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ABSTRACT
TEMPORAL AND SPATIAL DISTRIBUTION AND DISPERSAL PATTERNS OF
PARAPHLEPSIUS IRRORATUS (SAY) (HOMOPTERA: CICADELLIDAE), A
VECTOR OF X-DISEASE IN MICHIGAN
by

Kirk Jon Larsen

Populations of leafhopper vectors of X-disease, a major
disease problem of the Michigan peach industry, were
monitored by yellow sticky board traps and sweepnet samples
during 1985 and 1986. Paraphlepsius irroratus represented
over 70% of all known vectors found. The appearance of
symptomatic chokecherry indicated X-disease transmission was
occurring throughout the state.

Daily activity of P. Jirroratus was monitored by light-
trap and sweepnet sampling orchard sub-habitats.

P. irroratus is found in the groundcover during the day, has
a crepuscular flight into cherry trees at night, and returns
to the groundcover in the morning.

Rate and extent of P. irroratus dispersal within peach
and cherry orchards was studied by a mark, release and
recapture experiment. The overall recapture rate was 2.35%,
with an average dispersal rate of 3.42 m/day. The major
factor influencing leafhopper dispersal was wind, with

temperature influencing activity.
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GENERAL INTRODUCTION AND LITERATURE REVIEW



Review of X-disease

In the United States in 1982, Michigan ranked first in
sour cherry production, third in sweet cherry production,
and sixth in peach production (Fedewa & Psocodna 1982). 1In
a 1981 report from Michigan cooperative extension agents, X-
disease was considered a major peach disease problem in
southwestern Michigan. An annual loss to X-disease of $1.5-
$3.0 million in peach production (M. Whalon, personal
communication) is estimated from Michigan Department of
Agriculture (MDA) survey data from 1977-82 and 1985-86. The
MDA annual survey indicates the incidence of X-disease has
increased in peach orchards of southwest Michigan during the
past several years with 83% of the peach orchards inspected
during 1985 showing the presence of X-disease (Robinson
1985).

The causal agent of X-disease is a mycoplasmalike
organism (MLO) (Granett & Gilmer 1971, Jones et al. 1974)
that can be transmitted by several species of leafhoppers.
MLO’s are microscopic, single-celled prokaryotic organisms
similiar to mycoplasmas (Agrios 1978). Two hypotheses have
been proposed as to how MLO’s cause disease (Razin 1978).
The MLO’s either clog up the phloem tubes, thus inhibiting
nutrient translocation through the plant, and/or produce
toxins which kill the plant.

Leafhopper vectors of X-disease (Homoptera:

Cicadellidae) are primarily of the subfamily Deltocephalinae



(Gilmer & Blodgett 1976). At least 18 species are known to
be capable of transmitting X-disease either naturally or
experimentally (Table 1). The species of greatest
importance in the spread of X-disease in peach and cherry
varies in different regions of the U.S. and Canada (Elliott
& Dirks ND). The seasonal distribution and abundance of
different leafhopper vectors within the same geographical
region also varies considerably (McClure 1980b).

The most important vector of X-disease in the eastern
U.S. is Scaphytopius acutus (Say) (Palmiter et al. 1960),
while Collodonus montanus (VanD.) is the major vector in the
western U.S. (Gilmer & Blodgett 1976). 1In Michigan, the
most important vector of X-disease is presumed to be
Paraphlepsius irroratus (Say) (Taboada et al. 1975).

There are thought to be at least two separate strains
of X-disease MLO’s, eastern and western, because of
variation in symptom development between eastern and western
orchards. More recent DNA hybridization research
(Kirkpatrick 1986, M. Whalon, personal communication)
indicates a lack of homology between California and Michigan
isolates of X-disease MLO's (Whalon, unpublished data).
Research is ongoing in the genomic DNA hybridization
approach for differentiating the X-disease isolates in host
plants and insect vectors.

Peach X-disease symptom development begins in mid-June.
Healthy and sick trees are most easily distinguished by

symptoms during August (Palmiter & Hildebrand 1943). There



Table 1. EKnown leafhopper vectors (Homoptera: Cicadellidae)
of Peach X-disease in North America (after Nielson 1979

and Chiykowski 1981).

Strain Transmission
Species Field Greenhouse Author & Date

2SS S SIS S eSS E S s RS s S 2SS S SRS SIS Sz R ez E Sz RIS RIRSRESESS

Rastern
Collodonus clitellarius (Say) x x Thornberry 1954, Gilmer 1954
Frieberiella florii (Stal.) . x Gilmer & McEwen 1958
Gyponana lamina Delong x Gilmer & McEBwen 1958
Norvellina seminuda (Say) x Gilmer et al. 1966
Orientus ishidae (Mat.) x Rosenberger & Jones 1978
Paraphlepsius irroratus (Say)® x x Gilmer et al. 1966
Scaphbhoideus melanotus Osb. x Rosenberger & Jones 1978
S. titanus Ball x Rosenberger & Jones 1978
Scaphytopius acutus (Say)® x Hildebrand 1933

Western
Acinopterus angulatus Lawson x Purcell 1979
Collodonus geminatus (Van Duzee) x x Wolfe et al. 1950
C. montanus (Van D.)¢ x Wolfe 1955
Buscelidius variegatus Kirsh. x Jensen 1969 :
Fieberiella florii (Stal.) x x Wolfe et al. 1951
Keonolla confluens (Uhler) x x Anthon & Wolfe 1951
Osborpellus borealis Del. & Mohr x Jensen 1957

Scaphytopius acutus (Say) x Anthon & Wolfe 1951
S. delongi Young Swenson 1971
S. pitridus (DelLong) Purcell 1979

8P, irroratus is the most important vector of X-disease in Michigan
(Taboada et al. 1978).

®S. acutus is the most important vector of X-disease in RBastern North
America (Palmiter et al. 1960).

€C. montanus is the most important vector of X-disease in Western North:
America (Gilmer & Blodgett 1976).



is a slight delay in the foliation of diseased trees which
is often missed (Gilmer et al. 1954). Peach X-disease has
similiar yet distinct symptoms to nitrogen deficiency,
bacterial spot (Xanthomonas pruni), and Leucostoma canker
(Dhanvantari & Kappel 1978).

Peach X-disease symptom expression begins with rolling
and yellowing of the leaves on infected branches. Blotchy,
irregular, and water—-soaked spots then develop across the
leaf veins which become brittle and fall out, giving the
leaf a shot-holed and tattered appearance. The older leaves
on infected branches fall off, leaving the branches with a
small rosetted tuft of leaves at the end. The peach fruit
either aborts and drops early or is smaller and more pointed
than usual. Fruit that remain on the tree ripen
prematurely, and are bitter and unpalatable. Peach trees
rarely survive three years after symptoms are noted unless
treated with tetracycline. Dieback begins with the diseased
branches and spreads branch by branch to the entire tree
(Dhanvantari & Kappel 1978, Gilmer et al. 1966, Palmiter &
Hildebrand 1943).

X-disease agent has a wide variety of woody and
herbaceous host plants. The economically important hosts
include Prunus persica Batsch (peach), P. cerasus L. (sour
cherry) and P. avium L. (sweet cherry) (Gilmer et al. 1966).
Wild hosts can serve as an outside source of X-disease
inoculum. Chokecherry (P. virginiana L.) is the most

important wild woody host (Gilmer et al. 1954). Other



plants known as experimental hosts include over twenty
herbaceous species in eleven families (Chiykowski & Sinha
1982), many of which are common within and near most
orchards.

Insect transmitted plant diseases such as X-disease are
difficult to control due to the interactions between plant,
pathogen, and insect vector. Historically, control of X-
disease has involved eradication of alternate hosts such as
chokecherry, application of tetracycline antibiotics,
removal of diseased trees, and vector control (Lacy et al.
1979, Rosenberger 1977). Control of MLO diseases by killing
insect vectors with insecticides after they have arrived at
the crop has seldom proved effective. Even with good insect
control, enough insects survive for sufficiently long
periods to spread the pathogen (Agrios 1978). The presence
of orchard groundcover often reduces the effectiveness of
insecticides used in leafhopper control efforts, and the
continuous presence of vectors from June until November
makes insecticide use economically impractical (Palmiter &
Adams 1957). Current management methods of X-disease in
Michigan such as alternate host eradication and unilateral
insecticide control of leafhoppers have been ineffective
means of X-disease control (Robinson 1985). Under most
insecticide programs, peach orchards are not sprayed when
vector populations peak in the fall (Taboada et al. 1975).

Integrated pest management (IPM) is the best approach

to disease control, yet is often difficult to implement due



to the complexity of the disease transmission cycle and the
interaction of the various disciplines involved (Whalon &
Croft 1984). 1IPM requires a holistic approach to the
problem, integrating the knowledge of MLO’s by plant
pathologists, insect vectors by entomologists, and the host
plants by horticulturalists.

Current distributions of the disease problem must be
known to determine the best management strategy.
Information is needed on the occurence of X-disease in the
host plants and alternate hosts, vector presence, vector
biology and behavior as it relates to disease transmission,
and the effect any control tactics may have on X-disease
transmission. This information is obtained by monitoring
the incidence of infective vectors, X-disease in host plants
and in alternate hosts such as chokecherry. From this
information, appropriate control tactics can be defined.

In order to implement an IPM program for X-disease,
several tools are still needed. Probes for detection of
MLO’s are necessary to evaluate the relationship of MLO’s to
both the host plants and insect vectors. A better
understanding of the incidence of X-disease in host plants
and insect vectors, the biology, distribution and abundance
of vector leafhopper populations, and the short-term and
long-term movement behavior of these leafhopper vectors of

X-disease is therefore necessary.



giology of Paraphlepsius irroratus (Say)

P. irroratus is a major vector of X-disease in Michigan
peach and cherry orchards (Taboada et al. 1975). Little is
known about the daily movement and distribution or biology
of P. irroratus, as the first paper on the biology of P.
irroratus was not published until 1985 (Chiykowski).

Previous surveys have shown that P. irroratus was the
most common X-disease vector leafhopper in Michigan peach
and cherry orchards (Taboada et al. 1975) and the most
efficient vector of X-disease in greenhouse tests
(Rosenberger & Jones 1978). P. irroratus was thought to be
primarily an herbaceous species, although it has been
observed and collected on a wide variety of woody hosts
(Hamilton 1975, Chiykowski 1985). Nymphs of P. irroratus
have been observed on grasses in cherry orchards (Phillips
1951), and raised experimentally on a combination of barley
and clover (Chiykowski 1985). P. irroratus was more common
in sour cherry than in peach orchards (Rosenberger 1977) and
was bivoltine in Michigan, with the two periods of adult
activity being late-June to July and late-September to
October (Taboada et al. 1975). P. irroratus is thought to
overwinter in Michigan in the egg stage.

Rosenberger and Jones (1978) suspected that adult
P. irroratus were most active in the early evening when they

routinely collected leafhoppers at twilight around yellow



lights. Increased activity during twilight has been
documented in many insects, including leafhoppers (Harker
1961).

Yellow is known to attract certain leafhopper species
(Alverson et al. 1977) and has proven to be an excellent
means of capturing large numbers of P. irroratus during
their crepuscular active periods (Larsen & Whalon 1987).
Indirect methods of leafhopper sampling have been compared
and contrasted with direct censusing of leafhoppers in fruit
trees and orchard groundcover (Mowry 1982). Although
indirect sampling methods have distinct drawbacks (Delong
1932, Southwood 1978), relative methods such as light
trapping and sweep net sampling were the best methods of
obtaining frequent relative density estimates of mobile

leafhopper populations (Mowry & Whalon 1984).

Leafhopper Movement Behavior

Movement behavior is an important aspect of the
distribution and abundance of insect populations. Insect
movement is often described as migratory or dispersive.
Migration can be defined as an adaptive departure from a
breeding area or other habitat which is no longer fit to
support a population. It is often a persistent, uni-
directional and long distance movement, during which all
activities but flight are ceased, necessary to ensure the
survival of a species (Kennedy 1961). Dispersal is an

accidental, continuous movement within a habitat, during
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which insects become scattered over a wider area than
originally occupied (Johnson 1969).

Since X-disease MLO’s are transmitted only by
leafhoppers, understanding the movement of these vectors is
necessary to learn more about the epidemiology of X-disease
(Purcell 1985). Leafhopper movement may be local, as
between plants in a field, dispersive, as from area to area
within a habitat, or migratory, in which the leafhoppers may
move considerable distances (Chiykowski 1981). Factors that
may influence these movements are many and involve biotic
factors such as the normal life history of the insect, its
host range and preferences, the availability of these hosts
and their status as disease reservoirs, and physical factors
of the environment (Carter 1961).

P. irroratus is not known to be involved in long
distance, migration type movements, although P. irroratus
adults have been trapped in low numbers at altitudes of
137.2 m (450 ft) (Osborn 1932) and more than 14.5 km (9 mi)
from land (Sterns & MacCreary 1938). Examples of
leafhoppers which do migrate over long distances include the
aster or six-spotted leafhopper, Macrosteles fascifrons
(Stal), a vector of aster yellows (Chiykowski & Chapman
1965, Drake & Chapman 1965, Nichiporick 1965), the beet
leafhopper, Circulifer tenellus (Baker), the principle

vector of curly top virus (Severin 1933, Dorst & Davis 1937,
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Lawson et al. 1951), and the potato leafhopper, FKmpoasca
fabae (Harris), a major pest of such crops as potatoes,
soybeans and alfalfa (Glick 1960, Pienkowski & Medler 1964).

Local insect movement, which usually includes
dispersal, often involves a systematic daily or seasonal
oscillation between areas, not unlike the human activity of
commuting (Taylor 1985). Studies on adult feeding and
ovipostion of S. acutus, the major vector of X-disease in
Connecticut, indicate the adults mature on wild hosts, fly
to peach trees to feed, and then return to wild herbaceous
hosts to oviposit (McClure 1980a). This "commute", if
occurring daily, would significantly affect transmission of
any leafhopper-borne pathogen.

Dispersal of insects is known to be influenced by
meteorological conditions (Taylor 1985). Dispersal behavior
of leafhoppers has been studied using mark and recapture
techniques for both the western X-disease vector Collodonus
montanus Van Duzee (Purcell & Suslow 1982) and the blueberry
stunt disease vector Scaphytopius magdalensis (Provancher)
(Whitney & Meyer submitted). Mark and recapture movement
data allow application to an insect dispersal model
(Taylor 1978) and can alsoAQiJe absolute population

estimates (Southwood 1978).

Conclusion
Knowledge of the temporal and spacial distribution and

dispersal patterns of P. irroratus, the suspected major
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vector of X-disease in Michigan, is needed. This research
attempts to quantify local movement, such as daily
distributions and host preferences in the orchard, and
dispersive movement of P. irroratus. With this information,
evaluation of established control procedures will help in

the development of new X-disease management strategies.
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Introduction

The X-disease research effort of the current stone
fruit decline project (USDA grant no. 85-CRSR-2-2551)
requires up-to-date field monitoring of the abundance of X-
disease vector leafhoppers and chokecherry. These data are
needed to aid in assessing year to year variation in X-
disease and leafhopper incidence, evaluating established
control procedures and in developing new X-disease
management strategies.

Past research (Taboada et al. 1975, Rosenberger 1977,
Rosenberger & Jones 1978) has demonstrated that at least
nine species of leafhoppers (Homoptera:@ Cicadellidae) that
occur in Michigan are vectors of X-disease. Paraphlepsius
irroratus (Say) is the most common known vector of X-disease
in Michigan peach and cherry orchards (Taboada et al. 1975,
Rosenberger 1977). 1t is also the most efficient vector in
greenhouse tests (Rosenberger & Jones 1978). Both
P. irroratus and Scaphytopius acutus (Say) are bivoltiine in
Michigan, with the two periods of adult activity being late
June to July and late September to October (Taboada et al.
1975).

Michigan Department of Agriculture (MDA) annual peach
surveys indicate the incidence of X-disease has increased in
peach orchards of southwest Michigan during the past several
years. Chokecherry as an alternate host of X-disease

(Gilmer et al. 1954) is considered the major source of X-
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disease inoculum outside the orchards. For this reason, MDA
X-disease regulation No. 612 requires the removal of all
chokecherry within 500 ft of peach and cherry orchards.

X-disease is a major peach disease problem in
southwestern lower Michigan, but has not been a severe
problem north of Kent County. Many factors may be limiting
the distribution of X-disease. Past monitoring of X-disease
in Michigan (Taboada et al. 1975, Rosenberger 1977, Mowry
1982) has not been done north of the Peach Ridge area on a
regular basis. About 58% of Michigan’s peach acreage is
located in Berrien and Van Buren Counties (Fedewa & Pscodna
1982), and these are the counties hardest hit by X-disease
(Robinson 1985).

The leafhopper monitoring reported here was a survey of
the entire southern Michigan stone fruit belt. The
objectives of this survey were to determine how the
abundance and distribution of X-disease vector leafhoppers
and symptomatic chokecherry differ temporally and spatially

throughout the west coast of Michigan.

Materials and Methods
Field Season and Research Sites
During the 1985 and 1986 field seasons, traps were
placed in the field during the first week of May.
Monitoring occurred weekly in 1985 and biweekly in 1986 and
ended ca. November 15 after several hard frosts and the

first snow.
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Five sites were monitored in 1985 and six sites in 1986
(Table 1). All sites were located in Michigan’s lower
penninsula (Fig. 1). Weather data such as temperature and
the resulting degree day accumulations for each site were
obtained from the M.S.U. Cooperative Crop Monitoring Service
(CCMS) using agricultural weather observation stations

located at or near each field site (Table 1).

Symptomatic Chokecherry Survey

The abundance of wild sources of X-disease inoculum in
Michigan was surveyed by biweekly monitoring of chokecherry.
In 1986, a 8 km route leaving each field site along two lane
roadways was selected and all chokecherry clumps or
individual bushes visually observed exhibiting X-disease
symptoms were counted. The average number of symptomatic

chokecherry/km was then calculated for each site.

X-disease Vector Leafhopper Survey

The abundance and distribution of known X-disease
vector leafhoppers were monitored. In 1985, monitoring was
performed weekly at the Lawrence, Hartford, Fennville,
Clarksville, and East Lansing sites. In 1986, monitoring
was performed biweekly at the Lawrence, Bainbridge Center,
Fennville, Walkerville, Manistee, and Northport sites.

Monitoring was performed with yellow sticky board traps
and by sweep net sampling. Six yellow sticky board traps
were hung at each site ca. 1.5 m above the orchard

groundcover. The traps were 12.5 x 25 cm made of 0.25 in
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Fig. 1. The field sites monitored for leafhopper vectors
of X-disease during 1985 and 1986, and monitored for the
appearance of symptomatic chokecherry during 1986.
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plywood and painted with sun yellow enamel (Benjamin Moore &
Co., Montvale, NJ) and coated with Tree Tanglefoot™ (The
Tanglefoot Company; Grand Rapids, MI). These traps were
replaced each visit to the site and returned to the lab for
examination and removal of captured leafhoppers. Sweep net
samples were taken frqn different areas in and around each
orchard site. Four sweep samples were taken, each
consisting of 25 sweeps with a 37.5 cm dia net. Each sweep
was ca. a 1.5 m pass through the groundcover foliage. The
sweep samples were deposited in plastic bags, placed in a
cooler for transport back to the laboratory, and then frozen
at -20° C in the lab to kill all insects. Sorting,
leafhopper identification to species, and counts of

abundance and sex took place in the laboratory.

Results

Field Season

During 1985, temperature effects as measured by degree
day accumulations (Baskerville & Emin 1969) was similiar at
all sites (Fig. 2). The 1986 total accumulations are
similiar to the 1985 total accumulations for both the
Lawrence and Fennville sites. Generally higher temperatures
were experienced in both mid-July and early-October of 1986.
The difference in total degree day accumulation between the
Northport (1820 DD) and Lawrence (2585 DD) sites was
dramatic, where an average accumulated difference of 765 DD

was realized. Average accumulated degree days showed a 478
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DD difference between the average of northwestern (1980 DD)

and southwestern (2458 DD) weather stations (Fig. 3).

Symptomatic Chokecherry Survey

During 1986, chokecherry exhibiting symptoms of X-
disease were first observed in southwestern lower Michigan
in late-June and in northwestern lower Michigan in mid-July
(Fig. 4). By early September, up to six symptomatic
chokecherry/km were visually evident. This delay in symptom
expression between southwest and northwest is similiar to

the mean degree day accumulation for those areas.

Vector Leafhopper Survey

Leafhopper populations were about five times greater in
1985 than in 1986 (Fig. 5). Although the generations peaked
at different dates in 1985 and 1986, the peaks did occur at
approximately the same number of accumulated degree days
(Fig. 6). Differences in X-disease vector leafhopper
density occurred both between field sites (P<0.05, LSD test
of data)(Fig. 7) and between 1985 and 1986 field seasons
(P>0.05, ANOVA).

Representatives of all leafhopper species known to
vector X-disease in Michigan were found during both the 1985
and 1986 field seasons. Only four of these, P. irroratus,
S. acutus, C. clitellarius, and N. seminuda were present in
numbers greater than 1% of all the known vector leafhoppers

captured (Table 2). The relative abundance of these
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areas of lower Michigan in 1986.
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Fig. 5. Mean number of X-disease vector leafhoppers
captured by yellow board traps and in sweep nets over time
in 1985 and 1986 at all sites.
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Table 2. Total number of X-disease vector leafhoppers
captured by yellow sticky board traps and sweep nets, and
percent relative abundance of each found in Michigan for

both 1985 and 1986 field seasons.

1985 1986
Species Total % of total Total %X of total
P. irroratus 1790 72.47 278 60.57
S. acutus 529 21.42 144 31.37
C. clitellarius 20 0.81 17 3.70
N. seminuda 92 3.72 5 1.09
Scaphoideus spp. 23 0.93 4 0.87
F. florii 2 0.08 3 0.65
0. ishidae 1 0.04 4 0.87
G. lamina 13 0.53 4 0.87

Totals 2470 459
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leafhoppers in the field during 1985 and 1986 was
P. Iirroratus: 73.1%, S. acutus: 22.0%, C. clitellarius:
1.5%, and N. seminuda: 3.4%.

Some sites supported larger populations of these
vectors than others (Fig. 8, Table 3). P. irroratus was
very .common in the East Lansing, Lawrence, Hartford, and
Fennville sites. S. acutus was found easily at the Hartford
site and in good numbers in Lawrence and Fennville.

C. clitellarius was found most commonly at the Manistee
site, while N. sewinuda was found easily in East Lansing and
often in Fennville, but was not found at or north of
Walkerville.

Yellow sticky board traps captured 90.3% of all known
X-disease vector leafhoppers captured during 1985 and 1986.
There was no significant difference in this monitoring
method capture rate between the two generations (P>0.05,
ANOVA). The sex ratio of P. irroratus leafhoppers did not
significantly differ between the yellow board trap and sweep
net monitoring methods (Fig. 9), with male leafhoppers
accounting for 65% of the captures on yellow sticky board
traps, and 42% of the captures in sweep nets. There was no
significant difference in this captured leafhopper sex ratio

between the two generations (P>0.05, ANOVA).

Discussion
The similarity of the degree day accumulations during

1985 was due to the concentration of all 1985 field sites in
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Table 3. Number of X-disease vector leafhoppers captured at

each field site during 1985 and/or 1986.

Species

Site P. irroratus S. acutus C. clitellarius N. seminuda
FE E E F F F 1 3 2 3 I 1t i1ttt it ittt i it ittt 1t it it ittt
Bainbridge Centerc 40 21 2
Clarksville® 101 45 3 3
East Lansing® 641 19 4 45
Fennville?® 217.5 94.5 3.5 13.5
Hartford® 276 145 5 3
Lawrence?® 244 96 1.5 8.5
Manisteec 39 17 12

Northportc 2 23
Walkervillec 46 22 2

Totals 1606.5 482.5 32.0 75.0
Means 178.5 53.6 3.6 8.3
X of total 73.1 22.0 1.5 3.4

aaverage of 1985 and 1986 data.
21985 data.
€1986 data.
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the southwestern and central lower penninsula. The 1986
sites had greater latitude differences from south to north
and a corresponding decrease in degree day accumulation with
distance north.

The two week lag in degree day accumulation probably
explains the delay in chokecherry development and X-disease
symptom expression. The presence of chokecherry along
roadways indicates that many bushes are not being eradicated
per MDA regulations and therefore may once again be serving
as a major alternate host of X-disease pathogen.

Of all the known species of X-disease vector
leafhoppers found present in 1985 and 1986, only four seem
to be common enough to warrant our attention unless one of
the rare species is found to have a very high MLO infection
rate or its feeding behavior predisposes it to transmit more
frequently. P. irroratus is still the most common vector
leafhopper in Michigan, representing 73% of the total number
caught, with S. acutus second most common at 22X. This
confirms the earlier work by Taboada et al. (1975) and
Rosenberger (1977) that P. irroratus is the most numerous X-
disease vector in Michigan. The graphical evidence (Figs.
5, 6 & 7) that X-disease vectors are bivoltine is largely
influenced by the two generations of P. irroratus, which
constitutes the largest portion of the vector population.
Further work on the number of generations of other vector
species found in Michigan would help to clarify this

observation.
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Distributions of leafhopper populations was influenced
by sample location in the state. P. irroratus was commonly
found in the southwest and central sites. Since the second
generation of P. Jirroratus occurs at degree day
accumulations greater than 2200 DD (Fig. 7), areas that do
not reach this degree day accumulation probably do not have
a second generation. This is most likely the reason why
P. irroratus is rare in Leelanau County, where less than
1900 DD (base 50) were accumulated in 1986, and only in
exceptional years are more than 2000 DD accumulated (CCMS
data).

C. clitellarius was found in significant numbers only
at the Manistee site, and thus may be an important vector in
that area. Since the most common vector leafhopper found in
Leelanau County was S. acutus, but at a low density when
compared with other sites, the ch<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>