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Abstract 
The aluminium and phosphorus of an ectomycorrhizal fungus, Suillus variegatus, grown on 
a petri plate was studied using a spectrometer and scanning transmission electromicroscope 
with electron dispersion photometer. Higher concentrations of soluble Al in the growth 
medium resulted in the abundant formation of aluminium polyphosphate granules in the cell 
walls. Although Al was detoxified by P, it led to decreased growth, because P was bound in 
inactive form. 

Introduction 

Aluminium tolerance has been investigated intensively in higher plants but experiments 
on fungi have mainly been restricted to pathogen fungi, with very little work done on 
ectomycorrhizal fungi. When Al penetrates the cell wall, it may interfere with growth 
by binding to soluble P. Since some strains of Suillus variegatus withstand 15 000 ppm 
soluble Al (Hintikka 1987), about 50 times more than its mycorrhizal symbiont, Pinus 
sylvestris, the present experiment was undertaken to study the possibility of an Al 
detoxification mechanism in S. variegatus. 

Material and Methods 

Pure cultures of Suillus variegatus (Fr.) 0. Kunze isolated from a fruitbody were 
grown on petri plates (pH 4.5) containing modified Melin-Norkrans (MMN) media 
and various concentrations of aluminium (0, 2, 3, 7, 14, 28, 138, 500, 1000 and 5000 
ppm) in the form of AlCh · 6H2 0. The fungal mycelium grown on all Al concentrations 
was analyzed by spectrometry (Chen et al., 1956) to measure P and by atomic 
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absorption spectrometry (AAS) to measure Al and their exact locations in the fungal 
cells was revealed by scanning transmission electron microscopy with dispersion 
spectrometry (STEM-EDS). 

All results were analyzed by one-way ANOVA and a correlation analysis was 
utilized to interpret the relationship between P/Al ratio (500, 1000 and 5000 ppm at 
the growth media) and the growth of Suillus variegatus hyphae. 

Results and Discussion 

S. variegatus showed optimum growth with 3 ppm Al in the growth medium (Fig. 1 ), 
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Figure I. Dry weight (mg) of the mycelium of Suillus variegatus grown in MMN media with 
varying Al concentrations (0, 2, 3, 7, 14, 28, 138, 500, 1000, 5000 ppm) and mycelium P 
concentration measured by spectrometer, n = 10. 

the difference with other concentrations being significant (F=83.5, p<0.001). At 
5000 ppm the final dry weight of the mycelium was only one fifth of the optimum, but 
the mycelium was still vital. The growth of fungal mycelium decreased as the cell P 
concentrations decreased on increasing Al concentartions in the growth medium. The 
total P was very low in the mycelium grown on higher Al concentrations, corresponding 
to mycelia grown in impoverished medium P (Mousain & Salsac 1984). 
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The P/Al ratio measured by AAS showed a significant correlation with mycelium 
dry weight (r=0.792, p>0.001), and STEM-EDS revealed an abundant formation of 
aluminium polyphospate (APP) granules (Fig. 2) from 500 ppm Al upwards in the 

Figure 2. Scanning transmission electron micrograph of Suillus variegatus hyphae grown in 
5000 ppm soluble Al. The arrows indicates the places (granule and cytoplasm between granules) 
of measurements made by STEM-EDS. The bar represents 0.1 µm. 

growth medium, the P/Al ratio of these granules also showing a significant correlation 
with mycelium dry weight (r=0.918, p<0.001). This shows that more Al is bound to 
P in higher Al concentrations in the growth media, which simultaneously leads to 
decrease in growth. Analysis of AI and P by STEM-EDS showed a highly significant 
difference between the cytoplasm and granules (p < 0.001), Al concentrations being 
higher in granules. The results indicate that Al is at least partly detoxified by the 
formation of APP granules, a mechanism which is dependent on the energy provided. 
Reduction of the sugar concentration by 50% inhibits the growth of the fungal 
mycelium and causes the formation of APP granules to occur at lower Al concentrations 
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in the growth medium. Al may be detoxified by organic acids (Haug 1980), the 
production of which has been investigated by some ectomycorrhizal fungi (Lapeyrie 
et al., 1987). The formation of APP granules has been reported in algae (Petterson et 
al., 1985) and that of polyphosphate granules is well documented in ectomycorrhizas 
( e.g. Ashford et al., 1986). 

The Al tolerance of ectomycorrhizal fungi may be a valuable tool for consideration 
when replanting forests on acidified soils, which may have increased soluble Al 
concentrations. 
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