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Introduction 

Variations in nutrient content and reaction to nutrient 
stress have been demonstrated for many agronomic plants. 
Thus SHEA, et al. (1968) have shown for bean crops the 
advantages gained by selecting strains capable of efficient 
nutrient utilisation. Similar studies of within species varia- 
tion in nutrient uptake by trees have been mainly for 
species with wide natural geographic or edaphic range. 
For example, significant differences have been observed in 
foliar nutrient concentrations between provenances of 
Scots pine (GERHOLD, 1959; STEINBECK, 1966), in uptake and 
distribution of phosphorus between seedlings of Slash 
pine progeny groups (WALKER and HATCHER, 1965), in growth 
and nutrient uptake for clones of Populus deltoides (CURLIN, 
1967), and provenances of Jack Pine (MERGEN and WORRALL, 
1965), Norway Spruce (GIERTYCH and FOBER, 1967) and Euca- 
lyptus cladocalyx (GROVES, 1967). Attention has been drawn 
to the similarity of reaction to contrasting soil types of thc 
Eucalypt provenances described by GROVES and the 'edaphic 
ecotypes' of Trifolium species described by SNAYDON (1962). 

Natural stands of Radiata pine (Pinus radiata, D. DON) 
occur only in California within a limited area of about 
7,000 ha and on soils of mainly shallow marine deposits 
overlying various volcanic and sedimentary country rocks 
(RoY, 1966). Despite the small range of the species, P. radiata 
provenances have been recognised. Most plantations in 
Australia derive only from the further restricted area of 
the Monterey Peninsula where stands are even less variable 
(FIELDING, 1961; ROY, 1966). 

Large differences occur in both the concentrations and 
total amounts of nutrients in the leaves of neighbouring 
trees of Radiata pine in Australian plantations. If these 
differences are genetically based, they have important im- 
plications to Australian foresters because soil deficiencies 
often limit the growth of pine plantations in Australia. 
There is particular interest in selecting, as parents of 
future crops, trees of high growth rates and of efficient 
utilisation of the available nutrients on nutritionally poor 
soils. However, it must be shown that these characteristics 
are largely genetically based. 

The Study Area 

The study area is part of Blue Range plantation at ap- 
prox. 670 m (2200 ft) above sea level in the foothills of the 
montains some 25 km (15 miles) west of Canberra. The 
annual rainfall is about 90 cm (35 in) and occasional light 
falls of Snow occur in most winters (FIELDING and BROWN, 
1961). 

In 1961 a block of P. radiata clones had been established 
as rooted cuttings. Trees of each clone were planted mainly 
as single rows at right angles to an access road and at about 
2 X 2 m spacing. Six clones were selected for detailed 
study. 

Site conditions appeared reasonably uniform over the 
block, although there was some indication of slight site 
variation along the rows. The original eucalypt forest was 
cleared before planting of the pine and afterwards eucalypt 
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regrowth was cut back. A luxuriant grass Cover became 
established, competition from which may have contributed 
to variable tree development within each clone. The lower 
branches of many of the larger trees were touching 
branches of neighbouring trees, but competition between 
trees did not appear substantial. Since few tree leaves had 
been shed there had probably been little mutual shading. 

In a second clone block about 5 km (3 miles) away, rooted 
cuttings of three of the clones studied in the 1961 block had 
also been line planted in 1962. Trees of the 1962 block were 
examined less intensively than those of the 1961 block but 
provide some replication and comparison with the main 
study block. 

All trees of the appropriate clones were measured and 
sampled in late winter (July-August 1967). Of the six 
clones examined, five had been raised from cuttings taken 
from young plantation seedling trees selected in a routine 
search for superior phenotypes of above-average straight- 
ness and vigour, and free from crown damage. The ramets 
of the sixth clone (954) were third generation cuttings 
propagated from the original parent tree planted in 1934, 
the second generation trees being 5 years old when cut- 
tings were taken. 

Methods of Assessment 

The first twenty trees in each of the six rows of the 1961 
clone block and three rows of the 1962 block were sampled. 
In two cases where slightly fewer than twenty trees per 
line remained all trees were sampled. In most clones some 
cuttings had failed at planting but as the study was made 
before intense competition occurred between trees, the 
slight variations in spacing along the rows were unlikely 
to be critical. 

Tree height and bole diameter at 130cm (4 ft 3 in) and 
60 cm (2 ft) were measured for all trees (Table 1). The 
diameters of every branch on all sample trees of the 1961 
clone block were measured 2.5 cm (1 inch) from the bole. 
The branches on each tree muld then be enumerated by 
diameter size-classes within whorls. Branch diameter was 
taken twice at right-angles using vernier calipers and the 
average calculated. When the tree and branch measure- 
ments were complete, two branches were selected random- 
ly and cut from each tree of the six clones of the 1961 block. 
These branches were ovendried at 85O C within 24 hours 
after collection, and when dry the leaves were removed 
and leaves and wood (inclusive of bark) weighed sepa- 
rately. 

Representative samples of both leaf and wood tissues of 
each branch were analysed for phosphorus, calcium, 
potassium, magnesium and zinc concentrations, using 
atomic absorption spectrophotometry (FORREST, 1969). The 
weights of nutrients in the leaves, wood + bark and total 
for each branch were calculated from the concentrations 
and dry weights. 

In addition, for all trees of the 1961 and 1962 blocks, 
1-year-old leaves were collected midway along the most 
northfacing branch of the lowest whorl initiated during the 












