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Sustainability of New Zealand high-country pastures under
contrasting development inputs. 5. Nutrient pools and balances

D. SCOTT
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Lincoln, New Zealand

Abstract The nutrient fluxes, pools, and balances
for N, S, P, and Ca were estimated for two sheep-
grazed mixed species studies on a Pukaki/Tekapo
high-country soil from measurements during the
10-15 th years following initial development. One
compared 30 combinations of 5 superphosphate
rates (0-500 kg ha"1 yr"1) x 3 stocking rates x 2
stocking methods x 2 spatial replications; the other
compared 27 combinations of P and S fertiliser (0-
100 kg element ha~' yr"1). The stock off-take under
zero fertiliser was 1.1,0.1,0.2, and 0.4 kg ha"1 yr"1

for N, S, P, and Ca, respectively. Fertiliser inputs
exceeded stock off-takes by 4-100-fold in fertiliser
treatments. The 10-year stock off-take was similar
to the 1-year spring shoot pool. C and N were
principally in the soil fraction. Estimated N fixation
was 150-223 kg N ha"1 yr"1 in the fertilised
treatments. Increases in the components of the S
pools in the shoots and soil to 40 cm accounted for
46-56% of the applied S in the dryland fertilised
treatments and 21% in the irrigated high fertiliser
treatment. Residual elemental S accounted for 11-
21% of applied S. Much of the P and Ca were in
the coarse organic matter pools. P and Ca pools did
not increase in proportion to fertiliser rates. There
was an apparent loss of total P to levels similar to
double the applied fertiliser rates, possibly from
change in datum sampling depth due to measured
soil expansion. There was less than 2% movement
of nutrients into sheep camps.
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INTRODUCTION

The sustainability of different land-use practices and
the use of nutrient budgets to determine sustain-
ability have attracted increasing attention during the
1990s. This has been particularly so for the South
Island high country of the inter-montane basins and
surrounding ranges on the eastern side of the
Southern Alps (South Island) New Zealand (Hughes
1991; Martin et al. 1994; Haynes 1996; Hewitt &
Mclntosh 1996; O'Connor & Nordmeyer 1996;
Hunter & Metherell 1997). However, there are very
few empirical measurements on which to base such
an approach to the high country.

An initial attempt made by Mclntosh (1997) to
construct nutrient balances using available data
suggested net losses from drier, undeveloped
tussock-grassland regions. O'Connor et al. (1999)
made a closer examination of data from the higher
rainfall areas of Nothofagus forest, tall-tussock
grasslands, and their transition to short-tussock
grassland and weed communities which suggested
that while there were obvious changes in the above-
ground nutrient pools, there were barely discern-
able trends in the total plants + organic matter +
soil pools. The effect of pasture development of
tussock grasslands on nutrient pools is implicit in
many of the measurements of agricultural trials, but
has not been presented in that form.

The public perception is that the nutrient status
of high country soils has been degraded through
burning, overgrazing, and stock off-take. Yet
publicly available statistics show that present
fertiliser inputs are exceeding stock off-take by a
factor of 8-14-fold, and have been doing so for three
decades. The New Zealand Sheep and Beef Farm
Survey (Anon. 1997) showed that the average high-
country run of 10 605 ha is applying 961 of fertiliser
annually, with a content of 24.1% S and 7.6% P,
for a net annual sale of 36 995 kg wool, 2614 sheep
and lambs, 91 cattle, and 11 deer. Assuming a wool
composition of 3.4% S and 0.16% P, average
liveweights of sheep, cattle, and deer of 40, 400,
and 150 kg, respectively, consisting of 0.4% S for
sheep, 0.08% S for cattle, and 0.7% P (all), it
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appears that average annual fertiliser inputs are 2.2
kg S ha"1 and 0.7 kg P ha"1 while the off-takes are
0.16 kg S ha"1 (>90% in wool) and 0.08 kg P ha "'
annually.

It could be argued that the main concern is for
the unfertilised lands. At present only about a fifth
of the grazing is derived from such undeveloped
lands (Martin et al. 1994), so that annual stock off-
takes from those lands are only about 0.03 kg S
ha"1 and 0.02 kg P ha~'. While the reality is probably
of a continued increase in the proportion of stock
grazing on land that is further developed, the public
perception and concern is probably for the larger
area of unimproved and unimprovable land that
remains under grazing.

The present series of papers is based on two
long-running trials, which were initiated to
determine pasture species suitability under
contrasting management regimes then moved
towards consideration of the effect of these species
and management practices on soil inorganic
components, organic components, and stock
carrying capacities (Scott 1999, 2000a, 2000b,
2000c). There is need also to establish the total pool
sizes of nutrients available to plants and animals in
these environments, and the rates at which they are
changing under different conditions. The present
paper uses previously published results to estimate
the pools and fluxes of the major elements under
contrasting conditions of fertiliser and grazing
management from measurements during the 10-
15th years from initial pasture development.

In permanent pasture most soil sampling to
determine nutrient status is of the top 7.5 cm of
soil, which is the main rooting zone for pasture
species. For longer term considerations of nutrient
mass balance it is necessary to consider how
nutrients disperse through the soil profile, and how
values are influenced by changes in bulk density as
a result of vegetation changes, erosion, and animal
transfer. The rate of build-up of the N pool with
pasture development, and the change in the more
labile S pool relative to the more stable P pool
(Metson & Blakemore 1978) are likely to be
particularly relevant to the high country. The pool
of other nutrients may be also influenced by the
major S, P, and consequent N pools, either directly
or indirectly through acidification effects. It is also
necessary to establish how all of these are
influenced by different grazing management
systems and pasture species.

Not all of the necessary data to determine the
nutrient pools and balances could be determined

from these trials, or simultaneously within them. It
was necessary to use measurements of different
factors made at different times, or from outside
sources. The estimation had to assume that there
were no large changes in components over the
measurement period so that they could be combined
to give good first approximations of the nutrient
pools and balances after a decade of contrasting
development inputs.

METHODS

Trials and fertiliser
The nutrient fluxes, pools, and balances were
calculated for the 10th year of the two trials. These
trials were adjacent to each other at the AgResearch
Mt John trial site west of Lake Tekapo and were
established by partial over-drilling of hieracium-
infested fescue tussock grasslands in 1982 with a
mixture of 25 pasture legume and grass species. The
Graze/fert trial had 30 different input regimes, being
a factorial combination of 5 soil fertility levels
(nominally 0, 50, 100, 250, and 500 kg ha"1 yr"1

sulphur-fortified superphosphate, with spray
irrigation at the highest rate) x 3 sheep stocking
rates (low, moderate, and high rates in the ratio of
2:3:4 appropriate to each fertility level) x 2 grazing
durations (rotational mob stocking versus sustained
set stocking) x 2 spatial replications. Fenced plots
were 25 m x 15 m in size.

The PxS trial had 31 input combinations of P
and/or S fertiliser rates of nominally 0, 5, 10, 20,
50, and 100 kg element ha"1 yr"1 in 12 m x 12 m
individually fenced plots. Four treatments were
repeated with K and micro-nutrient additions. Both
trials were grazed as required from November to
May and total sheep-grazing-days recorded.
Vegetation composition was determined annually
in November after a common spring regrowth
period since winter (Scott 1999).

The fertiliser was applied annually in early
spring. Annual variations in the proximate analysis
of P and S contents of the superphosphate were
taken into account. The actual mean fertiliser rates
over the first 10-year period described in terms of
applied P and S are given in Scott (1999, fig.4) for
the PxS trial. For the Graze/fert trial they were 0 +
0, 17.6 + 4.1, 26.0 + 8.9, 54.5 + 22.7, and 114.8 kg
S ha"1 yr"1 S + 46.8 kg P ha-'yr"1 P, for the zero,
low, moderate, high, and high+irrigation treatments,
respectively.

The plant, soil, and animal pool sizes were
determined from the product of component mass


