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Abstract

“Bois noir” (BN) is the most widespread disease of the grapevine yellows complex in several countries worldwide. BN is associated
with the presence of ‘Candidatus  Phytoplasma solani’, transmitted from herbaceous plants to grapevine by polyphagous
insect vectors. In the present study, a preliminary investigation on the epidemiology of BN in the Chianti Classico area was
carried out in an organic Sangiovese vineyard. ‘Ca.  P.  solani’ strains  identified in symptomatic grapevines and insects were
typed through the analysis of the stamp  gene nucleotide sequences. Obtained results revealed the presence of 4 stamp   sequence
variants in grapevines and the exclusive presence of the sequence variant St10 in Reptalus  quinquecostatus,  the sole insect
species found infected by this phytoplasma in the studied vineyard.
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Introduction

Grapevine yellows (GY) diseases associated with
phytoplasmas constitute a major threat to the worldwide
viticulture. “Bois noir” (BN) is one of the most important GY
in the European and Mediterranean regions and is associated
with ‘Candidatus  Phytoplasma solani’ (Quaglino et al., 2013).
Its main insect vector is the planthopper Hyalesthes
obsoletus  Signoret (Maixner, 1994), even though BN incidence
is not always correlated to high densities of this insect.
Interestingly, recent studies evidenced the capability of other
insects to transmit ‘Ca. P. solani’ to grapevine (Cvrkovic et al.,
2014). Up to now, Convolvulus arvensis and Urtica dioica
have been reported as being the main host plants of ‘Ca. P.
solani’. Moreover, other wild and cultivated plants within or
near vineyards were found infected by the phytoplasma
suggesting their role in BN epidemiology (Mori et al., 2015).
The use of molecular markers for ‘Ca. P. solani’ strain typing
increased the knowledge of BN epidemiology in vineyard
agro-ecosystems (Kosovac et al., 2016, 2019). The present
study aimed to describe the genetic diversity of ‘Ca. P.  solani’
strains identified in grapevines and insects. Obtained results
allowed to gain new insights into the role of putative insect
vectors in BN epidemiology.

Materials and Methods

The study was conducted in an organic Sangiovese vineyard

located in Greve in Chianti (Chianti Classico area, Florence
province). In September 2018, about 10 leaves were collected
from each of 48 symptomatic Vitis vinifera cultivar
Sangiovese plants. In July and August, yellow sticky traps,
placed inside and at the vineyard borders, were used to
collect Auchenorrhyncha species, considered potential
phytoplasma vectors.  Plant DNA was extracted following
the protocol described by Li et al. (2008). Insect DNA was
extracted from captured specimens, maintained in 70%
ethanol, as described by Marzachì et al. (1998). Detection of
phytoplasmas belonging to groups 16SrI and 16SrV, and
subgroup 16SrXII-A (‘Ca. P. solani’) was carried out by
quantitative PCR according to the protocol by Angelini et al.
(2007). ‘Ca. P.  solani’ strains, detected in grapevines and
insects, were typed by PCR-based amplification of the stamp
gene and nucleotide sequence analysis, as described by Pierro
et al. (2018a).

Results

A total of 347 Auchenorrhyncha specimens were collected,
with a prevalence (186 out of 347 specimens) of Reptalus
quinquecostatus  (Table 1). ‘Ca. P. solani’ was detected in 45 out
of 48 symptomatic grapevines, and in 76 out of 186 specimens
of R. quinquecostatus, the sole species found phytoplasma
infected. Phytoplasma groups 16SrI and 16SrV were not
detected neither in grapevines nor in insects. Nested-PCR
reactions allowed the amplification of the stamp gene in 43
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Figure 1. Prevalence of stamp sequence variants (%) of ‘Ca. P. solani’ strains identified
in V. vinifera and R. quinquecostatus in the studied vineyard.

out of 45 ‘Ca. P. solani’-infected grapevines and in 67 out of 76
‘Ca. P. solani’-infected R. quinquecostatus specimens.

Based on sequence identity, four stamp  sequence variants
were identified within the ‘Ca. P. solani’ strains infecting
grapevines: 3 sequence variants shared 100% sequence
identity with St10 (46.6%), St18 (30%) and St5 (20%) sequence
variants, while 1 (St59) was identified for the first time in
this study and differed from St10 for 2 single nucleotide
polymorphisms (nucleotide position 335 and 500) (Figure 1).
Sequence analysis revealed that the stamp sequence variant
St10 was present in all the 67 ‘Ca. P. solani’-infected R.
quinquecostatus specimens (Figure 1).

reservoir(s). Further studies based on ‘Ca. P. solani’
transmission trials to grapevine are necessary to clarify the
role of R. quinquecostatus in "bois noir" epidemiology.
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Table 1. Insects identified in the surveyed vineyard.

Family Genus Species Collected

Aphrophoridae Phylaenus spumarius 72

Aphrophoridae Neophylaenus sp. 4

Cicadellidae Psammotettix sp. 21

Cicadellidae Zygina rhamni 57

Cicadellidae Macrosteles sp. 1

Cixidae Reptalus quinquecostatus 186

Cixidae Cixius sp. 1

Dictiopharidae Dictyophara europaea 5

Discussion

The survey on Auchenorrhyncha surprisingly showed the
absence of H. obsoletus  and the massive occurrence of highly
‘Ca. P. solani’-infected (41%) R. quinquecostatus in the
examined vineyard. In accordance with previous results
obtained in Tuscany (Pierro et al., 2018b), ‘Ca. P. solani’ strains
infecting grapevines were typed as stamp  sequence variants
St5, St10, and St18, with the prevalence of St10. Interestingly,
nucleotide sequence analysis showed the unique presence
of the stamp sequence variant St10 in R. quinquecostatus.
Such results could reinforce previous evidences suggesting
an important epidemiological role of R. quinquecostatus in
the transmission of ‘Ca. P. solani’ to grapevine (Trivellone et
al., 2006; Chuche et al., 2016), at least for phytoplasma strains
harboring the St10 stamp  sequence variant.

Considering the exclusive presence of ‘Ca. P.  solani’ strains
harboring the stamp  sequence variants St5, St18, and St59 in
grapevines, it is reasonable to hypothesize the existence of
additional epidemiological pathways for these ‘Ca. P. solani’
strains, including other insect vector(s) and/or plant




