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Comparison of some soil properties under Pinus radiata and
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Abstract Some properties of surface mineral soils
under Pinus radiata were compared with those
under adjacent pasture at ten farm-forestry sites in
the Manawatu, New Zealand. None of the sites had
received lime in the last 10 years. Generally, the
soil samples under P. radiata had lower pH and
higher extractable aluminium concentrations than
their counterparts under pasture. Exchangeable
calcium values were lower under P. radiata, by
96-1275 kg/ha. Tree uptake and forest floor
development can account for up to 550 kg/ha; at
six sites the difference was less than 550 kg/ha,
suggesting that calcium generally was conserved
by the P. radiata ecosystem. Soil exchangeable
sodium and magnesium values were usually greater
under P. radiata than under pasture; this probably
resulted from the interception of airborne sea-salt
by the P. radiata canopy and subsequent transfer
to the soil. There were no general trends in the data
for available phosphorus and exchangeable
potassium. Total nitrogen was often lower in the
samples under P. radiata, and the C/N ratio was
generally greater under P. radiata. Loss of soil
nitrogen may arise from elimination of legumes,
accumulation by the trees, and possibly by leaching.
Mineralisation of nitrogen, together with production
of organic acids and uptake of excess cations over
anions, may be possible causes of soil acidification.
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INTRODUCTION

In 1995, approximately 70 000 ha of new land was
planted in trees in New Zealand, and 85% of this
planting was by farmers and other small investors,
mainly on pasture (Mead 1995; Maclaren 1996).
Pinus radiata is the main species being planted,
with the objectives of both wood production and
erosion control. Conversion of pastures to P. radiata
forest is also being advocated as a means to
sequester carbon dioxide (Ministry for the
Environment 1994). Although this is a major change
in land use, there have been relatively few studies
of changes in soil properties when improved pasture
is converted to P. radiata.

Previous studies of soil properties under
adjacent plots of pine and undeveloped grass,
mainly in the South Island, have shown that
inorganic P, Olsen-P, Bray-P, mineralisable-N, and
sulphate-S are greater under pine (Davis & Lang
1991; Birk 1992; Davis 1994,1995; Condronetal.
1996). They also found that organic C, total N,
organic P, and total P in soil tend to decrease with
the growth of pine.

Hawke & O'Connor (1993) reported that soil
pH was lowered under higher densities of P. radiata
at an agro-forestry trial at Tikitere near Rotorua.
Under a tree stocking rate of 400 stems/ha the pH
values fell from 5.6 in year 3 to 5.0 in year 18; the
main decline occurred from year 11, which was
three years after the final thinning. The pH of the
improved pasture plots remained at values close to
5.6 over this period. Studies by Davis & Lang
(1991) and Davis (1994), on paired sites in the
South Island, also showed that soil pH was lower
under conifers than under undeveloped grassland.
However, at an agroforestry trial at the Otago Coast
Forest, the soils under both pasture and pine had
similar pH values, of 5.1 to 5.2, at year 15 (see
Hawke & O'Connor 1993).

Farmers in the Manawatu Region have been
planting P. radiata as shelter belts and woodlots
for the past century, and some of the sand country
has been planted in P. radiata since 1896. In recent
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times there have also been agroforestry plantings.
The conversion of pasture to pine not only affects
soil water and hydrology (Kelliher & Scotter 1992)
but also has large effects on some soil properties.
The objective of this study was to examine
differences in soil properties under pasture and P.
radiata for different soil series in the Manawatu
Region.

MATERIALS AND METHODS

Ten pairs of sites were selected on contrasting soil
series in the Manawatu Region from farm-forestry
properties, including the Palmerston North City
Water Conservation Reserve (Table 1). Adjacent
areas under P. radiata and permanent pasture with
matching soils, aspect, and slope were identified.
Tree stocking rates varied from 100 to 500 stems/
ha, canopies were closed, and tree age ranged from
17 to 30 years. On one property (Site 10) a second
crop of P. radiata had been planted. The pasture
composition varied from ryegrass and white clover,
to shade tolerant cocksfoot, to degraded pasture
and mixed weed species, and pastures were grazed
by sheep or cattle. Stock had access to grazing
under the trees at Sites 6 and 10. No lime had been
used on the soils for the last 10 years. Phosphate
fertiliser had been used within the last 10 years on
the pastures at Sites 2, 5, and 10, and chicken
manure was used at Site 9.

Soil samples were taken in September and
October 1995, two or three days after rain, when
the water content of the soils under pasture was
generally close to field capacity. The samples
consisted of 20 bulked cores, 25 mm in diameter,
taken at 0—10 cm depths of mineral soil from three
representative areas (20 m by 20 m) at each pine
and pasture site. Under pine the samples were
taken at least 2 m from the nearest tree. Samples
under pasture were collected at least 40 m from the
nearest tree. The samples were stored in plastic
bags at 4°C, and later were hand sorted to remove
vegetation and litter, and sieved moist through a 5
mm sieve. Soil water content, Olsen P (the
recommended measure of available P, in the
absence of rock phosphate, for pastures in New
Zealand), and pH determinations were carried out
on the field moist samples.

Equal weights of the three field replicates were
combined, and the bulked samples were air-dried
and sifted through a 2 mm sieve. Total organic C
and N, exchangeable cations, cation exchange
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