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The impact of Phaeomoniella chlamydospora infection
on the grapevine’s physiological response to water stress
Part 2: Cabernet Sauvignon and Chardonnay

JACQUELINE EDWARDS, Soneir SALIB, Fiona THOMSON and Ian G. PASCOE

Primary Industries Research Victoria, Knoxfield Centre, Private Bag 15, Ferntree Gully Delivery Centre,
Victoria 3156, Australia

Summary. Phaeomoniella chlamydospora is a vascular pathogen that colonises the xylem tissues of the grapevine.
It is associated with the diseases, esca and Petri disease, often considered to be ‘stress-related’ diseases. In glass-
house experiments using Cabernet Sauvignon and Chardonnay, stomatal conductance was higher in infected plants,
implying that infection interferes with stomatal control. In Cabernet Sauvignon, leaf water potentials were lower in
infected plants subjected to water stress, indicating that infection made it more difficult for the vine to get water to
the leaf. This was less apparent in Chardonnay. Clearly, infection alters the grapevine response to water stress and

some cultivars are affected more than others.
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Introduction

The grapevine trunk diseases, Petri disease and
esca, are caused by the xylem-inhabiting fungal
pathogen, Phaeomoniella chlamydospora, although
other fungi have been implicated (Crous and Gams,
2000). Grapevines can be infected with P. chlamy-
dospora yet show no external symptoms of disease
(Bertelli et al., 1998; Edwards et al., 2001; Halleen
et al., 2003; Edwards and Pascoe, 2004). Infected
grapevines are more vulnerable to stress, howev-
er, and this can trigger disease expression (Ferrei-
ra et al., 1999; Fourie and Halleen, 2004).

In 2004 and 2005, we demonstrated in glass-
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house trials that infected Zinfandel grapevines re-
sponded differently to uninfected Zinfandel sub-
jected to the same water stress (Edwards et al.,
2007). In 2005 and 2006, we conducted similar ex-
periments using Cabernet Sauvignon and Char-
donnay grapevines, the results of which are report-
ed here.

Materials and methods

Sets of four year old Cabernet Sauvignon and
Chardonnay were inoculated near the base of the
trunk while dormant (mid July 2005), with either
200 pl sterile distilled water or 200 ul spore sus-
pension made up to deliver 50 spores of P. chlamy-
dospora. They were then grown in the glasshouse
and, at the time of the experiments, the most uni-
form plants were chosen to provide 18 infected and
18 uninfected plants of each cultivar.

The factorial set of 6 treatments consisted of
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Table 1. Measurements of water stress (WS) in experimental Cabernet Sauvignon and Chardonnay grapevines.

WS parameter

Time of measurement

Measures per vine

Daily stomatal conductance (g,
Daily leaf water potential ()
Diurnal stomatal conductance (gy,)
Diurnal leaf water potential (yyr,)

3—4 pm, X3/week Mon/Wed/Fri
3—4 pm, X3/week Mon/Wed/Fri
6 am, 3 pm, 6 pm; days 9, 11, 14
6 am, 3 pm, 6 pm; days 9, 11, 14

3 leaves, mature sunlit, midshoot
1 leaf, mature sunlit, midshoot
1 leaf, mature sunlit, midshoot
1 leaf, mature sunlit, midshoot

three levels of stress, ‘no stress’, ‘60% of water re-
quirement’ and 25% of water requirement’ com-
bined with one of two levels of infection, either ‘in-
fected’ or ‘not infected’. There were 6 replicates of
the six treatments and the pots were laid out on 6
benches with each bench a replicate. The Caber-
net Sauvignon trial was conducted from 14 Novem-
ber—23 December 2005 and the Chardonnay trial
from 20 February—31 March 2006.

The methodology was the same as reported in
Edwards et al. (2007). Water was completely with-
held from the Cabernet Sauvignon stress treat-
ments for 4 days from day 23—-26, and from the
Chardonnay stress treatments for 3 days from day
27-29, after which the treatments were reapplied.
This was to determine whether infection interfered
with the grapevines’ capacity to recover from a
short severe stress. This severe stress was restrict-
ed to 3 days for Chardonnay as this cultivar did
not tolerate the stress as well as the Cabernet Sau-
vignon. The variables measured were leaf water
potential and stomatal conductance, as per Table
1. The diurnal measurements consisted of three
measurements per day at 6 am, 3 pm and 6 pm, for
three days in the second week (days 9, 11 and 14).

The daily measurements data were analysed
using the AREPMEASURES procedure of Genstat,
which uses an analysis of variance to analyse the
data but allows for the correlation of measurements
over time. The diurnal measurements data were
analysed using a standard split plot analysis with
each time of day analysed as a separate variable.

Results

Cabernet Sauvignon, stress imposed 14 November —
23 December 2005

For the daily measurements, the results of the
analyses were similar for both stomatal conduct-
ance and leaf water potential. The overall main
effects of stress, infection and date were signifi-

cant (P<0.001) but the only significant interaction
was that of stress with date indicating that the size
of the stress effect changed over time.

Stomatal conductance of infected plants was
higher than that of uninfected plants, regardless
of stress treatment (Fig. 1) and this effect did not
change over time. Leaf water potentials of infect-
ed plants became lower than the corresponding
uninfected plants as the stress was prolonged, par-
ticularly in the more severe treatment of 25% wa-
ter (Fig. 2).

The possibility of a difference between treat-
ments in the ‘recovery’ period was considered. On
days 23, 24, 25 and 26, the pots receiving the stress
treatments received no water at all while the re-
maining unstressed treatments received the nor-
mal allocation. On day 27, the normal watering
recommenced. At 3 pm, the usual measurements
were taken and although leaf water potential
showed an immediate recovery (Fig. 2), stomatal
conductance (Fig. 1) did not show recovery until
day 31 and the 25% stress treatment barely recov-
ered at all. Leaf water potential measures also took
longer to recover in infected vines versus uninfect-
ed vines, particularly in the 25% stress treatment.

The diurnal measurements showed that for both
stomatal conductance (Fig. 3) and leaf water po-
tential (Fig. 4), infected plants responded differ-
ently to water stress than uninfected plants. This
difference was most apparent in the 50% water
treatment using stomatal conductance and the 25%
water treatment using leaf water potential.

With regards to stomatal conductance, at 6 am,
there was a significant overall stress main effect
but no main effect of infection. There was no evi-
dence of stress by infection interaction at 6 am
across the 3 days. At 3 pm, the overall effects of
both stress and infection were significant with
weak evidence of an interaction between these two
factors (P=0.091). At 6 pm, the overall main effects
of infection and stress were significant, as was their
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Fig. 1. Effect of water stress on stomatal conductance of infected and uninfected Cabernet Sauvignon, November
2005. The arrows indicate the period when water was completely withheld from the stress treatments.
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Fig. 2. Effect of water stress on leaf water potential of infected and uninfected Cabernet Sauvignon, November 2005.
The arrows indicate the period when water was completely withheld from the stress treatments.

40 Phytopathologia Mediterranea



Day 9
350
---m---Pch, no stress
N -Pch, 50% water
N ---x---Pch, 25% water ||
—=®—no stress
—e—50% water
—>x— 25% water
250 =
I-/ Le-
o o
ﬁ 200 .
£
2
E150 T
100
X
50
o T
6:00 AM 300 PM P
Day 11
350
---m---Pch, no stress
---e---Pch, 50% water
300 ---x---Pch, 25% water H
—=&—no stress
——50% water
- —x—25% water
%3 ‘-/" \\..
& 200
£ .
E .
E 150 - \
100 ’
Kool -
50 —=
0 ‘ ‘
6:00 AM 3:00 PM 6:00 PM
Day 14
200 ---m---Pch, no stress
---¢---Pch, 50% water
---%---Pch, 25% water
250 —=—no stress
N ——50% water
—x— 25% water
200
o
o
£
£ 150
°
£
£
100
50
0 T

6:00 AM

3:00 PM

6:00 PM

Phaeomoniella chlamydospora infection and water stress - Part 2

Fig. 3. Effect of 9, 11 and 14 days water stress on stomatal conductance of infected and uninfected Cabernet Sauvi-

gnon, November 2005.
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Fig. 4. Effect of 9, 11 and 14 days water stress on leaf water potential of infected and uninfected Cabernet Sauvi-
gnon, November 2005.
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Fig. 5. Effect of water stress on stomatal conductance of infected and uninfected Chardonnay, March 2006.

interaction. This was consistent over the three
dates of measurement.

Using leaf water potential as a measure, at 6
am there was a significant overall stress main ef-
fect with only weak evidence of an overall infec-
tion effect at this time of day (P=0.078). The inter-
action of stress with infection was not significant.
At 3 pm, the overall main effects of both stress and
infection were significant, but there was no signif-
icant interaction effect. At 6 pm, there was an over-
all significant stress effect, which changed signifi-
cantly across the three days, but infection and the
interactions were not significant.

Chardonnay, stress imposed 20 February —
31 March 2006

Again, stomatal conductance of infected plants
was consistently higher than that of uninfected
plants (Fig. 5). However, whereas leaf water po-
tential was lower in the infected, stressed treat-
ments using Cabernet Sauvignon, the opposite oc-
curred in Chardonnay (Fig. 6).

The overall results of the analyses of daily meas-
urements were similar for both stomatal conduct-
ance and leaf water potential. The main effects of
infection, stress and date were significant, as were
the two-way interactions of infection and stress,
infection and date and stress and date. The three-

way interaction of time x infection x stress was also
very slightly significant (P=0.071 for stomatal con-
ductance and 0.083 for leaf water potential), prob-
ably due to the catastrophic effect of giving no water
to the four stress treatments on days 27-29.

The possibility of a difference between treat-
ments in the ‘recovery’ period was again consid-
ered. On days 27, 28 and 29, the pots receiving the
stress treatments received no water at all while
the remaining unstressed treatments received the
normal allocation. As expected the measurements
taken on day 28 showed extreme values for both
leaf water potential and stomatal conductance. On
day 30, the normal watering recommenced. At 3
pm, the usual measurements were taken and al-
though leaf water potential showed an immediate
recovery, stomatal conductance did not show re-
covery until day 32. There was a significant differ-
ence in the recovery of infected versus uninfected
vines, but unexpectedly, the infected vines recov-
ered more rapidly than the uninfected vines.

The diurnal measurements again showed that
infected plants responded differently to water
stress than uninfected plants at both 3 pm and 6
pm but particularly at 3 pm (Fig. 7 and 8). As men-
tioned above, the Chardonnay grapevines behaved
differently to the Cabernet Sauvignon grapevines
in that the leaf water potentials of the stressed
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Fig. 6. Effect of water stress on leaf water potential of infected and uninfected Chardonnay, March 2006.

uninfected vines were lower than those of the
stressed infected vines, particularly for the 3 pm
and 6 pm measurements. This implied that the
uninfected vines were less tolerant of the stress
than the infected vines.

For stomatal conductance measures, at 6 am,
there were overall main effects of stress and infec-
tion but no interaction between them. The size of
the main effects was different on the three days;
this difference was significant for infection and
stress but not for the interaction. At 3 pm, the dif-
ferences were greatest, as this is the hottest time
of day. The infection and stress interaction was not
only significant overall but was significantly dif-
ferent between days. However, this may be due to
temperature differences between the days. The
data for 6 pm required a log transformation for the
analysis. Overall, the main effects of infection and
stress were significant. There was weak evidence
of an overall interaction between stress and infec-
tion (P=0.087).

For leaf water potential measures, at 6 am,
there were significant main effects of stress and
infection but no interaction between stress and
infection. At 3 pm and 6 pm, there were signifi-
cant overall main effects of stress and infection
but the interaction of these two factors was not
significant.
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Discussion

The results presented here clearly showed that
P. chlamydospora infection interfered with the
water relations of the grapevine, particularly un-
der conditions of water deficit. In glasshouse ex-
periments, the physiological responses to water
stress of infected and uninfected Zinfandel (Ed-
wards et al., 2007), Cabernet Sauvignon and Char-
donnay were measured. Stomatal conductance was
higher in infected plants, implying that infection
interferes with stomatal regulation. In Zinfandel
(Edwards et al., 2007) and Cabernet Sauvignon,
leaf water potentials were lower in infected plants
subjected to water stress, indicating that infection
made it more difficult for the vine to get water to
the leaves. Cultivar differences were noticed, with
infected Chardonnay responding differently to the
other two cultivars.

In the glasshouse experiments described
here, two cultivars were trialled: Cabernet Sau-
vignon and Chardonnay. Plants were subjected
to a single steady stress and to the imposition
of a short severe stress. Under both circum-
stances, grapevines infected with P. chlamy-
dospora responded differently to comparable
uninfected grapevines.

Stomatal conductance was higher in infected
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plants than uninfected plants, indicating that in-
fection interferes with stomatal regulation. The
cultivars appeared to differ slightly in reaction,
with the most noticeable effect on Chardonnay,
followed by Zinfandel (Edwards et al., 2007) and
least noticeable in Cabernet Sauvignon. Under
water stress, infected Zinfandel (Edwards et al.,
2007) and Cabernet Sauvignon had consistently
lower leaf water potentials, but infected Chardon-
nay had higher leaf water potentials. As a gener-
al rule, the lower the leaf water potential, the
more stressed the plant. This suggests that Zin-
fandel and Cabernet Sauvignon were more ad-
versely affected by the combination of infection
and stress than Chardonnay. Differences in culti-
var response to water stress have been linked to
the geographical origin of the cultivar (Winkel and
Rambal, 1993). These researchers compared the
physiological response to water stress of three
cultivars from different geographical origins. Car-
ignane, originating from semi-arid Aragon in
Spain, physiologically adjusted to water stress
using stomatal control. Shiraz, originating from
the Rhone valley in France, apparently adjusted
by limiting leaf area. The response by Merlot, from
Bordeaux in France, was intermediate between
the two. Cultivars are also known to respond dif-
ferently to infection by P. chlamydospora (Adalat
et al., 2000; Feliciano et al., 2004). Therefore, it is
to be expected that cultivars will differ in their
physiological response when these two stresses,
lack of water and infection, are overlaid.

The diurnal measurements (taken throughout
a single day) showed that the stress X infection
interaction was more pronounced in the afternoon,
when plant water demand was highest. The 6 am
measurements showed that over time the infected
plants were less able to recover overnight than the
uninfected plants, and the 3 pm and 6 pm meas-
urements showed that the infected plants were less
able to cope with the additional burden of after-
noon temperature. The level of stress was also an
important factor in how well the vine was able to
respond. In the Cabernet Sauvignon experiment,
the impact of infection was most evident in the in-
termediate (i.e. 50%) water stress treatment. Un-
der higher stress (i.e. 25%), all plants were severe-
ly stressed whether infected or not.

A short severe stress (i.e. no water) was imposed
to determine if infection affected the plants’ abili-

ty to recover. Cabernet Sauvignon plants (at the
more severe 25% water treatment) were less able
to recover than uninfected plants subjected to the
same severe stress. This has also been observed in
infected Zinfandell (Edwards et al., 2007) .The
Chardonnay plants responded differently, with in-
fected plants seemingly recovering better than un-
infected plants, particularly at the 25% water treat-
ment.

Two of the most important driving forces in
Australian viticulture today are water shortages
and rises in temperature due to climate change.
The current trend towards growing grapes for
quality and the increased awareness of water as
a limited resource has meant there is considera-
ble interest in applying irrigation scheduling
which involves periods of water stress. Infections
by grapevine trunk disease pathogens are peren-
nial (i.e. a grapevine is infected for life) and symp-
tomless, with disease expression triggered in re-
sponse to environmental stress. Edwards and
Pascoe (2004) showed that these diseases are
‘sleepers’ and symptomless infection is wide-
spread. It is unknown how infected grapevines will
respond to deficit irrigation schedules, and wheth-
er these practices will have detrimental effects
on long-term vineyard health. Future research is
required into defining this relationship between
stress and disease expression, so that deficit irri-
gation schedules can be applied safely to produce
high quality wine grapes without compromising
vine health. It is important to determine how in-
fected grapevines will respond to the challenges
of increased water and heat stress, and how best
to manage them for long-term vineyard health and
productivity.

Acknowledgements

This research was funded by the CRC for Viti-
culture and supported by Australia’s grapegrow-
ers and winemakers through their investment body
the Grape and Wine Research and Development
Corporation, with matching funds from the Aus-
tralian Federal Government and the Victorian
State Government through the Commonwealth
Cooperative Research Centre Program. In addition,
we would like to thank Fran Richardson for tech-
nical assistance, Ian Goodwin, Mark Gibberd and
Mark O’Connell, plant physiologists, for their ad-
vice and guidance.

Vol. 46, No. 1 April, 2007 47



J. Edwards et al.

Literature cited

Adalat K., C. Whiting, S. Rooney and W.D. Gubler, 2000.
Pathogenicity of three species of Phaeoacremonium spp.
on grapevine in California. Phytopathologia Mediterra-
nea 39, 92-99.

Ayres P.G., 1978. Water relations of diseased plants. In:
Water Deficits and Plant Growth. Vol 5. (T.T. Kozlowski,
ed.), Academic Press, London, UK, 1-60.

Bertelli E., L. Mugnai and G. Surico, 1998. Presence of
Phaeoacremonium chlamydosporum in apparently
healthy rooted grapevine cuttings. Phytopathologia
Mediterranea 37, 790-82.

Blodgett J.T., E.L. Kruger and G.R. Stanosz, 1997a. Effects
of moderate water stress on disease development by
Sphaeropsis sapinea on red pine. Phytopathology 87,
422-428.

Blodgett J.T., E.L. Kruger and G.R. Stanosz, 1997b. Sphae-
ropsis sapinea and water stress in a red pine planta-
tion in central Wisconsin. Phytopathology 87, 429-434.

Boyer J.S., 1995. Biochemical and biophysical aspects of
water deficits and the predisposition to disease. Annu-
al Review of Phytopathology 33, 251-274.

Chone X., C. van Leeuwen, D. Dubourdieu and J.P. Gaud-
illere, 2001. Stem water potential is a sensitive indi-
cator of grapevine water status. Annals of Botany 87,
477-483.

Crous P.W. and W. Gams, 2000. Phaeomoniella chlamy-
dospora gen. et comb. nov., a causal organism of Petri
grapevine decline and esca. Phytopathologia Mediter-
ranea 39, 112-118.

Edwards J., G. Marchi and I.G. Pascoe, 2001. Young esca
in Australia. Phytopathologia Mediterranea 40, 303—
310.

Edwards J. and I.G. Pascoe, 2004. Occurrence of Phaeomo-
niella chlamydospora and Phaeoacremonium ale-
ophilum associated with Petri disease and esca in Aus-
tralian grapevines. Australasian Plant Pathology 33,
273-279.

Edwards J., S. Salib, F. Thomson and I.G. Pascoe, 2007.
The impact of Phaeomoniella chlamydospora infection
on the grapevine’s physiological response to water
stress Part 1: Zinfandel. Phytopathologia Mediterra-
nea 46, 26-37.

Escalona J., J. Flexas and H. Medrano, 2002. Drought ef-
fects on water flow, photosynthesis and growth of pot-
ted grapevines. Vitis 41, 57-62.

Feliciano A.J., A. Eskalen and W.D. Gubler, 2004. Differen-
tial susceptibility of three grapevine cultivars to Phae-
oacremonium aleophilum and Phaeomoniella chlamy-
dospora in California. Phytopathologia Mediterranea 43,
66-69.

Ferreira J.H.S., P.S. van Wyk and F.J. Calitz, 1999. Slow
dieback of grapevine in South Africa: stress-related pre-
disposition of young vines for infection by Phaeoacre-
monium chlamydosporum. South African Journal of
Enology and Viticulture 20, 43—46.

Ferreira J.H.S., P.S. van Wyk and E. Venter, 1994. Slow
dieback of grapevine: association of Phialophora para-

48 Phytopathologia Mediterranea

sitica with slow dieback of grapevines. South African
Journal of Enology and Viticulture 15, 9-11.

Fourie P.H. and F. Halleen, 2004. Proactive control of Petri
disease of grapevine through treatment of propagation
material. Plant Disease 88, 1241-1245

Goodwin P.H., J.E. deVay and C.P. Meredith, 1988. Roles
of water stress and phytotoxins in the development of
Pierce’s disease of the grapevine. Physiological and
Molecular Plant Pathology 32, 1-15.

Gubler W.D., K Baumgartner, G.T. Browne, A. Eskalen, S.
Rooney-Latham, E. Petit and L.A. Bayramian, 2004.
Root diseases of grapevines in California and their con-
trol. Australasian Plant Pathology 33, 157-165.

Gubler W.D., P.E. Rolshausen, F.P. Trouillas, G.M. Leavitt
and E.A. Weber, 2006. Grapevine trunk diseases in
California. In: Paper and Abstracts Book, 6th Interna-
tional Cool Climate Symposium for Viticulture and Oe-
nology, 6-10 February 2006, Christchurch, NZ, 121-125.

Guyon J.C., W.R. Jacobi and G.A. McIntyre, 1996. Effects
of environmental stress on the development of Cytospo-
ra canker of aspen. Plant Disease 80, 1320-1326.

Halleen F., P.W. Crous and O. Petrini, 2003. Fungi associat-
ed with healthy grapevine cuttings in nurseries, with
special reference to pathogens involved in the decline of
young vines. Australasian Plant Pathology 32, 47-52.

Lovisolo C. and A. Schubert, 1998. Effects of water stress on
vessel size and xylem hydraulic conductivity in Vitis vin-
ifera L. Journal of Experimental Botany 49, 693—700.

Ma Z., D.P. Morgan and T.J. Michailides, 2001. Effects of
water stress on Botryosphaeria blight of pistachio
caused by Botryosphaeria dothidea. Plant Disease 85,
745-749.

Mullins M.G., A. Bouquet and L.E. Williams, 1992. Biolo-
gy of the Grapevine, Cambridge University Press, U
K, 52-54.

Newbanks D., A. Bosch and M.H. Zimmerman, 1983. Evi-
dence for xylem dysfunction by embolization in Dutch
elm disease. Phytopathology 73, 1060-1063.

Payne R.W., 2005. The Guide to Genstat Release 8. Part 2:
Statistics. Oxford. VSN International.

Pegg G.F., 1985. Life in a black hole — the micro-environ-
ment of the vascular pathogen. Transactions of the Brit-
ish Mycological Society 85, 1-20.

Pratt C., 1974. Vegetative anatomy of cultivated grapes —a
review. American Journal of Enology and Viticulture
25, 131-149.

Schoeneweiss D.F., 1975. Predisposition, stress and plant
disease. Annual Review of Phytopathology 13, 193-211

Schoeneweiss D.F., 1986. Water stress predisposition to
disease — an overview. In: Water, Fungi and Plants (P.G
Ayres, L. Boddy, ed.). Cambridge University Press,
United Kingdom, 157-174.

Smart R.E., 1974. Aspects of water relations of the grape-
vine (Vitis vinifera). American Journal of Enology and
Viticulture 25, 84-90.

Tarara J.M. and J.C. Ferguson, 2001. Device for simulat-
ing high rates of sap flow in grapevines. American Jour-
nal of Enology and Viticulture 52, 260-265.

Tyree M.T. and J.S. Sperry, 1989. Vulnerability of xylem to



Phaeomoniella chlamydospora infection and water stress - Part 2

cavitation and embolism. Annual Review of Plant Phys- soil and water status in Vitis vinifera. Journal of Amer-
tology and Molecular Biology 40, 19-38. ican Horticultural Science 127, 448—-454.

Van Alfen N.K., B.D. McMillan, V. Turner and W.M. Hess, Winkel T. and S. Rambal, 1993. Influence of water stress
1983. Role of pit membranes in macromolecule-induced on grapevines growing in the field: from leaf to whole-
wilt of plants. Plant Physiology 73, 1020-1023. plant response. Australian Journal of Plant Physiology

Williams L.E. and F.J. Araujo, 2002. Correlations between 20, 143-157.
predawn leaf, midday leaf, and midday stem water po- Zimmerman M.H., 1983. Xylem Structure and the Ascent
tential and their correlations with other measures of of Sap. Springer-Verlag, Berlin, Germany, 139 pp.

Accepted for publication: March 4, 2007

Vol. 46, No. 1 April, 2007 49



