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ABSTRACT
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J.-G., and Garnier, M. 2003. “Candidatus Phlomobacter fragariae” is the
prevalent agent of marginal chlorosis of strawberry in French production
fields and is transmitted by the planthopper Cixius wagneri (China).
Phytopathology 93:644-649.

Marginal chlorosis has affected strawberry production in France for
about 15 years. A phloem-restricted uncultured bacterium, “Candidatus
Phlomobacter fragariae,” is associated with the disease. A large-scale
survey for marginal chlorosis in French strawberry production fields and
nurseries by polymerase chain reaction amplification of “Ca. P.
fragariae” 16S rDNA revealed that symptoms of marginal chlorosis were

not always induced by “Ca. P. fragariae” and that the stolbur phyto-
plasma could induce identical symptoms. “Ca. P. fragariae” was found to
be predominant in strawberry production fields, whereas the stolbur
phytoplasma was predominantly detected in nurseries. Two transmission
periods of the disease, one in spring and the other from late summer to
early fall, were evident. Cixius wagneri planthoppers captured on in-
fected strawberry plants were demonstrated to be efficient vectors of “Ca.
P. fragariae.” The involvement in natural disease spread of the whitefly
Trialeurodes vaporariorum, previously shown to acquire and multiply
“Ca. P. fragariae” under greenhouse conditions, remains uncertain.

Additional keyword: proteobacteria.

Phloem-restricted and unculturable pathogens such as phyto-
plasmas and bacterialike organisms have been reported worldwide
as being associated with several diseases of strawberry plants
(21). Phytoplasmas form an important group of plant pathogens
now phylogenetically characterized by 16S rDNA sequences into
14 to 20 taxonomic groups in the class Mollicutes (19,27).
Thirteen different phytoplasmas are known to infect strawberry
plant. Phytoplasmas belonging to six subgroups within the aster
yellows group (16Srl) have been reported to induce strawberry
multiplier-like, strawberry stunting diseases in Florida, strawberry
green petal and phyllody in North America and Europe, and more
recently, strawberry phylloid fruit in West Virginia (2,11,12,14,
16). In New Zealand, the Phormium yellow leaf phytoplasma,
closely related to “Candidatus Phytoplasma australiense”
(16SrXII-B group) (24) was found to be associated with straw-
berry lethal yellows (1), whereas in France, the stolbur phyto-
plasma (16SrXII-B subgroup) was reported to occasionally infect
strawberry plants (4). Five other phytoplasmas belonging to sub-
groups 16SrIII-B, 16SrIII-K, 16SrIV-A, 16SrIV-B, and 16SrXIII-
B were also found to induce stunting, chlorosis, and flower abnor-
malities (11,13,15-18). In Australia, in addition to a phytoplasma
not phylogenetically characterized, a walled bacteriumlike organ-
ism was observed in diseased strawberry (11). Remission of
symptoms was obtained after penicillin treatment and thus con-
firmed the bacterial nature of the agent. In France, strawberry
production has been severely affected by marginal chlorosis for
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more than 15 years. A bacteriumlike organism was found in the
sieve elements of affected plants (23). Because this bacterium has
resisted in vitro cultivation, 16S rDNA was cloned and sequenced
and the bacterium was shown to be a candidate as a new genus
and species to be included in the gamma subdivision of Proteo-
bacteria and was named “Candidatus Phlomobacter fragariae”
(30). For field diagnosis, a polymerase chain reaction (PCR) test
was developed to specifically amplify part of the “Ca. P. fragariae”
16S rDNA from affected strawberry plants (30). Because all
known phloem-restricted prokaryotes are transmitted by homop-
teran insects (leafhopper, planthoppers, or psyllids), a search for
“Ca. P. fragariae”-infected homopteran insects was carried out.
Because the 16S PCR test resulted in cross-reactions with insect
endogenous proteobacteria, a new PCR based on the amplification
of a less conserved gene (spoT) was developed (3). spoT amplifi-
cation followed by restriction fragment length polymorphism
(RFLP) analyses was used to detect “Ca. P. fragariae” in field-
collected homopteran insects. From 1994 to 2000, no insect was
found infected with the proteobacterium, whereas whiteflies pro-
liferating on infected strawberry plants in the greenhouse acquired
and multiplied the bacterium (3).

In France, strawberry production fields are located in the south-
western part of the country and most nurseries are located in the
Loire Valley, in the northwest. After a first propagation of in vitro
stock plants, nurseries establish mother plants in the spring for
harvest in the fall and summer planting in production fields after
storage at 0°C for several months. Typical marginal chlorosis
symptoms can be observed in the fall in nurseries, affecting a
small percentage of the plants. Diseased plants are eradicated by
nursery workers before runners are harvested. Production fields
are generally established in early summer under small or large



plastic tunnels, and remain in production for 1 to 3 years. Margi-
nal chlorosis has been reported in strawberry production fields
with an incidence of a few plants to nearly 100% of plants in
some production tunnels. Results are presented from surveys
undertaken from 1996 on the incidence and dissemination of mar-
ginal chlorosis of strawberry in nurseries and production fields.
This study demonstrates that the disease can be induced by two
different phloem-restricted bacterial pathogens with different geo-
graphical distribution. It also demonstrates that “Ca. P. fragariae”
is efficiently transmitted by the planthopper Cixius wagneri
(China) whose populations are highly variable from year to year.
The involvement of the whitefly Trialeurodes vaporariorum
(Westwood) in natural spread remains uncertain, even though T.
vaporariorum was previously shown to acquire and multiply “Ca.
P. fragariae” under greenhouse conditions.

MATERIALS AND METHODS

Plant material. Healthy strawberry (Fragaria xananassa
Duch) plants were produced by meristem tip culture and in vitro
propagation. Strawberry plants infected with “Ca. P. fragariae”
were taken from strawberry fields in 1995 and maintained as
reference plants in a greenhouse kept at 25°C during the day and
20°C at night; they were continually propagated from infected
runners. Symptomless and marginal chlorosis-affected plants were
collected from various areas in France. Healthy periwinkle
(Catharanthus roseus L.) plants were produced from seeds.

Insects. In 2001 (April to October), insects were collected from
strawberry growing areas with a D-Vac aspirator. They were
recovered with a mouth aspirator, separated according to species,
and either tested immediately or kept at —25°C for later testing.
Insects were identified using taxonomy handbooks for plant-
hoppers, leathoppers (9,25,26), and whiteflies (20). Identification
of Cixius wagneri was reviewed by T. Bourgoin (homopteran
expert from the French National Museum of Natural History).

Extraction of DNA from plants and insects. Nucleic acids
were extracted from strawberry plants as described by Gawel and
Jarret (8). DNA was extracted from individual insects or batches
of 5 to 10 insects according to their size and to the number
captured using the same procedure.

PCR amplification of “Ca. P. fragariae.” Primers Fra4 (5'-
CTCCTCTGTCTCTAAAGG-3') and Fra5 (5'-AGCAATTGACA-
TTAGCGA-3') from the 16S rDNA sequence of “Ca. P. fragariae”
were used for amplification of DNA extracted from strawberry
plants under the following conditions: 35 cycles of 1 min at 92°C,
1 min at 52°C, and 1 min at 72°C. The amplified DNA was
visualized by electrophoresis on 1% agarose gels by standard
procedures. spoT PCR-RFLP was carried out as described previ-
ously (3). The spoT amplicon obtained from Cixius wagneri DNA
extracts was directly sequenced by automated fluorescent se-
quencing and compared with the previously published “Ca. P.
fragariae” spoT amplicon (3) (GenBank Accession No. AF191253).

Detection of the stolbur and aster yellows phytoplasmas.
The stolbur phytoplasma was detected by immunofluorescence as
described previously (5) or by PCR according to Maixner et al.
(22). Aster yellows-type phytoplasmas were detected by amplify-
ing part of the 16S and 16S-23S spacer regions using P1 and
AYint primers (28).

Natural transmission assessments. In an experiment repeated
for 3 years (1994 to 1996), 50 potted healthy strawberry plants
(cv. Elsanta) and 50 healthy periwinkle plants (cv. Cooler) were
introduced into a strawberry production tunnel in which high
incidence of marginal chlorosis had been observed the previous
year. They were replaced every 15 days from 1 April to 15 Oc-
tober with 50 new strawberry and periwinkle plants. Plants from
each batch (i.e., 1,300 plants) were kept in an insect-proof green-
house for at least 6 months before being examined for symptoms
and being tested for “Ca. P. fragariae” by PCR.

In 1998, 200 pots of healthy strawberry plants and 200 pots of
healthy periwinkle plants were exposed next to a tunnel from
April to October and then kept and tested as described previously.
Finally, in 1999 to 2000, batches of 84 healthy strawberry plants
were exposed throughout the growing season for 5-week periods
in a tunnel with an annual plantation established in July and
removed in May.

Transmission of “Ca. P. fragariae.” In May 2001, adult plant-
hoppers Cixius wagneri were taken from annual strawberry plant-
ings displaying about 10% marginal chlorosis and caged until
death on healthy strawberry plants. DNA was then extracted from
the dead planthoppers individually and tested by spoT-PCR-RFLP
for the presence of “Ca. P. fragariae.” The plants used in the
transmission experiments were treated with insecticide and kept in
an insect-proof greenhouse.

Transmission experiments with whiteflies. In spring 1999,
about 360 healthy strawberry plants were planted in three large
tunnels made of insect-proof nylon screen. In tunnels A and B, 38
“Ca. P. fragariae”-infected strawberry plants were planted alter-
nately with healthy strawberry plants. In February to March of
each year, all tunnels were treated with insecticide. The infected
strawberry plants that died during the growing season were re-
placed in order to maintain good inoculum levels. Healthy tobacco
plants carrying whiteflies (7. vaporariorum) were introduced
twice during three consecutive springs to tunnel A. Tobacco plants
were not watered so the insects would move to strawberry plants.
In October 2000 and 2001, all strawberry plants were examined
for symptoms and tested for “Ca. P. fragariae” infection by 16S
rDNA PCR.

RESULTS

Survey of French nurseries and production fields for mar-
ginal chlorosis and “Ca. P. fragariae.” More than 500 straw-
berry plants were collected between November 1996 and Novem-
ber 2001 from 30 different strawberry production fields and 23
different nurseries. Most plants showed characteristic marginal
chlorosis symptoms (23), but some had atypical symptoms such as
stunting or interveinal chlorosis. Strawberry fields located in
southwestern France (Dordogne, Lot, and Lot et Garonne) ac-
counted for half of the French strawberry fruit production, the
other half being produced in southeast (Gard) and western France
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Fig. 1. Agarose gel electrophoresis of amplification products obtained with
“Candidatus Phlomobacter fragariae” primers A, Fra4/Fra5 and B, fStol/rStol
on DNA extracted from symptomless strawberry plants (lanes 1 and 12) and
from 10 strawberry plants showing marginal chlorosis symptoms (lanes 2 to
11). Lanes 1 to 6 correspond to plants collected from production fields, and
lanes 7 to 12 correspond to plants collected from nurseries. M, molecular
size markers: A, 1-kb (Invitrogen, Cergy Pontoise, France) and B, 1-kb (MBI
Fermentas, Vilnius, Lithuania).
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(Finistere, Loir et Cher, and Loire Atlantique). Nursery fields are
located principally in western France (Loir et Cher, Maine et
Loire, Sarthe, and Finistere) with only a few in southwestern
France (Gironde, Landes, Lot, and Lot et Garonne). When tested
by PCR with primers Fra4/Fra5 which are specific for “Ca. P.
fragariae” 16S rDNA, 183 of the 260 symptomatic strawberry
plants from the fruit production fields gave a positive reaction.
Surprisingly, only 17 of the 247 nursery plants tested positive. We
thus looked for other pathogens in the symptomatic nursery plants.
Because phytoplasmas infect strawberry plants (21), we first
looked for the presence of the stolbur phytoplasma, which we
knew from previous work occasionally was present in strawberry
plants in southwestern France (4). An immunofluorescence reac-
tion with MA 2A10, specific for the stolbur phytoplasma (5), gave
a strong positive reaction with nursery strawberry plants showing
marginal chlorosis. We then retested all our strawberry DNAs
with primers fStol/rStol (22), which are specific for the stolbur
phytoplasma 16S rDNA. A total of 126 nursery plants and 10
plants from the production fields gave positive reactions. As an
example, Figure 1 (lanes 2 to 11) shows the results of PCR ampli-
fication with primers Fra4/Fra5 (Fig. 1A) and primers fStol/rStol
(Fig. 1B) on DNA extracted from 10 strawberry plants showing
marginal chlorosis symptoms. Samples coming from strawberry
production fields (Fig. 1, lanes 2 to 6) were positive for the
550-bp PCR product indicating “Ca. P. fragariae” infection,
whereas the stolbur phytoplasma 16S rDNA 570-bp amplicon was
obtained from the nursery samples (Fig. 1, lanes 7 to 11). No am-
plification was obtained with symptomless field or nursery straw-
berry plants (Fig. 1, lanes 1 and 12, respectively). These results
showed that “Ca. P. fragariae” is predominant in strawberry pro-
duction fields in western France (Fig. 2, left), whereas the stolbur
phytoplasma is found essentially on nursery plants (Fig. 2, right).
When characteristic symptoms were present, 80.6% of the straw-
berry plants from production fields were positive for “Ca. P.
fragariae” and 4.2% were positive for the stolbur phytoplasma,
whereas in nurseries, 67.3% of the plants were positive for stolbur
phytoplasma and 8% of the plants were positive for “Ca. P.

fragariae.” In production fields, 18.6% of the plants with atypical
symptoms tested positive for “Ca. P. fragariae” and none were
found infected by the stolbur phytoplasma, whereas in nurseries,
29.4% of such plants were positive for the stolbur phytoplasma
and 4.7% were positive for “Ca. P. fragariae.” Five plants with
petal virescence symptoms from a production field in Loir et Cher
in 2000, were found infected with an aster yellows-type phyto-
plasma when tested with aster yellows specific PCR primers.
Finistere and Loire Atlantique were the only two areas where no
characteristic marginal chlorosis symptoms were observed, and
neither pathogen was detected.

Evidence for natural transmission of “Ca. P. fragariae” by
an aerial vector. Transmission experiments were performed to
determine whether “Ca. P. fragariae” was transmitted to straw-
berry plants in production tunnels by an aerial vector or entered
tunnels as infected nursery plants. Of the 650 healthy strawberry
plants exposed for 15-day periods during 1996 within a tunnel in
which a high incidence of marginal chlorosis was observed the
preceding year, only one plant developed characteristic symptoms.
None of those exposed in 1995 and 1997 became symptomatic.
When tested by PCR with primers Fra4/Fra5, the “Ca. P.
fragariae”-characteristic 550-bp band was obtained from the
symptomatic strawberry plant that had been exposed from 15 to
30 May and showed symptoms on 1 October. None of the peri-
winkle bait plants exposed under the same conditions developed
symptoms.

When plants were exposed for 7 months outside of the straw-
berry production tunnels, 20 of 200 strawberry plants developed
symptoms and tested positive for “Ca. P. fragariae.” Some of the
periwinkle plants also developed symptoms, but none gave a
positive result with primers Fra5/Fra4. PCR with phytoplasma
universal primers followed by RFLP showed the periwinkle symp-
toms to be the result of a phytoplasma infection (data not shown).
In 1999 to 2000, batches of 84 strawberry plants were exposed
within a production tunnel and renewed every 5 weeks from the
August 1999 planting until termination of the experiment in June
2000. The results presented in Figure 3 indicate that there were
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Fig. 2. Incidence of “Candidatus Phlomobacter fragariae” and stolbur phytoplasma as agents of strawberry marginal chlorosis in strawberry production fields
(left) and nurseries (right) in France. Numbers in circles indicate the number of strawberry plants assayed from 1996 to 2001. Results for the main areas of
strawberry and plant production are represented in large circles. Small circles represent minor production areas for which only one or two farms were surveyed.
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two transmission periods, one between August and November and
the other between the middle of April and the end of May.

Natural infection of Cixius wagneri by “Ca. P. fragariae”
and experimental transmission. During the spring of 2001, a
survey of the homopteran insects present in the strawberry pro-
duction fields in which natural transmission was observed in 1999
to 2000 was carried out. Symptoms were observed on approxi-
mately 10% of the strawberry plants, including adult plant-
hoppers, later identified as Cixius wagneri. Cixius wagneri insects
feeding on diseased plants, previously shown to be infected with
“Ca. P. fragariae,” were captured in May and June 2001 and caged
on healthy strawberry plants to determine transmission of the
disease (Table 1). Throughout the transmission period, dead in-
sects were collected and tested individually for “Ca. P. fragariae”
infection using spoT-PCR. As illustrated in Figure 4A and Table 1,
the 895-bp spoT amplicon was obtained with the majority of
insect DNA extracts. Results indicated that 71 to 87% of the
planthoppers were infected with “Ca. P. fragariae.” Amplicon ob-
tained from two insect DNA extracts were sequenced. Sequences
were 99.8% identical (845 out of 847 nucleotides) to that of “Ca.
P. fragariae” established in 1997 from the bacterium in planta (3).
In addition, 16 strawberry plants exhibited typical symptoms of
marginal chlorosis after 2 months and 12 were positive by 16S-
PCR as illustrated for some of the strawberry plants in Figure 4B.
In September and October 2001, Cixius wagneri individuals were
captured in two strawberry fields established in July in Dordogne
and Lot et Garonne, respectively. Nineteen of the forty-six Cixius
wagneri captured (41%) were positive with the spoT-PCR but no
marginal chlorosis symptoms were observed at that time; how-
ever, symptoms did develop in November and all the symptomatic
plants were positive by PCR with primers Fra4/Fra5.

Evaluation of whiteflies 7. vaporariorum as a vector of “Ca.
P. fragariae.” Previous study has shown that the whitefly T.
vaporariorum acquired “Ca. P. fragariae” (3). Whiteflies were
grown in cages containing “Ca. P. fragariae”-infected strawberry
plants. We found that offspring were difficult to obtain from dis-
eased plants and few insects were produced. Thus, healthy straw-
berry plants were introduced into the cages for at least 2 months.
None of the introduced healthy plants developed marginal
chlorosis.

In September 2001, about 2,000 whiteflies were captured in the
strawberry fruit production farm from which infectious plant-
hoppers had been found previously. Twenty batches of 50 white-
flies were tested by spoT-PCR followed by RFLP analyses. None
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Fig. 3. Strawberry marginal chlorosis transmission period as determined by
exposure of strawberry plants to natural contamination in annual plantings
(1999 to 2000).

of the whitefly batches gave the “Ca. P. fragariae” characteristic
RFLP pattern. The remaining 1,000 whiteflies were caged on five
healthy strawberry plants. None of the plants developed marginal
chlorosis symptoms up to 8 months after being exposed to
whiteflies.

Finally, because the proportion of whiteflies able to acquire
“Ca. P. fragariae” in a production environment was expected to be
very low since these insects are rarely observed on symptomatic
strawberry plants, large-scale experiments were established in
spring 1999 under three tunnels. Tunnels A and B contained both
healthy and “Ca. P. fragariae”-infected strawberry plants. In
tunnel A, whiteflies had been delivered as described previously.
Tunnel C contained only healthy strawberry plants. In October
2000, no symptoms were observed on the healthy strawberry
plants of tunnels B and C. In tunnel A, 24 strawberry plants had
marginal chlorosis symptoms and were infected with “Ca. P.
fragariae” as determined by 16S PCR. By October 2001, two
additional strawberry plants in tunnel A were affected and eight
additional strawberry plants in tunnel B were infected.

A search for homopteran insects in the tunnels was carried out
in July and October 2001. In addition to the whiteflies present in
tunnel A, Cixius wagneri adults were found in all tunnels. Of the
4, 6, and 26 planthoppers collected from tunnels A, B, and C, re-

TABLE 1. “Candidatus Phlomobacter fragariae” transmission using field-
collected Cixius wagneri

No.of  No. of straw- No. of PCR-
No. of PCR- berry plants positive
Exp. assayed  Transmission positive exhibiting strawberry
no. insects period?® insects symptoms plants®
I 23 7 days (19 days)  20/23 10/12 9/12
I 14 6 days (14 days) 10/14 6/7 3/7

2 Time for which half of the insects were still alive; Numbers in parentheses
indicate the time at which the last insect died.
b Tested by 16S (Fra4-Fra5) PCR amplification.
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Fig. 4. A, spoT polymerase chain reaction (PCR) amplification using field-
collected Cixius wagneri planthoppers and B, 16S PCR (Fra4/Fra5) amplifi-
cation using strawberry plants exposed to field-collected Cixius wagneri. A,
PCR amplification from water (lane 1), DNA extracted from “Candidatus
Phlomobacter fragariae”-infected strawberry plant (lane 2), healthy straw-
berry plant (lane 3), and field-collected Cixius wagneri (lanes 4 to 11). B,
PCR amplification from the DNA of healthy strawberry (lane 1), water (lane
2), and DNA from strawberry plants 2 months after exposure to batches of
field-collected Cixius wagneri (lanes 3 to 9). M, 1-kb DNA ladder
(Invitrogen, Cergy Pontoise, France).
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spectively, in July and October 2001, only 3 of them were infected
by “Ca. P. fragariae” as determined by spoT-PCR and RFLP
testing; one insect was collected in July 2001 from tunnel B and
the other two were collected from the control tunnel (tunnel C).

DISCUSSION

Marginal chlorosis symptoms can be induced by two different
pathogens, “Ca. P. fragariae” and the stolbur phytoplasma; how-
ever, the symptoms are not distinguishable. Using specific detec-
tion methods developed for each of the two pathogens, we show
that “Ca. P. fragariae” predominated in the southwestern French
strawberry production fields (Dordogne, Gironde, Lot et Garonne,
and Lot), but also was present in the southeastern (Gard) and
western (Loir et Cher) regions. In nurseries, “Ca. P. fragariae” had
a very low incidence in Loir et Cher, Maine et Loire, Sarthe, and
Gironde. In these areas, most of the marginal chlorosis observed
in the nurseries was due to the stolbur phytoplasma. These results
indicate that either “Ca. P. fragariae” is not transmitted or is
poorly transmitted at the time when nursery plants are present in
the field (i.e., from April to December), or that the vector is not
present in the areas where the nurseries are. The few stolbur-
infected plants found in production fields could be explained by
the efficient removal of the stolbur-infected nursery plants per-
formed by the nursery attendants before harvesting. Indeed, af-
fected plants are prominent in nursery rows with stunting and
reddening of old leaves (23). In addition, those escaping eradica-
tion have poor root systems and do not grow well when planted in
production fields, where they are immediately replaced. Thus,
stolbur-infected plants that are found in production fields are
likely the result of natural transmission by the major planthopper
vector of the stolbur phytoplasma, Hyalesthes obsoletus, a poly-
phagous insect known to be present to transmit the phytoplasma
from July to middle August (4).

To date, “Ca. P. fragariae” has been reported only in France. A
strawberry-associated bacteriumlike pathogen was described in
Australia more than 20 years ago when no taxonomic characteri-
zation methods were available (10). However, the symptoms
(interveinal chlorosis) associated with this pathogen were different
from those induced by “Ca. P. fragariae.” The natural vector of the
Australian bacterium was not identified.

In the present paper, we show that natural transmission of “Ca.
P. fragariae” to strawberry plants occurred in production fields
after summer planting and during the spring, when infectious
Cixius wagneri planthoppers are present. We experimentally
demonstrated efficient transmission of “Ca. P. fragariae” by this
planthopper to strawberry plants.

Planthoppers are vectors of phloem-restricted bacterial patho-
gens such as phytoplasmas (4,29), but had not been reported as
vector of proteobacteria until recently. Indeed, the cixiid plant-
hopper Pentastiridius beieri has been shown to be the vector for
the bacterium associated with the syndrome “basses richesses”
(SBR) of sugar beet in Burgundy (eastern France) (6). Interest-
ingly, this bacterium is phylogenetically very closely related to
“Ca. P. fragariae.” Furthermore, P. beieri can also transmit the
stolbur phytoplasma to sugar beet in which the phytoplasma pro-
duces symptoms indistinguishable from those of SBR (7).
Whether marginal chlorosis of strawberry and SBR of sugar beet,
two diseases that developed simultaneously in two areas of
France, are caused by the same bacterium will be investigated.

Finding infected Cixius wagneri in strawberry fields in the
spring and fall of 2001, the two periods during which transmission
by an aerial vector was demonstrated, supports the conclusion that
Cixius wagneri is the major vector of “Ca. P. fragariae.” However,
because this insect had been very rarely captured from 1994 to
2000 during an extensive homopteran insect inventory of straw-
berry fields (3), the implication of other vectors cannot be ruled
out. P. beieri was never captured in strawberry fields. Its ability to
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transmit “Ca. P. fragariae” to strawberry will be determined in
future studies as well as the ability of Cixius wagneri to transmit
the bacterium of SBR to sugar beet.

Little is known on the biology of Cixius wagneri, except that it
has been reported to be present on oak forest trees. Confirmation
of its ecological niche will allow us to determine the overwinter-
ing stage and to identify plant reservoirs of “Ca. P. fragariae.”
Preliminary testing of weeds around strawberry fields did not re-
veal infected plants (J. L. Danet, unpublished data), and the main
plant source of “Ca. P. fragariae” has yet to be identified. Cixius
wagneri mating could be observed when insects were caged on
strawberry plants, but the number of insect generations per year
remains to be determined. However, the presence of adults from
spring to fall suggests several insect generations per year. An
intensive survey for this insect and establishment of experimental
rearing conditions are needed to determine whether Cixius wag-
neri is able to reproduce on strawberry plants. Answering these
questions will help us to control the spread of strawberry marginal
chlorosis and to understand how it emerges.

No conclusions could be drawn from the experiments meant to
determine the ability of whiteflies to transmit “Ca. P. fragariae.”
Indeed, whiteflies collected in a strawberry farm in which a high
incidence of “Ca. P. fragariae” occurred were neither infected nor
infectious in our experiment, confirming previous results (3). The
natural spread of the disease observed in the experimental tunnels
in which whiteflies had been introduced was unfortunately im-
paired by the undesired presence of the planthopper vector in the
tunnels in 2001, hence the failure to keep the control tunnels free
of disease. During the last year of the experiment, the disease
spread at a higher rate in the tunnel in which no whiteflies were
delivered. Therefore, even though whiteflies acquired and multi-
plied “Ca. P. fragariae” under greenhouse conditions and a clear
increase of the disease was observed in the tunnel containing
whiteflies after the first year, we could not demonstrate that they
transmitted the bacterium. Thus, the involvement of whiteflies in
the natural spread of “Ca. P. fragariae” remains unknown.
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