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ABSTRACT

Flavescence dorée (FD) is a serious disease affecting grapevines in Europe, primarily
transmitted by the alien leathopper Scaphoideus titanus Ball. Other potential vectors,
including the non-European leathopper Orientus ishidae (Matsumura) have been
identified. Despite monitoring efforts in Trentino vineyards (North Italy) since 2015,
populations of O.ishidae have remained scarce. However, abundant populations have
been observed in Trentino apple orchards since 2019. Monitoring activities confirmed
the widespread presence of O.ishidae, particulary in organic orchards compared to
conventional ones. A laboratory experiment was conducted to assess insect fitness
among different host plants. Mortality rates on apple trees were similar to wild hosts,
but significantly higher on grapevines. Apple trees and hornbeam exhibited the
shortest development time to the adult stage compared to other substrates.These
findings suggest that O.ishidae is better adapted and more prevalent on apple trees
and wild species than on grapevines in Italy. However, uncertainties remain regarding
its role as a vector of phytoplasma in apple orchards. Further research is underway to
clarify these aspects.
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1 INTRODUCTION

Grapevine’s Flavescence dorée (FD) is one of the most insidious and destructive
phytoplasmas diseases, causing important economic losses to European viticulture
(Chuche and Thiéry 2014, Tramontini et al. 2020). The phytoplasmas associated with
FD (FDp) belong to the ribosomal subgroups 16SrV-C and D (Lee et al. 2004,
Martini et al. 2007, Malembic-Maher et al. 2020) and the epidemic spread of FD is
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caused by the Nearctic leathopper Scaphoideus titanus Ball, 1932 (Hemiptera,
Cicadellidae, Deltocephalinae) (Schvester et al. 1961, Chuche and Thiéry 2014).
However, certain FDp strain can be transmitted from additional plant hosts such as
Alnus  glutinosa, Clematis vitalba to grapevines by alternative vectors like
Dictyophara europaea, Orientus ishidae, Allygus mixtus (Filippin et al. 2009,
Malembic-Maher et al. 2020) or putative vectors such as Phlogotettix cyclops,
Hishimonus hamatus which were capable of acquiring FDp under controlled
conditions (Strauss and Reisenzein 2018, Malembic-Mabher et al. 2020). Among these,
the leafhopper Orientus ishidae Matsumura, 1902 (Hemiptera, Cicadellidae,
Deltocephalinae) was identified as an alternative insect vector of FDp in different
transmission experiments (Lessio, Icciau, et al. 2016, Malembic-Maher et al. 2020,
Jarausch et al. 2023). Moreover, high population of O. ishidae has been reported in
non-cultivated area suggesting that they may locally contribute to the maintenance of
FD, particularly within the landscape (Parise 2017, Jermini et al. 2019, Malembic-
Mabher et al. 2020, Rizzoli et al. 2021).Orientus ishidae is indigenous to Asia and was
initially documented in Europe in 1998, as reported by Guglielmino (Guglielmino
2005). Subsequently the leathopper rapidly spread throughout the continent (EPPO
2023), probably helped by its wide host plant range, including Corylus avellana, Acer
spp., Alnus glutinosa, Salix spp. and Carpinus betulus (Valley and Wheeler 1985,
Lessio, et al. 2016, Parise 2017, Desqué et al. 2019). Some of these species, such as
A. glutinosa and C. avellana could harbour different FDp genotypes (Malembic-
Mabher et al. 2020, Kogej Zwitter et al. 2023) and may thus be involved in alternative
epidemiological cycles of FDp.

However, multiple studies have shown that O. ishidae populations are scarce within
vineyards in contrast to wild areas, where they are found to be extremely abundant
(Lessio, et al. 2016, Rizzoli et al. 2021, Guerrieri et al. 2024). It has been
hypothesized that mandatory treatments against S. titanus may have depressed O.
ishidae populations (Lessio et al. 2016), rendering cultivated environment, such as
vineyard, hostile to that species. Unexpectedly, since 2019 abundant population of the
mosaic leathopper have been reported within apple orchards in Trentino (North East
Italy) (Baldessari et al. 2020) in contrast to the findings in vineyards in the same
region (Gelmetti et al. 2021). It remains unclear whether the low populations of O.
ishidae within the vineyards are a result of the effects of pesticides or what factors
contribute to the discrepancy between the populations recorded in Trentino apple
orchards and vineyards. To address these hypotheses the main objects of the research
were:

assess the presence of O. ishidae in apple orchards located in other regions of
northern Italy regions where the leathopper is only recorded in vineyards.

investigate fitness parameters of O. ishidae to determine whether grapevines can
serve as an optimal host plant for the mosaic leathopper
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2 MATERIAL AND METHODS
2.1 Study area and experimental design

During summer 2022 and 2023, a survey was conducted to monitor the presence of O.
ishidae in apple orchards across northern Italian regions, including Trentino Alto Adige,
Friuli Venezia Giulia, Lombardia, Piemonte, Veneto (only in 2022), Emilia Romagna
(only in 2023) and Slovenia in 2023. In each region four organic and two IPM orchards
were randomly selected. Three yellow sticky traps (YST, Glutor© Biogard) were
positioned along the diagonal of each orchard, suspended at approximately 1.50
meters above the ground on the median wire of the training system. The YSTs were
changed every two weeks, starting from mid-July and continuing until the end of
September. The collected YSTs were stored at -20°C and sent to Fondazione Mach
for leafhoppers determination using a stereo microscope.

2.2 Fitness test

The fitness parameters taken into account were nymphs/adult mortality and the
'nymph-adult’ development time in apple (cv Golden Delicius ), grapevine (cv Bronner)
and two wild plants (hazelnut and hornbeam). Orientus ishidae was reared under
greenhouse conditions (T =22 +3°C, photoperiod 16:8 L:D), starting from eggs as
described in previous work (Dalmaso et al. 2023). Dormant apple wood with eggs was
collected in winter from apple orchards of the Trentino region, where a high number of
adult O. ishidae were captured by YSTs during the previous summer and placed in a
hatching box.

To test the nymphs’ mortality rate, first instar nymphs were collected from the hatching
box and enclose in group of three on leaves of potted plants in cylindrical cages
covered with a nylon mesh (height 20 cm, diameter 13 cm). The leaves were checked
daily, and the dead specimens were removed. Nymphs were randomly subdivided and
equally assigned to each host. Nymphs were left growing undisturbed and checked
daily for the presence of newly emerged adults. The day of emergence of each adult
was recorded.

The newly emerged adults derived from nymphs developed on the four previously
assigned plants. The adult survival status was recorded every day and dead insects
were removed from the cage and discarded.

2.3 Data analysis

All the statistical analyses were conducted on R software v 4.1.2 (R Core Team 2024).
A Wilcoxon rank sum test with continuity correction or a Kruskal-Wallis rank sum test
were then used to determine differences among medians. If the Kruskal-Wallis rank
sum test confirmed such differences, a Mann-Whitney pairwise test (confidence level =
95%, Bonferroni corrected) was used to rank differences (packages ggplot,
ggstatsplot, rstatix). The effect of the host plant species on the survival of O. ishidae
was assessed through survival curves, estimated by the Kaplan—Meier method for
censored data. (Klein and Moeschberger 2003). For testing the statistical significance
among groups, we used log-rank tests, an established non-parametric method for
comparing survival distributions (packages survival, survminer).
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3 RESULTS
3.1 Diffusion in apple orchards

Yellow sticky traps showed O.ishidae to be widespread in all monitored sites, but
with higher captures in apple orchards located in the northeast and in Italian alpine
regions. In the Po Valley (Italy), captures were relatively lower in both years
considered. Extremely high populations of the mosaic leafhopper have been recorded
in organic apple orchards when compared with integrated management in 2022
(average season catches in organic orchards = 82,1 vs 8,40 in IPM, Wilcoxon Test, W
=23, p-value = <0,0001) and 2023 (average season catches in organic orchards = 58,9
vs 11,9 in IPM Wilcoxon Test, W = 309, p-value = 0.0013), although in some regions
this difference was less marked in both years.

Finally, a preliminary analysis has indicated that catches of O. ishidae did not vary
between the centre and edges of apple orchards in 2022 (Kruskal-Wallis chi-
squared=0,615 df = 2, p-value=0,735,) and 2023 (Kruskal-Wallis chi-squared= 0,450,
df = 2, p-value= 0,798). A landscape analysis will provide a more comprehensive
understanding of the data, revealing, for instance, whether there are any correlations
between the recorded population levels and the complexity of the agroecosystem.

3.2 Fitness parameters in different host plant

No nymphs reared on vine did progress to the adult stage. In contrast, on hornbeam,
apple, and hazel, adults consistently emerged in all replications, and no evident
difference in mortality rates was observed among these host plants (Kruskal-Wallis
chi-squared= 69,19 df= 3, p-value=<0.0001). In terms of development time, no
significant differences were observed among hornbeam, apple and hazel, with the
mean moulting time ranging from 28 to 31 days (Kruskal-Wallis chi-squared= 1,47
df= 2, p-value=0,49). However, for grapevine, this value could not be calculated
because no nymphs reached the adult stage.

Adult longevity exhibited significant differences in survival probability among O.
ishidae reared on the four host plants. Given the lack of adults on vines from the
previous experiments, nymphs from a separate rearing were placed on vines as soon
as they reached the adult stage. In particular, individuals reared on grapevine survived
for a shorter time compared with all other groups (log rank test: chi-squared= 270; p
<0,0001). After three days 50% of the tested specimen died and no adults survive
more than 10 days. Hornbeam and Hazel specimens, along with those reared on apple,
displayed similar survival rates. Half of the adults survived more than 26 days, and
two individuals reared on hornbeam died after 60 days.

4 DISCUSSION AND CONCLUSION

Preliminary findings reveal widespread O. ishidae populations throughout northern
Italy orchards, particularly in organic apple orchards in the Northeast. Further
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investigations into climate and landscape factors may shed light on the underlying
reasons for this distribution. Moreover, unlike in vineyards, where O. ishidae
populations are sparse and mainly confined to the edges (Lessio et al. 2016, Jermini et
al. 2019, Gelmetti et al. 2021, Guerrieri et al. 2023), our observations indicate a
broader colonization of apple orchards by the mosaic leathopper, highlighting the
suitability of apple trees as hosts for this species.

While it has been speculated that compulsory chemicals treatments targeting S.
titanus might contribute to the suppression of O. ishidae population (Lessio et al.
2016), the possibility of grapevines serving as non-hosts for the mosaic leathopper
has never been explored. Our experiment revealed significantly lower fitness
performances on grapevines compared to all other host, suggesting that grapevine is
not a suitable host.

In conclusion, although grapevines may not be the preferred host, the significance of
O. ishidae in vineyards ecosystems should not be underestimated. It is advisable to
investigate its fitness across various grapevine varieties. Moreover, considering its
established role as an FD vector among wild plants and the observed populations in
apple orchards, it is worthwhile to explore the potential involvement of apple crops in
FD epidemiology.
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