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Uptake of moisture and nutrients by Hieracium pilosella and effects
on soil in a dry sub-humid grassland
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Abstract In dry sub-humid environments (<550
mm annual rainfall) in New Zealand, Hieracium
pilosella (hawkweed) grows in approximately
circular or irregular shaped patches surrounded by
areas of bare soil. The study directly assessed the
extent of root distribution, soil moisture, and
nutrient uptake in the areas of bare soil zone
(“haloes”) surrounding patches, and how hawkweed
affected the soil. The results indicate that H.
pilosella exploits the halo areas surrounding the
plant patches for a major part of moisture and
nutrients uptake. As a result, the soil in the halo
zone is drier than that under the plant patch and is
relatively depleted in such nutrients as available
phosphorus and basic cations. The plant increases
soil acidity and soluble aluminium content in the
soil immediately beneath the living patch. The
combined effects of reduced moisture, reduced base
cation availability, and the high soluble aluminium
status and increased acidity of the soil, make the
immediate hawkweed environment unfavourable
for the development of competing plant species.
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INTRODUCTION

Invasion of tussock grassland by species of
Hieracium (hawkweeds) is a critical factor
concerning the sustainability of South Island high
country land-use in New Zealand (Hunter et al.
1992; Martin et al. 1994). Hieracium pilosella,
which has a mat-forming habit, is the major problem
hawkweed. In humid areas (e.g., >800 mm rainfall
per annum) the vegetation mat forms a continuum
(P. R. Espie unpubl. data). However, in a dry sub-
humid environment (<550 mm yr~! rainfall, such
as at the experimental site on the Red Flat adjacent
to Tara Hills High Country Research Station near
Omarama, and near Twizel (McIntosh et al. 1995),
colonies of H. pilosella grow in approximately
circular or irregular shaped patches surrounded by
and separated by areas of bare ground (referred to
here as haloes; Fig. 1).

It has long been known that H. pilosella alters
soil chemistry (Scott 1975) and can adversely affect
growth and nutrient uptake of associate species
(Wiedera 1978; Makepeace et al. 1985). McIntosh
etal. (1995) compared changes in the soil chemistry
beneath . pilosella patches and resident herbfield
at a dry sub-humid site in the Mackenzie Basin.
They reported higher levels of organic carbon, total
nitrogen, calcium, and magnesium, and higher soil
acidity occurring under hawkweeds than under the
herbfield plants, and suggested that hawkweed
patches may be themselves responsible for a
surrounding zone of bare soil.

The H. pilosella plant community on the Red
Flat site is currently expanding rapidly. In 1995, H.
pilosella patches occupied about 42% of the soil
surface, and bare soil as haloes about the patches
occupied up to a further 42% of the surface (P. R.
Espie unpubl. data). Many of the colonies of
hawkweed are relatively young and consist only of
living vegetative rosettes. However, there are also
mature hawkweed colonies present which feature
an area of dead rosettes at the centre of the colony
(Fig. 1). Prior to the period of rapid invasion of the
area by H. pilosella in the past 12 years, resident






