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The influence of silica fertilization on the resistance of grapevines to powdery mildew

by
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Summary: Six different Vitis cultivars grown in recirculating nutrient solutions supplied with 0, 10 and 112 mg1" SiO,,
respectively, were infected with spores of the powdery mildew fungus Uncinula necator and analyzed afier 2, 4 and 6 weeks. Whereas
the size of the silica endoskeletons induced by the powdery mildew was influenced by the SiO, concentration, the cultivar-specific
resistance could not be increased. However, after 2 weeks all varieties showed a slightly but significantly enhanced resistance in the
112 mg-1"! solution which disappeared during the following weeks. The results show silica to be essential for a normal powdery mildew
resistance but make evident that the Oidium susceptibility of cultivars cannot be overcome by supplementary silica fertilization in the
field, the Si contents of most soil solutions being far above the minimal requirements of the grapevine.
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Introduction

Although the induction of silica endoskeletons by the
powdery mildew fungus Uncinula necator (BLalcH and
WinD 1989; HeiNTz and BraicH 1990) and observations in
the field (SCHALLER et al. 1990; BoweN ef al. 1992; REYNOLDS
et al. 1996) indicated that silica might play a role in the oidium
resistance of grapevines, fertilization with silica in the field
or in hydroponic cultures with up to 50 mg-I"! Si0, had no
clear effects on natural infections (Laros 1995). Therefore,
we studied the effects of higher silica concentrations (up to
112 mg-1"!) on the resistance and on the inducible endoskel-
etons of different Vitis cultivars after artificial infections with
spores of Uncinula necator.

Material and methods

Grapevine cultivars withdifferent degrees of
powdery mildew resistance (Tab. 1) were grown on recircu-
lating nutrient solution as previously described (BLaicH and
GRUNDHOFER 1997). A silica free solution was used as con-
trol. The effects of a 10 mg-1"! solution were tested because
this concentration is well below that of filtrates of aqueous

Table 1

Grapevine cultivars used for the experiments

Cultivar Parentage Oidium resistance!
Regent interspecific very high

Sirius interspecific ~ high

Orion interspecific high

Staufer interspecific medium
Miiller-Thurgau  Vitis vinifera  none

1} According to EisacH (1994)

soil suspensions prepared from different locations in the
fields of our institute (around 60 mg-1"! SiO,) and also lower
than the concentrations used by Laros (1995) who found
no clear effects of 25 and 50 mg-1"! SiO, on spontaneously
occurring powdery mildew infections in hydroponic cultures.
Therefore, we tested a 112 mg1'! solution (near to saturation
and more concentrated than aquous soil suspensions) to
enhance possible effects.

Powdery mildew fungus (Uncinula necator)
was collected in vineyards which had not been treated with
fungicides. Spores were brushed from infected leaves onto
leaves of plants grown in hydroponic culture. Inoculum den-
sity (10 - 100 spores per mm? and germination rate (30-50 %)
as well as the proportions of infected leaf areas after 2, 4 and
6 weeks were estimated according to STEIN et al. (1985).

Light microscopy: Suitable segments (about
25 mm?) of grapevine leaves were kept in methanol at room
temperature for 1-2 d until all chlorophyll had disappeared.
The bleached leaves were heated in 10 % sulfuric acid for
10 min at 100 °C. After removing the acid by thorough wash-
ing with water the segments were dehydrated in an ethanol
series (25, 50, 75, 100 %) and transferred into xylene via
similar steps of an ethanol-xylene mixture. Leaf pieces were
immersed for 20-30 min in a 0.1 % solution of methyl red
(purified according to BLAicH and GRUNDHOFER 1997) or cristal
violet lactone or in xylene. After complete removal of the
excess colour with xylene the specimens could be embed-
ded in a suitable resin if necessary (method modified after
DANAYADAN ef al. 1983).

Scanning electron microscopy: Toisolate
induced silica skeletons leaves were boiled in concentrated
H,SO, (around 330 °C) to which H,0, was added dropwise
and very cautiously. The residuals were washed repeatedly
with water and concentrated HCI to remove the sulphates.
After drying they were sputtered with gold in an Edwards
Sputter Coater or left untreated for XRMA. SEM was carried
out with a ZEISS DSM 950 microscope.
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Size classification of silica skeletons
was carried out in a JIM system (PAMAS, Rutesheim, Ger-
many) which allowed to determine the size of particles >2 pm
by a laser device and sorting them into different size classes.
The particles were prepared by acid digestion as described
by BraicH and WinND (1989).

Results

Infection experiments with Uncinula necator on grape-
vines grown in hydroponic cultures were repeated in 1990,
1991 and 1992 with identical results. Fig. 1 shows that
2, 4 and 6 weeks after infection all cultivars exhibited their
characteristic varietal degree of resistance, Miiller-Thurgau
being the most susceptible, Regent the least susceptible.
An influence of the SiO, content of the nutrient solution
could be found only up to 2 weeks. Although the differ-
ences after two weeks were not very impressive, they were
consistent for all cultivars in all three years: a silica supply
of 112 mg-1"! increased Oidium resistance in the first weeks
slightly but significantly. However, this effect disappeared
after 4 weeks and a concentration of 10 mg-I"! SiO, in the
nutrient solution was always sufficient to provide a degree
of resistance which could not be further improved by
112mgl!.

Nevertheless, cytological investigations show that the
size of induced silica skeletons is influenced by the silica
content of the nutrient solution (Fig. 2). Whereas in leaves
of plants grown on silica free solution no stainable areas
were found, small incrustations showed up at 10 mg'1' SiO,
(Fig.2b,e) and larger ones at 112 mg'I"! (Fig. 2 a, ). Uninfected
leaves showed no distinct stainable structures whereas
leaves supplied with 112 mg-I"! SiO, seemed to exhibit a
stronger "background" stain, particularly in their teeth. The
largest skeletons seemed to be produced by the cultivars
Sirius and Regent (Fig. 2 c), whereas they appeared smaller
in Miiller-Thurgau, Orion and Staufer.

The isolation of skeletons from acid digests (Fig. 3) re-
vealed that uninfected leaves or infected leaves from plants
grown in SiO,-free nutrient solution always seemed to dis-
solve completely in hot sulfuric acid whereas from plants
grown on 10 and on 112 mg1! SiO, particles and larger skel-
etons remained. In plants grown on the high concentration
not only larger skeletons could be found (Fig. 3 a, b) but
also more frequently palisade cells were silicified (Fig. 3 a, f)
and often cell lumina were filled with granular, amorphous
silica (Fig. 3 e). Very often silicified vascular elements were
found (Fig. 3 ¢, d). Larger magnifications showed the aver-
age diameter of the grains composing these structures to be
around 0.2 um.

To support the impressions gained from the cytological
investigations by a quantitative method we tried particle
size analysis with the JIM system. This was carried out sepa-
rately for leaves from the canes’ top (1-10), center (11-20)
and base (21 and more). The size distribution of insoluble
silica structures from infected leaves of different varieties
grown on two different SiO, concentrations is given in Fig. 4.
Most skeletons are found in the size class 11.7-16.6 um which
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Fig. 1: Oidium susceptibility of several grapevine cultivars grown
on recirculation nutrient solutions supplied with different amounts
of silica (average of measurements of the years 1990 and 1991).
Two weeks after inoculation all cultivars grown on 112 mg-I'! silica
are significantly (p < 0.05) less infected than plants from the two
lower concentrations. Differences observed after 4 and 6 weeks
were not significant. The well known differences between cultivars
were not statistically analyzed. 0: not - 8: most susceptible.

means they consist of just one silicified epidermal cell. Evi-
dently it is difficult to find varietal differences in these graphs
and it is impossible to show correlations to the powdery
mildew resistance of the cultivars, although Sirius (resist-
ant) tended to produce higher proportions of large skel-
etons - in contrast to the susceptible Miiller-Thurgau. A
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Fig. 4: Size classification of endoskeletons in grapevine leaves induced by powdery mildew infections and isolated by wet ashing.

Grapevines were grown in the greenhouse on recirculation nutrient solutions containing 10 mg-1"! SiO, (diagrams on the left) or 112 mg-1"!

SiO, (on the right). Leaves were harvested 6 weeks after infection and separated into 3 groups (1st to 10th leaf, 11th to 20th, and 21st
to bottom leaf, counted from the top of the shoot). Abscissae: size classes; ordinates: relative amounts.

Table 2

Correlation of skeleton size with other parameters. Only particles >2 um could be analyzed;
significancies according to the Tukey-test (0: p> 0.05; +: p<0.05; ++: p<0.01; +++: p<0.001;

df degrees of freedom)
Cause of df Size class between ... (Lm)
variance 20 40 57 82 117 16.6 237 684 138 197 232
Cultivar 4 0 +  + 0 o + o 0 0 0
SiO, supply 2 + o + + o +++ o + +H 4+
Leafage 2 + o o o t+ o o H++ +H+ ++
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and BraicH 1990; KoRTEKAMP, in prep.) and it may well be
that endoskeletons - probably being induced by the same
elecitor mechanims - have a corresponding size.

From a practical point of view the final answer to these
questions is not very important. Our results indicate that,
although a basic amount of silica is essential for a normal
powdery mildew resistance, this cannot be further increased
by SiO, fertilization in the field since the Si contents of most
soils are far above the minimal requirements of the grape-
vine. The efficiency of silica sprays against fungal infec-
tions, if any, (REYNOLDS et al. 1996) ought thus to be due to
other mechanisms.
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