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Sustainable
Farming Fund

Ministry of Agriculture and Forestry
Te Manatu Ahuwhenua, Ngaherehere

Progress Report

Project Title: Does stress express vine trunk diseases?
Project Number: L10/184
Report for Period Ending: June 2011

Note: If any material supplied in, or attached to, this report contains confidential information, or is
otherwise unsuitable for wider dissemination, please clearly mark accordingly and highlight directly
with your Project Adviser (including the reason for wishing to treat the material in this manner).

1. Overall Progress

Milestone Description: (List all major Due Date Estimated Cash Cost
activities and outcomes of the project,
including key knowledge sharing steps) (mmiyy) el
SFF Non Total
SFF
Establishment of vines ggféember 1,780 | 2,660 | 4,440

November

2010 1,780 2,660 4,440

1% set of Infection and stress of vines

1% set of Harvest and pathology of vines March 2011 1,780 2,660 4,440

28 February Report - invoicing for work February
completed to date 2011

Annual Report (popular article) June 2011 3,380 7,020 | 10,400

2" set of Infection and stress of vines ggff mber 3,620 5,320 8,940
The New Zealand Institute for Plant & Food Research Limited (2011) Page 1
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7
2" set of Harvest and pathology of vines g/loalr;:h 1,780 2,660 4,440
8
28 February Report - invoicing for work February 0 0 0
completed to date 2012
9
Popular article and seminar June 2012 0 0 0
10
Final Report June 2012 3,380 7,020 | 10,400
0 0 0
Total Costs: (Exclude GST) 17,500 | 30,000 | 47,500
The New Zealand Institute for Plant & Food Research Limited (2011) Page 2
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Project Summary Outline

Provide an update on the project’s overall progress. Also include any activities not
specifically related to contracted milestones, but that are still relevant to the project.

Note: If suitable, project teams may use this section as their Web Update (see Appendix 1).

The project is on track, with experiments in the plastic house proceeding well. The major outcome
from year one of the project is the acceptance of a review of current wound healing and stress-related
research for grapevines and trunk diseases in the New Zealand Plant Protection Journal. The paper
will be published in August 2011 in Issue 64 and the PDF of the final paper will be published on the
New Zealand Plant Protection Society website for free public access following the annual meeting in
August. The Marlborough Wine Research Centre will then add links to this paper to the trunk disease
website they host, so that all industry and other parties interested in the review can access it freely.

The research group and New Zealand Winegrowers are investigating options for extending research
on grapevine trunk disease management including collaborations with international researchers
working on the management of these diseases. Plant & Food Research have also just conducted a
review of all grapevine trunk disease research and how this work relates to the portfolio of grape wine
research and cross sector diseases of vascular pathogens.

Anyone wanting more information about this project should contact Dion Mundy:

dion.mundy@plantandfood.co.nz or ph 03 984 4327.

2. This Period
Milestone Progress

Overall delivery is on budget and on time, with some of the set up work completed
ahead of schedule.

Milestone Activities and Progress

Number

. %
Estimated Actual
complete
1 Establishment of vines September 2010 08/10 100%
2 1* set of Infection and stress of vines November 2010 09/10 100%
st
3 \1/in§§t of Harvest and pathology of March 2011 03/11 100%
4 28 February Report - invoicing for work February 2011 02/11 100%
completed to date
% Annual Report (popular article) June 2011 06/11 100%

Project Management & Governance

List all management meetings held in this period (including dates and locations).
Outline any significant management decisions taken in this period.

On 15 February 2011 Dion Mundy gave a summary presentation to the wine industry on the trunk
disease research in the Low Impact Disease Control (LIDC) programme and related projects as part of
the annual review meeting at Mt Albert. During this meeting, Dion explained how the current SFF

The New Zealand Institute for Plant & Food Research Limited (2011) Page 3
5578 June 2011 progress report: Does stress express vine trunk disease?



mailto:dion.mundy@plantandfood.co.nz

project builds on the basic research conducted in the LIDC programme and applies that research for
the industry.

On 9 June Dion Mundy presented an overview of all current grapevine trunk research to the Plant &
Food Research LIDC review meeting at Mt Albert, noting how important the current SFF project is for
answering applied questions from the industry regarding vine management of diseased plants.

Project Communications, Connections and Extension

For this reporting period, comment on progress with respect to:

e Liaison with key stakeholders / groups.

e New or on-going linkages with other projects or research programmes

e Information dissemination
Include information on the impact / success of these events (e.g., numbers attending a meeting or
field day, feedback received, impact achieved, etc).

Please append any key outputs to this report — include any commissioned reports (e.g.,
technical / R&D reports), publications, presentations, posters, media articles, etc.

Project outputs including continued publication from the SFF Project on
Trunk Health

Scientific Papers and popular articles

D.C. Mundy and M.A. Manning Physiological response of grapevines to vascular pathogens: a review.
New Zealand Plant Protection 64: in press.

D.C. Mundy and M. A. Manning 2011. Grapevine trunk diseases in New Zealand. Winegrower
April/May 2011. Page 59.

Presentations

7 March 2011 Dion Mundy gave a guest lecture to the Nelson Marlborough Institute of Technology
(NMIT) viticulture students on grapevine trunk diseases in New Zealand, including the current progress
of the SFF project.

18 April 2011 Dion Mundy gave a guest lecture to the Lincoln University Viticulture and Oenology
students on current grapevine pathology projects in Marlborough, including the SFF project. The
presentation was part of the Annual Lincoln University Marlborough vintage field trip.

Any other matters [if applicable]
Highlight any other issues relevant to this project.

Draft Science paper Appendix 2.
Popular article Appendix 3.
The New Zealand Institute for Plant & Food Research Limited (2011) Page 4
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3. Next Period — Proposed Activities

Outline key activities planned for the next reporting period, including dates/venues of key field days
or other extension initiatives.
e Apply for related funding to answer new trunk disease questions outside the scope of the

current project
e Provide the wine industry with another trunk disease popular article,

4. Variations to Milestones [if applicable]

No variation requested.

5. Financial Update

Comment on current status of the project’s budget.

e If finances are in-line with contracted projections please simply note: ‘On Track’.

e Highlight the amount, reason and proposed remedy for any significant current, or anticipated,
variations to the budget. If necessary, attach a proposed revised budget.

On track

6. Report Confirmation

Name [Project Manager] Confirmation Date

Gerald Hope | hereby confirm the
above information is true
and correct:

Submission Note — By the due dates Progress Reports should be sent:

1. Electronically to the SFF Fund Administrator and copy/cc. your Project Adviser (usually
in the same e-mail as the completed Request for Payment (R4P) form for the reporting
period).

Please ensure you put your project number in the e-mail’s subject line:
e.g., 06/999 Reporting: Period 2, 2007.

2. In hardcopy, together with any associated attachments, to both the Fund Administrator
and your Project Adviser.

The New Zealand Institute for Plant & Food Research Limited (2011) Page 5
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Appendix 1. Web Update

Please provide an update on your project’s progress that is suitable for inclusion on the
SFF’s web site. If you wish to use the same text as in Section 1: “Project Summary Outline”,
please copy and paste this text into the section below.

It is important that you provide meaningful, and user-friendly, information on your
project’s findings and progress as the SFF web site is a widely used resource.

For guidance on writing effectively for web-based communication please see the SFF Project
Management Guidelines: http://www.maf.govt.nz/sff/project-management-
guidelines/index.htm

Project L10/184

As above, please use project summary outline

The New Zealand Institute for Plant & Food Research Limited (2011) Page 6
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Appendix 2 Draft Science Paper
(confidential until publication)
Physiological response of grapevines to vascular pathogens: a review
D.C. Mundy' and M.A. Manning’

"The New Zealand Institute for Plant & Food Research Limited, Marlborough Wine Research Centre,
P.O. Box 845, Blenheim 7240, New Zealand
’The New Zealand Institute for Plant & Food Research Limited, Mt Albert Research Centre, Private
Bag 92169, Auckland, New Zealand
Corresponding author: dion.mundy@plantandfood.co.nz

Abstract The successful infection of a grapevine vascular system by a plant pathogen and expression
of disease symptoms occur only when the pathogen has overcome the wound response and other
defences of the vine. Even when pathogens do successfully infect the vascular system of grapevines,
symptom expression is not often observed in the first season. Symptoms may be observed in one year
but the same vine can have reduced or no symptoms the following season. Information is presented on
physiological stress in association with trunk diseases as one factor that may contribute to symptom
expression in vines. A hypothesis of grapevine wound response is proposed as part of the discussion of
vine physiological response. Information on individual trunk diseases and physiological interactions is

also provided.

Keywords grape, wound response, symptoms, stress, trunk disease.

INTRODUCTION

A complex series of interactions between the
causal agent and the grapevine has already
occurred before trunk disease symptoms are
observed on vines in the vineyard. Many of the
steps before the expression of trunk disease
symptoms occur in the wood, where they are
not easily observed. The time delay between
infection and symptom expression with
diseases like eutypa dead-arm  makes
understanding the relationship between disease
and symptom expression more difficult.

A successful trunk pathogen has contended
with the vine’s wound response and other
defences. Toxins produced by the pathogen
and other pathogenicity factors have had the
opportunity to interact with the vine’s normal
physiological function. During infection and
establishment, the pathogen can colonise other
tissue as well as/before the vessels (Pascoe &
Cottral 2000). In order to induce vascular
disease symptoms, the xylem cell’s function is
often reduced (Hopkins 1989; Edwards et al.
2007). A vine responding to an infection will
have a limited pool of resources to allocate to
defence mechanisms. Abiotic stress may limit
the vine’s ability to allocate resources to
infection, resulting in subsequent colonisation
of tissues by the pathogen.

The New Zealand Institute for Plant & Food Research Limited (2011)

Often disease symptoms occurs both spatially
and temporally removed from the initial
infection of the vine (Rudelle et al. 2005;
Sosnowski et al. 2007). When symptoms are
observed in woody plants, the expression may
not be the same from season to season (Octave
et al. 2006; Sosnowski et al. 2007) possibly
because of changes in the vine reserves. Host
response to vascular infection is a dynamic
interaction between host and parasite in which
resistance is the rule and susceptibility the
exception (Beckman 1964).

PRUNING WOUND RESPONSE

Using a model system for wound response in
flowering plants and investigations of
grapevine pathogen interactions, a hypothesis
of grapevine response for further investigation
has been generated (see below). General
wound response of flowering plants has
received considerable study and review (Bloch
1941; Bostock & Stermer 1989). The structure
and physiology of grapevines, which may be
important to wound response, have also been
investigated and summarised (Pratt 1974;
Mullins et al. 1992). Understanding grapevine
wound response is important, as several
grapevine vascular pathogens are believed to
enter the vine via mechanical injuries such as
pruning wounds (Eutypa lata, Botryosphaeria
species, Phaeoacremonium species) (Mundy &

Page 7
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Manning 2010; Rolshausen et al. 2010; Urbez-
Torres & Gubler 2010). Recent studies of
grapevine wounds (Pascoe & Cottral 2000;
Harvey & Hunt 2006; Sun et al. 2006; Eskalen
et al. 2007; Sun et al. 2007; Weber et al. 2007;
Sun et al. 2008; Rolshausen et al. 2010; Urbez-
Torres & Gubler 2010) and the use of wound
dressings (Moller & Kasimatis 1980; Jaspers
2001; John et al. 2005) in relation to grapevine
trunk disease pathogens have provided
observations for the model proposed.

Plants resist pathogen attack via multilayered
constitutive and inducible defences. For
example, high lignin production in cell walls
has been reported to confer tolerance to E. lata
(Rolshausen et al. 2008). When a plant is cut
(or mechanically damaged), resulting in
disruption to the vascular system, a multi-step
wound response is activated (Bloch 1941;
Bostock & Stermer 1989; Hawkins & Boudet
1996). Wound responses take place at cellular
and tissue levels, with the degeneration or
necrosis of cells at the wound site providing
signals to surrounding healthy cells (Bloch
1941). The wound response signalling pathway
shares common components (e.g. jasmonate
signals) with those activated following insect
and pathogen attack. The rate of response has
implications for the disease resistance of the
plant (Bostock & Stermer 1989).

Generalised cell response to wounding
includes signalling pathways that are triggered
by elicitors, including ion fluxes, oxidative
burst and synthesis of signal compounds such
as ethylene, salicylic acid and jasmonic acid
(Belhadj et al. 2006). The pathogen may act on
the elicitor signal pathways, producing toxin-
induced symptoms remote from the site of
production (Valtaud et al. 2009). These
defence pathways include reinforcement of
plant cell walls, accumulation of phytoalexins
and other antimicrobial compounds, and
proteins inhibitory or hydrolytically active
towards microbes may be induced (Belhadj et
al. 20006).

Bostock & Stermer (1989) described three
wound response types in plants, with the most
complex being observed in woody perennial
stems as well as potato tubers, which have
been used as a model system for understanding
the response. The response process involves
three key steps: (i) the cells adjacent to the
wound dying from autolysis, (ii) existing
parenchyma cells undergoing redifferentiation
and lignosuberization to form a boundary zone
with increased physical resistance and (iii) the

The New Zealand Institute for Plant & Food Research Limited (2011)

formation of a suberized wound periderm
below the boundary zone as a result of
meristematic activity (Bostock & Stermer
1989). Biochemical changes in individual
cells’ induced responses to pathogen attack
and/or mechanical wounding include the
accumulation of  phenols, phytoalexin
production, synthesis of hydrolytic enzymes,
and cell wall reinforcement with the phenolic
polymers suberin and/or lignin (Hawkins &
Boudet 1996).

Within the vascular tissue, the vine responds to
wounding of the vessels by the production of
tyloses. Tyloses form when the protoplasmic
membrane of the parenchyma cells next to the
xylem cells extends into the vessel via the pit
to form a balloon-like structure that, in grapes,
eventually becomes lignified (Pratt 1974).
When a large number of tyloses form, they can
block the vessel. The formation of tyloses and
other responses occur over time in response to
the initial wounding event. Hawkins & Boudet
(1996) developed a model system for studying
the gene expression response to mechanical
wounding in flowering plants and used it to
investigate changes over time (1-7 days) in
lignin and suberin deposition.

The formation of tissue impervious to water
and microorganism penetration is a common
feature of wound response of woody plants
associated with resistance to pathogens
(Bostock & Stermer 1989). When physical
barriers are produced, this is often in
association with production of anti-microbial
phenolics (Del Rio et al. 2001; Treutter 2005)
and a reduction in the availability of simple
sugars (and other nutrients) at the wound site
(Bostock & Stermer 1989).

Unique features of grapevines

Grapevine xylem has some  distinct
physiological and structural features that
distinguish it from other flowering plants. In
grapevines, the secondary xylem is described
as diffuse-porous with ladder-like thickening
surrounded by living xylem parenchyma
(Mullins et al. 1992). Septate fibres with
bordered pits are the predominant xylem
elements (Mullins et al. 1992). The xylem cells
have been observed to respond to wounding
with seasonal differences in the mechanism for
sealing grapevine trunk xylem, with gel
(temporary) closers produced in winter and
more permanent tyloses in summer (Sun et al.
2008). Most plants produce either gels or
tyloses (Sun et al. 2008). In grapevines a single

Page 2
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ring of xylem is produced each year, but the
vessels can remain functional for up to 7 years
(Mullins et al. 1992). Most grapevine xylem
vessels become inactive because of tylose
formation after 2—-3 years (Pratt 1974), rather
than after a single season as is observed in
other woody plants.

Hypothesis of grapevine wound healing
When a grapevine is cut, the vine responds as a
woody plant (described above), cells die next
the wound, signals are sent to the rest of the
tissue and undifferentiated cells start to form a
periderm. Within the vessels, gels or tyloses
form depending on the season. For a large cut
to the vine, up to 7 years of xylem may need to
be sealed to prevent water loss and microbial
entry. Phenolic compounds are deposited at the
wound, and over time the wound becomes less
susceptible to infection by trunk pathogens.
Investigations have indicated that the timing of
the wounding event can determine the length
of the wound susceptibility.

PHYSIOLOGICAL STRESS AND
SYMPTOM EXPRESSION

Interactions  between disease  symptom
expression and grapevine stress have been
suggested as one possible explanation for
inconsistent visual symptoms for some
vascular diseases. In seasons when growth of
the vine is not inhibited by abiotic factors,
expression of foliar symptoms of E. lata in
grapes are not often observed or are reduced in
severity (Sosnowski et al. 2007). In seasons
when vines experience abiotic stresses,
individual vine reserves may influence
symptom expression.

If vine stress does have a role in symptom
expression, then the mechanism of this
reaction needs to be considered. Although
grapevines are grown in a highly managed
production system, they are still subject to the
ambient climate of the region. Some of the
management methods used, such as controlled
irrigation or removal of leaf area, may produce
stress within the vine, which can be further
exacerbated by environmental conditions. A
range of abiotic stresses may occur in
vineyards; defoliation, freezing stress and
nutrient stress are factors that have been
reported to predispose forest trees to disease
symptom expression comparable to water
stress for canker diseases (Desprez-Loustau et
al. 2000).

The New Zealand Institute for Plant & Food Research Limited (2011)

Drought/water stress

Desprez-Loustau et al. (2006) proposed four
main types of drought-disease interactions that
could be expected in forest trees. The summary
below has been broadened to include all
abiotic stresses:

1. Direct effects of abiotic stress on the
pathogen.

2. Indirect effects of abiotic stress on
the pathogen through other community
interactions (such as an increase or decrease of
naturally occurring biological control agents).

3. Host predisposition, i.e. the effect of
abiotic stress on the host physiology leading to
susceptibility.

4. Multiple stresses, i.e. the combined
effects of infection and abiotic stress on tree
physiology.

Drought-disease interactions in forest trees
have been reviewed, with a majority of
published studies referring to a positive
association between drought and disease
(Desprez-Loustau et al. 2006). When
investigating drought and disease interactions
for grapes, it is important to consider
symptoms and timing of water stress. The
symptoms of trunk diseases and water stress
are often related, with both resulting in reduced
movement of water in the xylem.

More than half the reviewed studies of forest
tree drought-disease interactions were for
canker/die-back pathogens such as
Botryosphaeria (Desprez-Loustau et al. 2006),
which correspond with the type of diseases that
are commonly grouped as trunk diseases of
grapes. In the case of Xylella spp. infection, the
gene transcription response of vines is similar
to responses to drought stress (Choi et al.
2010). As vascular diseases are found in the
vessels and vine responses to the pathogen
involve blocking infected vessels, aggregates
and tyloses can physically block a sufficient
number of vessels to prevent xylem flow
(Martelli et al. 1986). For Pierce’s disease, the
observed water stress symptoms are the result
of xylem occlusions (Hopkins 1989). Beckman
(1964) noted that physiological changes in the
plant, such as increased respiration and
changes in water balance (reduced supply),
result in wilting due to lack of water, rather
than toxins produced by the trunk diseases.
However, water stress or drought may also
predispose a vine to disease development
(Ferreira et al. 1999) or lead to a more rapid
exhaustion of the vine as a result of additive
deleterious effects, as reported for forest trees

Page 3
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(Desprez-Loustau et al. 2006). Extended
drought conditions have been reported to
exacerbate the development of Pierce’s
disease, as water-stressed vines in vineyard
conditions appear more susceptible than well
watered vines (Hopkins 1989).

When considering water stress, the timing of
stress may also be important. For young
grapevines already infected with
Phaeoacremonium  chlamydosporum, water
stress significantly predisposed the vines to
symptom expression class 4 (dead vines)
(Ferreira et al. 1999). However, in contrast,
vines that had been water stressed and then
infected with Neofusicoccum [uteum had a
reduction in shoot die-back lesion length at
25% field capacity compared with 50 and 75%
with field capacity (Amponsah 2011).
Desprez-Loustau et al. (2006) reported that
many of the positive drought—disease
interactions involved increased severity or
impact of the disease rather than increased
incidence of infection. For the N. [luteum
experiment (Amponsah 2011), existing stress
may have reduced the susceptibility of tissues
to infection via the blocking of vessels or other
mechanisms, reducing the spread of the
pathogen following infection.

Limited resources

For plants, a “trade-off” exists between growth
and defence-related metabolism (Treutter
2005). When defence compounds are
produced, they use plant resources including
amino acids, carbohydrates and nutrients. The
removal of these resources from the vine’s
pool of reserves can then have follow-on
effects on plant growth. One of the typical
symptoms associated with diseases such as
eutypa dead-arm is reduced vine vigour.
Reduced vigour may be the result of diversion
of resources to a defence response or a
knocking out of part of the vine’s
infrastructure.

The induction of flavonoid biosynthesis and
accumulation as part of a defence response has
been shown to be limited by the availability of
carbon, energy or other resources (Treutter
2005). Amino acids within the vine may be
used for the production of phenolic compounds
in response to infection with botrytis bunch rot.
However, the same amino acids are also used
in a number of plant biochemical pathways
(Mundy 2008). If a vine has already
experienced water stress and allocated other
amino acids to proline production to maintain

The New Zealand Institute for Plant & Food Research Limited (2011)

osmotic pressure (Keller 2005), then less raw
material will be available to produce
flavonoids as part of a plant defence.

Vines infected with E. /ata have reduced starch
storage in the xylem parenchyma cells and rays
compared with healthy vines (Rudelle et al.
2005). Rudelle et al. (2005) have suggested
high metabolic activity is associated with
observed  secretory  defence  responses
involving well developed and more numerous
mitochondria. A high metabolic activity could
account for the reduced starch storage. Futypa
lata can produce a polypeptide fraction that
induces changes in grape leaves, resulting in
reduced assimilation of the products of
photosynthesis and lower leaf respiration
(Octave et al. 2006), which may result in
further reduction in vine reserves.

Vines with Phaeomoniella chlamydospora had
reduced carbohydrate reserves compared to the
control vines during winter dormancy, even if
symptoms were not expressed, and an overall
loss of plant vigour (Petit et al. 2006),
indicating changes in vine resources as a result
of infection.

Nutrient supply may be important for disease
response. In strawberries (Walter et al. 2008)
and grapes (Elmer & Reglinski 2006), calcium
has been associated with cell wall integrity and
resistance to fungal penetration. Increases in
vine uptake of calcium ions during Pierce’s
disease infection, as part of the plant’s defence
system, have been reported (Xu et al. 2003).
Magnesium ions have been reported as a
possible factor for detoxification of fungal
toxins produced by E. lata (Colrat et al. 1999).
Changes in nutrient reserves within tissues
may also be related to symptom expression,
with the suggestion of a link between toxic
amounts of macronutrients (Ca’ and Mg™") in
the petioles and leaf symptom expression in
Pierce’s disease (Xu et al. 2003).

Temperature/seasonal differences

Increased rates for wound healing later in the
pruning season (late winter to early spring)
have been reported for grapevines. Reported
susceptibility of grapevine pruning wounds to
infection by E. /ata during this late pruning
time was lower than that of vines pruned early
in the dormant season (Munkvold & Marois
1995). These observations may be linked to the
reported seasonal differences in grapevine
wound response of tyloses or gum formation
(Sun et al. 2008). Tyloses and gums have
different chemical and physical characteristics,

Page 4
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and R genes that allow a pathogen to overcome
one set of wound responses may not be
effective  against the other. Seasonal
differences in infection and susceptibility have
been reported for E. lata (Petzoldt et al. 1981;
Munkvold & Marois 1995; Chapuis et al.
1998) and botryosphaeria canker (Urbez-
Torres & Gubler 2010). However, Chapuis et
al. (1998) suggested that infection may be
linked to temperature, with E. lata growing
well at low temperatures and other
microorganisms being suppressed.
Temperature conditions can also influence the
plant’s growth, with climatic conditions that
are conducive to vigorous vine growth in
spring reported to reduce foliar symptoms of E.
lata infection (Sosnowski et al. 2007).

TRUNK DISEASES AND POSSIBLE
PATHOGENICTY FACTORS

The grapevine wound response is effective in
stopping most pathogens from entering and
establishing in the vine (non-host resistance
(Agrios 2005)). In order to be effective
pathogens of grapevines, the casual organisms
need characteristics that allow them to succeed
under conditions that are not conducive to
other pathogens. The vessels of grapevines are
a nutrient-poor environment for the growth of
microorganisms (Valtaud et al. 2009; Ciraulo
et al. 2010) but do provide a pathway for
movement within the trunk. The successful
pathogens of the grapevine vascular system
require one or more virulence genes to operate
in this grapevine tissue. Researchers have
studied different vascular pathogens of grapes
to obtain an understanding of the processes
involved in successful infection.
Histopathology of infections in vine wood has
been reported for a range of vascular
pathogens including Botryosphaeria stevensii
(Whitelaw-Weckert et al. 2006), Lasiodiplodia
theobromae (Urbez-Torres & Gubler 2010),
Neofusicoccum  parvum  (Urbez-Torres &
Gubler 2010), Phaeomoniella chlamydospora
(formerly Phaeoacremonium
chlamydosporum) (Pascoe & Cottral 2000;
Whiteman et al. 2002; Whiteman et al. 2007)
and Xylella fastidiosa (Roper et al. 2007;
Ciraulo et al. 2010).

Botryosphaeria canker

Pycnidiospores are dispersed by rain splash,
spreading botryosphaeria canker via the
infection of exposed xylem of pruning wounds
(Urbez-Torres &  Gubler 2010). The

The New Zealand Institute for Plant & Food Research Limited (2011)

importance of wound age for the infection of
botryosphaeriaceous species has been reported,
with no conidial infections of Neofusicoccum
luteum 14 days after wounding (Amponsah et
al. 2009). These results are consistent with
studies of wound periderms (cork barriers)
(Bostock & Stermer 1989), although the
formation of a periderm was not investigated
for N. luteum. Both duration of susceptibility
of pruning wound and effect of pruning time
on susceptibility of fresh wounds to infection
by Lasiodiplodia theobromae and
Neofusicoccum parvum have been studied in
California (Urbez-Torres & Gubler 2010). In
the artificially-inoculated Californian vineyard
studies, pruning vines in late, rather than early,
winter resulted in reduced percentage of
botryosphaeria  canker infections.  The
mechanism for differences in infection rates is
yet to be determined.

Eutypa dead-arm

The observations of Rudelle et al. (2005)
suggest that vessel-associated cells are very
important for the vine’s defence against trunk
diseases and these cells can be activated
remotely from the site of infection by
toxin/signalling compounds conducted in the
xylem. Vessel-associated cells appear to slow
the progress of E. lata even in susceptible
cultivars. However, the anatomy of the vine
prevents this mechanism from completely
protecting the vessels, as vessel-associated
cells do not form a complete ring around the
conducting xylem (Rudelle et al. 2005).
Vessel-associated  cells have  structural
analogies to phloem companion cells, but have
lignified walls, and no plasmodesmata
interface with the vessel element (Fromard et
al. 1995).

Sosnowski et al. (2007) hypothesised that
climate is one factor that may influence the
expression of foliar symptoms of E. lata in
grapes. They developed a conceptual model
that predicts expression of symptoms based on
winter rainfall and spring temperatures in
conjunction with initial observations of disease
severity. Additional study is required to
elucidate how the climate influences the fungal
pathogen or the vine response, leading to
symptom expression (Sosnowski et al. 2007).
In forest trees it has been observed that, while
drought conditions may be negatively
correlated to successful new fungal infections,
they can be positively related to existing
endophytes and saprophytes becoming
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damaging pathogens in plants predisposed by
stress (Desprez-Loustau et al. 2006). While
there are models for the infection stage of
many diseases, modelling of climate and other
life cycle stages may allow better management
of vascular diseases that are already present in
vineyards.

Esca complex, including Phaeomoniella
chlamydospora

Pascoe & Cottral (2000) investigated
Phaeomoniella chlamydospora infection of
tissue cultured Chardonnay plants and
observed infection of the xylem parenchyma
cells, which then moved into the adjacent
vascular vessels. The pathogen hyphae were
observed to enter the vessels at the sites of
tylose formation. Hyphae travelled along
vessels and phenolic compound accumulations
in the trunk tissues were not always associated
with heavy concentrations of hyphae. As “goo”
and other phenolic compounds were often
some distance from the site of infection, a
toxin or some other signalling compound may
be involved, possibility explaining why P.
chlamydospora is not always isolated from the
sites where “black goo” is observed (Pascoe &
Cottral 2000). Later research from the same
group showed that in vines infected with P.
chlamydospora, blockages of the xylem
function could be significantly higher (16%)
than the percentage of vessels with “goo”
symptoms (1%) (Edwards et al. 2007).

Esca disease symptoms include distinctive
tiger-striped leaves with orange inter-vein
regions (Mundy & Manning 2010). The
observed foliar symptoms are distant from the
primary site of infection (Valtaud et al. 2009).
The leaf symptoms of esca are probably the
result of extensive cellular oxidation following
a decrease in leaf glutathione content (Valtaud
et al. 2009). Intracellular structural damage can
be detected in leaf cells before visible
symptoms appear, suggesting modification of
plant metabolism in the early stages of
symptom expression (Valtaud et al. 2009).

Pierce’s disease

The bacterium Xylella fastidiosa is the causal
agent of Pierce’s disease. The physiological
effects of this disease have been the focus of
considerable study following the arrival of an
insect vector (glassy winged sharpshooter —
Homalodisca vitripennis) into Californian
vineyards. As with many of the trunk diseases,
infections by X. fastidiosa can occur remotely
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in time and space from the site of symptom
expression. Investigations have shown that
vines often harbour high titres of X. fastidiosa
before visual symptom expression (Choi et al.
2010). The bacteria effectively bypass the vine
wound response when injected directly into the
xylem from the foregut of the glassy winged
sharpshooter (Redak et al. 2004). When
infections do occur, X. fastidiosa has been
shown to change the nutrient content of leaves
before and during symptom expression (Xu et
al. 2003).

CONCLUSIONS

The successful trunk disease pathogens of
grapevines have evolved with the host plant
and have mechanisms to overcome at least
some of the host defences. To develop better
control of these diseases, the interactions
between the plant pathogen and the
environment must first be understood, so that
conditions can be manipulated in favour of the
vine. In summary:

1. Grapevines appear to have the same
basic wound healing mechanism as most
woody plants.

2. The speed of wound response
depends on timing of wounding.

3. Wound susceptibility decreases as
wounds age.

4. Disease symptom expression can be
influenced by abiotic stress.

5. Vines have limited
resources/reserves to respond to biotic or
abiotic stress.

6. Physical structures such as vessel-

associated cells or thickened lignin deposits
may be important for varietal tolerance of
disease.
Understanding how the physiology of vines
influences pathogen infection and expression
will allow the development of better
management and control strategies for
grapevine trunk diseases in New Zealand and
internationally.
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Appendix 3 Popular article

,?';Grapevine trunk diseases in New Zealand

j)ion Mundyl and Mike Manning2

:{The New Zealand Institute Jor Plant & Food Research Limited,
Marlborough Wine Research Centre, P.O. Box 845, Blenheim 7240,

New Zealand

iThe New Zealand Institute for Plant & Food Research Limited, Mt
“Albert Research Centre, Private Bag 92169, Auckland, New Zealand

Y Trunk diseases and virus are the
two main threats to longev-
ity of vineyards in New Zea-
“and. Recognition of the importance
f trunk diseases to the future of the
‘ine industry has resulted in invest-
ent in research by individuals, com-
anies, New Zealand Winegrowers
nd central government. Grapevine
snnk diseases have been the topic of
iscussion at numerous wine indus-
iy field days and workshops as new
‘pults and ideas have become avail-
~3le. However, accessing information
tween presentations has not always
tent possible. Plant & Food Research
‘ud the Marlborough Wine Research
_entre have launched a website to
s ovide the New Zealand Wine Tn-
Istry with information about grape-

e trunk diseases
Hiplfwineresearch.org. nz/publica-
ms/MarlboroughTrunkDisease Web.

e website provides contact
fails for researchers currently in-
“Ived in trunk disease reseatch, and
_fess to publications. Information

|

on the site includes fact sheets about
diseases and related management of
vines, published abstracts, links to in-
ternational websites about trunk dis-
eases, a calculation spreadsheet tool
for investigating costs of trunk dis-
eases, and links to published papers
on trunk diseases that are available to
the public free of charge. This website
will be updated as new information
becomes available.

A recent addition to the website
is link to a paper titled “Ecology
and management of grapevine trunk
diseases in New Zealand: a review”
published in the New Zealand Plant
Protection journal in August 2010

hitp:/fwineresearch.org.nzfpublica-
tions/TrunkDisease Abstracts. hitm

This paper provides information
on botryosphaeria dieback, esca, eu-
typa dieback and Petri disease, with a
focus on New Zealand growing con-
ditions and current knowledge at the
time of publication. For each diseage,
information has been provided on
symptoms, causal organism, disease
cycle and control. The paper con-

cludes with the summary that good
cultural practices, such as removing
infected wood and protecting prun-
ing wounds from infection, are still
the best ways for the industry to re-
duce the spread of trunk diseases.

If you have questions regarding
information on grapevine trunk dis.
eases or have trouble accessing the
website, please contact Dion Mundy
at dionmundy@plantandfood.co.nz.
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D 2008, grape supply exceeded
demand for New Zealand wine
or the first time, resulting in ex-
wine stocks. As such, for New
and grape producers, manag-
supply has required a re-think
oduction objectives concerning
volume and quality of grapes
uced:  Sauvignen Blanc (ap-
mately 63% of all New Zealand
¢ tonnage) has traditionally been
N in New Zealand using the
vely high vielding 4-cane verti-

Bennett1, Mare Grevenl and Amber Parker?
antt and Food Research, PO Box 845, Blenheim, 7201

“cal shoot positioned (VSP) training

system. This system allows for a high
node and shoot number per metre
of vineyard canopy and hence high
yield potential. In cooler or higher
yielding seasons, this system can lead
to difficulty in achieving desired fruit
ripeness, resulting in unsatisfacto-
rily low soluble solids (°Brix) content,
high acid concentrations and more
recently, overproduction of grapes.
As such, wine company production
targets have moved to controlling

[

yield and improving or changing
fruit maturity /composition goals to
meet increasing market demands for
new styles of high quality wines.
Altering the number of canes laid
down at pruning (node number per
vine) or leaf area by changing the
training system are practical ways of
controlling yield and ripeness. The
objectives of this research were to de-
termine: (1) the influence of training
systems on Sauvignon Blanc grape-
vine performance; 2) the influence of
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