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Summary

Several species belonging to the Botryosphaeriaceae
were isolated from grapevine (Vitis vinifera) tissue other
than wood during a survey of two vineyards planted to
cultivars ‘Chardonnay’ and ‘Shiraz’ in the Hunter Val-
ley, New South Wales, Australia over the 2007/08 and
2008/09 growing seasons. A total of 188 isolates corre-
sponding to nine different species of Diplodia, Dothiore-
lla and Neofusicoccum anamorphs were isolated from
dormant buds, flowers, pea-sized berries and mature
berries prior to harvest in addition to 142 isolates from
the trunks of the same vines. Furthermore, the occur-
rence of Dothiorella viticola, Diplodia mutila and Neofu-
sicoccum australe is reported here for the first time from
grapevines in the Hunter Valley. These findings may
provide important information for the management
and spread of Botryosphaeriaceae in vineyards where
they are considered serious wood-invading pathogens.
Botryosphaeriaceae are occasionally found on bunches,
however, until now they have not directly been relat-
ed to bunch rots. Control strategies for trunk diseases
caused by Botryosphaeriaceae are currently limited to
remedial surgery and wound protection. These strate-
gies do not consider other grapevine tissue as potential
inoculum sources for infection of Botryosphaeriaceae
in the vineyard.

Key words: Botryosphaeria, Bot canker, bunch
rot.

Introduction

Several species belonging to the family Botryosphaer-
iaceae, pose a great threat to the viticulture industry world-
wide by causing the grapevine decline disease commonly
known as Botryosphaeria (‘Bot’) canker, and other diseas-
es such as excoriose, black dead arm, and diplodia dieback
(LARIGNON et al. 2001, VAN NIEKERK ef al. 2002 and 2006,
SavoccHia et al. 2007). Disease symptoms include stunt-
ed growth, cankers, wood necrosis, dead arms, canes and
shoots and bleached canes (PHiLLIPS 1998, VAN NIEKERK
et al. 2006, SavoccHIA et al. 2007). The importance and
wide distribution of these ascomycete fungi has become
evident over recent years guided by the results of a large

number of vineyard surveys worldwide (CAsTILLO-PANDO
et al. 2001, PamLies 2002, TAYLOR et al. 2005, Woobp and
Woob 2005, Qui et al. 2010, UrBEz-TorrES and GUBLER
2006, UrBEZ-TORRES et al. 2006, VAN NIEKERK et al. 20006,
SavoccHiA et al. 2007, UrBEz-TorrES and GUBLER 2007,
URBEZ-TORRES et al. 2008, PitT et al. 2010).

To date, ten species of Botryosphaeriaceae have been
reported from Vitis vinifera in Australia. These are Diplo-
dia seriata, Diplodia mutila, Lasiodiplodia theobromae,
Neofusicoccum parvum, Neofusicoccum australe, Neofi-
sicoccum luteum, Neofusicoccum ribis, Botryosphaeria
dothidea, Dothiorella viticola and Dothiorella iberica
(CastiLLo-PanDO et al. 2001, TayLor et al. 2005, Woob
and Woobp 2005, SavoccHia et al. 2007, Quu et al. 2008,
Prtt et al. 2010). These surveys have been limited to the
wood of V. vinifera, however, other vineyard surveys such
as those in Western Australia (WA) and the Hunter Valley
(STEEL ef al. 2007, TayLor 2007) studying the occurrence
of bunch rot pathogens have revealed that Botryosphaer-
iaceae can also be isolated from grapevine bunches. A sur-
vey of wine regions in WA during the season of 2006/07
found 20 % of vineyards to contain Botryosphaeriaceae
species in symptomatic bunches, despite this being a sea-
son of relatively low rainfall and unfavourable conditions
for bunch rots (TayLor and Woop 2007). More recently
CunnINGTON and PrIesT (2007) reported the identification
of two N. australe isolates from grapevine berries in Vic-
toria, Australia.

Several studies have identified these fungi as important
fruit rot pathogens of various hosts including apple (FEn-
NER 1925, FUuLKERSON 1960), pear (AL-HaqQ et al. 2002),
peach (RitTENBURG and HEnDRIx 1983, BrRowN and Brit-
ToN 1986), olive (RoMERO et al., 2005, PHILLIPS et al. 2005,
Lazzizera et al. 2008, (SERGEEVA et al. 2009)) and table
grape (LUTTRELL 1948, KUMMUANG ef al. 1996 a and b). As
far as we are aware, other than the incidence data presented
by KuMMUANG ef al. (1996 b) and LUTTRELL (1948), there
has been no research conducted on Botryosphaeriaceae
as bunch rot pathogens of grapevines. The economic im-
pact of Botryosphaeriaceae on V. vinifera fruit is therefore
unknown; however, PEARsON and GoHEEN (1988) claim a
20-30 % loss of ripening in Muscadine (Vitis rotundifolia)
fruit due to B. dothidea.

Research into the lifecycle of Botryosphaeria fruit rot
of apples showed that pycnidia on dead apple twigs and
rotten apples left on the tree after harvest or fallen to the
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ground are the major source of inoculum in orchards. Dur-
ing rain periods, conidia are released from the pycnidia
and dispersed onto the plants by wind and rain (Brow~ and
Britton 1986, BrROWN-RyYTLEWSKI and McManus 2000).
Infection occurs as early as bud burst and apples do not
require prior wounding for Botryosphaeria fruit rot infec-
tions (BEISEL ef al. 1984, TayLor 1955).

In contrast to studies dealing with hosts other than
V. vinifera, little information exists on the infection path-
way of Botryosphaeriaceaec as bunch rot pathogens of
grapes. Symptoms of Muscadine table grapes infected
with V. ribis and B. dothidea have been described as water-
soaked in appearance with occasional berry skin cracking,
berries covered in white mycelium and in severe cases the
drying and blackening of berries which eventually mum-
mify and develop black pycnidia on the surface (LUTTRELL
1948, KUMMUANG et al. 1996 a). Similar to the Botry-
osphaeriaceae life cycle of apples, pycnidia on the surface
of Bot canker diseased grapevines and pruning debris on
the vineyard floor have been identified as inoculum sourc-
es for Botryosphaeriaceae infection of wounded grapevine
wood (UrBEz-TorrES and GUBLER 2008, ROLSHAUSEN et al.
2010).

This information together with the knowledge that
Botryosphaeriaceae can grow and form pycnidia on ta-
ble grapes and infect dormant buds in apples raises the
questions of how do Botryosphaeriaceae infect grapevine
bunches in Australian vineyards and do species found
in grapevine wood infect reproductive tissues leading to
bunch rot development? Therefore the aim of this research
was to isolate Botryosphaeriaceae from the reproductive
structures of grapevine over different phenological stages
and to compare these isolations with those from grapevine
wood.

Material and Methods

Survey: Overthe growing seasons of 2007/08
and 2008/09, a total of 200 grapevines (50 vines of ‘Char-
donnay’ and ‘Shiraz’ each per vineyard) were sampled for
the presence of Botryosphaeriaceae in two vineyards. The
vines were established approximately 25 years ago in the
Lower Hunter Valley, NSW, Australia, located at approxi-
mately 32°47°39.56”S 151°20°35.79”E (Vineyard A) and
32°48°24.77”S 151°16°30.03”E (Vineyard B). The vine-
yards and individual vines were selected based on an exist-
ing history of trunk diseases due to Bot canker.

The climate in the Lower Hunter Valley is moderate,
Mediterranean-like, with an annual rainfall of 766 mm
(Bureau oF METEROLOGY 2009) and with the highest rain-
fall periods occurring in summer and just before the start of
winter. During the growing season of September to March,
the region is hot with mean daily maximum temperatures
of 33 °C and mean relative humidity ranging from 43 to
81 % throughout the day (Bureau oF METEROLOGY 2009).

Both sampling sites were commercial vineyards fol-
lowing routine fungicide programs. Throughout the two
sampling seasons Vineyard A was sprayed with Thiovit

Jet (active ingredient (a.i.) sulphur), Captan (a.i. Captan),
Cabrio (a.i. pyraclostrobin), Switch (a.i. cyprodinil & flu-
dioxonil), Medley Plus (a.i. metalaxyl + copper oxychlo-
ride), Dithane Rainshield (a.i. mancozeb), Liquicop (a.i.
copper), Kocide Xtra (a.i. copper hydroxide ), Prosper (a.i.
clothianidin), Scala (a.i. pyrimethanil) and Rovral L (a.i.
iprodione) for the control of Downy Mildew, Powdery
Mildew, Phomopsis and Botrytis between the phenological
growth stages of leaf emergence (E-L stage 7) and veraison
(E-L stage 35). Vineyard B had a similar spray program
for the control of Downy and Powdery Mildew and Botry-
tis with Cabrio, Captan, Kocide Blue (a.i. copper), Delan
(a.i. Dithianon), Topas (a.i. penconazole), Thiovit Jet and
Switch applications. For both vineyards the most frequent
spraying occurred between flowering at 50 % cap fall (E-L
stage 23) and pea-sized berry stage (E-L stage 31).

Wood samples were taken from the trunk and cordons
of each vine before commencing the survey of other repro-
ductive tissues. During both seasons, samples were taken
at the growth stages of dormant bud, flowering, pea-sized
berry and harvest, corresponding to the E-L phenological
stages of 1, 21, 31 and 35, respectively as described by
CooMBE (1995). At each sampling time five dormant buds,
inflorescences or bunches per vine were collected at ran-
dom and sub-sampled to florets and berries. This intensive
method of sampling was chosen to increase the likelihood
of isolating rarer species such as B. dothidea and N. par-
vum previously isolated from the Hunter Valley (Q1u ef al.
2010).

Isolation: Vine samples were surface-sterilised
in 0.5 % sodium hypochlorite for 2 min followed by two
rinses in sterile distilled water, placed on potato dextrose
agar (PDA; Oxoid Ltd., Basingstoke, Hampshire, England)
amended with 50 uL/mL streptomycin sulphate (Sigma-
Aldrich, Castle Hill, NSW, Australia) and incubated at
room temperature in the dark. Fungal colonies showing
characteristics of Botryosphaeriaceae species were subcul-
tured onto fresh PDA and single spore or hyphal tip cul-
tures prepared using standard technique.

Isolates of Botryosphaeriaceae were allowed to sporu-
late at room temperature in the dark for up to 8 weeks prior
to identification based on conidial morphology. Isolates
that did not sporulate were subcultured onto triple auto-
claved pine needles on 1.5 % water agar in Petri dishes
and stored for a further 6 weeks at room temperature under
a light regime of 12 h dark and 12 h near UV light to en-
courage the formation of conidia. Preliminary morphologi-
cal identification to species level was based on the length,
shape, pigmentation and presence or absence of septa in
conidia.

DNA extraction and molecular
identification: A representative group of each
morphologically identified species and a subset of those
isolates failing to sporulate were chosen for further analy-
sis. Three agar plugs per isolate were transferred from ac-
tively growing cultures to 125 mL conical flasks contain-
ing 50 mL Difco™ potato dextrose broth (Bacto Labora-
tories, Liverpool, NSW, Australia) and were incubated at
25 °C and 90 rpm in an orbital shaker (Sartorius Certomat
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BS-1). Mycelia were harvested after 7 d, initially dried by
filtration, freeze-dried in a Christ Gamma 1-16LSC freeze-
dryer (Christ, Osterode, Germany) for 24 h and then ho-
mogenised with a tissue lyser (Qiagen, Australia). DNA
was extracted using the DNeasy Plant Maxi Kit (Qiagen)
according to the manufacturer’s handbook. This was fol-
lowed by amplification of the rDNA internal transcribed
spacer (ITS) region (ITS1-5.8S-ITS2) with primers ITS1
and ITS4 (WHITE et al., 1990). Each 50 pL polymerase
chain reaction (PCR) contained a total of ~ 50 ng DNA
template, 1 unit of HotStar 7ag DNA polymerase (Qiagen),
0.1 volumes of 10 x buffer (Qiagen), containing 15 mM
MgCl,, 200 uM each of dNTPs (Promega, Australia), and
0.15 pM each of primers ITS1 and ITS4. PCRs were per-
formed in a Master Thermocycler (Eppendorf, Germany)
according to SLIPPERS ef al. (2004) with an amended initial
denaturation step of 95 °C for 15 min.

PCR products were submitted to the Australian Ge-
nome Research Facility (Brisbane, Australia) for dual di-
rection sequencing. Isolates were identified to species level
by comparing the resulting sequences with those of other
Botryosphaeriaceae available in GenBank. Species identi-
ties for D. viticola, N. australe, N. ribis and N. luteum were
confirmed using partial sequencing of the B-tubulin and the
translation elongation factor 1-alpha (EF1-a) genes.

B-tubulin gene analysis was carried out in 50 pL reac-
tions containing ~50 ng DNA template, 0.2 uM of each
primer Bt2a and Bt2b (Grass and DonaLDsoN, 1995),
1.25 units of HotStar 7ag (Qiagen), 1 x PCR buffer (Qia-
gen), 15 mM MgCl,, 200 uM each of dNTPs (Promega).
The PCR cycling protocol consisted of an initial denatura-
tion at 95 °C for 15 min, followed by 40 cycles of 94 °C
for 20°s, 55 °C for 45 s and 72 °C for 1 min and 30 s and a
final extension of 72 °C for 5 min.

Each 40 uL EF1-0 PCR contained ~ 50 ng DNA tem-
plate, 0.5 uM of each primer EF1-728F and EF1-986R
(CarBonNE and Koun 1999), 1 unit of HotStar 7ag DNA
polymerase (Qiagen), 0.1 volume of 10 X buffer (Qiagen),
containing 15 mM MgCl,, 200 uM each of dNTPs. An ini-
tial denaturation at 95 °C for 15 min was followed by 35
amplification cycles of 30 s at 95 °C, 40 s at 58 °C and
1 min at 72 °C and a final extension of 5 min at 72 °C.

A selection of isolates from each species reported here
were submitted as live cultures to the Agricultural Scientif-
ic Collection Unit, Industry and Investment NSW, Orange,
NSW, Australia (Herbarium code: DAR) and correspond-
ing DNA sequences of the regions used for identification
were deposited in GenBank. GenBank and Herbarium Ac-
cession numbers are listed in Tab. 1.

Results

Trunk disease pathogens belonging to the Botry-
osphaeriaceae were isolated from all tissue types sampled
in this survey. While dormant bud, flower and pea-sized
berry samples appeared asymptomatic, the majority of
bunches sampled prior to harvest showed symptoms of
bunch rot including darkening of berry skins, softening and

oozing of juice from berries, mycelial growth and forma-
tion of black pycnidia on berry surfaces as well as berry
collapse and drying out of berries.

The initial isolation of cultures characteristic of Botry-
osphaeriaceae resulted in a total of 330 isolates (Vineyard
A: n = 150; Vineyard B: n = 180). Further identification
to species level via ITS sequencing, and partial sequenc-
ing of EF1-a and B-tubulin genes combined with conidial
morphology resulted in 9 different species of Diplodia,
Dothiorella and Neofusicoccum: D. seriata, D. mutila, L.
theobromae, D. viticola, N. australe, N. parvum, N. ribis,
N. luteum and B. dothidea (Tab. 1).

The number of isolations for each species, their vine-
yard of origin and host cultivar are shown in Tab. 2. D. se-
riata, N. parvum, B. dothidea and N. Iuteum were the most
frequently isolated species, occurring in both vineyards
and on both ‘Chardonnay’ and ‘Shiraz’. D. mutila, L. theo-
bromae and D. viticola were isolated only from Vineyard B
with D. viticola being isolated from both cultivars, D. mu-
tila on ‘Chardonnay’ only and L. theobromae on ‘Shiraz’
only. In contrast, N. australe and N. ribis were isolated only
from Vineyard A with N. ribis occurring on both cultivars
and N. australe occurring only on ‘Shiraz’.

The greatest number of Botryosphaeriaceae isolations
occurred from dormant buds and wood followed by berries
at harvest, while isolations from flowers and pea-sized ber-
ries were scarce (Tab. 3). With the exception of D. mutila, L.
theobromae and N. ribis all species mentioned were found
on dormant buds and all species except N. luteum were
isolated from wood (Tab. 3). D. mutila, L. theobromae, N.
australe and D. viticola were not isolated from berries at
harvest. Along with two unidentified Botryosphaeriaceae
species, D. seriata, N. parvum and N. luteum were the only
species isolated from flowers and D. seriata was the only
species occurring on pea-sized berries.

Discussion

The Botryosphaeriaceae family is species-rich, contain-
ing common trunk disease pathogens, frequently isolated
from grapevine wood in vineyards worldwide including the
Hunter Valley. Until now, D. seriata, N. luteum (SAVOCCHIA
et al. 2007), N. ribis (CastiLLO-PANDO et al. 2001), N. par-
vum, B. dothidea (Qu et al. 2008) and L. theobromae (Qiu
et al. 2010) were the only species of Botryosphaeriaceae
reported from the Hunter Valley. The additional findings of
D. viticola, N. australe, and D. mutila at relatively low fre-
quencies compared to most of the previously recorded spe-
cies except L. theobromae reflect the species distribution
seen in other regions in eastern Australia, which largely
seems to depend on climatic variations (PitT ef al. 2010).
This has also been observed in California (USA) and Mex-
ico (UrBEz-TorrEs and GUBLER 2006, URBEZ-TORRES ef al.
2008). However, the findings of nine different species in
two vineyards in the Lower Hunter Valley stands in con-
trast to the results of PitT ef al. (2010) declaring a larger
number of species distributed in the southern wine regions
of NSW compared to those in the north-east. The isolations
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vine wood (CasTiLLo-PANDO ef al. 2001, TAYLOR et al. 2005,

of the rarer species in our survey might be explained by the
more intensive sampling method used (Qwu ef al. 2010).

SavoccHia et al. 2007, Pitt et al. 2008, Qu et al. 2008, Pitt

et al. 2010).

The isolation of one single isolate belonging to L. the-
obromae, a species favouring hot climatic conditions (Ur-
BEZ-TORRES ef al. 2000), is also consistent with the findings

of Qu et al. 2010, who predict to see a greater abundance

In previous reports that dealt with the infection of fruit
in Australian vineyards the fungi were not identified to
species level (STEEL et al. 2007, TayLor 2007) other than
CUNNINGTON ef al. (2007) who reported N. australe from
grapevine berries in Victoria, Australia. To our knowledge
our survey is the first report of D. seriata, D. viticola,

of this species in the Hunter Valley in the future due to in-

creased temperatures caused by climate change.

Botryosphaeriaceae species reported in this survey
have previously been reported on grapevines in Australia,

N. parvum, N. ribis, N. luteum and B. dothidea in V. vinif-

era tissue other than wood.

however, isolations were limited to the analysis of grape-
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D. seriata and N. parvum were most abundant in dor-
mant buds, berries at harvest and in the wood. This is con-
sistent with the findings of previous surveys of wood con-
ducted in the Hunter Valley (CastiLLo-PaNDO ef al. 2001,
SavoccHia et al. 2007, Quu et al. 2008, PitT et al. 2010) and
suggests that the species distribution on grapevine repro-
ductive tissue is not different from that on wood.

The findings of Botryosphaeriaceae species in dor-
mant buds, flowers, pea-sized berries and berries at harvest
confirm that the presence and possible infection by these
fungi is not limited to the wood. Many of the species found

here occur on several different tissue types, confirming that
the Botryosphaeriaceae are not tissue-specific. The relative
pathogenicity or aggressiveness of the individual species
is still unknown. Further studies including pathogenicity
testing of individual isolates across various tissue types are
necessary to confirm Botryosphaeriaceae as pathogens not
limited to wood.

Comparing the large number of isolations from wood
with those from reproductive tissues suggests that Botry-
osphaeriaceae occurring on wood may act as inoculum
sources for infection in other tissues, in a similar way to
Botryosphaeria fruit rot in other hosts. In apples the pri-
mary source of apple rot infection is the dispersal of Botry-
osphaeriaceae conidia from pycnidia found on the outside
of infected branches and twigs (DrakE 1971, Sutton 1981).
This source is available throughout the whole season (Sut-
ToN 1981) and infection of apples has been reported to be-
gin as early as petal fall (PARKER and SutTOoN 1993).

No fungicides are currently registered for the control
of Botryosphaeriaceae in Australian vineyards however, it
is known that the management of other bunch rots, such as
grey mould caused by Botrytis cinerea, relies extensively
on fungicide sprays at flowering to reduce the infection rate
of inflorescences and subsequent berry infection at harvest
(NAR et al. 1987 and 1995, NAIR and ALLEN 1993, ELAD e?
al.2007). In addition PitT et al. (2008) highlighted commer-
cially available products containing fludioxonil, pencona-
zole, and iprodione as some of the most effective fungicides
tested in vitro for the inhibition of Botryosphaeriaceae. All
three products were applied to the vineyards surveyed be-
tween flowering and veraison possibly contributing to the
low numbers of Botryosphaeriaceae isolated from flowers
and pea-sized berries. Prior to bud burst spray, fungicide
applications in both vineyards were low and post-verai-
son, applications were halted completely due to fungicide
withholding period regulations. This may explain the more
frequent isolations of Botryosphaeriaceae at the early and
later stages of the growing season and would suggest that
successful infection of dormant buds early in the season
may lead to bunch infection towards the end of the season,
with infections carried internally and unaffected by further
fungicide applications throughout the season. However,
the relatively high number of isolates from dormant buds
compared to those from berries at harvest of the same vines
could be explained by the hypothesis that infected buds
will remain viable and produce bunches. Future research
is therefore necessary to investigate the vitality/mortality
of Botryosphaeriaceae infected buds. If infection leads to
bud mortality we hypothesise that the isolates from berries
at harvest may be a result of later infections from the dis-
persal of conidia onto the outside of the berries rather than
from internal bud infection.

The isolation of most Botryosphaeriaceae species from
all tissue types sampled confirms that Botryosphaeriaceae
species can infect different V. vinifera tissue types through-
out all stages of the growing season. This is important in-
formation for the management of Botryosphaeriaceae in
vineyards, which is currently limited to remedial surgery
of infected wood and the protection of pruning wounds. In
contrast to many other bunch rot pathogens, Botryosphaer-
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Table 2

Number of Botryosphaeriaceae species isolated from two vineyards planted to
Vitis vinifera cultivars ‘Chardonnay’ and ‘Shiraz’

Species Vineyard A Vineyard B

Chardonnay  Shiraz  Chardonnay  Shiraz
Diplodia seriata 65 26 48 39
Diplodia mutila - - 1 -
Lasiodiplodia theobromae - - - 1
Dothiorella viticola - - 2 1
Neofusicoccum parvum 9 6 14 18
Neofusicoccum luteum 3 - 2 4
Neofusicoccum ribis 1 1 - -
Neofusicoccum australe - 1 - -
Botryosphaeria dothidea 4 6 1 12
Botryosphaeria spp.” 14 14 15 22
Total 150 180

"Isolates identified to genus level only.

Table 3

Number of Botryosphaeriaceae isolated from different reproductive tissues of Vitis vinifera

Origin tissue

Species Dormant Flowers Pea-s%zed Berries at Wood
buds berries harvest

Diplodia seriata 100 3 3 13 59
Diplodia mutila - - - - 1
Lasiodiplodia theobromae - - - 1
Dothiorella viticola 2 - - - 1
Neofusicoccum parvum 17 1 - 7 23
Neofusicoccum luteum 5 1 - 3 -
Neofusicoccum ribis - - - 1 1
Neofusicoccum australe 1 - - - -
Botryosphaeria dothidea 8 - - 2 11
Botryosphaeria spp.” 14 2 - 4 46
Total 147 7 3 30 143

“Isolates identified to genus level only.

iaceae infection of the wood presents a constant inoculum
source with pycnidia on the surface of trunks and cordons.
It is therefore insufficient to only protect pruning wounds
in winter, risking infection of the grapevine reproductive
tissue throughout the growing season which could lead to
infection of the fruit. As described previously, pycnidia
may form on infected berries acting as another primary
source of inoculum for the wood. In addition it is unknown
if the infection pathway includes a downward movement
into the wood which could lead to wood infection through
infected buds or shoots. Further research is required to in-
vestigate the pathways of Botryosphaeriaceae infection in
various grapevine tissues.

We suggest considering Botryosphaeriaceae species
as more than trunk disease pathogens and incorporating
control strategies, other than the current ones, throughout
the entire growing season for the management of Botry-
osphaeriaceae spread in Australian vineyards. Future re-
search is needed to confirm the aggressiveness of the vari-

ous species isolated from this survey to determine their
role as bunch rot pathogens and provide information for
control strategies. This should include an investigation into
the pathway of Botryosphaeriaceae infection for each tis-
sue.
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