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Cobalt and manganese relationships in New Zealand soils
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Abstract Total soil concentrations of cobalt (Co)
and manganese (Mn) were determined in a range
of pastoral soils sampled from four different regions
of New Zealand. Concentrations of Co and Mn
extracted from soils with 0.02 M Na,H,EDTA (pH
7.0) and with 0.05 M CaCl, were also determined,
and, in the case of Co, were determined using both
air-dried and field-moist samples. Relationships
between total and extractable soil Co and Mn
concentrations, and other soil properties, were
examined by means of statistical correlation and
regression analysis. There were significant
correlations between total and EDTA-extractable
Co and Mn in both top- and subsoils, indicating a
strong geochemical association between Co and Mn
in soils during their development. As assessed by
CaCl, extraction, there were only small proportions
of soil Co and Mn present as soluble and exchange-
able forms in New Zealand soils. It was observed
that soluble Co and Mn concentrations could be
reasonably well predicted from soil pH and the
respective EDTA-extractable metal concentrations.
Air-drying of soils increased CaCl,-extractable Co
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concentrations by an average of five-fold, indicating
the likely sensitivity of soluble soil Co concen-
trations to soil water potential.
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INTRODUCTION

The evaluation of soil cobalt (Co) status in relation
to plant availability is a complex problem, partly
as a result of its strong fixation by soil, and partly
because of the effects of soil properties such as pH
and water potential (Adams et al. 1969; McLaren
et al. 1985; Metherell 1989). In particular, because
of the ability of manganese (Mn) oxides to scavenge
trace elements from soil, the Co status in soil is
strongly affected by soil Mn status. Several studies,
carried out on highly weathered Australian soils
(Taylor & McKenzie 1966; Tiller et al. 1969),
demonstrated that Co was associated with the oxide
materials in these soils, especially Mn oxides.
Similarly, in iron-manganese concretions from New
Zealand soils, it has been demonstrated that Co is
concentrated in Mn-rich, rather than Fe-rich, phases
(Childs 1975). Studies on permanent grassland soils
in Ireland (Fleming & Parle 1980) and England
(Jarvis 1984a, 1984b) have also shown a close
relationship between Co and Mn oxides in soils. In
recent years, considerable research and surveys on
soil and pasture Co status have been conducted in
New Zealand (Forbes 1976; MclIntosh et al. 1986;
McLaren et al. 1987; Sherrell et al. 1987, 1990;
Metherell 1989). However, there is still relatively
little information available on appropriate methods
to evaluate the Co status of soils, or on the effects
of soil Mn and other soil properties on the plant
availability of soil cobalt. The objectives of this
study were to determine whether, as observed in
other countries, there are also strong relationships
between Co and Mn in New Zealand soils, and to
determine the effects of other soil properties on
extractable and soluble soil Co and Mn concen-






