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Sustainability of New Zealand high-country pastures under
contrasting development inputs. 4. Organic matter components

D. SCOTT

AgResearch
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Abstract Biomass, N, S, P, C, and Ca composition
of shoots, litter, roots and coarse organic matter > 1.3
mm diam., and <2 mm soil fraction are given for
two trials under 61 different fertiliser and grazing
treatments on a Pukaki/Tekapo high-country soil
after 10-15 years. Effects were primarily related to
fertiliser, secondarily to stocking rate, and rarely to
the grazing method. While there was an increase in
soil C and N and a decrease in C/N ratio of the
<2 mm soil fraction with increasing fertiliser rate,
the relationships were weak. Spring shoot biomass
increased with S and P fertiliser rate and decreased
with stocking rate. Surface litter (5-33 t ha 1 ) was
slightly greater under lax grazing, but total soil root
and coarse organic matter (6-57 t ha"1) increased
with stocking rate, with an exponential decrease
with soil depth. There were only small treatment
effects on %N in organic components, %S in
organic matter components increased with S
fertiliser rates, and %P increased with P fertiliser
rates, especially in the litter layer. There were active
roots to 40 cm soil depth. The half-life of leaf litter
decomposition of 10 species from April to
September ranged from 0.2 to 38 years. The
decomposition rate of litter was positively
correlated with C/N and Ca litter concentration over
the first fortnight after deposition and with %S in
litter over the next 150 days. Microbial biomass
decreased with fertiliser level. An incubation
experiment indicated that nitrification was
occurring. Grazing management treatments had
greater effects on soil organic components than on
inorganic components.
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INTRODUCTION

In the recent decade there has been increasing
interest in the long-term sustainability of different
agricultural land-use practices, as well as their
productivity and profitability. This has been
particularly true for rangeland pastoral farming of
the inter-montane basins and surrounding ranges
on the eastern side of the Southern Alps in New
Zealand, known as the South Island high country.
The present series of papers attempts to quantify
some of the production and sustainability aspects
of these lands based on two long-running agri-
cultural studies under contrasting fertiliser inputs
and grazing management practices.

Previous papers have provided background and
discussed shoot nutrient composition of the different
species (Scott 1999) and inorganic nutrient
composition in the <2 mm soil fraction to a depth
of 40 cm (Scott 2000). The present paper focuses
on the corresponding changes in the organic matter
components of biomass and in nutrient composition
of combined shoots, litter, and the coarse and fine
soil organic matter components, after 10-15 years
of these contrasting inputs.

Much attention has been focused on soil C and
N levels and C/N ratios as being integrators of plant/
soil processes in terms of primary plant production,
stock utilisation, nutrient cycling, soil structure,
water-holding capacity, and climate relationships
(e.g., Hewitt & Mclntosh 1996). While broad-scale
variations of these parameters in relation to climate
and long-term utilisation are reasonably well
established (Haynes 1996), there is still a relative
paucity of data on how they vary in the short term
in relation to different agricultural inputs and
management, and hence their utility in monitoring
for production or sustainabilty issues. This is
particularly so for the effects of different grazing
managements. The present study investigates some
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of these aspects and the implications of changes in
organic matter components on the production and
sustainability of pastoral agriculture of the high
country.

MATERIALS AND METHODS

Trial design
Two trials are involved in the study. They are
adjacent to each other at the AgResearch Mt John
trial site, Lake Tekapo, and were established by
partial over-drilling of hieracium (Hieracium
pilosella)-infested fescue tussock (Festuca novae-
zelandiae) grasslands in 1982 (Scott 1999).

The first trial was a response surface type trial
of 27 combinations of S fertiliser (as elemental
sulphur) and P fertiliser (as triple superphosphate
of 20% P) of nominally 0, 5, 10, 20, 50, or 100 kg
element ha"1 yr"1 (hereafter referred to as the PxS
trial). Four of the combinations were repeated with
the addition of potassium and micronutrients (40
kg K ha"1 yr~' as potassium chloride, and 4 kg ha"1

yr"1 "BASF Fertilon" as mixed micronutrients (Mo,
B, Co, Zn, Co, and Fe)). Each fenced treatment
combination was 12.5 m x 12.5 m. The fertiliser
rates were doubled in the initial sowing year with
half the sulphur applied as gypsum.

In the second trial the main treatment blocks
were two spatial replications of 5 fertiliser/growth
regimes of nominally 0, 50, 100, 250, or 500 kg
superphosphate ha"1 yr~! (hereafter referred to as
the Graze/fert trial). The superphosphate was
sulphur fortified to 20-50% S at the 50 and 100 kg
ha"1 yr"1 superphosphate rate, with double the rate
in the initial year. The 500 kg ha"1 yr"1 treatment
also received fortnightly spray irrigation from late
spring to autumn. Within the main treatment blocks
there were further grazing treatments of 3 stocking
rates (low, moderate, or high in ratio of 1:2:4 sheep
grazing days in Years 2-4, and 2:3:4 in subsequent
years), by 2 stocking methods (high sheep numbers
for 5-7 days, i.e., mob-stocking; or few sheep for
longer periods, i.e., sustained or set-stocking). Each
fenced treatment combination was 8 m x 50 m.

The fertiliser was applied annually to plots 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 for the PxS trial were given in Scott (1999,
fig 4). For the Graze/fert trial they were 0 + 0, 4.1
+ 17.6, 8.9 + 26.0, 22.7 + 54.5, and 46.8 kg ha"1

y r 1 P + 114.8 kg ha"1 yr"1 S for the zero, low,

moderate, high, and high + irrigation treatments,
respectively.

The trials were sown with a common complex
mixture of 25 different legumes and grasses, using
a rotary hoe drill which cultivated and sowed into
about a third of the area over which it passed (Scott
1999). The plots were given nearly two growing
seasons to establish before commencement of the
grazing treatments in the second autumn.

From the 3rd year on, plots were grazed from
November to May as required. For the PxS trial
this was mob-stocking on two or three common
occasions for 4-8 days. For the Graze/fert trial the
number of grazings varied with fertiliser rate. The
plots were grazed in groups of three for each of the
different stocking rate and stocking method
combinations. The plots were grazed as judged from
the moderate stocking rate plot, with the other two
plots receiving their differential stocking rate for
the same period. For the moderate stocking rate
treatments (and all the PxS plots), this was when
feed on offer was 1-21 DM ha"1, and ceased when
plots were grazed to a residual 1-2 cm height.

Soil and biomass sampling
Soils in both trials were sampled in the 10th year
after trial establishment. This was done separately
for the 0-7.5-cm depth (16 cores/plot), and for the
0-5, 5-10, 10-20, and 20-40-cm depths (5 cores/
plot) using 2.5-cm-diameter corers. Reference soil
profiles in unmodified land surrounding the trials
were sampled at these depths and also at 40-60 and
60-120 cm. The soil bulk densities were determined
from those samplings, litter removed, and the C and
N composition in the <2 mm soil fraction deter-
mined. These were the same layers and samples
used for soil inorganic nutrient composition
determinations (Scott 2000).

The biomass density of root and other coarse
organic matter was determined in December of the
15th year from two 5 cm diameter x 40 cm deep
soil cores per treatment in both trials. Cores were
divided into 0-5, 5-10, 10-20, and 20-40-cm
segments, with the 0-5-cm sample further divided
into an upper litter fraction and the remainder. Roots
and coarse organic material retained by a 1.3-mm
mesh following spray washing and decanting to
remove soil material was dried and weighed. Most
samples were subsequently combined for 0-5 and
5^40 cm depths for chemical analysis of N, S, P,
and Ca composition.

Litter was the easily removed plant material
from the top of the 0-5-cm core, but differed


