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Summary

Impact of abiotic factors has been recently discussed
in grapevine trunk diseases such as Esca. Emphasis of
the present study lies on the relation between different
water regime ('""normal" and "stress'') on one side and
growth characters as well as Esca-related wood symp-
toms on the other side. Trials were conducted in the
greenhouse with cuttings of the cultivars 'Miiller-Thur-
gau' and 'Riesling', part of which artificially infected
with Phaeomoniella chlamydospora. During a 12 month
incubation period the following characters were evalu-
ated: shoot length, weight of stem, expression of wood
symptoms, and survival rate of plants. For evaluation
of wood symptoms a numerical system was developed
that is applied here for the first time. The obtained re-
sults indicate that water supply plays a statistically sig-
nificant role, with plants under "stress'" regime shown
to be more affected. No strict spatial correlation was
found to exist between wood symptoms and physical
presence of the pathogen.

Key words: Waterregime, esca, numerical evalu-
ation, Phaeomoniella.

Introduction

In stem transections of Esca affected vines a distinct
alteration may be observed: xylem vessels are plugged by
tylosis and a black gum-like matter, the latter phenomenon
properly described as gummosis or black goo (MorToN
1995). Quite obvious in younger vines, affected vessels are
often arranged in a somewhat annular mode, comparable
with the browning of young vessel rings in Dutch Elm Dis-
ease; radial arrangement of symptoms is less common. An-
amorphic fungi have been shown to act as causing agents
of gummosis-like phenomena in Esca diseased vines (PETRI
1912, LarigNoN and DuBos 1997, MuGNal et al. 1999).
Phaeomoniella chlamydospora (W. Gams, Crous, M.J.
Wingf. & L. Mugnai) Crous & W. Gams (Crous et al. 1996,
Crous and Gawms 2000) is a cosmopolitan species and the
most frequent Esca related pathogen in Central European
vines; an apparently minor role is played by taxa belonging
to the genus Phaeoacremonium, in Central Europe mostly

represented by the species Phaeoacremonium aleophilum
W. Gams, Crous, M. J. Wingf. & L. Mugnai (Crous et al.
1996). In the latter context it has to be noted however that
taxonomy and diagnosis within Phaeoacremonium is still
underway and additional taxa have been recently identi-
fied as occurring in European vineyards (MOSTERT et al.
2006, Aroca and Raroso 2007, GRAMAIE et al. 2007, Es-
SAKHI ef al. 2008).

Gummosis is one of several examples to be classi-
fied as a so-called tracheomykosis, i.e., a fungal disease
affecting the xylem tissue. Affected hosts comprise both
herbaceous and wooden plants. Related fungal pathogens
of considerable economic importance worldwide include
genera such as Fusarium, Verticillium or Ophiostoma.
Heavy infestation with these organisms may result in a
dramatic reduction of water transport - down to appr. 1 %
of the usual rate - in affected plants (MACE et al. 1981).
Consequently, gummosis related symptoms like wilting of
leaves are more prominent under sunny and warm condi-
tions. In Esca affected wood it is a commonly observed
phenomenon that no strict correlation exists between gum-
mosis and physical presence of the fungal pathogens, i.e.,
plugging of vessels apparently is not solely due to fungal
hyphae and/or spores. As an additional factor, defense re-
sponse of the affected plants results in the production of ty-
losis and highly viscose compounds such as glycopeptides
and/or polysaccharides, which are secreted into the xylem
tissue (for instance, see MUGNAI ef al. 1999, LoreNA et al.
2001). In this way both the pathogen and the plant contrib-
ute to the dysfunction of the xylem tissue.

While gummosis plays a significant role in younger
vines, white rot becomes a major and eventually the domi-
nant factor in older Esca diseased vines. In European viti-
culture Esca related white rot is caused by a basidiomyc-
ete, Fomitiporia mediterranea M. Fischer (FiscHgr 2002),
which in the stem head of older vines may occupy 80 %
or even more of cross sections (some basic information
on white rot phenomena in Central European grapevine is
provided by FiscHEr and KASSEMEYER 2003, KUNTZMANN
et al. 2010). Water transport is severely affected or non-
existing in such areas. It has to be noted however that also
in non-affected vines water transport is usually restricted
to the youngest growth ring; this is brought about by a rich
formation of tylosis in older sections (Esau 1960). Due to
anegative water balance, lack of water often results in a re-
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versible wilting of affected plants. More severely, an irre-
versible wilting may be caused by a more massive produc-
tion and secretion of toxins. As for trunk diseases of grape-
vine, hydroxybenzaldehydes (TaBaccHi et al. 2000) and/or
naphtalenone derivatives such as scytalone and isosclerone
(EVIDENTE et al. 2000, ABOU-MANSOUR et al. 2004; for a re-
cent review, see ANDOLFI et al. 2011) have been discussed
as possible phytotoxic compounds.

Grapevine trunk diseases are perennial; still, the ma-
jor part of infected plants is symptomless on the leaves
and berries. Outbreak of external symptoms is not strictly
correlated with inner symptoms, and may be in some rela-
tion to cultural practices or environmental stress such as
temperature, water shortage or overstock (D1 MArco et al.
2000, 2008, EpwARDS et al. 2007, FiscHER 2009, LECOMTE
et al. 2009).

Unusually hot and dry weather periods have been
repeatedly noted in Germany during the last ten years.
Among these, the most noteworthy has been the summer
0f 2003; additional examples are represented by spring pe-
riods in 2006 and 2011.

In German viticultural areas the first signs of the so-
called Petri disease (also called young esca; for defini-
tions see Surico 2001) were evident in 2003: in this year
young vines infected by Esca related pathogens, mostly
Phaeomoniella chlamydospora (= Pch) and, more rarely,
Phaeoacremonium aleophilum (= Pal) showed distinct
signs of wilting and dieback (Fiscuer 2003). As a puzzling
phenomenon, differing rates of disease severity were noted
among vineyards, even though planted with plant material
of the same origin. Besides, the exact impact of possible
infections with Pch and/or Pal could not be clarified - no
strict correlation was found between the occurrence of
wilting symptoms and the extent of physical presence of
the pathogens within the plant (this observation later on
confirmed by EDwWARDS ef al. 2007). A possible background
of this somewhat confusing situation was thought to lie in
the different amounts of water available in the plantations,
related to differing natural water resources and/or irriga-
tion management.

The amount of water supply and its exact impact on
the vines is difficult to evaluate under field conditions; be-
sides, field conditions do not easily allow clear statements
with respect to the pathogen incidence in the particular
vines. Both for water management and pathogen inocu-
lation, the present study has been conducted under fairly
defined conditions in the greenhouse. In particular, the fol-
lowing topics should be addressed: 1) with Pch as pathogen
in a ,,close to nature” infection protocol, is it possible to
differentiate between treated and non-treated plants? ii)
In this context, is it possible to induce external symptoms
such as leaf discoloration (“tiger stripes”) after a limited
incubation time? ii) In case of differing water regime, how
does artificial infection influence the growth characters
and internal symptoms of the plants? iii) Is it possible to
develop some criteria which can be used for a numerical
and reproducible evaluation of the particular disease sever-
ity of plants? And, iv), are the obtained results likewise
applicable to different cultivars, or are there indications of
a cultivar-specific variability?
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Material and Methods

Plants and pathogens: Sixty "two bud"-
cuttings each of '"Miiller-Thurgau' (usually considered as
highly susceptible against Esca) and 'Riesling' (somewhat
less susceptible to Esca) were visually inspected for symp-
toms, weighed and numbered as 1-120 before potting. On
the average, cuttings were about 10-13 cm long. Rooting of
cuttings was performed in 7 cm diameter jiffy pods. After
two months the plants were transferred to 1.3 liter-pots;
the substrate was composed of 2 compost (Floragard, "FG
Kompost") mixed with soil ("FG Blumenerde"), ¥ of sand,
and Y of peat ("Floratorf™).

Phaeomoniella chlamydospora, strain HTS (Baden,
Germany, from Vitis vinifera '"Miller-Thurgau') was used
as pathogen. Mycelial cultures were incubated on 2 % PDA
(potato dextrose agar) under room conditions. After several
weeks a conidial suspension was obtained by floating the
Petri dishes with 250 pL of sterile tap water, which was
transferred to 100 ml Erlenmeyer flasks containing 50 mL
of liquid ME (malt extraxt). After sufficient growth, usu-
ally six weeks after inoculation, the culture was filtered
using glass filters with pore sizes of 40-100 p and 16-40 p
respectively. For artificial infection of plants the filtrate
was adjusted to a conidial concentration of appr. 1 x 10*
per mL.

Artificial infection: Appr. 7 d after out-
growth pruning was simulated by removing the uppermost
portion of the shoot; the upper node was not affected. The
resulting pruning wounds were inoculated with 40 pL of
the above conidial suspension (Fig. 1). Control plants were
treated with sterile water. For each cultivar, 40 plants were
assigned for infection, 20 plants remained non-infected.

Fig. 1: Artificial infection of pruning wound with conidial sus-
pension of Phaeomoniella chlamydospora.
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Growth conditions of plants: After in-
fection, plants were cultivated for 10 months in the green-
house (August 2010 through June 2011). Throughout the
experiment daylight conditions were applied. Tempera-
ture range was in relation to overall weather conditions
except for winter time, when plants were transferred to
cabins with temperatures between appr. 20 and 25 °C. For
plant protection reasons spraying of leaves was carried out
against powdery mildew (3 treatments) and downy mildew
(1 treatment). Water regime was as follows: For each cul-
tivar the 40 infected plants were subdivided in groups of
20; these subgroups were kept under "normal" and "water
stress" regime respectively. The non-infected plants were
divided in groups of 10; these subgroups were treated in
the same way. "Normal" plants were supplied with 100 mL
of water per day, "water stress" plants had a water sup-
ply of 100 mL once a week under warmer (> appr. 25 °C)
and once in two weeks under cooler conditions (< appr.

25°0Q).
Assessment of growth characters and
wood symptoms. Growth characters:

Shoot length was measured for all vines 10, 12 and 14
weeks after infection. Evaluation of leaf symptoms was
carried out every two weeks. Vines were harvested after
appr. 12 months of cultivation, i.e., ten months after infec-
tion. Remaining soil was carefully removed from the roots
by washing in tap water, and formation of roots was visu-
ally evaluated. Before weight determination of the plants,
both shoots and roots were trimmed to their basal part and
remaining water droplets were removed with a paper tow-
el.

Internal characters: Wood symptoms were
examined by cross sections placed below the upper node,
in a distance of 2-4 cm from the pruning site. The total
number of xylem vessels per cross section was estimated
for some representatives of each cultivar and was found to
be usually between 400 and > 500; usually about 50 -> 60
parenchyma rays separate xylematic strands containing
appr. 5-12 vessels of different size (proto- and metaxylem).
Based on this observation a numerical system was devel-
oped in relation to the number of affected xylem vessels
per section: 1 = no symptomatic vessels; 2 = appr. 10 af-
fected vessels (~ 2 % of total vessel number); 3 = appr.
25 affected vessels (~ 5 %); 4 = appr. 50 and more affected
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vessels (> 10 %); 5 = dead plant. Ratings of 1.5, 2.5, and
3.5 were assigned to intermediate numbers of affected ves-
sels. For each experimental assay the results were pooled
and the average means and standard deviation calculated.
Some samples were also examined by longitudinal sec-
tions, but no further evaluation was conducted here.

Statistical analysis: Due to normality and
homogeneity of data, the comparisons of growth characters
and wood symptoms were analyzed by ANOVA followed
by post-hoc-tests of Least Significant Difference between
means (LSD). In addition, Student’s t-test at the 5 % sig-
nificance level was used to compare weight means of cut-
tings before and after the trial. Statistical analyses were
done with SPSS statistics software 19 (IBM 2011).

Parametric tests were applied after testing the normal-
ity and homogeneity of data (o = 0.05).

Results

Growth characteristics: A regular out-
growth was observed for all of the 120 cuttings. For each
experimental assay the average length of the main shoots
after 10, 12 and 14 weeks is given in Tab. 1.

General growth behavior was widely identical be-
tween 'Miiller-Thurgau' and 'Riesling' in that development
of the plants was best under "normal" water regime, with
no significant difference between the variants "infected"
and "non-infected" after 14 wks of cultivation. Under "wa-
ter stress", development of plants was distinctly reduced,
but again no significant difference between "infected" and
"non-infected" was recorded after 14 wks. Differentiation
between "normal" and "water stress" conditions was indis-
tinct after 10 weeks, but became significant with ongoing
cultivation.

Weight of cuttings. Beginning and
end of trial: The average weight of plants, without
the roots and for all water-infection combinations, is sum-
marized in Tab. 2.

Between cultivars, a distinct discrepancy was evident
between cuttings of 'Miiller-Thurgau' and 'Riesling', with
the former being ~ 20-40 % heavier than the latter, both
in the beginning and in the end of the experiments. This
observation was irrespective of the applied growth condi-

Table 1

'Miiller-Thurgau' and 'Riesling': mean shoot lengths (cm) 10, 12 and 14 wks after pruning under different water und infection (Phaeo-
moniella chlamydospora) regime

Cultivar Miiller-Thurgau Riesling
Growth conditions Mean of length main shoot (cm) Mean of length main shoot (cm)
Infection Water 10 wks! 12 wks 14 wks 10 wks 12 wks 14 wks
no(m=10) "normal"(n=10) 203+9.5a> 338+127a 745+11.8a 20.1+46ab 354+102a 751+14.6a
no (n=10) "stress" (n = 10) 229+9.1a 27.8+11.7a 395+148b 184+54a 31.0+1l.1a 542+220b
yes (m=20) ‘"normal"(n=20) 254+12.6a 458+243b 79.6+29.8a 264+12.6b 459+192b 847+26.1a
yes (n=20) "stress" (n = 20) 255+7.0a 32.1+88a 464+77b 203+6.0a 289+74a 493+123b

! Time interval after pruning/infection.

> Comparison of all water-infection combinations within cultivars and within defined time interval; LSD (o = 0.05). Means followed
by the same letter are not significantly different (P > 0.05) from control (infection "no", water "normal").
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Table 2

'Miiller-Thurgau' and 'Riesling": weight (g) of cuttings determined in the beginning and in the end (12 mts) of

trials
Cultivar Miiller-Thurgau Riesling
Growth conditions Weight cuttings (g) Weight cuttings (g)
Infection Water Beginning trial End trial Beginning trial End trial
no(n=10) "normal" (n=10) 12.8+58a' 172+5.6a 8.3+1.8ab 11.7+2.2 ab
no (n=10) "stress" (n = 10) 11.2+39a 11.9+4.6D 9.5+28a 10.5+2.3 be
yes (n=20) "normal" (n =20) 109+3.7a 143+39ab 7.6+1.8b 11.9+3.4ab
yes (n=20)  "stress" (n = 20) 11.6+3.7a 123+3.6b 95+25a 95+23¢

' Comparison of all water-infection combinations within cultivars and within defined period of trial; LSD
(o0 =0.05). Means followed by the same letter are not significantly different (P > 0.05) from control (infection

"no", water "normal"). See text for inner-cultivar comparison between different periods of trial.

tions. Within cultivars and between different infection-wa-
ter combinations, after 10 mts. differential cultivation the
weight was found to be significantly lower under "water
stress" conditions and this applies both for infected and
non-infected plants.

Within cultivars and within the applied infection-wa-
ter combinations, the plants kept under "normal" water re-
gime had gained significantly more weight than the “water
stress” plants by the end of the trials, and this was evident
both for "infected" and "non-infected" conditions (statis-
tics of the latter not shown in Tab. 2). In general, weight
increase was only very weak for all the plants under “water
stress”.

Symptoms external: None of the typical
Esca-related symptoms such as leaf discoloration was de-
veloped during the cultivation period of 12 months. A re-
duced growth of shoots has been repeatedly reported from
Esca plants in the field, but in the present trial this phenom-
enon apparently was not in relation to infection conditions,
but could be more likely traced back to the simulated water
stress (Tab. 1). A total of 7 plants (5 from 'Miiller-Thurgau',
2 from 'Riesling') had died by the end of the trials, all of
them linked to water stress conditions and with one excep-
tion all artificially infected.

For all plants the roots were visually examined after
harvest. With one exception only (one plant of 'Miiller-
Thurgau': infected, "normal") a reduced formation of roots
was evident in water stress-plants only, and here it was in
some correlation with the "infected" or "non-infected" sta-
tus. All in all, 15 plants exhibited a reduced formation of
roots. Out of these, 10 plants (3 of 'Miiller-Thurgau', 7 of
'Riesling') were within the combination "infected - water
stress", and 5 (3 of 'Miiller-Thurgau', 2 of 'Riesling') were
within the combination "non-infected — water stress". A re-
duced root formation was evident for 4 out of the 7 died
plants.

Symptoms internal: Internal symptoms of
vines were checked in cross sections placed below the up-
per node (shown in Fig. 2 for 'Riesling'). Symptom severity
was evaluated and numerically expressed according to the
approximate number of affected vessels; mean values and
standard deviations are summarized in Tab. 3.

After 12 months of cultivation, i.e., appr. 10 mts. after
infection, not a single vine out of 120 had remained fully
unaffected at the sampling site. Symptoms also existed in
control vines (non-infected, "normal" water regime). Ex-
cept for died plants, rating was between 1.5 and 3.5. In par-
ticular, the following tendencies were noted: within both

Fig. 2: Cross section of 'Riesling' after 12 mts cultivation (non-infected, "water stress").
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Table 3

'Miiller-Thurgau' and 'Riesling': numerical evaluation of wood symptoms in the end (12 mts) of trials

Cultivar Miiller-Thurgau Riesling

Growth conditions Symptom severity Symptom severity
infection water (No. of dead plants by end of trial)  (No. of dead plants by end of trial)

no "normal" 2.05+0.44 a' 22+048a
(n=10) (n=10) 0) 0)

no "stress" 245+0.98 a 225+035a
(=100  (=10) (1) (0)

yes "normal" 298+£0.30Db 30£0.0b
(=200  (n=20) (0) (0)

yes "stress" 343+0.83¢c 32+0.62b
(1=20)  (n=20) @) @

! Comparison of all water-infection combinations within cultivars; LSD (o = 0.05). Means followed by the
same letter are not significantly different (P > 0.05) from control (infection "no", water "normal").

cultivars, rating was better under "normal" water regime,
both for infected and non-infected conditions, and it was
better in non-infected than in infected variants. With two
exceptions, "non-infected — normal" against "non-infected
— stress", all recorded discrepancies were statistically sig-
nificant. In general, rating was 3 and worse for infected
vines, i.e., > 5 % of the xylem vessels were found to be af-
fected by plugs and/or gummosis. For non-infected vines,
rating was between appr. 2 and 2.5, i.e., between ~ 2 % and
~ 3 % of the vessels were symptomatic.

Arrangement of symptomatic vessels within sections
was variable; in case of a more massive infestation mostly
ring-like or more or less symmetrical half-moon structures
were evident. Gummosis, i.e., extrusion of dark droplets
out of affected vessels, seems to be in some relation to the
overall wetness of vines. Usually, watering of the material
for several hours often resulted in the appearance of such
droplets.

Random samples were also checked for longitudinal
distribution of symptoms. Specific discolorations always
could be recovered in some distance from the pruning
wound, in this way confirming the success of the chosen
infection protocol. After all, the pathogen is able to spread
against the water flux inside the vascular cylinder. Still,
symptom severity was distinctly less pronounced in the
middle sections of the vines.

Discussion

In recent years a number of studies have been published
dealing with the possible impact of abiotic factors on the
symptom expression of fungal grapevine trunk diseases.
Water stress has been repeatedly quoted as one of the more
important issues (for instance, see LECOMTE ef al. 2009, Lu-
QUE et al. 2010, SosNnowski et al. 2011, VAN NIEKERK et al.
2011). As a novelty, the present Esca-related study uses the
combination of artificial inoculation with conidia and a nu-
merical evaluation of symptoms. The tendencies recorded
after 12 mts of cultivation, i.e., 10 mts. after treatment of
pruning wounds, were in accordance for both cultivars and
may be summarized as follows (except for two particular

combinations within "internal wood symptoms" all state-

ments are statistically supported):

- Shoot length: a faster growth occurred under
“normal” water regime, a slower growth under "water
stress"; this applies both to "infected" and "non-infected"
conditions.

- Weight: in general, 'Riesling' cuttings were lighter
than 'Miiller-Thurgau' cuttings. A distinct increase in
weight was observed under "normal" water regime,
while increase was weak or essentially non-existing
under "water stress"; this applies both to "infected" and
"non-infected" conditions.

- External and internal symptoms: no
symptoms were observed on the leaves. In general, lesser
internal symptoms were observed in non-infected plants,
and this applies both to "normal" and "water stress" re-
gime.

- Numerical evaluation of internal wood
symptoms: a better rating was obtained under "nor-
mal" water regime, and this applies both to "infected"
and "non-infected" conditions. Vice versa, rating was
better for non-infected plants, and this was applicable to
"normal" and "water stress" conditions.

- Losses: plantlosses were higher under "water stress"
when compared to "normal" (7 out of 60 = 11.7 %
against 0 out of 60 = 0 %); losses were more evident
under "infected" than under "non-infected" conditions
(6 out of 40 = 15 % against 1 out of 20 =5 %).

Basically, the above statements rely on a successful
and reproducible infection protocol. Pch is thought to in-
vade vines by way of conidia, and main entrance is through
pruning wounds (for instance, see LArIGNON and DuBos

2000). As with other wood-inhabiting fungi the number

of conidia necessary for successful infection under field

conditions is not known (see Epman and GusTarssoN 2003,

for some basic information on basidiomycetes). The conid-

ial suspension used in this trial was 1 x 10* conidia-mL".

40 pL were applied per pruning wound corresponding to a

total of approx. 400 conidia and this amount proved to be

sufficient for successful infection. A similar approach was
used by ROLSHAUSEN ef al. (2010) in a field study based on

Pch and other trunk disease pathogens, and here a quan-
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tity of ~ 1000 spores was used per treatment. Instead of
conidia, mycelium has been repeatedly used in the past,
via inoculated tooth picks (MucNal et al. 1999) or via agar
plugs (UrRBEZ-TORRES ef al. 2009); in both assays, sampled
canes were artificially wounded with cork borers.

All cuttings had been visually examined in the be-
ginning of the experiments and were found to be without
symptoms. After 12 months of cultivation, not a single
out of these 120 plants had remained symptomless. Sta-
tistically significant, symptoms were more apparent in in-
fected plants. The origin of symptoms in untreated control
plants is unknown, but three possibilities may be taken into
consideration: i) some/all of the plants are pre-infected
with Pch, with the symptoms becoming more clearly vis-
ible after some incubation time only; ii) some/all of the
plants became infected by airborne conidia of Pch during
the cultivation period in the greenhouse, and/or iii) infec-
tion originates from infected soil. The noted distribution of
symptoms both in transections and longitudinal sections is
not discriminative between these suggestions.

The correlation between symptomatic vessels and
physical presence of the pathogen remains an open ques-
tion. The numerical evaluation of symptoms as is intro-
duced in this study is based on the number and approximate
percentage of visually affected xylem vessels. In addition,
random samples were examined by re-isolation tests. As a
drawback an accurate sampling of single vessels was not
possible; in this way, re-isolation results usually refer to
complete cross sections. Mycelial isolates were derived
from 12 out of 31 sampled vines, i.e., re-isolation rate was
appr. 40 %. This number points to an indistinct spatial cor-
relation only between symptom expression and pathogens.

Formation of tylosis may be in reaction to infection
processes by pathogens such as fungi or bacteria, and in
shoots of grapevine they are also a response to pruning
treatment (SuN et al. 2006). Since nothing is known about
the particular degree of tylosis formation after infection
with Pch, no related statement is offered in this study. At
least, inclusion of tylosis affected vessels would result in
slightly higher infestation rates than the ones indicated in
Tab. 3.

The categories 1-5, applied for numerical evaluation
of symptoms in the wood are basically arbitrary and do not
allow definite conclusions with respect to outer appearance
and future perspectives of the plants. Besides, the numbers
are referable only to a limited area within the plant. In the
present study they are used to circumscribe a specific con-
dition that exists a few cm apart from the original infection
site. Still, the numerical system allows a semiquantitative
comparison between different experimental assays, and for
example might be useful in fungicide testing. No limita-
tions exist regarding duration of experiments or sampling
area in the wood.

With the data available, no statements are possible
about the relation between symptom expression and culti-
var; with this in mind, the low number of used cultivars is
one of the deficits of the presented experiments.

The importance of water supply to young vines in the
greenhouse has been clearly demonstrated in this study;
growth characteristics, expression of wood symptoms and,

M. Fiscuer and H.-H. KASSEMEYER

probably, survival rate of plants were found to be influ-
enced by this particular factor. While a correlation was ob-
served between infection with Pch and symptom incidence
in the wood (see also LUQUE et al. 2010; however, Eutypa
lata and Neofusicoccum parvum are used as pathogens in
their study), no statement is possible concerning the impact
of the pathogen on phenomena such as leaf water potential
and stomatal conductance. This relies on future studies and
might represent another step in understanding the relation
between abiotic and biotic stress factors.
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