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ABSTRACT

Bressan, A., Sémétey, O., Nusillard, B., Clair, D., and Boudon-Padieu, E. 2008. Insect vectors
(Hemiptera: Cixiidae) and pathogens associated with the disease syndrome “basses richesses” of
sugar beet in France. Plant Dis. 92:113-119.

The syndrome “basses richesses” (SBR) is a disease of sugar beet in eastern France associated
with two phloem-restricted, nonculturable plant pathogens: a stolbur phytoplasma and a y-3
proteobacterium, here called SBR bacterium. Three planthopper (Hemiptera: Cixiidae) species
were found to live near and within sugar beet fields in eastern France: Cixius wagneri,
Hyalesthes obsoletus, and Pentastiridius leporinus. The role of these planthoppers in spreading
the two pathogens to sugar beet was studied. Based on its abundance and high frequency of
infection with the SBR bacterium, P. leporinus was considered to be the economic vector of
SBR disease. C. wagneri, the primary vector of ‘Candidatus Phlomobacter fragariae’ to
strawberry in western France, also was found to be infected by the SBR bacterium and to
transmit the pathogen to sugar beet. Neither C. wagneri nor P. leporinus were infected by stolbur
phytoplasma. Populations of H. obsoletus living on bindweed (Convolvulus arvensis) and nettle
(Urtica dioica) collected near sugar beet fields did not carry the SBR bacterium, but were highly
infected with two restriction fragment length polymorphism-differentiable stolbur phytoplasma
isolates. In transmission assays, only the bindweed phytoplasma isolate was transmissible to and
pathogenic on sugar beet. When compared with controls, the bindweed stolbur phytoplasma and
SBR bacterium similarly reduced the biomass of sugar beet plants, but the phytoplasma caused

greater reductions in taproot biomass and sugar content than the SBR bacterium.

In contrast to the life history of many
hemipterous insects, planthoppers in the
family Cixiidae (Hemiptera: Fulgoromor-
pha) live for most of their life cycle as
immature stages on roots of host plants.
Adults live for only a few weeks, and
mated females do not oviposit eggs into
plant tissues but, rather, lay them in soil
close to host plant roots. In temperate re-
gions, most of these insects are reported as
univoltine (i.e., having one generation per
year), although often only partial informa-
tion on their life cycles is available.

In Europe, four planthopper cixiids —
Hyalesthes  obsoletus  Signoret, Pen-
tastiridius leporinus (Linnaeus), Reptalus
panzeri (Low, 1883), and R. quinque-
costatus (Dufour) — have been shown to
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transmit or to be infected by phytoplasmas,
a group of phloem-restricted plant-
pathogenic  bacteria (8,11,14,17,19,26).
Thus far, all phytoplasmas vectored by
these species are restricted to the stolbur
group (16SrXII-A) (6,16), which has been
proposed as ‘Candidatus Phytoplasma
solani’ (6). Phytoplasmas within the
stolbur group cause yellowing diseases to
several cultivated and wild plant species
(4,8,18). Recently, different stolbur phyto-
plasma isolates have been demonstrated to
be associated with different planthopper
cixiids and host plants (1,15). In particular,
Langer and Maixner (15) found that popu-
lations of H. obsoletus living on nettle
(Urtica dioica L.) or bindweed (Convolvu-
lus arvensis L.) were infected consistently
by distinct stolbur phytoplasma isolates,
designated by the authors as VKI for the
nettle isolate and VKII for the bindweed
isolate. In the case of grapevine yellows
associated with stolbur phytoplasma, dif-
ferent isolates seemed to play different
roles in disease epidemics, depending on
the geographic area (1,15,20).

In France, Cixius wagneri (China) has
been shown to transmit to strawberry a y-3
proteobacterium, ‘Candidatus Phlomobac-
ter fragariae’ (5,28), which is the main

pathogen causing the marginal chlorosis
disease of strawberry (5). P. leporinus has
been demonstrated to be a vector of a bac-
terium consistently associated with the
syndrome “basses richesses” (SBR) of
sugar beet (9,10) and thought to be the
main pathogen of SBR (24). The former
planthopper cixiid first was presumed to be
P. beieri (11); however, because of a lack
of clear taxonomic characteristics, it was
referred to in other previous literature as
Pentastiridius sp. (10,23-25). We recently
obtained morphological and molecular
evidence for its identification as P. lepori-
nus (unpublished). According to their 16Sr
DNA sequences, ‘Ca. Phlomobacter fra-
gariae’ and the SBR bacterium are closely
related y-3 proteobacteria within the Ar-
senophonus clade (25). Diseases caused by
these two pathogens have distinctly differ-
ent geographical distributions, with SBR
occurring in eastern France and marginal
chlorosis disease of strawberry in western
France (5,24).

Insect vectors transmit phytoplasmas in
a propagative fashion, with a latent period
that ranges from days to weeks (21,27) and
persistently retain infectivity, usually for
life. Thus far, little is known as to the
mechanisms of transmission of the two
phloem-restricted y-3 proteobacteria. Us-
ing transmission electron microscopy, we
found the SBR bacterium in internal or-
gans of the vector P. leporinus, including
midgut and salivary glands (unpublished
data). We also obtained evidence for per-
sistence of transmission (9; unpublished
data), suggesting that the SBR bacterium
might be transmitted, as for phytoplasmas,
in a persistent-propagative fashion.

Both stolbur phytoplasma and the SBR
bacterium have been detected in diseased
sugar beet plants. Furthermore, these
phloem-restricted pathogens cause no dif-
ferentiable symptoms in affected plants in
the field. Symptoms include yellowing,
leaf proliferation and deformation, necro-
sis of vascular tissues in tap roots, and
reduced sugar content (10,24).

Here, we attempted to clarify the roles
of insect species involved with transmis-
sion of both stolbur phytoplasma and SBR
bacterium to sugar beet in the field. We
focused our research on planthopper
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cixiids because they are consistently asso-
ciated with stolbur phytoplasma and are
the only known vectors of ‘Ca. Phlomo-
bacter fragariae’ and the SBR bacterium.
In addition, a large screening of both
stolbur phytoplasma and SBR bacteria in
24 hemipterous insects collected from an
SBR-affected sugar beet area excluded the
presence of the two plant pathogens from
insects other than planthopper cixiids (23).
We also attempted to clarify the patho-
genic role and symptom profiles of each of
the two pathogens inoculated separately to
sugar beet in transmission assays with the
different insect vectors.

MATERIALS AND METHODS

Insect sampling. To assess the diversity
and abundance of cixiid species that feed
on sugar beet, sampling was conducted
during 2005 and 2006 in two sugar beet
fields located in Jura department (Franche-
Comté Region) during SBR epidemics.
Cixiid planthoppers were sampled in fields
by using sticky traps made of transparent
PVC sheets (300 mm long, 210 mm wide,
and 0.2 mm thick) coated on each side
with Soveurode aerosol (Scotts Bio-
systemes, France). Traps of a similar type
proved efficient for sampling H. obsoletus
(2). Binder clips fastened the top and bot-
tom of each trap to a 5-mm-diameter, 600-
mm-long fiberglass stake. Traps were
maintained above the vegetation by raising
the stakes as the sugar beet plants grew.

During 2005, we selected a rectangular
(100 by 260 m) sugar beet field that was
north-south oriented as the sampling site.
Sampling was done on the southern side of
the field that was not treated by insecti-
cides. We posted four lines of seven traps
placed at a 10-m distance from each other
on the line. Lines were parallel to the
north-south borders of the field. A line of
traps was placed 10, 20, 40, and 80 m east
of the western field border. During 2006,
we selected a rectangular (162 by 288 m)
sugar beet field, also oriented north-south.
In order to sample the northern part of the
field, we first designed an eight-by-seven
grid of contiguous square cells (18 m per
side) over the sampling area. Grid sides
were parallel or perpendicular to field
borders, with east, west, and north sides of
the grid being 9 m from the respective field
borders. We posted a total of 72 traps, one
at each corner of a square.

In both years, traps were maintained in
fields from the beginning of June until just
before sugar beet harvesting (late Septem-
ber). This sampling period covered the
flight time of most planthopper cixiids in
temperate regions according to our previ-
ous experience. We counted and removed
cixiids from traps every 2 to 3 days during
June and July and every week thereafter.
Traps in sugar beet fields were changed
every 7 to 10 days. We removed insects of
uncertain identity with fine forceps and
preserved them in 70% ethanol for later
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identification based on morphological
criteria (12) observed with a dissecting
microscope.

Transmission assays. To assess the
presence of SBR pathogens in potential
vectors and their importance in SBR symp-
tomatology, three species belonging to the
family Cixiidae were used for transmission
assays: C. wagneri, H. obsoletus, and P.
leporinus. Insects were field collected in
2005 and 2006 in the same area as above
with a D-Vac (Ventura, CA) aspirator from
sugar beet fields, weeds on the borders of
sugar beet fields, or in nearby (100- to
400-m distance) fallow fields. We collected
separately and kept segregated populations
of H. obsoletus from bindweed and nettle,
referred to hereafter as H. obsoletus (b)
and H. obsoletus (n), respectively. Because
nettles in the sugar beet cropping areas in
2006 had low populations of H. obsoletus,
we used H. obsoletus collected on nettles
growing near Colmar (Alsace region of
France). We transported the collected
planthoppers to a glasshouse facility and
separated them by species, collecting sites,
and date of capture.

For transmission assays, we confined in-
sects on 35- to 50-day-old healthy sugar
beet seedlings with cylindrical, mesh-
ventilated, PVC cages closed at the bottom
with a collar-like sponge pad. We generally
confined to each seedling 4 to 5 planthop-
pers of C. wagneri or P. leporinus, 8 to 10
planthoppers of H. obsoletus (b), or 20
planthoppers of H. obsoletus (n). For each
assay, we kept four sugar beet seedlings
not exposed to insects as negative controls.
We maintained insects on sugar beet seed-
lings for an inoculation access period of 3
to 4 days. At the end of that period, we
collected live and dead insects from caged
seedlings and froze them at —80°C for later
assay for pathogens in their body. We then
sprayed plants with fenitrothion (Chimi-
berg, Albano S. Alessandro, Italy) at 1.02
g/liter and kept them in an insect-free
glasshouse with natural light and tempera-
ture (26 + 5°C) for 4 to 5 months to com-
plete the disease incubation period (time
for symptoms to appear).

Pathogen detection and characteriza-
tion with polymerase chain reaction and
restriction fragment length polymor-
phism analysis. We used a cetyltrimethyl-
ammonium bromide procedure to extract
DNA from planthoppers and from sugar
beet midrib tissue, according to the meth-
ods of Gatineau et al. (11) and Daire et al.
(4), respectively. Insects collected from the
field were checked with polymerase chain
reaction (PCR) for the presence of SBR
bacterium, ‘Ca. Phlomobacter fragariae,
and stolbur phytoplasma. Specimens of C.
wagneri and P. leporinus were tested indi-
vidually, whereas specimens of H. obso-
letus (b) and H. obsoletus (n) were tested
in batches of three. For positive and nega-
tive controls, we used DNA samples from
known SBR bacterium-infected or nonin-

fected P. leporinus specimens and known
stolbur phytoplasma-infected or nonin-
fected H. obsoletus specimens, respec-
tively, and from C. wagneri infected by
‘Ca. Phlomobacter fragariae’ kindly pro-
vided by Pascal Salar (INRA Bordeaux).
For specific detection of SBR bacterium in
insects, we used the Albl/Olivl primer
pair designed to amplify the internal tran-
scribed spacer region between 16Sr and
23Sr genes of SBR bacterium rRNA oper-
ons. PCR products showed a typical fin-
gerprint (23). PCR conditions were accord-
ing to Sémétey et al. (23). For specific
detection of ‘Ca. Phlomobacter fragariae’
in C. wagneri, we used the Pfrl/Pfr4
primer pair to amplify specifically 895 bp
of the SpoT gene present in the ‘Ca. Phlo-
mobacter fragariae’ genome (7). PCR con-
ditions were as those described by Foissac
et al. (7). For detection of stolbur phyto-
plasma in insects, amplification was per-
formed with a direct PCR procedure using
primers Stol11f3/Stol11r2 with PCR con-
ditions as described (3).

Insect-exposed sugar beet seedlings
were checked with PCR for the presence
of SBR bacterium, ‘Ca. Phlomobacter
fragariae,” and stolbur phytoplasma. Posi-
tive controls were DNA samples from
stolbur phytoplasma-infected periwinkle
(Catharanthus roseus L.) maintained in the
greenhouse (StolC isolate from MT
Cousin, France), known SBR bacterium-
infected sugar beet, and strawberry in-
fected by ‘Ca. Phlomobacter fragariae’
provided by Pascal Salar. Negative con-
trols were DNA samples from non-insect-
exposed, healthy seedlings of sugar beet
grown in the greenhouse. For the charac-
terization of phloem-restricted proteobac-
teria in plants, 16SrDNA sequences of
SBR bacterium and ‘Ca. Phlomobacter
fragariae’ (GenBank accession numbers
AY057392.1 and AMI110766.1, respec-
tively) were aligned using Clustal W soft-
ware. The reverse primer, rA_PB_2 (§'-
TCGCCTCTCTCTGTATACG-3'), was
manually designed and associated with
forward primer Fra5 (28) to obtain a 790-bp
amplicon from the 16Sr DNA of both
pathogens. Restriction enzyme Tagl was
selected using webcutter 2.0 software
(http://www.firstmarket.com/cutter/cut2.htm
). PCR conditions were a predenaturation
step at 93°C for 3 min, followed by 35 cy-
cles at 93°C for 1 min, 54°C for 1 min, and
72°C for 1 min. The final extension step
was at 72°C for 5 min. Amplicons obtained
were digested with 7agl. Restriction prod-
ucts were separated in 10% polyacrylamide
gel, stained with ethidium bromide, and
visualized under UV light. For the detection
of stolbur phytoplasma in sugar beet, we
used a nested PCR (3) with Stolllf2/
Stolllrl as the first pair of primers, then
Stol11£3/Stol11r2 as the second pair of prim-
ers. PCR conditions were as described (3).

Typing of stolbur phytoplasma isolates
was done according to Langer and Maix-



ner (15). Briefly, DNA from insects and
plant samples that were positive for
stolbur phytoplasma after PCR with
primers Stol11f3/Stol11r2 were ampli-
fied with primers ftufAY/rtufAY (22).
PCR conditions and restriction fragment
length polymorphism (RFLP) analysis
with Hpall restriction enzyme were ac-
cording to Langer and Maixner (15).
Fragments were separated by electro-
phoresis in 10% polyacrylamide gel,
stained with ethidium bromide, and
visualized under UV light.

Symptomatology of stolbur phyto-
plasma and SBR bacterium on sugar
beet. The sugar beet seedlings that were
inoculated in 2006 in transmission assays
with stolbur phytoplasma and SBR bacte-
rium using H. obsoletus (b) and P. lepori-
nus as vectors, respectively, were evaluated
for symptom severity. Sugar beet seedlings
of the same age and not exposed to insects
were used as healthy controls. Parameters
that we considered for symptomatology
were the entire plant biomass or tap root
biomass measured as grams of fresh
weight and the refractometric dried sub-
stance (RDS) of tap root pulp, which was
taken as an estimation of sugar content
(13). Measurements were taken 5 months
after transmission of pathogens by
planthoppers. For plant biomass measure-
ment, sugar beet leaves were removed and
the weight of leaves and tap root were
recorded separately for each plant. RDS
was measured by coarsely grinding 50 g of
tissue of each tap root and centrifuging at
low speed (5 min at 2,900 x g). The super-
natant was filtered through sintered glass
and analyzed in a refractometer, which
provided the percentage of dry weight
expressed in Brix degrees (13). Data ob-
tained on total plant biomass, proportion of
tap root biomass to total plant biomass, or
RDS values were compared between three
treatments (stolbur-affected sugar beet,
SBR-affected sugar beet, and healthy sugar
beet) with one-way analysis of variance
(ANOVA). Before proceeding with
ANOVA, data expressed as proportions
were arcsine transformed, and data on
plant biomass were square-root trans-
formed in order to achieve a normal distri-
bution. Means and 95% confidence limits
of back-transformed data were reported in
graphics. Statistics were obtained by using
Statistical software (version 6.0; StatSoft,
Italy).

RESULTS

Planthopper cixiid populations. Sticky
traps posted in sugar beet fields caught
three planthopper cixiids: Cixius wagneri,
H. obsoletus, and P. leporinus. The most
abundant species was P. leporinus. Out of
a total of 4,033 cixiids caught in 2005 by
28 sticky traps, 97% (3,933 insects) were
P. leporinus, 1.9% (75 insects) were C.
wagneri, and only 0.6% (26 insects) were
H. obsoletus. During 2006, P. leporinus

represented 98.7% (9,917 insects), C.
wagneri 0.5% (51 insects), and H. obso-
letus 0.8% (79 insects) of the 10,047
cixiids collected from 72 sticky traps.
Temporal patterns and abundance for the
three planthopper species caught by sticky
traps in 2005 and 2006 are shown in Fig-
ure 1. H. obsoletus and P. leporinus had
flight activity restricted to the spring and
summer. C. wagneri occurred not only
during spring and summer but also during
the late autumn.

Pathogen transmission and detection.
PCR detection of SBR bacterium in insects
with Alb1/Olivl primers produced a typi-
cal fingerprint in agarose gel (data not
shown) with DNA samples from P. lepori-
nus and C. wagneri planthoppers, confirm-
ing the presence of the SBR bacterium in
specimens of both species, but not in either
H. obsoletus (b) or (n) populations (Fig.
2A). We were unable to detect ‘Ca. Phlo-
mobacter fragariae’ in 69 insects of C.
wagneri tested with the Pfr1/Pfr4 PCR
assay. Specific Stolll PCR assays for
stolbur phytoplasma showed no infection
in C. wagneri or P. leporinus planthoppers,
whereas both populations of H. obsoletus
(b and n) proved to be highly infected (Fig.

analysis of the fuf gene, we could identify
the two stolbur phytoplasma isolates de-
scribed by Langer and Maixner (15) in H.
obsoletus populations (b) and (n), respec-
tively (Fig. 3A, lanes 1-3 and 6-10).
Restriction analysis with Tagl of the
Fra5/rA_PB_2 amplicon of 16S rDNA
enabled us to differentiate the SBR bacte-
rium from ‘Ca. Phlomobacter fragariae’ in
infected plants (Fig. 3B, lanes 1-3). The
latter PCR-RFLP method showed that
sugar beet seedlings exposed to P. lepori-
nus and C. wagneri were infected by SBR
bacterium (Fig. 3B, lanes 3-6 and 7-8,
respectively) but not by ‘Ca. Phlomobacter
fragariae’ or by stolbur phytoplasma (Fig.
2B). Conversely, seedlings exposed to H.
obsoletus (b) were infected by stolbur
phytoplasma but not SBR bacterium (Fig.
2B). Moreover, only sugar beet seedlings
exposed to H. obsoletus (b) expressed
typical SBR symptoms (Fig. 4) and tested
positive for the bindweed isolate of stolbur
phytoplasma using PCR-RFLP analysis of
tuf gene (Fig. 3A, lanes 4-5). None of the
seedlings exposed to H. obsoletus (n) ex-
pressed any symptoms of SBR (Fig. 2B),
and we did not detect stolbur phytoplasma
in any of these plants despite several at-
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Fig. 1. Abundance (mean number caught per trap) and temporal distribution of three planthopper
cixiids, Cixius wagneri, Hyalesthes obsoletus, and Pentastiridius leporinus, in sugar beet fields during
2005 and 2006. Insects were caught using transparent sticky traps.
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the Stolll DNA fragment on DNA ex-
tracted from taproot or leaf midrib tissues.

Data for C. wagneri with regard to
transmission and infection rates for both
spring—summer- and autumn-collected
populations of planthoppers are summa-
rized in Figure 2A and B. When the results
are partitioned, the spring—summer and
autumn populations transmitted SBR bac-
terium to 8 of 15 and 4 of 10 exposed
sugar beet plants, respectively. The fre-
quency of SBR bacterial infection was
higher for insects collected in the autumn
(27/58) than in the spring—summer (9/25).
Furthermore, spring—summer versus au-
tumn proportions of both diseased plants
and infected planthoppers were not statis-
tically different when using a y? test (x> =
0.43,df =1, P=0.51; and ¥> = 0.79, df =
1, P = 0.37 for plants and insects, respec-
tively).

Symptomatology of stolbur phyto-
plasma and SBR bacterium in sugar
beet. Stolbur phytoplasma and SBR bacte-
rium caused similar types of symptoms on
sugar beet (Fig. 4). Stolbur phytoplasma,

>

however, induced more leaf proliferation
than the SBR bacterium. There was a sig-
nificant reduction (F = 6.39, df =2.33, P =
0.004) in the plant biomass infected by
stolbur phytoplasma or by SBR bacterium
when compared with healthy sugar beet
(Fig. 5A); the reduction in biomass was
similar between the two pathogens. The
proportion of tap root biomass/total plant
biomass was significantly lower (F = 9.63,
df = 2.33, P < 0.001) in stolbur-affected
sugar beet (Fig. 5B) than in SBR bacte-
rium-infected sugar beet (Fig. 5B). Never-
theless, these proportion were not statisti-
cally different from healthy sugar beet
(control) that had proportions of tap root
biomass/total plant biomass between those
observed for stolbur phytoplasma- and
SBR bacterium-infected plants (Fig. 5B).
Tap root sugar content, expressed in RDS,
did not differ between plants infected with
the two pathogens; however, the lower
RDS values for diseased sugar beet com-
pared with that of healthy sugar beet were
highly significant (F = 13.8, df =2.33, P <
0.001) (Fig. 5C).
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Fig. 2. A, Proportion of planthoppers infected by syndrome “basses richesses” (SBR) bacterium or
stolbur phytoplasma. Specimens of Cixius wagneri and Pentastiridius leporinus were tested individu-
ally. Specimens of Hyalesthes obsoletus (b) and Hyalesthes obsoletus (n) were tested in batches of
three. B, Proportion of diseased sugar beet seedlings infected by SBR bacterium or by stolbur phyto-
plasma after inoculation with field-collected C. wagneri, H. obsoletus, or P. leporinus. Individuals of
H. obsoletus were collected either from bindweed (b) or from nettle (n). Protocols for detection of
plant pathogens in seedlings and in insects are described in Material and Methods.
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DISCUSSION

Our results clarified the role of
planthoppers within the family Cixiidae as
vectors of phloem-restricted plant patho-
gens belonging to either mollicutes
(stolbur phytoplasma) or y-3 proteobacteria
(SBR bacterium) that cause SBR of sugar
beet. Three planthopper species, C. wag-
neri, H. obsoletus, and P. leporinus, oc-
curred in sugar beet fields; however, our
results showed that each had a different
role in spreading the two pathogens asso-
ciated with SBR disease.

P. leporinus, which was referred to in
previous literature as Pentastiridius sp.
(10,23-25) and P. beieri (11), was the only
known vector of both stolbur phytoplasma
and SBR bacterium to sugar beet (9,10). In
this study, we found further evidence that
P. leporinus is the economic vector of SBR
disease in nature, because of its much
greater relative abundance and higher fre-
quency of infection with the SBR bacte-
rium. Although unusually high for insect
vectors, percentages of infection of 80% or
even higher were noted in a previous study
(23), and this explains why SBR bacte-
rium, rather than stolbur phytoplasma, is
the major pathogen of SBR disease in
eastern France. This is the first time that
planthopper C. wagneri was reported in
sugar beet fields. C. wagneri is known as
the economic vector of ‘Ca. Phlomobacter
fragariae’ to strawberry in western France
(5). We could not detect ‘Ca. Phlomobac-
ter fragariae’ in field populations of C.
wagneri collected from eastern France. We
also showed that C. wagneri harbored and
could transmit SBR bacterium to sugar
beet, and this is the first evidence that SBR
bacterium can be vectored by an insect
species other than P. leporinus. Our results
suggest that C. wagneri, because of its low
numbers in nature, has a secondary role in
spreading SBR to sugar beet. We found
that adults of C. wagneri occurred in
spring and in autumn, suggesting the pos-
sibility of two generations a year. Under
our experimental conditions, insects cap-
tured in both spring and autumn were able
to infect sugar beet with the SBR bacte-
rium. We observed that C. wagneri was
most abundant in patches of sugar beet
fields infested by Polygonum spp., but we
were unable to detect SBR bacterium in
these plant species (unpublished data). We
suggest that the vectoring activity of C.
wagneri in sugar beet fields is a conse-
quence of feeding on SBR bacterium-
infected sugar beet inoculated by P. lepori-
nus during late spring and, thus, acquiring
the pathogen. This may explain the higher
frequency of detection of SBR bacterium
in C. wagneri planthoppers collected in
autumn than in those collected in spring.

H. obsoletus is known as a vector of
stolbur phytoplasma to several plant spe-
cies. Langer and Maixner (15) showed that
populations of H. obsoletus living on
bindweed or nettle carried distinct stolbur



phytoplasma isolates. Furthermore, other
researchers showed that these isolates oc-
cur widely in wild and cultivated plants in
Europe (1,20), and both are pathogenic on
grapevines (15). In our comparison of the
two isolates for pathogenicity on sugar
beet, the nettle type of stolbur phytoplasma
could not be detected in exposed sugar
beet even though survival of planthoppers
from nettle and bindweed during the
transmission trials was comparable. Be-
cause we could not mechanically inoculate
phytoplasmas directly to test plants, we
used a very large number of insects per
plant and confirmed that the vector popula-
tion had a high frequency of stolbur phyto-
plasma infection; nevertheless, we could
not detect successful transmission. Thus,
our transmission data indicate that the
phytoplasma type carried by H. obsoletus
populations from nettle is not transmissible
to or pathogenic on sugar beet, suggesting
a different host range for these closely
related phytoplasma isolates.

Stolbur phytoplasma and SBR bacte-
rium cause similar symptoms in sugar
beet, including reduced growth, chlorosis,
proliferation and deformation of apical
leaves, and necrosis of vascular tissues in
tap roots. Nevertheless, in our experimen-
tal conditions, stolbur phytoplasma in-
duced a stronger foliage proliferation than
SBR bacterium and caused a heavier re-
duction of tap root biomass and sugar con-
tent. Because of its high pathogenicity to
sugar beet, stolbur phytoplasma poses a
potential threat to the sugar beet industry.
Modification in environmental conditions
or agronomical practices that lead to
changes in the insect vector’s host plant
preference or to an increasing presence of
weeds favorable for vector and phyto-
plasma populations may increase the rate
of stolbur transmission and the final im-
pact of stolbur phytoplasma-associated
SBR disease in sugar beet. Finally, it is
not known whether competition between
stolbur phytoplasma and SBR bacterium
may occur in either insect vectors or host
plants. The ecological niches of these
parasites overlap in host plants, both be-
ing restricted to the sieve tubes in phloem
tissues (10), as well as in insect vectors,
both requiring hemocoel colonization in
order to be successfully transmitted. The
high infection rates of SBR bacterium
that have been reported here and else-
where (23) in populations of P. leporinus
during epidemics of SBR disease may
have progressively excluded the presence
of stolbur phytoplasma detected previ-
ously in P. leporinus populations (9,11).
Overall, our research strengthened the
conclusions of other studies (59,11,
14,17,26) showing that planthopper vec-
tors within the family Cixiidae play
prominent and complex roles in epidem-
ics of plant diseases associated with
phloem-restricted bacteria and phyto-
plasmas in Europe.

Fig. 3. Polyacrylamide gel electrophoresis of polymerase chain reaction—restriction fragment length
polymorphism products. A, Hpall restricted ftufAY/rtufAY amplicons obtained with DNA samples
from lanes 1-3, stolbur phytoplasma-infected Hyalesthes obsoletus specimens captured from bind-
weed; lanes 4-5, stolbur phytoplasma detected in sugar beet seedlings exposed to the latter H. obso-
letus bindweed specimens; lanes 6-10, stolbur phytoplasma-infected H. obsoletus specimens captured
from nettle. M: Haelll-digested pBR marker. B, TaglI-restricted Fra5/rA_PB_2 amplicons obtained
with DNA samples from lanes 1-2, strawberry infected by “Candidatus Phlomobacter fragariae”; lanes
3-6, sugar beet seedlings exposed to Pentastiridius leporinus; lanes 7-8, sugar beet seedlings exposed
to Cixius wagneri. M: Haelll-digested pBR marker.

T qu-

Fig. 4. Late-stage symptoms of sugar beet infected as seedlings by stolbur phytoplasma (left) or by
syndrome “basses richesses” (SBR) bacterium (right) and healthy sugar beet (center). Note that stolbur
phytoplasma-infected plants showed a stronger proliferation of leaves than those infected by SBR
bacterium. Photo was taken 5 months after inoculation.
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Fig. 5. A, Mean biomass of sugar beet infected as seedlings by stolbur phytoplasma, syndrome “basses
richesses” (SBR) bacterium, or uninoculated sugar beet (control). B, Mean proportion of tap root
biomass/total plants biomass infected by stolbur phytoplasma or SBR bacterium, or of healthy sugar
beet (control). C, Mean Brix degree (°Bx) of sugar beet tap roots infected by stolbur phytoplasma or
SBR bacterium, or healthy sugar beet (control). Vertical bars represent 95% confidential limits. Stolbur
phytoplasma were inoculated to sugar beet seedlings by Hyalesthes obsoletus collected from bind-
weed; SBR bacterium were inoculated by Pentastiridius leporinus.
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