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The rare Eucalyptus cunninghamii Sweet (Myrtaceae), the Cliff Mallee Ash, inhabits a geological niche
associated with claystones, most often the Wentworth Falls Claystone Member of the Narrabeen Group. We
show that some gross morphological attributes of E cunninghamii vary widely and that they are determined
by elemental composition of its claystone substrate. We examined eight widely separated specimens and
their substrates in the upper Blue Mountains of New South Wales and found that concentrations of thirteen
elements in those substrates varied widely, mostly following a linear pattern. We also found that average
trunk diameter of each specimen correlated strongly with most of the elemental concentrations in its
substrate, and that average trunk diameter was therefore a good guide to the nutrient status of its substrate.
Concentrations of potassium and phosphorus both varied by an order of magnitude.
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INTRODUCTION

The rare FEucalyptus cunninghamii Sweet
(Myrtaceae), the CIliff Mallee Ash, inhabits a
geological niche in association with a layer of
claystone (Coleby and Druitt 2019). Around the
clifftop rims of the Grose and Jamison Valleys of
the upper Blue Mountains of New South Wales £
cunninghamii varies from a dwarf tree 0.5 m high to
a substantial tree over 5 m high (pers. obs.), whereas
other authors state up to 2 m (Fairley 2004, Carolin
and Tindale 1994) and up to 3 m (Slee et al. 2015).
Canopy width and average trunk diameters follow a
similar pattern, but the number of trunks diminishes
with tree height. Here we sampled eight mature trees
from a range of habitats and, for each, examined the
connection between its morphological attributes and
elemental concentrations in its substrate.

METHODS

We collected morphological data from eight
mature trees identified in an earlier study (Coleby
and Druitt 2019). Soil samples from underneath the
lignotubers of these eight mature trees were air dried
for five days and then oven-dried for 72 hours at 80°C.
Analyses for thirteen elements in each sample were
carried out by Inductively Coupled Plasma Atomic
Emission Spectroscopy (ICPAES) in Isotope Tracing
in Natural Systems (ITNS) at the Australian Nuclear
Science and Technology Organisation (ANSTO),
Lucas Heights, Sydney. We correlated concentrations
of thirteen elements from those samples with gross
morphological attributes: leaf length, leaf width, leaf
length-to-width ratio, tree height and average trunk
diameter.
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Table 1. Morphological attributes of eight selected trees of Eucalyptus cunninghamii from the upper
Blue Mountains of NSW. See Coleby and Druitt (2019) for details of Latitude and Longitude of Occur-
rences and Codes.

Tree Trunks Leaves
. Ave. Ave. Ave.  Length/

Occurrence Code | Height | No. Dia. | Length width  Width

(m) (mm) | (mm) (mm) Ratio
Butterbox East BE 0.5 7 13 21.9 3.0 7.4
Butterbox South  BS 0.8 5 15 32.2 4.2 7.7
Mount Banks 1 MBI 0.9 10 21 41 4 10.3
Fortress Cliff FC 1.7 5 23 353 4.5 7.8
Pulpit Rock PR 2 7 25 38.3 4.3 8.9
Sublime Point SP 2.3 3 35 50.5 4.9 10.3
Kedumba Road KR 2.5 2 50 44 4 4 11.1
Kedumba Gate KG 2.8 2 80 41.6 4.2 9.9

RESULTS AND DISCUSSION Of the 13 elements in the analyses (Table 2) nine

Some morphological attributes of the eight mature
trees that we sampled in the upper Blue Mountains
are shown in Table 1. Five of these trees derived from
the Grose Valley, three from the Jamison Valley. Leaf
width ranged from 3.0 mm to 4.9 mm, leaf length
from 21.9 mm to 50.5 mm, and leaf length to width
ratio ranged from 7.4 to 11.1. Tree height ranged from
0.5 m to 2.8 m, the number of trunks ranged from 2 to
10, and average trunk diameter ranged from 13 mm
to 80 mm. These large variations in morphological
attributes of mature trees are unusual for eucalypts,
and more so because they occur over a total north-
south range of 22 km and an east-west range of 9 km
in the upper Blue Mountains (ignoring a small outlier
80 km south at Wanganderry Walls near Mittagong).

We found that there was little correlation
between soil clements and leaf width (average
correlation coefficient 0.20), and better correlation
with leaf length (average 0.54). Correlation between
soil elements and the ratio of leaf length to width was
higher (average 0.65). The correlation with number of
trunks on each tree was moderate (average -0.57), but
with tree height was higher (average 0.76). The most
significant correlation coefficient of soil elemental
analyses at the eight occurrences was with average
trunk diameter (average correlation coefficient 0.85).

46

exhibited a correlation coefficient of 0.90 or higher
(Al 0.95; Ba, 0.96; Cu, 1.00; K, 0.98; Mg, 0.95; Mn,
0.95; P, 0.99; Sr, 0.94; and Zn, 0.90).

Only four elements exhibited a correlation
coefficient lower than 0.90 (Ca, 0.39; Fe, 0.85; Na,
0.61; and S, 0.59). Soil analyses at Kedumba Gate
were low in calcium, sulphur and sodium; iron and
zinc at Mt Banks were high; strontium at Fortress Cliff
was also high. These six unexplained variations partly
gave rise to the four low correlation coefficients.

The major finding is that there appears to be a
positive linear relationship between average trunk
diameter of each tree and most of the elemental
concentrations in its substrate. As examples we graph
elemental concentrations vs trunk diameters for
potassium (Figure 1a) and for phosphorus (Figure 1b):
elemental concentrations both range over an order of
magnitude, and average trunk diameters varied by a
factor of five. Average trunk diameters per tree are a
reliable guide to relative elemental status of soils on
which E cunninghamii grows.
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100 Figure 1. Graphs of elemen-
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