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Abstract

Botryosphaeria dieback caused by species of Botryosphaeriaceae is an economically significant disease of grapevine
worldwide including in Australia and New Zealand. Symptoms such as dieback of the shoots and cordons, cankers,
stunted shoots, bunch rot and bud necrosis are observed, eventually leading to yield loss and reduced grapevine
longevity. The disease was first recognised as an important issue in vineyards in Australia and New Zealand in the early
2000s and since then, considerable research has been conducted for better understanding of the causal organisms and
their management. However, there is also a need to better understand the role of nursery planting material as a potential
source of infection in new or replanted vineyards. This review reports on the current knowledge of Botryosphaeriaceae
in grapevines in Australia and New Zealand including their identification, distribution across various wine grape
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growing regions, symptomatology, pathogenicity, epidemiology and management strategies. Future strategies to increase
our knowledge and to better manage these economically important pathogens are discussed.
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Introduction
AQ1

Species within the Botryosphaeriaceae are serious plant pathogens that cause cankers and dieback in many woody species
including trunk disease in grapevines. These species are considered aggressive pathogens in many woody plants (Slippers
and Wingfield 2007) but their importance in grapevines was only recognised in the early 2000’s as they were generally
regarded as endophytes, saprophytes or weak pathogens (Phillips 2002). For many years, Eutypa dieback caused by Eutypa
lata was thought to be responsible for some of the cankers and dieback disease of grapevines in Australia (Highet and
Wicks 1998; Pascoe and Cottral 2000; Siebert 2001; Castillo-Pando et al. 2001). However, more recent research has also
implicated the Botryosphaeriaceae species in the dieback of grapevines. Eutypa dieback and Botryosphaeria dieback which
are considered important grapevine trunk diseases(GTDs) worldwide, persist within the affected vines from season to
season causing long term effects. Both the spores of Botryosphaeriaceae species and E. lata are spread through rain-splash
and wind where they can infect pruning and trimming wounds made to grapevines (Amponsah et al. 2009, Úrbez-Torres et
al. 2010; van Niekerk et al. 2010; Luque et al. 2014). A significant reduction in yield and increased production costs due to
the need for control methods to reduce infections have been attributed to grapevine trunk diseases (Úrbez-Torres et al.
2006). In Australia, Eutypa dieback and Botryosphaeria dieback are considered the two most important grapevine trunk
diseases and were ranked in the top five priority diseases for the wine grape industry in 2010 (Scholefield and Morison
2010).
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To date, 26 species of Botryosphaeriaceae belonging to the genera Botryosphaeria, Diplodia, Dothiorella, Lasiodiplodia,
Neofusioccum, Neoscytalidium, Phaeobotryosphaeria and Spencermartinsia have been reported to be associated with
Botryosphaeria dieback of grapevines worldwide (Gramaje et al. 2018).

Symptomatology
Similar to Eutypa dieback, Botryosphaeria dieback also causes shoot dieback, cankers in the wood (Fig. 1a-c), wedge-
shape internal cankers and central necroses in the cross section of affected trunks and cordons (Fig. 1d-f) and eventually
death of vines (Pitt et al. 2010; Úrbez-Torres 2011). The potential misidentification of the two diseases in the past may
have been due to the similar symptoms seen in infected field vines. Other external symptoms caused by Botryosphaeriaceae
species include death of canes, shoots and buds, stunting of shoots, delayed bud burst, bud necrosis, bleached canes and
reduced bunch set (Castillo-Pando et al. 2001, Taylor et al. 2005; Savocchia et al. 2007; Amponsah et al. 2011; Wunderlich
et al. 2011a; Table 1). Species of Botryosphaeriaceae have also been associated with bunch rots in warmer and more humid
climates in Australia (Wunderlich et al. 2011a, Fig. 1g). In Europe, foliar symptoms including yellowish-orange spots on
white cultivars or wine-red spots on red cultivars have been reported (Larignon and Dubos 2001; Larignon et al. 2001)
although these foliar symptoms may be due to Esca disease rather than Botryosphaeria dieback (Úrbez-Torres 2011;
Lecomte et al. 2012). However, the foliar symptoms reported by Larignon and Dubos (2001) were successfully reproduced
by Reis et al. (2016) on potted grapevines inoculated with isolates of Diplodia seriata and Neofusicoccum parvum .

Fig. 1

Symptoms of Botryosphaeria dieback. (a) Lack of vegetative growth due to dieback;(b-c) Trunk cankers indicated by arrows;
(d-e) Wedge-shape necrosis of the wood; (f) Central wood staining; (g) Bunch rot (Photo by Nicola Wunderlich)
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Table 1

Botryosphaeriaceae species associated with grapevine tissues and symptoms in Australian and New Zealand vineyards

Host tissue (symptoms)
Botryosphaeriaceae species

Reference
BD DM DS DoI DoS DoV LT NA NL NM NP NR SV

Vineyards

 Trunk (cankers, wood
necrosis)

AU,
NZ

AU,
NZ

AU,
NZ NZ AU,

NZ AU AU AU,
NZ

AU,
NZ NZ AU,

NZ AU AU 1, 3–10, 14

 Cordons (dead arm,
dieback, wood necrosis) AU AU AU AU AU AU AU AU 4–10

 Canes (dead, bleaching) AU,
NZ

AU,
NZ

AU,
NZ NZ NZ AU AU AU,

NZ
AU,
NZ

AU,
NZ AU 1, 3, 5, 7–

10

 Influorescence (necrosis) AU,
NZ

AU,
NZ

AU,
NZ AU AU,

NZ
AU,
NZ

AU,
NZ 1, 2, 14

 Fruit clusters (bunch rots) AU AU NZ AU AU AU 1, 2, 14

 Dormant buds AU 14

 Buds (weak, poor
development) NZ NZ NZ AU,

NZ
AU,
NZ

AU,
NZ 1, 2

 Green shoots NZ NZ NZ NZ NZ NZ NZ NZ NZ 1–3

 Young vines (decline) AU AU AU 12

Botryosphaeriaceae species: BD Botryosphaeria dothidea, DM Diplodia mutila, DS D. seriata, DoI Dothiorella iberica, DoS, Do.
Sarmentorum, DoV Do. vidmadera, LT Lasiodiplodia theobromae, NA Neofusicoccum australe, NL N. luteum, NM, N.
macroclavatum, NP N. parvum, NR N. ribis, SV Spencemartinsia viticola
AQ3

a
b
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Host tissue (symptoms)
Botryosphaeriaceae species

Reference
BD DM DS DoI DoS DoV LT NA NL NM NP NR SV

 Roots (dieback) AU AU 5, 11–13

Nurseries

 Grade 1 plants NZ NZ AU,
NZ NZ NZ NZ NZ 4, 13

 Failed-grafted plants NZ NZ NZ NZ NZ NZ 4

 Scion cuttings NZ NZ NZ NZ NZ NZ 4

 Rootstock cuttings NZ NZ AU,
NZ NZ NZ NZ 4, 13

Botryosphaeriaceae species: BD Botryosphaeria dothidea, DM Diplodia mutila, DS D. seriata, DoI Dothiorella iberica, DoS, Do.
Sarmentorum, DoV Do. vidmadera, LT Lasiodiplodia theobromae, NA Neofusicoccum australe, NL N. luteum, NM, N.
macroclavatum, NP N. parvum, NR N. ribis, SV Spencemartinsia viticola
AQ3

1) Amponsah et al. (2011); 2) Amponsah et al. (2012a, b); 3) Baskarathevan et al. (2012a); 4) Billones-Baaijens et al. (2013a); 5)
Castillo-Pando et al. 2001; 6) Pitt et al. (2010); 7) Pitt et al. 2013a, b; 8) Qiu et al. (2011); 9) Savocchia et al. (2007); 10) Taylor et
al. 2005; 11) Whitelaw-Weckert et al. (2006); 12) Whitelaw-Weckert et al. (2013); 13) Wine Australia (2013); 14) Wunderlich et al.
(2011a)
AQ4
AQ5
AQ6

1) Amponsah et al. (2011); 2) Amponsah et al. (2012a, b); 3) Baskarathevan et al. (2012a); 4) Billones-Baaijens et al. (2013a); 5)
Castillo-Pando et al. 2001; 6) Pitt et al. (2010); 7) Pitt et al. 2013a, b; 8) Qiu et al. (2011); 9) Savocchia et al. (2007); 10) Taylor et
al. 2005; 11) Whitelaw-Weckert et al. (2006); 12) Whitelaw-Weckert et al. (2013); 13) Wine Australia (2013); 14) Wunderlich et al.
(2011a)
AQ4
AQ5
AQ6

a

b
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Foliar symptoms caused by grapevine trunk diseases including Eutypa dieback and Esca disease complex are usually
associated with phytotoxins produced by the pathogens that are then translocated into the leaves (Úrbez-Torres et al. 2006;
Rolshausen et al. 2008; Andolfi et al. 2011). Martos et al. (2008) showed that Botryosphaeria dothidea, D. seriata,
Neofusicoccum luteum, N. parvum and Spencermartinsia viticola, produced hydrophilic high molecular weight compounds
that were toxic to mature leaves of grapevines. Furthermore, they also found that N. luteum and N. parvum produced
lipophilic low molecular weight phytotoxins that were not consistently detected from other species. Four additional
lipophilic phytotoxins were isolated from one isolate of N. parvum and these metabolites were all phytotoxic to plants
(Evidente et al. 2010). Abou-Mansour et al. (2015) further identified 13 different metabolites produced by N. parvum and
three of these were successfully detected in naturally-infected grapevines. .

Foliar symptoms associated with Botryosphaeria dieback have not been observed in Australian vineyards (Pitt et al.
2013a). Phytotoxins from Do. vidmadera and S. viticola from Australian vineyards were recently characterised and
identified in vitro (Reveglia et al. 2018a, b). Both Do. vidmadera and S. viticola produced secondary metabolites including
six polyphenols and two derivatives of diacrylic acid and dipyridinbutan-1, 4-diol, respectively that were phytotoxic to
both grapevine leaves and tomato seedlings in vivo. The secondary metabolites produced by other Botryosphaeriaceae
species found in Australia and their role in the pathogenicity and virulence of these species are currently being
investigated.

Botryosphaeriaceae species in Australian and New Zealand vineyards
Grapevine trunk diseases began to gain importance in Australia in the early 1990s and during this period, E. lata and the
Petri disease and Esca pathogens, Phaeoacremonium minimum and Phaeomoniella chlamydospora, were considered the
major cause of decline and death of mature vines in vineyards (Highet and Wicks 1998; Pascoe and Cottral 2000; Edwards
and Pascoe 2004). While Botryosphaeriaceae species were also isolated from some symptomatic wood infected with Petri
disease pathogens (Pascoe and Cottral 2000; Edwards and Pascoe 2004), their role in the dieback and decline of grapevines
was not determined until later.

One of the earliest reports to investigate the association of Botryosphaeriaceae species in grapevines in Australia was in
1995–1996, when Castillo-Pando et al. (2001) conducted a survey in six vineyards in the Hunter Valley, New South Wales 
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(NSW). Isolations from cordons and trunks with wood necrosis revealed D. seriata to be the primary pathogen associated
with trunk disease while Neofusicoccum ribis was isolated from one sample.

In a 2002–2004 survey conducted in the sub-tropical regions of eastern Australia, D. seriata and N. luteum were also
frequently isolated from symptomatic cordons, spurs and trunks collected from vineyards (Savocchia et al. 2007).
However, identification of these species by Castillo-Pando et al. (2001) and Savocchia et al. (2007) were based solely on
morphological characteristics. In a similar period, sampling of declining grapevines from 16 vineyards in Western Australia
further identified D. seriata, Diplodia mutila, Neofusicoccum australe and Lasiodiplodia theobromae to be associated with
trunk diseases (Taylor et al. 2005). These species were identified using morphological characteristics and DNA sequencing.
The subsequent pathogenicity tests in all the above-mentioned studies showed these species to cause internal wood necrosis
in inoculated vines and therefore the conclusion was made that these species be considered as primary pathogens of
grapevines.

Further surveys across a wider area of different wine grape growing regions showed the disease to be wide spread across
Australia (Pitt et al. 2010; Qiu et al. 2011). Furthermore, additional Botryosphaeriaceae species associated with grapevine
dieback were identified using DNA sequencing. In 2013, a survey of vineyards in the Granite Belt and South Burnett
regions of Queensland revealed 83% of wood samples symptomatic of grapevine trunk disease were infected with
Botryosphaeriaceae species while none of the samples were positive for E. lata (Sosnowski et al. 2013). All isolates
recovered in this study were identified as Botryosphaeriaceae species based solely on their cultural characteristics.

In warmer and more humid climates of Australia, such as those experienced in the Hunter Valley region, species of
Botryosphaeriaceae were also reported to be associated with bunch rots (Wunderlich et al. 2011a). To date, a total of 10
species of Botryosphaeriaceae (B. dothidea, D. seriata, D. mutila, Do. vidmadera, L. theobromae, N. australe, N. parvum,
N. luteum, N. ribis, S. viticola) are known to be present in Australian vineyards (Pitt et al. 2010; Qiu et al. 2011;
Wunderlich et al. 2011a; Table 1). The Do. iberica reported by Pitt et al. (2010) was recently re-identified as a novel
species of Dothiorella and is now known as Do. vidmadera (Pitt et al. 2013b).

However, further taxonomic studies on L. theobromae using molecular techniques revealed cryptic speciation and a number
of Lasiodiplodia species have been identified and described in recent years (Alves et al. 2008; Correia et al. 2013)
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including in some of the culture collections from Victoria and Queensland, Australia (Tan et al. 2018). Thus, grapevine
isolates identified as L. theobromae in the previous studies described above require further investigation to ascertain their
identity.

In New Zealand, two Botryosphaeriaceae species namely N. luteum and N. parvum were first reported as dieback pathogens
of apples and kiwifruit (Pennycook and Samuels 1985). In recent years, these species have been increasingly observed in
New Zealand vineyards raising concerns about their impact on the sustainability of the wine industry (Bonfiglioli and
McGregor 2006). However, no detailed surveys were carried out in vineyards in New Zealand, thus, the role of
Botryosphaeriaceae species in the dieback and decline of grapevines was unclear until 2006 when Amponsah et al. (2011)
recovered four Botryosphaeriaceae species (D. seriata and N. australe, N. luteum, N. parvum) from symptomatic grapevine
wood collected from 20 vineyards. A wider survey of 43 vineyards across six wine growing regions confirmed that
Botryosphaeriaceae species are also associated with grapevine decline and dieback in New Zealand (Baskarathevan et al.
2012a). This study showed that 88% of the vineyards and 68% of the samples from symptomatic vines were positive to
these pathogens. Aside from the four species reported by Amponsah et al. (2011), five additional species (B. dothidea, D.
mutila, Do. iberica, Do. sarmentorum and N. ribis,) were identified by Baskarathevan et al. (2012a) bringing the total to
nine Botryosphaeriaceae species being recorded in vineyards (Table 1). Pathogenicity tests further revealed that all
Botryosphaeriaceae species were able to produce trunk disease symptoms in artificially inoculated grapevines (Amponsah
et al. 2011; Baskarathevan et al. 2012a).

Seven Botryosphaeriaceae species found in Australian vineyards are also commonly found in New Zealand. However, the
presence of Do. iberica in Australia is still unclear since the Do. iberica reported by Pitt et al. (2010) was re-identified as
Do. vidmadera (Pitt et al. 2013b). The presence of Do. sarmentorum in Australian vineyards has not been reported to date.
Furthermore, Lasiodiplodia spp. and S. viticola that were frequently found in Australian vineyards were never isolated
from grapevine samples in New Zealand (Baskarathevan et al. 2012a).

Diplodia seriata was found to be the most prevalent species in Australian vineyards (Castillo-Pando et al. 2001; Taylor et
al. 2005; Savocchia et al. 2007; Pitt et al. 2010; Qiu et al. 2011; Wunderlich et al. 2011a) while prevalence of other species
varied depending on viticultural regions (Pitt et al. 2010). In New Zealand, on the other hand, N. parvum was the most
predominant species (Baskarathevan et al. 2012a; Billones-Baaijens et al. 2013a). The variability in incidence and
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distribution of Botryosphaeriaceae species between two countries may be due to the different climatic conditions,
geographical locations including grape cultivars and management practices used in the vineyards. These may also be due to
long distance movement of grapevine plant materials and breeding stocks, including those from overseas, which may have
potentially introduced new species and genotypes into new areas.

Botryosphaeriaceae species in grapevine nurseries
In the past, Botryosphaeria dieback of grapevines was thought to be a problem only in older and mature vines. Early
reports from France indicated that this disease affects vines older than eight years old (Larignon and Dubos 2001; Larignon
et al. 2001). However, surveys in Australia (Edwards and Pascoe 2004) and overseas (Fourie and Halleen 2004a; Giménez-
Jaime et al. 2006; Aroca et al. 2010) showed many species of the Botryosphaeriaceae were frequently isolated from
apparently healthy and symptomatic young vines and propagation materials from nurseries. However, the above-mentioned
studies focused primarily on Petri disease and Black foot pathogens causing young vine decline (YVD), thus, the precise
role of the Botryosphaeriaceae in the decline and death of young grapevines nursery plant materials was not fully
investigated (Edwards and Pascoe 2004; Fourie and Halleen 2004a; Giménez-Jaime et al. 2006; Aroca et al. 2010).

The first comprehensive study to investigate the presence of Botryosphaeriaceae species in New Zealand nurseries
occurred in 2008 with 23% of young grafted plants and cuttings from eight out of nine nurseries testing positive (Billones-
Baaijens et al. 2013a). While the highest pathogen recovery was found in failed grafted plants (33%), a high number of
Grade 1 plants also tested positive to these pathogens, indicating that these infected plants passed through the nursery
grading process undetected. These pathogens may have originated from infected cuttings since a high number of rootstock
and scion cuttings examined in the same study also tested positive to the pathogens. The incidence of Botryosphaeriaceae
species also varied between nurseries from 5 to 63%. This difference among nurseries may be due to nursery practices, the
health status and age of mother vines and environmental factors including climate and the presence of alternate hosts in
surrounding areas of the nurseries.

In the same study, the 120 isolates recovered from nurseries were identified as N. luteum (56%) and N. parvum (20%), with
a small number of B. dothidea D. mutila, D. seriata, and N. australe, and and one novel isolate of N. macroclavatum. Of
these, six were also commonly found in New Zealand vineyards (Baskarathevan et al. 2012a). The N. macroclavatum that
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was recovered from an apparently healthy grafted plant was the first report of this species in New Zealand (Billones et al.
2010). Prior to its isolation, this species was only reported as pathogen of Eucalyptus globulus in Australia (Burgess et al.
2005). Since only one isolate of N. macroclavatum was obtained from a grafted vine and none were reported in New
Zealand vineyards (Amponsah et al. 2011; Baskarathevan et al. 2012a), it is possible that it may have originated from the
eucalypts growing near the nursery.

In Australia, the prevalence and distribution of Botryosphaeriaceae species in nurseries are unclear as there are no detailed
surveys carried out to date. However, sampling from one nursery in the Riverina (NSW) showed that D. seriata was present
in 10 and 25% of the one year old grafted vines and dormant rootstock canes from a mother vine block, respectively (Wine
Australia 2013). Furthermore, a survey of 20 young vineyards in the same region showed D. seriata and Ilyonectria
macrodidyma to be the most prevalent pathogens associated with the YVD of 1 month – 8 year old vines (Whitelaw-
Weckert et al. 2013). These data confirm the presence of Botryosphaeriaceae species in Australian nurseries, however,
further sampling of additional nurseries is necessary to determine the prevalence and distribution of these species.

Pathogenicity and variation of virulence
The pathogenicity and virulence of Botryosphaeriaceae species in grapevines have been investigated worldwide. However,
intra- and inter-species variation in virulence are known to occur making it difficult to determine which species are most
destructive in grapevines. The 2002–2004 report in Australia, showed that D. seriata and N. luteum were able to cause
internal wood necrosis in inoculated detached canes, however, lesion lengths differed between the species and isolates
(Savocchia et al. 2007). Taylor et al. (2005) further showed that D. mutila, L. theobromae and N. australe were the most
virulent species but virulence differed between isolates of N. australe and L. theobromae. However, all nine isolates of the
most prevalent species, D. seriata, did not produce any lesions on inoculated potted vines. Pitt et al. (2013a) also showed
inter- and intra-species variation with L. theobromae and N. parvum as the most virulent while D. seriata was again found
to be the least virulent among eight species tested. Wunderlich et al. (2011b) further showed all isolates of six
Botryosphaeriaceae species were able to infect detached canes and mature berries, but virulence varied between species
and isolates and was not affected by grapevine tissue type.
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Variation in virulence between species and isolates within a species were also observed in New Zealand with N. luteum as
the most virulent species (Amponsah et al. 2011). From the same study, D. seriata did not produce any symptoms when
inoculated on wounded detached green shoots and was assumed to be non-pathogenic. Amponsah et al. (2012b) also
showed N. luteum was not tissue specific as it was able to infect trunks, spurs, shoots and buds. However, a study by
Billones-Baaijens et al. (2013c) showed that while D. seriata and D. mutila were less virulent on detached green shoots
compared to three Neofusicoccum species, the two Diplodia species were equally virulent when inoculated on rooted canes
suggesting these species might be tissue-specific. Except for D. seriata, which appeared to be necrotrophic, the six other
Botryosphaeriaceae species tested in this study were shown to move endophytically beyond the lesions. The endophytic
behaviour of these pathogens may explain the high proportion of these pathogens recovered from Grade 1 nursery plants
and asymptomatic propagation materials (Billones-Baaijens et al. 2013a). A genetic diversity study in Spain further showed
different levels of virulence among 14 D. seriata grapevine isolates (Elena et al. 2014).

AQ7

The conflicting results from different pathogenicity studies may be due to factors such as the genetic variability of the
pathogen, grape cultivar, incubation temperature, inoculation method and host tissue type and maturity. Virulence was
shown to be affected by temperature where all 10 isolates (four species) tested were pathogenic with N. parvum being the
most virulent followed by L. theobromae (Qiu et al. 2016). The majority of isolates of N. parvum and D. seriata produced
the longest lesions in detached canes at 30 °C while 35 °C was the optimum temperature for all isolates of B. dothidea and
one isolate of L. theobromae.

The genetic variability among N. luteum isolates from New Zealand nurseries was investigated and phylogenetic analysis
showed that N. luteum isolates of different pathotypes were genetically diverse with intra- and inter-plant and nursery
variability (Billones-Baaijens et al. 2013c). However, association between genotype and pathotype was not observed. The
high genetic diversity of N. luteum populations in the nurseries may be partially due to the use of propagation materials
from different sources since the scion materials of some nurseries are often collected from different vineyards during
pruning (Billones-Baaijens et al. 2013b). Baskarathevan et al. (2012b) also found high genetic variation among N. parvum
isolates from New Zealand vineyards with higher variability inter-vineyard than intra-vineyard. However, populations of N.
parvum in Australia showed great homogeneity between vineyards and regions (Qiu et al. 2015) which is in contrast with
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those reported by Baskarathevan et al. (2012b). Australian populations of D. seriata were also highly diverse with genetic
variation observed within and between regions and vineyards (Qiu et al. 2015). A study in Spain also showed intra-specific
variation among D. seriata isolates however relationships between genetic clusters, geographic and host origins were not
observed (Elena et al. 2015).

While pathogenicity and virulence varies between Botryosphaeriaceae species, enough evidence is now available to show
that these species are capable of colonising grapevine tissues and therefore being recognised as important grapevine trunk
disease pathogens worldwide (Úrbez-Torres 2011). All species are considered equally important, thus, recent molecular
tools to detect or quantify these pathogens are now designed to target multiple species in a single reaction rather than
targeting individual species. For example, Ridgway et al. (2011) developed multi-species primers to detect six
Botryosphaeriaceae species from environmental samples such as infected wood and soil in New Zealand. Multi-species
primers capable of detecting 17 Botryosphaeriaceae species from wood samples using nested-PCR were also developed
(Spagnolo et al. 2011). A more recent study by Billones-Baaijens et al. (2018) further developed quantitative PCR (qPCR)
multi-species primers that were able to detect and quantify the inoculum of 10 Botryosphaeriaceae species (B. dothidea, D.
mutila, D. seriata, Do. vidmadera, L.theobromae, N. australe, N. luteum, N. parvum, N. ribis, S. viticola) from spore-trap
tape samples collected from different wine growing regions in Australia.

Epidemiology

Mode of infection
Botryosphaeriaceae pathogens infect vines via wounds and most commonly pruning wounds, colonising the wood, leading
to dieback and eventually death of vines Please insert Fig. 2 after Urbez-Torres 2011 (Úrbez-Torres 2011). In Italy, pruning
wounds were reported to be susceptible to the spores of Botryosphaeriaceae species for up to 16 weeks (Serra et al. 2008),
up to 12 weeks in California and Spain (Úrbez-Torres and Gubler 2011;Elena and Luque 2016) and up to 21 days in South
Africa (van Niekerk et al. 2011). Furthermore, a study in California showed that pruning in late winter reduced the risk of
infections by Botryosphaeriaceae (Úrbez-Torres and Gubler 2011). However, in South Africa, pruning wounds made in late
winter were more susceptible to these pathogens (van Niekerk et al. 2011) which is similar to the information reported by
Luque et al. (2014) in Spain. Due to the conflicting results from overseas studies, Ayres et al. (2016) investigated the effect



25/07/2018 e.Proofing

14/41

the time of pruning grapevines on the susceptibility of pruning wounds to infection by D. seriata and N. luteum in
Australian vineyards. The results of this study showed that regardless of pruning time, wounds were generally susceptible
to D. seriata or N. luteum infection and that pruning wounds were typically most susceptible to infection in the first two
weeks after pruning. In New Zealand, Amponsah et al. (2014) also showed that wound susceptibility reduced rapidly
within a week when potted vines were inoculated with N. luteum conidia, however, reduction in susceptibility was
significantly slower when mycelia was used for inoculations.

The potential for Botryosphaeriaceae species to infect through the roots were investigated in several studies with
conflicting results. In Australia, D. seriata was isolated from Semillon grapevine roots with dieback symptoms from a
vineyard in the Hunter valley (Castillo-Pando et al. 2001). In the Riverina, D. seriata and D. mutila were also isolated from
the roots of grafted vines collected from 20 vineyards exhibiting YVD symptoms (Wine Australia 2013). However,
investigations on whether the infection occurred via soil-root transmissions was not investigated in these studies. A
subsequent study by Whitelaw-Weckert et al. (2006) reported infection of Pinot noir potted grapevines by D. mutila
following inoculation of the potting mixture. D. mutila was isolated at 2 cm and 20 cm from the basal end of the shoot six
months after inoculation of the potting mixture with pathogen mycelium and it was concluded that D. mutila infections
could be initiated by soil-borne inoculum. However, isolations from the roots of the inoculated plants were not reported nor
were any symptoms of infection on roots. Thus, Amponsah et al. (2014) suggested that it is also plausible that the D. mutila
infections found from above-ground tissues in this study may have been initiated from other sources. A more recent study
by Whitelaw-Weckert et al. (2013) successfully re-isolated D. seriata from roots that were inoculated by this species and
previously infected by I. macrodidyma.

In contrast to the results from Australia, a New Zealand study by Amponsah et al. (2012b) demonstrated that the conidia or
mycelium of N. luteum, N. australe, N. parvum and D. mutila were not able to infect when inoculated on wounded roots of
Pinot noir and grown for three months prior to isolations. Since these fungi were not re-isolated from the wounded root
tissues, the authors concluded that these species are not soil-root transmitted. Furthermore, Billones-Baaijens et al. 2013b
was not able to detect any Botryosphaeriaceae DNA from soils collected from the base of infected mother vines using the
Botryosphaeriaceae multi-species primer pair developed by Ridgway et al. (2011). This result suggests these pathogens are
not soil-borne.

AQ8
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Due to the conflicting results presented, further studies are required to clarify the transmission of Botryosphaeriaceae
species through grapevine roots. The use of a marker strain developed by Baskarathevan et al. (2013) could potentially be
used to investigate the survival of these species in soils and may provide information on the persistence of these pathogens
in soils.

Survival
Botryosphaeriaceae pycnidia were found in old pruning wounds and on the bark of cordons or trunks of grapevines
exhibiting dieback symptoms (van Niekerk et al. 2010; Úrbez-Torres 2011). These pycnidia embedded in diseased woody
parts of vines, as well as in pruning debris left in the vineyard after pruning, can produce conidia when conditions are
favourable (van Niekerk et al. 2010). Elena and Luque (2016) recovered viable conidia of D. seriata from pruning debris
collected from vineyards. While the number of conidia recovered from the debris reduced over time, viable conidia of this
species were still detected up to 42 months after pruning, indicating these pruning debris can be an important and long term
source of inoculum in vineyards.

Viable conidia of Botryosphaeriaceae species were also recovered from dead grapevine materials collected from the mother
vine blocks in New Zealand (Billones-Baaijens et al. (2013b). Furthermore, Billones-Baaijens (2011) showed that the N.
luteum conidia could remain viable and germinate at low temperatures (2 to 8 °C) in sterile water for several days,
indicating that these pathogens could survive and spread during winter or in cold storage of cuttings or grafted plants in the
nurseries.

Spore dispersal patterns
The conidia of Botryosphaeriaceae species are generally dispersed by rain splash and travel distances depending on wind
speed (Úrbez-Torres et al. 2010; Baskarathevan et al. 2013). According to research overseas, the seasonal spore dispersal
patterns of Botryosphaeriaceae species vary in vineyards. Botryosphaeriaceae spores were trapped in high numbers in
California primarily during winter following rain events (Úrbez-Torres et al. 2010). However, Botryosphaeriaceae spores
were trapped throughout the year, and were most abundant from mid-spring through to mid-autumn in France (Kuntzmann
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et al. 2009), and from late-autumn to early spring in South Africa (van Niekerk et al. 2010) and Chile (Valencia et al.
2015).

The spore dispersal patterns of Botryosphaeriaceae species were investigated in New Zealand vineyards in several studies.
Amponsah et al. (2009) used vaseline-coated slides and rain-water traps and the spores were detected throughout the year
with the highest number trapped during summer. Shafi et al. (2017) also found that pycnidia on the surfaces of naturally-
infected shoots oozed conidia during or after the occurrence of rain from spring to autumn. This study further showed that
air temperatures of 8.4–19.9 °C and relative humidity of 77–94% were optimum for the release of conidia. Baskarathevan
et al. (2013) investigated the distance that these conidia could travel within the vineyard using marker strains of N. luteum
and N. parvum resulting in rain splash dispersing Botryosphaeriaceae conidia up to 2 m from the inoculum source in a
single rainfall event. Subsequent studies by Shafi et al. (2015) showed that the same N. parvum marker strain could travel
up to 10 m in the wind direction and up to 1 m in other wind directions after 2 days of rain.

Recently, a comprehensive spore trapping study was conducted in four different wine regions in Australia using Burkard
spore traps (Billones-Baaijens et al. 2017). In this study, spores of Botryosphaeriaceae species were detected and quantified
from spore trap tapes by qPCR using Botryosphaeriaceae multi-species primers and a hydrolysis probe (Billones-Baaijens
et al. 2018). This assay was shown to detect as few as seven spores of any of the 10 Botryosphaeriaceae species known to
be present in Australian vineyards in a single qPCR sample (Billones-Baaijens et al. 2018). This study was the first attempt
to monitor spore release of Botryosphaeriaceae pathogens in four different climatic regions of Australia (Billones-Baaijens
et al. 2017). Preliminary results from four wine regions in Australia showed that the seasonal spore release patterns of these
Botryosphaeriaceae species varied between regions. In South Australia (SA), spores were more frequently detected in
winter than in summer, while these spores were primarily trapped during summer in NSW. Differences in seasonal release
of spores between regions were mainly attributed to rainfall in each region as the spores were generally trapped during or
immediately after the occurrence of rain (Billones-Baaijens et al. 2017). These results concur with the overseas studies by
Úrbez-Torres et al. (2010) and van Niekerk et al. (2010). Occasionally, Botryosphaeriaceae spores were continuously
trapped for up to 14 days which also coincided with continuous rain although not all rain events resulted in the release of
spores (Billones-Baaijens et al. 2017). There were several periods where no spores were trapped despite continuous rainfall
which may be due to the amount of time required for the pathogens to develop new fruiting structures and to produce
spores. It is also possible that some Botryosphaeriaceae conidia were washed-off by heavy rainfall as previously observed
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for spore trapping studies of the apple scab pathogen, Venturia inaequalis (Aylor 1998), and species of Alternaria (Angulo-
Romero et al. 1999). On a number of occasions, spores were trapped more than a week after a rainfall event and therefore
spore release may be attributed to other environmental factors (e.g. relative humidity, dew and wind). However, these
factors were not investigated in this study.

Influence of stress on infection
Disease expression for Botryosphaeriaceae species has been linked with stress factors such as drought or water deficit
(Slippers and Wingfield 2007). Amponsah et al. (2014) showed soil moisture had no effect on disease development by N.
luteum in potted vines during summer in New Zealand. However, dieback symptoms developed in mid-winter with more
severe symptoms in plants receiving 100% soil moisture and least symptoms in plants receiving 25% soil moisture. Too
much water (100% moisture) or too little (15% moisture) caused water stress to the plants resulting in them being more
susceptible to infection.

Qiu et al. (2016) also showed that a restricted water regime in glasshouse potted vines resulted in increased susceptibility
to some species of Botryosphaeriaceae. However, the effect of water-stress varied between species and isolates within a
species. A significant increase in disease severity was observed in water-restricted vines inoculated with B. dothidea, L.
theobromae and N. parvum, whereas these effects were only observed in one out of the three D. seriata isolates tested.

In contrast to the above-mentioned studies, a field trial in a low-rainfall region in the Riverland (SA) showed that irrigation
treatments had no significant effect on the recovery of D. seriata from inoculated spurs, indicating that water deficit did not
increase the susceptibility to D. seriata (Sosnowski et al. 2016a). Differences in response to water-stress shown in these
studies may be due to the species or isolate used since Qiu et al. (2016) found intra- and inter-species variation in disease
severity when water-restricted vines were inoculated with one to three isolates of four Botryosphaeriaceae species.

Stress due to the presence of other pathogens in grapevines was also shown to aggravate infections by certain
Botryosphaeriaceae species. Co-inoculations of I. macrodidyma and D. seriata in potted vines significantly reduced leaf
dry weight, leaf numbers and root health rating compared to vines inoculated only with I. macrodidyma (Whitelaw-Weckert
et al. 2013).
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Other stress conditions that have been linked to Botryosphaeriaceae infections in woody plant species include hail damage,
frost or heavy snow, insect damage, interplant competition or planting varieties on unsuitable soil types, elevation or
climate (Slippers and Wingfield 2007). However, information on the impact of the above-stress factors on the infection of
grapevines by grapevine trunk diseases are not available to date.

Nurseries
To investigate the sources of inoculum of Botryosphaeriaceae species in nurseries, Billones-Baaijens et al. (2013b)
collected samples from mother vine blocks and propagation systems in three commercial nurseries in New Zealand and
tested them for the presence of Botryosphaeriaceae inoculum using conventional and molecular methods. This study
showed that the surfaces of cuttings from the mother vines and dead grapevine materials contain abundant viable
Botryosphaeriaceae conidia. Botryosphaeriaceae DNA was also present in rainwater run-off trapped from the canopy of the
mother vines and therefore the pathogens are likely to be splash-dispersed during significant rain events. The same study
showed that contaminations were present at all stages of the propagation process but they were relatively low in
comparison to the cuttings from the mother vines that tested positive to Botryosphaeriaceae surface propagules and wood
infections. The authors suggests that the propagation process may have reduced these contaminations, most likely during
the washing and soaking of the cuttings. It also appeared that nurseries with more stringent sanitation programs had the
least contamination, thus, there is a need to review the sanitation practices for each nursery.

The presence of Botryosphaeriaceae species from asymptomatic grafted plants and cuttings (Billones-Baaijens et al. 2013a,
b) suggests that these species can be endophytic or latent in the wood and not cause any obvious symptoms as reported by
Slippers and Wingfield (2007). To investigate the potential infection pathways of Botryosphaeriaceae species within a
rootstock mother vine, Billones-Baaijens et al. (2015a) conducted three genotyping studies with N. luteum and N. parvum.
Investigations on the relationship of trunk and shoot infections showed that the N. luteum and N. parvum isolates obtained
from the shoots were of different genotypes from those recovered from the trunks of the same mother vine, suggesting that
multiple infection events originate from external sources. Furthermore, the viable conidia of N. luteum and N. parvum
recovered from the surface of the cuttings were of the same or different genotypes from those isolated internally from the
tissues of the same cuttings further indicating multiple sources of inoculum. The same study also showed that multiple
species and genotypes were distributed sporadically in the canes but most isolates were sited within the bark suggesting the
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presence of latent infections on surface tissues. Furthermore, two adjacent wood and bark infections were caused by the
same N. luteum and N. parvum genotypes suggesting that the wood infection may have originated from the bark. Overall
results indicate that dormant cuttings with latent infections by Botryosphaeriaceae species are the primary mode of
dispersal by these pathogens as it is difficult for nurseries to detect them during the nursery grading process.

Management of Botryosphaeria dieback in vineyards

Remedial surgery
Remedial surgery or trunk renewal is currently recommended to manage Eutypa dieback infected vines in Australian
vineyards (Leavitt 1990; Carter 1994; Creaser and Wicks 2004;Sosnowski et al. 2011).

In order to ascertain if remedial surgery could also be applied to manage Botryosphaeria dieback, Savocchia et al. (2017)
established field trials in three vineyards for two regions in NSW. This study represents the first scientific evaluation of
remedial surgery to control Botryosphaeria dieback on both own-rooted and grafted vines. Prior to remedial surgery, each
vine was assessed for severity of dieback and the vines were cut at three different levels in late spring (Figs. 2 and 3a-c).
and monitored for 3 years for shoot production and disease symptoms.

Fig. 2

Disease cycle of Botryosphaeria dieback in vineyard
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Fig. 3

Remedial surgery for managing Botryosphaeria dieback. (a) Trunks being cut at mid-point between ground and crown; and (b)
Trunks cut 20 cm above the graft union; (c) Cut trunk sealed with pruning wound dressing following remedial surgery; (d)
Vine with renewed trunk and cordons 3 years after remedial surgery
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The 3-year data obtained by Savocchia et al. (2017) showed that own-rooted vines can recover and produce new shoots
following remedial surgery (Fig. 3d) similar to the results for Eutypa dieback in SA (Sosnowski et al. 2011). However,
grafted vines, particularly for those that were cut near the graft union, tended to produce shoots from the rootstock rather
than the scion. This trial also showed that the severity of dieback for uncut or control vines from the three vineyards
increased significantly after 3 years of monitoring. Therefore if infected vines are not reworked using remedial surgery, this
will eventually lead to the death of those vines. To date, the remedial surgery has been successful in rejuvenating infected
on own-rooted vines, however further studies are required to assess the method on infected grafted vines.

Chemical control
Since Botryosphaeriaceae species are known to infect grapevines primarily through pruning wounds, investigations to
identify wound protectants against these pathogens are becoming increasingly important to prevent the vines from
becoming infected. Several studies were conducted to evaluate fungicides for the management of Botryosphaeria dieback.
In Australia, Savocchia et al. (2005) showed that tebuconazole, flusilazole, spiroxamine and fluazinam inhibited mycelial
growth of D. seriata and N. luteum in vitro. Pitt et al. (2012) also tested 20 fungicides registered for other diseases in
Australian viticulture for their effect on mycelial growth of four Botryosphaeriaceae species associated with grapevines.
The most effective fungicides against B. dothidea, D. seriata, L. theobromae and N. parvum in vitro were tebuconazole,
flusilazole, carbendazim, fludioxonil, fluazinam, penconazole, procymidone and iprodione. However, in the field
carbendazim, fluazinam, tebuconazole, Garrison (cyproconazole + iodocarb) and the acrylic paint based tree wound
dressing, ATCS, were the most effective against D. mutila and D. seriata in reducing infection by 41 to 65%, respectively
(Pitt et al. 2012).

In New Zealand, 16 fungicides were tested for their effects on mycelial growth of three isolates each of N. australe, N.
luteum and D. mutila (Amponsah et al. 2012a). Of these, eight fungicides (flusilazole, carbendazim, tebuconazole,
prochloraz, procymidone, iprodione and thiophanate methyl) were most effective in reducing mycelial growth of these
pathogens. Subsequent vineyard experiments also showed that flusilazole, carbendazim and tebuconazole were the most
effective in reducing N. luteum recovery from all inoculated canes. In New Zealand nursery mother vine blocks, application
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of flusilazole on the wounds of lateral shoot inoculated with either N. luteum or N. parvum was only partially successful in
reducing infection (Billones-Baaijens et al. 2015b). To our knowledge, this is the only study to examine the efficacy of
fungicides against Botryosphaeriaceae infections on trimming wounds of root stock mother vines to date.

In a recent field experiment in Australia, tebuconazole (Folicur), pyraclostrobin (Cabrio) and fluazinam (Emblem) were
tested for their preventative and curative effect on pruning wounds artificially inoculated with N. luteum conidia (Ayres et
al. 2017). All three fungicides provided preventative control against N. luteum for up to two weeks after pruning. These
fungicides also provided curative effect for up to six days when applied after the pruning wounds were inoculated with N.
luteum.

Currently there are very few effective fungicides commercially available to manage grapevine trunk diseases. In Australia,
the products registered for pruning wound protection against Eutypa dieback include Garrison, Emblem, Gem (fluazinam),
Greenseal (Tebuconazole + water based paint) and Gelseal (tebuconazole) and Vinevax (Trichoderma harzianum) (The
Australian Wine Research Institute, Ltd. 2017) however, none of these are registered for managing Botryosphaeria dieback.
The same products are also available for managing Eutypa dieback in New Zealand while Gem (Fluazinam) and Vinevax
are also recommended for use against Botryosphaeria dieback (New Zealand Winegrowers 2017a).

Biological control
Due to the limited availability or absence of chemical treatment for grapevine trunk diseases, the development of
environmentally-friendly, safe and efficient means of managing these diseases has become very popular in recent years
(Mounier et al. 2016). Biological control agents offer a viable alternative to chemical methods in some situations and have
been shown to be less harmful to the environment. A Trichoderma atroviride I-1237 based product called Esquive® WP is
the only product registered in France available to manage Eutypa dieback, Esca and Botryosphaeria dieback (Mounier et al.
2016). In Australia, Vinevax based on Trichoderma harzianum is registered as a grapevine pruning wound protectant
against E. lata (The Australian Wine Research Institute, Ltd. 2017) while this product is also registered in New Zealand
against Botryosphaeriaceae (New Zealand Winegrowers 2017a). However, there are currently no other registered biological
control options for Botryosphaeriaceae pathogens of grapevines in Australia.
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A study in Italy showed substances produced by Bacillus subtillis strain (AG1) showed antifungal activity against
grapevine trunk pathogens including P. aleophilum, Ph. chlamydospora and L. theobromae (Alfonzo et al. 2009). In
California, an unidentified bacterial strain associated with freshly pruned healthy grapevine spurs was able to inhibit the
mycelial growth and spore germination of E. lata, D. seriata and L. theobromae (Costadone and Gubler 2016). A recent in
vitro study in New Zealand resulted in bacterial endophytes of Leptospermum scoparium (mânuka) displaying efficacy
against N. luteum (Wicaksono et al. 2016). Subsequent studies in planta showed one Pseudomonas isolate was able to
establish and colonise the wood when inoculated on Sauvignon blanc canes and that lesion lengths significantly decreased
when this bacteria-colonised grapevine was inoculated with N. luteum (Wicaksono et al. 2017). Endophytic bacteria of
grapevines were able to inhibit mycelial growth of D. seriata and N. parvum in vitro in a study conducted in Australia
(Niem et al. 2017). Subsequent in planta assays using detached grapevine canes resulted in some of the bacterial strains
significantly reducing the incidence of N. luteum. The results from these studies indicate that endophytic bacteria could
potentially be used as biocontrol agents for the future management of Botryosphaeriaceae pathogens in grapevines.

Varietal resistance
Investigations on the susceptibility of rootstock and wine grape varieties to some grapevine trunk disease pathogens
including Black foot (Alaniz et al. 2010; Jaspers et al. 2007) and Esca pathogens (Eskalen et al. 2001; Marchi 2001)
showed that different varieties had different levels of susceptibility, however, none of these varieties were resistant.

Recent studies in Australia and New Zealand showed that many of the popular varieties used for wine production are
susceptible to Botryosphaeriaceae species. In New Zealand, six rootstocks and six scion varieties inoculated with the
mycelium of the three most common and most virulent Botryosphaeriaceae species from nurseries (N. australe, N. luteum,
N. parvum) were all susceptible to infection (Billones-Baaijens et al. 2014). Susceptibility varied significantly among
varieties with rootstocks, 5C and SO4 exhibiting more severe symptoms than 101–14 Millardet, 3309 Courdec, Riparia
Gloire and Schwarzmann. For the scions, Merlot and Pinot noir exhibited more severe symptoms than Sauvignon blanc,
Chardonnay, Riesling and Cabernet Sauvignon.

A germplasm collection in the Barossa Valley (SA) comprising a wide range of Vitis vinifera cultivars and clones were
visually assessed for dieback symptoms associated with grapevine trunk disease and the severity of dieback symptoms in
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31–36 year old vines were found to vary between cultivars (Sosnowski et al. 2016b). Shiraz and Cabernet Sauvignon are
two of the red varieties that ranked high in dieback symptoms while Sauvignon blanc ranked the highest in the white
varieties. Subsequent detached cane and field experiments further confirmed that Shiraz and Sauvignon blanc are
susceptible to these pathogens. However, this study also recorded 41 cultivars with less than 10% dieback severity
suggesting some levels of tolerance to trunk disease may exist. The detached cane assays and vineyard experiments further
identified three cultivars (Pinot noir, Green Veltliner and Muscadelle) with potential for resistance or tolerance to D.
seriata. Shiraz and Sauvignon Blanc are economically important varieties for Australia (Wine Australia 2018) and New
Zealand (New Zealand Winegrowers 2017b), respectively, and therefore these results may have significant implications for
the wine industry in these countries.

Management in grapevine nurseries

Hot water treatment
Hot water treatment (HWT) of different temperatures and duration has been widely reported to be an effective method for
disinfecting propagation materials and grafted vines in nurseries (Fourie and Halleen 2004b; Waite and May 2005; Halleen
et al. 2007; Gramaje et al. 2009; Gramaje and Armengol 2011). The most commonly used protocol in commercial nurseries
is HWT at 50 °C for 30 min (Waite and May 2005; Gramaje et al. 2018). However, many studies showed that the efficacy
of this protocol appears to be effective only for Black foot and Petri disease pathogens (Fourie and Halleen 2004b; Halleen
et al. 2007; Gramaje et al. 2009; Gramaje and Armengol 2011; Bleach et al. 2013) but may not be effective against other
grapevine trunk disease pathogens (Elena et al. 2015; Gramaje et al. 2018). Furthermore, the use of HWT can be of concern
to many nurseries because it has been reported to cause adverse effects on the viability and growth of cuttings and grafted
plants, especially for grapevines grown in cooler climates such as New Zealand (Graham 2007; Gramaje et al. 2009; Waite
et al. 2013a).

A study in New Zealand by Billones-Baaijens et al. (2015b) showed HWT at 50 °C for 30 min was not effective in
reducing infections from cuttings (rootstock 5C) artificially-inoculated with N. luteum and N. parvum but partially reduced
pathogen recovery from naturally-infected cuttings. A more stringent HWT at 53 °C for 30 min was able to reduce 95–
100% infections but resulted in the death of all cuttings. These results are in contrast with a study in Spain where HWT at
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53 °C for 30 min did not affect plant viability (Gramaje et al. 2009) indicating that cuttings from cool climates such as New
Zealand may be more sensitive to HWT.

Attempts to eliminate bark infections using HWT at shorter durations (55 °C for 10 min) was only successful for
Sauvignon blanc cuttings but killed the buds of Pinot noir (Billones-Baaijens et al. 2015b) indicating some varieties are
more sensitive to HWT than others. A similar study in Spain showed that HWT at 51 °C for 30 min successfully reduced
infections by six Botryosphaeriaceae species in artificially-inoculated Richter 110 rootstock cuttings (Elena et al. 2015).
However, this study did not assess the effect of HWT on the viability of cuttings.

Standards have been established for grapevine propagation materials in Australia (Standards Australia 2013) and New
Zealand (New Zealand Winegrowers 2017c) and in both standards, diagnostic tests for viruses have been fully established.
However, testing for fungal pathogens such as Botryosphaeriaceae species that can potentially affect vine quality are not
included in the standards. The Australian Standard for Grapevine Propagation Material (Standards Australia 2013)
recognises the use of HWT to reduce the incidence of pathogenic microorganisms including trunk disease pathogens. In
this standard, HWT at 50 °C for 30 min is recommended as an internal treatment to reduce crown gall and trunk disease
pathogens including D. mutila, D. seriata and L. theobromae. The standard further allows the HWT of 55 °C for 5 min for
the external treatment of titre of surface fungi, bacteria, phylloxera and nematodes. However, while New Zealand
Standards (New Zealand Winegrowers 2017c) recognise the potential of grapevine planting materials as a source of spread
of grapevine trunk diseases, the use of HWT is not highly recommended due to issues with poor growth and vine deaths
that were associated with this practice.

A survey of Australian grapevine nurseries by Waite et al. (2013a) showed that the majority of respondent nurseries were
using or had used HWT but its reliability was questioned as many felt that many V. vinifera varieties were sensitive to
HWT. The use of HWT to reduce Botryosphaeriaceae infections in nurseries should be used with caution due to its unclear
effects on viability and growth development of young vines, as well its limited efficacy against grapevine trunk disease
pathogens.

Fungicide dips
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Soaking of grapevine cuttings during propagation is a standard practice in grapevine nurseries to rehydrate cuttings and
promote root initiation (Waite et al. 2013a, b; Gramaje and Armengol 2011). However, the water used for soaking was
shown to be a potential source of contamination (Waite et al. 2013a, b) and spread of fungal trunk pathogens including
Botryosphaeriaceae species (Billones-Baaijens et al. 2013b). Integration of fungicide dips, hot-water-treatment and
Trichoflow (Trichoderma-based product) is a recommended strategy for preventing cross-contaminations of grapevine
trunk disease pathogens including Botryosphaeriaceae species in South African nurseries (Halleen and Fourie 2016). A
study in New Zealand (Billones-Baaijens et al. 2015b) showed that soaking cuttings for 30 min with carbendazim or
tebuconazole eliminated artificially-inoculated and natural bark infections in Sauvignon blanc without any adverse effects
on bud and root development. These chemicals may have the potential to prevent or reduce Botryosphaeriaceae infections
in nursery plants. Carbendazim is not registered for use in Australia viticulture (The Australian Wine Research Institute
Ltd. 2017), however, tebuconazole is commercially available in Australia. This chemical was also shown to be effective in
preventing and reducing N. luteum infections in vineyards (Ayres et al. 2017), thus, could potentially be used for soaking
cuttings in Australian nurseries.

Summary
In summary, research conducted over the last two decades had shown that Botryosphaeriaceae species are a major cause of
grapevine canker and dieback in Australia and New Zealand. Many of the Botryosphaeriaceae species associated with
Botryosphaeria dieback are common in both countries although different species predominates in different regions, most
likely due to climatic differences. Pathogenicity and virulence also differ within and between species. However, despite the
inter- and intra-species variation, all studies showed that these pathogens cause major issues in vineyards. Botryosphaeria
dieback has the potential to threaten the long term sustainability of the grapevine industry in both Australia and New
Zealand if not managed. In addition, considerable research in New Zealand showed that plants from grapevine nurseries
can also be infected with Botryosphaeriaceae pathogens potentially compromising the health of these plants and
contributing to the high incidence of infections in vineyards. Therefore there is a need to establish whether this may also be
an issue in Australian nurseries, to review the grapevine propagation material standard and current nursery sanitation
practices. Novel molecular methods applied to traditional spore trapping methods have begun contributing to a better
understanding of the spore dispersal patterns of the Botryosphaeriaceae in different climates of Australia and continued
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research will assist in preventing infection. While some studies have identified potential management strategies to reduce
or prevent infections of these pathogens, many of these strategies are only partially successful or short term. Remedial
surgery combined with the protection of pruning wounds with synthetic fungicides appear to be promising techniques for
renewing infected vines and for protecting them against reinfection. Continued monitoring of treated vines will be required
to ensure the longevity of these techniques. Likewise, continued research into integrated management strategies to manage
Botryosphaeria dieback will be important to ensure grapevines are protected from this and other trunk diseases in the
future.
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