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Acquisition efficiency of Flavescence dorée phytoplasma by Scaphoideus
titanus Ball from infected tolerant or susceptible grapevine cultivars or
experimental host plants
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Summary

The rate of Flavescence dorée phytoplasma (FDP) ac-
quisition by the leathopper vector Scaphoideus titanus Ball
was tested under field and glass house conditions confin-
ing healthy reared nymphs on canes of FDP-infected grape-
vines or on FDP-infected cuttings collected in the field dur-
ing the dormant season. Acquisition tests were performed
using FD-tolerant (Merlot) or highly susceptible (Pinot
blanc) grapevine cultivars, or alternatively using experi-
mentally infected broadbean plants. Frequency of FDP ac-
quisition by leafthoppers was evaluated using a polymerase
chain reaction (PCR) assay. Different batches of insects
were confined on the same infected source plants in the
vineyard for acquisition access periods (AAP) of 7d ata
time at intervals of 15-20 d during spring and summer.
When diseased Pinot blanc grapevines were used as source
plants, acquisition by leafhoppers and transmission to
healthy grapevines increased over summer, while almost
no acquisition or transmission was observed when diseased
Merlot grapevines were used as source plants. Tests con-
ducted under controlled conditions confirmed that Merlot
is a poorer source of FDP than Pinot blanc; the optimum
FDP source for S. fitanus was broadbean although this plant
is not a natural host of the leathopper. It is assumed that
grapevine cultivars play an important role in influencing
the proportion of FDP-infected leafhoppers in the vineyards
and therefore influencing the rate of disease progress.
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Introduction

Phytoplasmas are cell wall-less bacterial members of the
class Mollicutes that are obligate parasites of plants and
insect vectors. Phytoplasmas have been associated with
hundreds of plant diseases, several of which have world-
wide agricultural significance (McCoy et al. 1989). Flaves-
cence dorée (FD) is probably the most serious phytoplasma
disease of the grapevine (Grapevine yellows) in Europe. The
agent is the Flaves-cence dorée phytoplasma (FDP) which
is transmitted specifically by the insect vector Scaphoideus
titanus Ball (= S. littoralis Ball) (SCHVESTER et al. 1963) a
specialist and monovoltine leafthopper on grapevines
(BonriLs and ScHVESTER 1960, Vipano 1964).

During the transmission process, insect vectors may
acquire phytoplasma agents by feeding on infected source
plants (horizontal transmission). Congenital transmission
(vertical transmission) is uncommon although it has been
reported in a few cases (ALMA ef al. 1997, KawakiTa et al.
2000, HANBOONSONG et al. 2002). Flavescence dorée
phytoplasma (FDP) does not seem to have a high probabil-
ity of being transmitted from one generation to another by
congenital infection in S. titanus (BREssaN et al. 2005). Nev-
ertheless, all developmental feeding stages (nymphs and
adults) may acquire FDP by feeding on FD-diseased grape-
vines (SCHVESTER et al. 1969). Therefore the main sources of
inoculum for vector acquisition are FDP-infected grapevines.

Early studies on transmission process of FDP by
S. titanus conducted by SCHVESTER et al. (1969) have re-
ported minimum acquisition access period (AAP) on dis-
eased grapevines of one week, although the probability of
acquisition increased when the leathoppers were confined
for longer AAPs on host plants.

In this paper we studied the acquisition efficiency of
FDP by S. titanus from diseased plants of FD-tolerant or
-susceptible grapevine cultivars and we compared it with
the ability of the vector to acquire FDP from infected
broadbean, an experimental herbaceous host plant used to
maintain phytoplasma strains in laboratory conditions
(CauDWELL et al. 1972).

Material and Methods

Insects: S titanus colonies were established
according to CAUDWELL et al. (1970). Two-year-old egg-bear-
ing grapevine wood was collected in organic vineyards at
the end of winter, cut into pieces and kept in plastic bags in
a cold room at 4 °C. To allow egg hatching, 4-5 kg of wood
pieces were put with potted healthy grapevines inside cubi-
cal cages (60 cm x 60 cm x 60 cm) in a climatic chamber
(23 £ 1 °C, photoperiod:16 h) or in a glasshouse with natural
light and temperature about 25 = 3 °C. The wood pieces were
placed over a layer of vermiculite and were periodically hu-
midified in order to avoid egg dehydration. Grapevine plants
were replaced about every 2 weeks. Egg hatching started
about 30 d after transfer from the cold room to the rearing
cages. Insects, nymphs or adults were periodically collected
and used for the experiments. For field acquisition assays,
the collected canes were maintained outdoors to synchro-
nize the reared population of leathoppers with the field popu-
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lation. They were transferred to the glasshouse in cages
before the beginning of nymph emergence.

Field acquisition assays: The
experiments were carried out during 2002-2003 in a viticul-
ture area of the Veneto Region (north-east Italy), where an
epidemic of FDP started in the early 1990°s (Posenato and
GIrRoLAMI 1994, MARTINI ef al. 1999). For the whole experi-
ment, 12 grapevines with FD symptoms were selected and
used for field acquisition assays: a group of 4 plants in 2002
in a vineyard cultivated with cultivar Pinot blanc, a group of
4 plants in 2002 and another group of 4 plants in 2003 in a
vineyard cultivated with Merlot.

Every 20 d from May 25 2002 and every 15 d from June
4t 2003, three groups of about 300 healthy nymphs each,
were confined with mesh cages on the canes of FD-affected
grapevines. Each group of leathoppers was allowed a
7 d-AAP, then leathoppers were transferred to caged healthy
grapevines in a glasshouse to complete the latency for 37 d
from the beginning of AAP.

For transmission trials we used cylindrical plastic cages
ventilated with dacron organdy windows to confine three
insects per test plant for an inoculation access period (IAP)
of 7 d inside the glasshouse. At the end of IAP, leathoppers
were removed from the plants, mortality was recorded and
the surviving insects were stored in the deep-freeze (-80 °C)
until they were tested for presence of FDP in their body
using a nested-PCR assay. Test plants were sprayed with
Imidacloprid, then transferred to an insect-proof glasshouse
where they were checked for symptom expression.

Acquisition from FD-infected
cuttings and experimental host
plants: InMarch 2004 one- and two-year-old FD-in-
fected dormant woody canes were collected from diseased
Pinot blanc or Merlot vines. Wood cuttings of 15-30 cm,
carrying 2-3 buds were planted in large pots after removal of
the basal bud and maintained in a warm glasshouse to allow
root and shoot formation. About 60 cuttings per cultivar
were produced. Cuttings that developed FD symptoms were
used for leathopper acquisition for AAPs of 7 or 14 d. Addi-
tionally, FDP-infected broadbeans, experimentally produced
by feeding transmission of Euscelidius variegatus Kirsch-
baum (CAUDWELL et al. 1972) were used to confine groups
of S. titanus nymphs for an AAP of 7 or 14 d in a climatic
chamber (23 + 1 °C, photoperiod: 16 h). Leathoppers were
transferred at the end of each AAP in cages with young
healthy grapevines in pots and maintained for a post acqui-
sition period of 10 d. Then the leathoppers were individually
stored in 1.5 ml tubes in the deep-freeze until detection of
FDP in their body. Healthy S. fitanus maintained in rearing
cages were used as control. Moreover, all the FD sympto-
matic cuttings used as phytoplasma sources were tested
with nested-PCR for FDP infection after each AAP.

Phytoplasma detection in insects
and plants: The procedure described by GATINEAU
et al. (2001) was used to extract nucleic acids from individual
deep-frozen leathoppers. DNA was extracted from grape-
vine leaf midveins or broadbean stems and petioles as de-
scribed by DAIRE ef al. (1997). A nested-PCR of the non-
ribosomal DNA fragment FD9, which is specific for 16SrV-
group phytoplasma (DAIRE ef al. 1997, ANGELINI ef al. 2001)
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was used, according to Boupon-Papitu et al. (2003). Five ul
aliquots of final amplification products were submitted to
electrophoresis in 1.2 % agarose gel, stained with Gelstar®
(Cambrex) or ethidium bromide and visualised under UV light.
Controls were used for each amplification assay. These were
DNA-template extracted from FD-infected or healthy
E. variegatus leathoppers taken in laboratory-reared colo-
nies (CAUDWELL et al. 1972).

Statistic analysis: Differences among
treatments were tested for significance with Chi-square test
using Statistica Software (STATSOFT 2004).

Results

Field acquisition assays: Resultsof
transmission to grapevine seedlings after acquisition from
field-grown Pinot blanc or Merlot, and FDP detection in in-
dividual insects are reported in Tab. 1. The rate of FDP ac-
quisition and transmission increased over time when Pinot
blanc grapevines were used as source plants; conversely,
acquisition was less efficient for insects confined on Merlot
grapevines. As a whole, FDP was transmitted to 12/92 (13 %)
and 0/148 (0 %) seedlings by leathoppers that were exposed
for AAPs of one week to Pinot blanc and Merlot grapevines,
respectively (%%>=20.32, d.f=1, P<0.0001). The proportion of
PCR-positive leathoppers was 13/189 (7 %) and 1/160 (0.6 %)
for Pinot blanc and Merlot vines, respectively (%= 8.86,
d.f. =1, P=0.003). FDP was detected by PCR in the 12 symp-
tomatic grapevines used as source of acquisition in 2002
and 2003 (results not shown).

Acquisition from FD-infected
cuttings and broadbeans: InTab.2the
results of detection of FDP in S. titanus leathoppers fed on
infected sources for an AAP of 7 or 14 d are reported. Con-
sidering the proportion of PCR-positive insects, broadbeans
were the most efficient source plants. Altogether, FDP was
detected with PCR in 48/67 (71 %) of tested leathoppers fed
on broadbean, in 22/68 (32 %) of leathoppers fed on cuttings
of Pinot blanc and in 4/57 (7 %) of leathoppers fed on cuttings
of Merlot. Data for the different treatments: exposure to
broadbean, Pinot blanc or Merlot, were significantly differ-
ent by using Chi square test with P values < 0.001.

Overall, the rate of FDP acquisition by S. titanus in-
creased for all types of source plants when AAP was 14 d
instead of 7 d. Old nymphs of S. titanus were able to acquire
FDP from Merlot cuttings with an AAP of 14 d while acqui-
sition did not occur with an AAP of 7 d.

Discussion

Our data suggest that the efficiency of acquisition of
FDP by S. titanus depends on the grapevine cultivar. FD-
diseased Pinot blanc grapevines were a better source than
FD-diseased Merlot for FDP acquisition by the leathopper
vector. The latter cultivar was a very poor source of FDP in
both field and controlled conditions assays all along the
growing season. In field tests we observed an incremental
probability of acquisition with time when the susceptible
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Table 1

Transmission of Flavescence dorée phytoplasma (FDP) to grapevine seedlings inoculated by Scaphoideus titanus that were exposed in
the vineyard for an acquisition access period (AAP) of one week on FD-diseased grapevines of two different cultivars. PCR detection of
FDP in individual leathoppers after transmission. (see text for statistics)

Year Source Beginning Instar Symptomatic/inoculated PCR on
of AAP nymphs grapevines? insects®
(%) rate (%) rate (%)
2002 Pinot blanc May 25% L, 9% 2/33 (6) 3/74 “4)
L, 5
L, 33
June 15% L, 5/37 (13.5) 3/59 ®)
L, 13
L, 20
July 6t L, 27 5/22 23) 7/56 (12.5)
L, 32
2002 Merlot July 12t L, 30 0/53 ©0) 0/80 ©0)
Ly 50
A 2
2003 Merlot June 4 L, 33 0/35 (©)] 1/39 2.5)
L, 6
L, 10
June 18" L, 25 0/32 ©0) 0/40 ©0)
L, 30
L, 35
July 2nd L, 65 0/28 ©0) 0/42 ©0)
A 35

2 Three leathoppers per seedling were used for transmission for an inoculation access period (IAP) of 7 d.
® number of PCR positive leathoppers/total number of tested leafthoppers.

Table 2

Rate and percentage of Flavescence dorée phytoplasma (FDP)

acquisition by late instar nymphs of Scaphoideus titanus that were

exposed for different acquisition access periods (AAP) on

FD-diseased cuttings of two grapevine cultivars or on FDP-in-
fected broadbeans (see text for statistics)

Source AAP (d)* PCR positive insects
Rate (%)

Pinot blanc 7 726 27
14 15/42 36

Merlot 7 0/25 0
14 4/32 12.5

Broadbean 7 17/29 58
14 31/38 81.5

Control® - 0/15 0

2 Fourth-fifth instar nymphs were confined on the plants.
b Control was Scaphoideus titanus leafhoppers reared on healthy
grapevines.

variety Pinot blanc was used as source of inoculum. As the
development of reared and field populations were synchro-
nized, we used for acquisition tests insects at about the
same developmental stages as those present in the field.

Therefore, during the first acquisition period very young
nymphs were available for feeding on diseased plants. The
latter developmental stages are probably not as efficient in
acquiring the pathogen as late-instar nymphs or young adults
(PurceLL 1982). This might be associated with the feeding
behavior of the early developmental stages. According to
Carce and MouTous (1965), first and second instar nymphs
of S. titanus limit the depth of feed-probing to young vascu-
lar tissues or to non-vascular tissues more often than older
nymphs.

The multiplication and increasing concentration of FDP
with time in the phloem of infected grapevines, might also
explain an incremental probability of acquisition of the patho-
gen. We observed an incremental severity of symptom ex-
pression in grapevines used as sources of acquisition, even
though there was no direct evidence for a parallel incremen-
tal titer of the pathogen since the PCR assay applied at the
end of each acquisition period did not provide quantitative
information. In fact, the time distance between acquisition
by the first groups of nymphs (25" May) and by the third
groups (6 ™ July) was of 40 d, during which the concentra-
tion of viable phytoplasma in infected tissues might have
increased and/or the volume of infected tissue on diseased
plants was augmented by shoot growth (Kuske and
KIRKPATRICK 1992, LHERMINIER et al. 1994).

The observed limited ability of S. titanus to acquire FDP
from Merlot grapevines is probably associated with the lower
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titer of viable pathogens in this host plant. Actually, this
grapevine cultivar is tolerant to FDP and symptoms are gen-
erally limited to a few canes. Conversely, in Pinot blanc, a
highly susceptible grapevine cultivar, symptoms are gener-
ally present on most of the canes of infected grapevines
(BRrEssaN, unpubl.). It might be possible that the feeding
behavior of S. fitanus leathoppers is different on the two
cultivars.

Acquisition from diseased cuttings seemed to occur
more efficiently than acquisition from field-diseased grape-
vines, although the two grapevine cultivars had the same
differences in providing FDP for vector acquisition under
controlled and field conditions. Moreover, although
broadbean is not a natural host for S. titanus, acquisition of
FDP from infected broadbeans was extremely efficient and
comparable to that of other phytoplasmas associated to
yellows disease of herbaceous host plants and vectored by
other auchenorrhyncha species (MURRAL et al. 1996, Bosco
et al. 1997). Hence, we can assume that grapevine cultivars
influence in an important manner the acquisition efficiency
and therefore the proportion of infected leathoppers in vine-
yards, and eventually the rate of disease progress.

If the crop is a principal source of inoculum, cultivars
that are poor hosts for vector acquisition should decrease
the infection rate (PURCELL 1982). We observed (BRESSAN,
unpubl.) that natural populations of S. fifanus collected in
persistently FD-infected vineyards cultivated with Merlot
grapevines had a very low proportion of FDP-infected leaf-
hoppers, if compared to the proportion of infected leathop-
pers observed during FD epidemic on several cultivars
(BoupoN-PabIEu ef al. 1989 and unpubl. data).

Acknowledgement

We thank the Consorzio di Tutela Vini D.O.C. Arcole, Italy
and the Conseil Régional de Bourgogne, Dijon, France for funding
the research.

References

ALMA, A.; Bosco, D.; DANIELLI, A.; BERTACCINL, A.; VIBIO, M.; ARZONE, A.;
1997: Identification of phytoplasmas in eggs, nymphs and adults
of Scaphoideus titanus Ball reared on healthy plants. Insect
Mol. Biol. 6, 115-121.

ANGELINIL E.; CLAIR, D.; BorGo, M.; BErtacciN, A.; Boupon-Pabieu, E.;
2001: Flavescence dorée in France and Italy - Occurrence of
closely related phytoplasma isolates and their near relationships
to Palatinate grapevine yellows and an alder yellows phytoplasma.
Vitis 40, 79-86.

BonFiILs, J.; SCHVESTER, D.; 1960: Les Cicadelles (Homoptera,
Auchenorrhyncha) dans leurs rapports avec la vigne dans le Sud-
Ouest de la France. Ann. Epiphyt. 11, 325-336.

Bosco, D.; Minuccl, C.; Boccarpo, G.; Conti, M.; 1997: Differential
acquisition of chrysantemum yellows phytoplasma by three
leafhopper species. Entomol. Exp. Appl. 83, 219-224.

Boupon-Pabieu, E.; LARRUE, J.; CAUDWELL, A.; 1989: ELISA and Dot-
Blot detection of Flavescence dorée MLO in individual leathopper
vectors during latency and inoculative state. Curr. Microb. 19,
357-364.

Boupon-Papieu, E.; BEiat, A.; CLAIR, D.; LARRUE, J.; BorGo, M.; BERTOTTO,
L.; AngeELing, E.; 2003: Grapevine yellows: comparison of differ-
ent procedures for DNA extraction and amplification for rou-
tine diagnosis of phytoplasmas in grapevine. Vitis 42, 141-149.

A. BRESSAN ef al.

BRrEssan, A.; GiroLami, V.; Boupon-Pabitu, E.; 2005: Reduced fitness of
Scaphoideus titanus Ball exposed to Flavescence dorée
phytoplasma. Entomol. Exp. Appl. 115, (285-290.

CARLE, P.; Moutous, G.; 1965: Observation sur le mode de nutrition sur
vigne de quatre espéces de cicadelles. Ann. Epiphyt. 4, 333-354.

CAUDWELL, A.; KuszaLa, C.; BACHELIER, J. C.; LARRUE, J.; 1970: Transmis-
sion de la Flavescence dorée de la vigne aux plantes herbacées
par I’allongement du temps d’utilisation de la cicadelle Scaphoi-
deus littoralis Ball et I’étude de sa survie sur un grand nombre
d’espéces végétales. Ann. Phytopathol. 2, 415-428.

CAUDWELL, A.; KuszaLa, C.; LARRUE, J.; BACHELIER, J. C.; 1972: Transmis-
sion de la Flavescence dorée de la féve a la feve par des cicadelles
des genres Euscelis et Euscelidius. Intervention possible de ces
insectes dans 1’épidémiologie du Bois noir en Bourgogne. Ann.
Phytopathol. (N. hors série), 181-189.

Darg, X.; CLAIR, D.; REINERT, W.; BoupoN-PADIEU, E.; 1997: Detection
and differentiation of grapevine yellows phytoplasmas belong-
ing to the elm yellows group and to the stolbur subgroup by PCR
amplification of non-ribosomal DNA. Eur. J. Plant Pathol. 103,
507-514.

GATINEAU, F.; LARRUE, J.; CLAIR, D.; LorTON, F.; RicHARD-MOLARD, M.;
Boupon-Pabieu, E.; 2001: A new natural planthopper vector of
stolbur phytoplasma in the genus Pentastiridius (Hemiptera:
Cixiidae). Eur. J. Plant Pathol. 107, 263-271.

HANBOONSONG, Y.; CHoOsAl, C.; PANYIM, S.; DaMAK, S.; 2002: Transovarial
transmission of sugarcane white leaf phytoplasma in the insect
vector Matsumuratettix hieroglificus. Insect Mol. Biol. 11,
97-103.

Kawaxita, H.; Saiki, W.; WEL, W.; MitsunasHi, W.; WATANABE, K.; Sato,
M.; 2000: Identification of mulberry dwarf phytoplasma in the
genital organs and eggs of the leafhopper Hishimonoides
sellatiformis. Phytopathology 90, 909-914.

Kuskg, C. R.; Kirkpatrick, B. C.; 1992: Distribution and multiplication
of western astern yellows mycoplasma-like organisms in
Catharanthus roseus as determined by DNA hybridization analy-
sis. Phytopathology 82, 457-462.

LHERMINIER, J.; Courtois, M.; CAUDWELL, A.; 1994: Determination of the
distribution and multiplication sites of Flavescence dorée myco-
plasma-like organisms in the host plant Vicia faba by ELISA and
immunocytochemistry. Physiol. Mol. Plant Pathol. 45, 125-138.

MARTINI, M.; MURARI, E.; Mori, N.; BERTACCIN, A.; 1999: Identification
and epidemic distribution of two flavescence dorée-related phyto-
plasmas in Veneto (Italy). Plant Dis. 83, 925-930.

McCoy, R. E.; DE Leeuw, T. N. G.; Marwitz, R.; CHeN, T. A.; Cousin, R.
C.; SINHA, R. C.; PETZOLD, H.; CHIYKOWSKI, L. N.; CAUDWELL, A.;
CHaNG, C. J.; Dotk, J. L.; GoLiNo, D.; KirkPATRIK, B.; SuGiura, M.;
WhHitcom, R. F.; Yang, 1. L.; Zuu, M. B.; SEEMULLER, E.; 1989:
Plant Diseases Associated with Mycoplasma-like Organisms. In:
J. G. Turry, R. F. WHitcomB (Eds): The Mycoplasmas V.
Spiroplasmas, Acholeplasmas and Mycoplasmas of Plants and
Arthropods, 545-640. Academic Press, New York.

MurraL, J. D.; Nautr, L. R.; Hoy, C. W.; MADDEN, L. V.; MILLER, S. A_;
1996: Effects of temperature and vector age on transmission of
two Ohio strains of aster yellows phytoplasma by the aster
leathopper (Homoptera: Cicadellidae). J. Econ. Entomol. 89,
1223-1232.

Posenato, G.; GirorLami, V.; 1994: Diffusione ed evoluzione della
flavescenza dorata della vite nell’area orientale del Soave. Inf.
Agr. 22, 57-60.

PurceLL, A. H.; 1982: Insect vector relationships with procaryotic
plant pathogens. Ann. Rev. Phytopathol. 20, 397-417.

SCHVESTER, D.; CARLE, P.; Moutous, G.; 1963: Transmission de la
flavescence dorée de la vigne par Scaphoideus littoralis Ball.
Ann. Epiphyt. 14, 175-198.

ScHVESTER, D.; CARLE, P.; Moutous, G; 1969: Nouvelles données sur la
transmission de la flavescence dorée de la vigne par Scaphoideus
littoralis Ball. Ann. Zool. Ecol. Anim. 1, 445-465.

StarSort; 2004: Statistica 6.1, Italy s.r.l.

Vipano C.; 1964: Scoperta in Italia dello Scaphoideus littoralis Ball
Cicalina americana collegata alla “Flavescence dorée” della Vite.
Italia Agric. 101, 1031-1049.

Received February 16, 2005



