ~ B.
tabaci biotype A #2 biotype B (Wisler et al., 1996a; Wisler et al., 1998b) -

7. Sweet potato chlorotic stunt virus (SPCSV) : sz F# 4 £ & R A & » &% sweet
potato feathery mottle virus (SPFMV) # &g H % » L4 £ 1840 B arfEsoset
% (Ipomoea batatas) —#% (Schaefers & Terry, 1976) : 4L & B. tabaci (Cohen
etal., 1992) -
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8. Bean yellow disorder virus (BnYDV) : 7+ 2003 F /£ @3 F 9w g (Phaseolus
vulgaris) b & k& 4k 3 5 st & B — k43 Crinivirus B ¥ & 3 2 #
(Leguminosae) #5947 & (Segundo et al., 2004) - & ¥ M 442 X B %8 » BnYDV i
T B g 3 FF R 3 7 FHAE 4% - B. tabaci biotype Q & A &4t (Martin et al., 2011)°

9. Abutilon yellows virus (AbYV) : & & T. abutilonea 1% % 1§ i (Abutilon
theophrasti) 4% L > 12 AbYV & K827 & &5 454 (Wisler & Duffus,
2001) o

10. Cucurbit chlorotic yellows virus (CCYV) : 2004 F7% B KU A& A dgiE T #324
FINLEHEREMR L4k e~ E R FILRM o 2 CYSDV 8k B > BALR A
P AR AR 0 B — #9249 Crinivirus Brd - MG X EEEHR - e %% -k
WA % 1 [ 2530, (Gyoutoku et al., 2009) o & & k FEaduzh 2009 #4538, AR &
(Huang et al., 2010; Gu et al., 2011; Zeng et al., 2011) - 4&4% Okazaki et al. (2008)
HHAEREZNEREREERET > O A RBREGED AL BN~ DFIK
BN L IR BAE R A9t 9 A 33 A W EMA AERN - DER @
N~ BN~ SRS S FUN ~ AN~ B)RF) 5 A At (Datura B & Nicotiana /&) :
##F (D& % ~ Chenopodium amaranticolor ~ C. quinoa) ; W 64 (3 2) 5 3246
 (EF3L): BHA (F£¥F Lamium amplexicaule) ; &4 #F (A5 A5 F %
Cerastium glomeratum) % o Bl A & T W42 A & B Al 830 3 5 AHE 4 7T
A% (Huang et al., 2010; Li et al., 2010) - 1&4% A& & % #2448 & B. tabaci
biotype B % biotype Q (Gyoutoku et al., 2009; Tseng et al., 2009) -

> #81%4% criniviruses Z 4% &

By F R L5 BB HARELE A M O SIS B TR N da B ) T B i b
KA BT REFE PG BRI GGA B RAE S > AN Bh O AN F B ke B T B L B R AR
EAE a9 ik (Brown & Czosnek, 2002) - ¥4 B. tabaci biotype B & 7] » #r ZZ B £ i@
LA 64% & g3 L3 0 & 50% £ EaB b AL EF R
(Cohen et al.,, 1998) » st » ¥R LKL EF - MBAELERG BFRYWEBAR
EHFHBMAY S R ERRITNF IAEDEHAGE T (Janssen et al., 1989;
Lei et al., 1998; Chu et al., 2000) o i % 4 & B A 05 o /2 4840 L% F 3t vl O 4t 4
W% RO E > Z AR BRIFOGF MY > e LRI M A& & (Leietal,
1999) » 4w i@ Sy 2k E & 15-30 4% 4 AL 5| E ¥ ZAELR > Bk AT Mg &
o LR AR IE AR 0947 (Jiang et al., 2000) o RAEHFF RIREA T > by IR
S1% F 48 B M8 (Cohen & Nitzany, 1966; Brown & Czosnek, 2002) o

by fm A5 4 X248 criniviruses » L & R AR S0 05 M E R A HAY EHK
odE 0 L% A M A KRB ATR a9 R ZEAR ] B4 criniviruses g Ay
AEANEEER BrFEEFRGLEEANRMA AT REFM&GERD ZHA >
(Wisler et al., 1998a; Wisler & Duffus, 2001; Brown & Czosnek, 2002) o #» &% &% 4 52
criniviruses #91F Fl # %] B wl &% R AR AR > {£13 %005 F R4 P X minor capsid
protein (CPm) & k& 7 4 it & W 1% 458972 € W F (Tian et al., 1999) » H /= & 442
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PEG AL B AL R R 0 BTG R R R TR AL A4 B o

TR ¥ 38 B4R 45 R R A& H criniviruses #9268 R B » BpiE B — 8% 5 &1 R )

FEFA ARy I AE B REL e £ o

1.

Beet pseudo-yellows virus (BPYV) : T. vaporariorum # BPYV & 1h % > &
T 6h EAERFER > AR FEL T0% > TiEGEE 6 K- BEEmakd
1525 10%° 40 E RS EEEN KT EIMHEY LA 83% 9134 F
(Duffus, 1965) - BPYV g T A MR FFM& 7 X LFRIAE 64h
(Wisler et al., 1998a) o

Cucurbit yellow stunting disorder virus (CYSDV) : B. tabaci biotype B ¥ 4 ¥y 7z 4t
CYSDV #1845 1% 3% > ZR_HZE 60 Thrdk » LEHERTE 85% - & TH
ROBHFFH > TARSMEHFEFE > w&F 18h A LB FFH > 24h 6934E
BRI R 2k HAFB R 55 80% - AF %7 biotype B #91% %58 &4
biotype A - jn 4 % 7% /= biotype B #2 A £ 4 9 X o ¥ #k1%4E CYSDV a9z 4e
R IRAMEIE L A0 % HAEH > 12 CYSDV A &E A RENM & L¥ 2N
[ RkiE 722 h> 33 FZA E Mz 4248 (Wisler et al., 1998a; Wisler & Duffus,
2001) o

Lettuce infectious yellow virus (LIYV) : & B. tabaci biotype A . 1%4% - LIYV {£
.9 7 biotype A 38R % 3 X XFRMBE 235h- BE B HEpEIGHER
B 22% > 40 & Aoy Ik %35 R T 100% - Biotype A F A& EmA4k 10 min
HoARTIRE > HEWMAR  SF8H 8% wHEFFME 1h £ 48h>
A2k 20 d 68% # 5% 87% (Duffus et al., 1986; Wisler et al., 1998a) o
Lettuce chlorosis virus (LCV) : B. tabaci biotype A 1245 LCV #9zk %% biotype
B #& » £4% biotype A #91&FF 5 29% 40 285 743% > @ 30 &
biotype B X {%& & % 2] & 0-57.5% (Duffus et al., 1996) o #» 7 % & B 44
(acquisition threshold) & 1h> HEHEM AL BRI FEZ > THEEME
3-48h mf » HARIE R RAE 4-96% o LREFHME 4 X FEMAE 464
h (Wisler & Duffus, 2001) -

Tomato infectious chlorosis virus (TICV) : T. vaporariorum £ #& 1h A _E 588
A48 TICV > [ 51 H 05 M 69380 > BAG N R e - B G 5 Hhy 1%
HBREA 8% L 40 & HEHm IR R 1E4E05 4246 F A 83% (Duffus et al,
1994) - B HEp EIARENME 34 X FRMAE 235 h  (Wisler et al.,
1998a)

Tomato chlorosis virus (ToCV) : T. vaporariorum ~ T. abutilonea ~ B. tabaci biotype
A 1 biotype B % 4 & #&¥HE ToCV &4/~ R & (Wisler et al.,, 1996a;
Wisler et al., 1998b) » 4 #&¥y #k 1% 4% 48 77 A 1 K 49 £ % » A B. tabaci biotype B
R FAE S s 0 B4 % & biotype B 1345 F A 125% 0 40 G a9 RR S
% 98% > 7 T. abutilonea 2 % 891235 % & 75% > 40 £ B A 100% 491%4%
o BT A EHE ToCV #9&ikaeh4E - £4 & 40 £ % F B. tabaci
biotype A #91%4% % & 0-68% > #41k7> 8] =424y #& ; T. vaporariorum #91%4% 3%
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%A% > 4 0-28% (Wisler & Duffus, 2001) o

7. Sweet potato chlorotic stunt virus (SPCSV) : B. tabaci 1%4% SPCSV @zt £ %
WEHENE R Bk EEARE 1050 £ R EHEE 0 LGB EE
12.5-93.8% > &4 1h A HLEF55 208% > THEFHHRZE 24h> Li44%
RALREZHE 87.5% FAH e A M A RO BIEXFLEE 0 4 1h &
24h # > 1% %94 15.6% Z 84.3% (Cohenetal., 1992) -

8. Bean yellow disorder virus (BnYDV) : B. tabaci biotype Q B & #Em4itk 3h &
7h %> & 50% & 100% #9438 T Bum &> Mg 12h & 24h &>
A FE R F 5 5% 66 & 100% o B G H0 HAEEFE 37% 1R85 M
"R 2 A FEMEE 9 £ (Martinetal., 2011) - & B 7] criniviruses #&
FA P oy i8N AR R F RN K9S o

B A criniviruses 2 5 &8 A HH

1998 FAGE M EmAa A E EHARLER 251 - &> LEMALY
Ak BEPE PR ERBEED  BAESE criniviruses 495m 8 o #5 R ELE F A
SRR ArEEE L R% K KA % 800-850 nm > H L TICV #= ToCV #F4t
EATAE S REAR B B SR AT T RS ToCV> & A ¥ 2|25 ToCV F=
TICV B o s B &% 4R Crinivirus B %65 » o2& ToCV #= TICV HiE
SRR G K E sk (Tsaietal., 2004) o

2009 F 5 AT A GE ENRGRHELRES NGRS AR L H1a
MAERER R s REALGI > 2 EMRM 24 E > HEDRAF EuE
Eas (B 1):6-7 A LA ERFBILEGESN - PR BN HRFdH
INE A BERAN RS RE MR ERREEAES o FRAKRATTEMBETAR
Ak 4K FEF4 (700-900 nm) (Tseng et al., 2009) » 4& Tt &3 » seflid %
CYSDV # & & » i v44+#F Closterovirus % Crinivirus Pk st i 61k 5] F 48
TREXNR -S4t 4 RJE (nested reverse transcription-polymerase chain
reaction, nested RT-PCR) (Dovas & Katis, 2003) » #7518 49 5 Bt & Hsp70h #9385 K
B BEFRCHEHSVIF o A KPTER8 3 % F Cucurbit chlorotic yellows
virus (CCYV) A 100 % #9484 % » LB &% 5 B 438 CCYV #9934k (Huang,
2010) o

BAleE < CCYV BRENMBELSYR Fb-EHR-EF a4
Gm B RRIFER RTFREASH  AREFAEMENAEFEN @
JN S AN AN~ ZN S A0R S FAUR S SN~ #ORfe K (Lietal., 2010) o &
WK FARK S #INEHAINE CCYV SKipiFeyF 44y - AAEK % 3 A -1
BAMME > mE A FHABELR > SGRIFERE > I ERTORR LY ELSE
ERE AfRmMERBISR  FiRERRAGZN > FEMEHKREA £
TR AR ENEIFIEL -
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B Er S
REWIRREA KGBEE 25-28C MIPHEFEREHE 25 A » —G K
—A T A9 113.3 4 (Linetal, 1997) c #r#xdd A ik F b » LHEELZ > ho
EREGH LG TR EEG S B BREETRRE LS BHERRENE
F o A BEBALA TR R FOEBEEN > O -2 LN R
A HAUREWIHEELRAT Lo REH > BEHARKAE » B RE SR
T oo Hit o I8 T4E 0 RTINS o
THEEERBN ERAE > RAARZRLE L Lb 2 ERA ST EH
MERARELN > LAXEAORMHHETF > BREEAKREERBENY S
1 7t G B 1 1835 & £ K-F (economic injury level, 4% EIL) 2 T » 4 E
¥ARANET  KERZRELAZABRLBAZ R ELTEEHAFLEL
MtnsmE & > L E RS BA AL » RSB R » RE&ER R
MeikaMmsHAR > RS AEBEFORT > LEBAETEZNTERS -
IR TEEMAE R FTHERPR BRAXITH L AFEE  REHY
R B ARG THR R b EAELAER 24 B4 EMTE %
AE S BRMAERET S5 ABREER ER ORI EREXTRY > B
EEA MG A E » IR Z B Gk o Hb > H&EEn R EEHE
AR BH E O RENFERAGE LN E REFARBRRUAREIENG S
%o Bl ERASLMETIZN L AESHN T A= R E R @ MR
JRIR > AR AP R m TR B E L > F R RO KI5 B BK o 3
W e i e B BRI TAL i o FIRD AT ¢
1. FEgiEtizEsl  BRLeAAENFTY  EREFEEK > REAREIN &
A RS BRI FE > T8 > AR AR L6 o AW G AT T ek
R AGHERER G AEREMEREN > LS ThEREREAEE
B AR im0 o
2. BB TR RBBTEFURRARERS LOBR-BEHF EZRLBITHEBER - H
RAME AL e MR AR - ERBRNETHE 4-6 & Bz
BRI oaakk L 30cm s diaF R A BA QTSR BRE > R EEN
BABE o AT A BRI 6153094642 o BB T R RILR R A B
Bl SRR S UITH AR AL S » I RSB EIRE - B
B R A AW BEAEGH AT 1-2 A > ML BEE e
o A B NI RS 0 AT S A L3R 100 FBF > IR TR Al
IEFAHFEAC R R A B R0 > "Faeitet @ » URV Y S AR > Bk
BPAEMEG LAE o
3. KE ARG -
(1) 12506 LFEFNFAED > G E I 2 T v Y a4 5% 509 =
B EARPHEM BERR  LWREA AR o B0 TR AR AN FR
FURIBARERL Bk REUIPO A KRR S 275 c ZHRAMKE—-BANE
AR EBFHGE K BEBREEEFAGHEY S - HiE—EAASH
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BB IEBAT R T AR Y s N353 & & (Squash leaf cure virus, SQLCV)
B F s LEFl s ER CCYV MW MR BB T » BIRIEES ity
UGG VUM RFN G > TR > ZREANH > BT HRINGEE
THEH CCYV HHE » A EWEFRK - FH RN LOE R AF
IR K 20 F by A AT RAE R 75 5T B MR F 3 2 B3R T sk
www.tactri.gov.tw X AE A RE 48 B A 0 R E R JEEE B AL A 0 A
RETEIEWNE L - LR S LR TR E R E » VRV i
AR ENE B A8 M AT ERRE -

(2) 576 « 43 Pai et al. (1999) #F 45 37 &35 MK 0 I R s B > B
RAE A BT R OR KB ERRELABRYFRES 0 T
AL BRI IE ] o AHNE B > 35 &35 MOBHR 3R I AR 09 A 2H
71 3e 4k 5 20-30 cmo B H -k e fE M B RS Im BTk B R &
{£ (Paietal., 1999) - F gt » A5k @55 s AF B AL 06 T A0 » KA 1-2m
M — K e fbst s BEME B et @ L 30cm Rl o AEFEET
B EREN T EF GO AF M RS ZRESH 10-15m % E 1
o AL BRI A TAFR B AT L 4-6 KT A ER|E > A f 4k
Ko FOHUIGIERRETRRER » 125 5455 TR Y —9 9
& o

() HK3Erib : BEH A BIT R ontE o B sufE » & RAEMEHATF > ER
TVASR AT R AE R AR o AR By 2R A A A M o AR B e RIS T AR AL
WERABET - ALLFEREATHEE > FTA > — O nilrEda o £H
FRAEE RERWB LR BHEAEGE - IO TIEYERZ > (fHE i
WX AEFEF A ENRA > AT T AL O REE NS E - Bk
HIRAEE TG iR T B F 2 TAF o

Q) £ lmi6: B 6B EWM T LI FA%HR 74 % (Eretmocerus
orientalis Silvestri) ~ 3% 3% B.%F.]s#% (Encarsia transvena Timberlake) % B K B
J ¥ (Encarsia japonica Viggiani)» £ XA R 7 $F N B R LR L 567
g1 R AW IETRE R RE TAE 0 KEFEANEH > R L8y TAF
K> KEFARFERE R A b ekt L — B8 EXE TR -

HEMEA

SRR A~ ABBARD ~ F MDA E 500 A e+ FRMARE - 2
B~ gt~ AR SR AEAEY AL RBEEE > S 1995 FAREERK
Wik FAL» CRA RIEY BRI LBE T RO T & - RENRRAZERET K EFI
A E R YR EYE A > 4= Begomovirus (Geminiviridae) - lpomovirus
(Potyviridae) ~ Crinivirus (Closteroviridae) o Crinivirus /& & it + % 5 447 #1644y
AR AW EAFFE M X RAE4E - 2%k Begomovirus 0 s B iE S
W IRIR R R ER o

WA REMEE S &SGR o LAMA BRARAGE  — D8RG
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oM B ik e H 1R R SR BN A EE KGR 4 CYSDV # 2006
FEEAEEBEmMEREL  ERMINEBRBKR 5 &% £ 2004 F CCYV £
AARAKBILIERL  RERBREANESH > B4 @HEE Y 200 ha: mERA
2009 F%537,,2010 SFB) T A FAFINEZHINE £ 7 A8y & 1245499 criniviruses €
HEREEEHNGHAL > ThoRILHREDOREE  RRBEATRGTHESE BA
crinivriuses 497z F4E%8 o Hb o ik @M BB T » LRABF R BRI > W
HIRBERAR s BIEAEMBAERNERLTFR > MRS SRR L AERFE L
89 LR o R LELRE Crinivirus B =4 R 35 by 2 A48 - Rkl
MER LT XN REE RFLRIRRREARY D EEBORERL S
criniviruses Ja&m F L6 R % o bribiy 38 s Rk BR300 7 ik R E AL A
B o AL 0L BN S HUER A B BE > VORI EE A B A o s MR IEEE A Bk T R sk
BRVAK CFEMAF BB LA M > AR KE MR RiReE » 2354
JAdrdR B AN B A 1R R BIFAR KR E RAK o

2004 Bl BPA criniviruses Ja MR E e A KB R L F o A ZH EMH
HAEREE CCYV &9 » 1843 criniviruses &S5 Mz o AL R IMC 24k
Crinivirus Bm 0948 > REMRAB L E » MAEFRNERRETRED Y
criniviruses » & TR BBy st 56 - ERFBEAFERIK > BEALRBEGRE KRB -
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Biology of whitefly-transmitted criniviruses and
tactics of whitefly control

Ju-Ting Li?, Li-Hsin Huang"?

! Taiwan Agricultural Chemicals And Toxic Substance Research Institute, Council of
Agriculture, Executive Yuan, Wu-feng , Taichung 413, Taiwan, ROC.
2 Corresponding author, e-mail: lhhuang@tactri.gov.tw

Abstract

Crinivirus is one genus of the family Closteroviridae that causes important virus
diseases in vegetable crops, such as lettuce, cucurbit and tomato. Criniviruses are
transmitted by whiteflies in a semipersistent manner; the viruses can retain in whiteflies
for a few days or a couple of weeks after acquisition depending on the length of the
acquisition feeding period. Fourteen species in the genus Crinivirus were identified so
far, Tomato infectious chlorosis virus (TICV), Tomato chlorosis virus (ToCV) and
Cucurbit chlorotic yellows virus (CCYV), were the three that reportedly occurred in
Taiwan. Bemisia tabaci biotypes A, B and Q, Trialeurodes vaporariorum and T.
abutilonea were reported to transmit criniviruses, among them B. tabaci biotype B that
transmitted CCYV caused significant yield losses in cantaloupe, melon and cucumber in
Taiwan in 2010. The important control measures for limiting the spread of criniviruses
are to control the population of whitefly vectors and to use virus-free seedlings. The
most effective method for whitefly control is to apply the insecticide-based control
program. Yellow sticky traps [papers] can also be used as an auxiliary tool to capture
adult whiteflies to slow down the spreading of whitefly-transmitted viruses.

Key words: Crinivirus, whitefly vector, Bemisia tabaci, Trialeurodes vaporariorum, T.
abutilonea, biotype
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Table 1. Species, host range and geographic distribution of whitefly-transmitted

criniviruses
Criniviruses Host range Distribution \ectors

Abutilon Abutilon spp. USA Trialeurodes
yellows virus abutilonea
(AbYV)
Diodia vein Diodia virginiana, USA T. abutilonea
chlorosis virus  button-weed
(DVCV)
Beet pseudo Very wide, beet, World wide, New T. vaporariorum
yellows virus strawberry, spinach, Zealand, USA, France,
(BPYV) endive, lettuce, squash,  Netherlands, Spain,

cucumber, muskmelon,  Turkey, Japan,

sugar beet, carrot, Australia, France,

dandelion, Gomphrena,  Greece, England,

Callistephus, Aguilegia, Costa Rica

Tagetes (marigold),

zinnia, and Godetia sp.
Bean yellow Phaseolus vulgaris cv. Spain Bemisia tabaci
disorder virus Donna biotype Q
(BnYDV)
Lettuce Lettuce, sugar beet, USA B. tabaci biotype
chlorosis virus  weeds Aand B
(LCV)
Lettuce Very wide, lettuce, USA, Mexico B. tabaci biotype
infectious sugar beet, cucurbits, A
yellows virus weeds
(LIYV)
Cucurbit yellow Cucurbitaceae, melon, United Arab Emirates, B. tabaci biotype
stunting watermelon, cucumber,  Saudi Arabia, Turkey, Aand B
disorder virus pumpkin, alfalfa, Egypt, Spain, and
(CYSDV) lettuce, snap bean, Israel, Lebanon, Syria,

weeds, alkali mallow,
Wright's groundcherry

American, Morocco,
Canary Islands,
Jordan, Mexico,
Portugal, France,
Mexico

219



#9 et B criniviruses [V 4 Puseis H l’:ﬁq‘ﬁﬁ]ﬁ%

(continued)

Criniviruses Host range Distribution \ectors
Cucurbit Melon, watermelon, Japan, Taiwan,China B. tabaci biotype
chlorotic cucumber, pumpkin, Band Q
yellows virus bottle gourd
(CCYV)

Strawberry Strawberry Australia, Canada, T. vaporariorum
pallidosis USA

associated virus

(SPaV)

Blackberry Blackberry, strawberry ~ USA T. vaporariorum
yellow vein

virus (BYVaV)
Sweet potato

chlorotic stunt
virus (SPCSV)

Potato yellow
vein virus
(PYVV)

Tomato
infectious
chlorosis virus
(TICV)

Tomato
chlorosis
virus(ToCV)

Sweet potato

Solanum, weeds, potato,
Catharanthus roseus,
Lycopersicon spp.,
Polygonium spp.,
Rumex obtusifolium,
Solanum nigrum, S.
tuberosum, Tagetes spp.
Tomato, weeds, bristly
oxtongue, tree tobacco,
wild artichoke,
ranunculus, China aste,
petunia, lettuce,
ornamentals, zinnia
Tomato, weed,
agronomic, and
ornamental plant, Sweet
Pepper, zinnia

World wide, Africa,
Argentina, Israel,
Nigeria, American,
China, Uganda
USA, Colombia,
Ecuador, Peru,
Venezuela

USA, Indonesia,
Japan, Jordan , Taiwan,
Italy, Greece, Spain,
Taiwan, Czech
Republic, Mexico,

USA, Spain, Italy,
Greece, Morocco,
Puerto Rico, Taiwan,
Europe, Canary
Islands, Portugal,
Japan, Hungary,
Brazil,

B. tabaci biotype
B
T. abutilonea

T. vaporariorum

T. vaporariorum

B. tabaci biotype
A B

T. abutilonea

T. vaporariorum
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Table 2. Categories of insecticides reglstered on muskmelon

£ B 4 4 525 P A */f-\(i)wﬂ

20% 3E4F KRR | 3 R+ T #(IRAC-4A) 3000 6

16% =T . T /KigHAE] | 78+ T #(IRAC-4A) 3000 9

10% FikzKigHEF | # R+ T#H(IRAC-4A) 4000 6

9.6% #HiZMZIER # . T #(IRAC-4A) 1500 21

2% I 2T SLE .8k 7@ 18 75 L (IRAC-6) 1000 12

2.4% 5% %K E /\ﬁkr‘f £ 3 #8(IRAC-3A) 1000 6

25% IR iF TR M B | B 4] ] (IRAC-9B) 1200 6

11% & A& 2305 &4 RFGHA-FARK 1000 9
% #4014 (IRAC-7C)

25% M TR R | RAA KRFAGHHA-KTH 1000 15
& R4 %] % (IRAC-16)

10% AR A4 b4 | Bl & A B394 (IRAC-9C)

#| 2000 6

10% %Lk K B THH T4 R AL 1000 6
8 1t B JE(IRAC-13)

40.4% TR EKBHE # B+ T #(IRAC-4A) 4000 21
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Fig. 1. Symptoms on cantaloupe and melon plants infected with Cucurbit chlorotic
yellows virus. (A) obscure yellow spots, (B) interveinal yellowing, (C) infected
melon plants.

222



MBI ENRSFEETRD TR
Rict T f2 BN pETEEF SIS
Proceedings of the Symposium on Integrated Management
Technology of Insect Vectors and Insect-Borne Diseases / 2 i 3%

£ RRF CHEAE Al - 7 —f4 0 D RAGRER
B oA RPAEEEIARER - SHLATE
2011, 07 ( & 100, 07)

% :19x26 oA

R

ISBN (&

LR 2 4 hnf 3 ABRT 4 HEP IS

=REPTILEBGARTFE i g BT =

S AN S ) N A A S R
NooRIFRRRL EREFRTRLA GBI P ARAL oA AF §
By L9 FE R Y IR 189 5
ot FRF CERF IS
X ¥R RRE CERI R Sm
=
f

(lli'lﬂ"\:{%#kﬁ-)

ERT R S %)éitf% FH% s FAeke s HRE T S HRB I HRPE A SRR
ﬂﬁe‘gﬁ‘ 2 hedT - 3ﬁ4\£¢¢\%gt\%%ﬁ‘%ﬁg\%ﬁé\
P2~ gD ‘Fﬁia R~ PG \1{* TNIBET BB RETAA O IRE
BRI AR %éwxﬁ%é~%$w\ﬂu’ PRI L ~ FR2 ik~ BRA T
IRt LI s 2R B R B S TR R P EE

TP P ESFURE PR CREKBE - -RIFL s BFE 2R
: (04) 2330-2301
: (04) 2333-8162
Jéﬂvﬁ —_HF_4 LR EAES
: (04) 2296-7677

i
1}'&‘ ‘ﬂk' EE

M z«‘ﬂﬁ}:&e@ BodE @)
=

WP EARL00 70 AR
DET LR 300 ~
[
72 YR 400 -7 7 ¢ LR 6 B 04-22260330 # 27
p &= 104 =A% ik 209 51 # 02-25180207 (i 4 L)
B 7 b http://www.govbooks.com.tw
ISBN :

GPN :





