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SUMMARY

White deposits occurred in isolated, randomly located vessels in areas 
of a Cardwellia sublimis sample. They were shown to contain aluminium 
cation with about one-tenth the amount of magnesium cation. Other 
studies have indicated the main salt to be the very insoluble aluminium 
succinate. Deposits may þll cross-sections of vessels which are only 
occasionally seen in association with ray parenchyma. It is concluded 
that the salts are formed at the pits of particular associations of ray 
parenchyma cells with vessels and the salts are then forced into the rest 
of the vessel.
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INTRODUCTION

Aluminium accumulates in the leaves (Chenery & Metcalfe 1983) and wood (Kukachka 
& Miller 1980) of numerous botanical families and can be used as a taxonomic marker. 
Those families include the Proteaceae of which Cardwellia is a member. In one study, 
the wood of Vochysia hondurensis (of the Vochysiaceae) contained the largest amount 
of aluminium at about 0.28% (Kukachka & Miller 1980). Examination by an Energy 
Dispersion X-ray Analysis micro-probe failed to show any accumulation within the 
cell or cell wall. 
    Cardwellia sublimis F. Muell is a North Queensland (Australia) species (ôsilky oakõ) 
with a medium density, pinkish-brown heartwood, a decorative oak grain and rays of 
two different widths (Fig. 1). The amounts of alumina in samples of heartwood (dry 
mass) when ashed were 0.86% (Webb 1953) and 0.741% (expressed as aluminium, 
together with 0.123% magnesium) (Hillis & de Silva 1979). The heartwood of Orites 
excelsa R.Br. (also of the Proteaceae and from New South Wales) contained 0.820% 
aluminium (together with 0.195% magnesium) (Hillis & de Silva 1979). Massive 
deposits of the highly insoluble aluminium succinate have been found in òwind shakesó 
in the interior of large logs of both these species (Smith 1903; Webb 1953). The deposits 
are apparently not of pathological origin (Smith 1903; Webb 1954).
    Staining with an aluminium reagent gave a deeper colour for aluminium in the 
ray parenchyma and vessels of C. sublimis (Webb 1954). Also white streaks (1ð3 by 
0.5ð1 mm) in the rays and vessels of tangential sections of heartwood gave strong 
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positive reactions for aluminium (Webb 1954). Crystalline (in C. sublimis) and ÿaky 
(in O. excelsa) deposits containing very largely aluminium have been seen exclu-
sively in some vessels of the heartwood of these species but not in the sapwood (Hillis 
& de Silva 1979). In view of the difþculty of analyzing the organic component of 
these deposits, they are considered to be aluminium succinate because of the pres-
ence of the latter as the deposit in shakes. The production of succinic acid, a primary 
metabolite, is an essential step in the energy-providing tricarboxylic acid (TCA) and 
glyoxylate cycles (Higuchi 1997) particularly during periods of increased activity at 
the transition zone.
    Recently, secondary metabolites of high purity have been found in a few randomly 
located heartwood vessels of different species (Hillis 1998). They would have been 
formed at the heartwood periphery from carbohydrates, uniformly distributed in the 
translocation stream. The changes to form pure compounds occur at isolated and minute 
locations and are probably adjacent to a particular pit or pits between the parenchyma 
and the vessel, and could possibly involve speciþc enzymes in the membranes of the 
pit chambers.
    The very selective formation of deposits containing an aluminium cation could 
provide a more precise anatomical location of the reaction site than could be obtained 
with crystals of organic compounds, if X-ray probe analysis was used. In turn, this 
knowledge would assist the selection of the most appropriate techniques that could 
lead to the determination of the mechanisms of the highly efþcient and selective syn-
thesis of organic compounds in secondary metabolites.

MATERIAL  AND  METHODS

Twenty-one samples of Cardwellia sublimis F. Muell. from the H.E. Dadswell Me-
morial Wood Collection (FPAw) were examined visually. One contained white chalky 
deposits in the heartwood vessels spread randomly radially and longitudinally and 
their areas were estimated with òSpectrum for Windowsó, version 1.22(1998). Eleven 
samples of Orites excelsa R.Br from FPAw were examined. 
    Slices from the C. sublimis sample were cut with a freshly sharpened band saw. 
One slice was highly polished using a Reichert Jung, Polycut E, sledge microtome 
with a Diamond Ultramiller attachment. Almost all the deposits had been detached 
and lost from the vessels containing them, which were also collapsed. Another slice 
was embedded in an epoxy resin and polished as above but very few deposits could 
be seen. The remaining slices were examined using a Philips Field Emission SEM 
XL30 and an Oxford Instrument Link ISIS Energy Dispersive X-Ray System. 

Figs. 1ð6.  White deposits in vessels of Cardwellia sublimis. ð1:  Cross section, white vessel 
deposits 0.451% of area, main deposit studied is encircled. ð 2:  Longitudinal section, white 
vessel deposits 0.39% area, note deposit (arrow) detached during cutting and the wide rays 
(e.g., r). ð 3:  Two vessels partly þlled. ð 4:  Crystals on deposit on vessel wall. ð 5:  Thread-
like deposits on cell wall. ð 6:  Cross section with one vessel þlled with deposit and adjacent to 
a ray (analysed at x).
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