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Fertiliser and grazing rejuvenation of fescue tussock grassland

D. SCOTT
AgResearch
P.O. Box 60
Lincoln, New Zealand

Abstract Tussock density, height, and flowering
frequency, vegetation composition, and soil
chemistry were measured in a 9-year fertiliser trial
without pasture seeding on hieracium-infested
fescue-tussock grassland in New Zealand. A
factorial of 3 superphosphate rates by 3 nitrogen
fertiliser rates by 2 nitrogen types was applied in
the first 3 years, and half the plots received a single
grazing in the 5th year. Effects were small but
continued to develop after fertilisation ceased.
While a single grazing initially depressed tussock
height it subsequently enhanced height. There were
changes in relative species abundance in response
to fertiliser. Soil P and S levels increased with
superphosphate fertiliser but decreased with N
fertiliser, probably reflecting uptake by the
increased shoot biomass and litter.
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INTRODUCTION

In the New Zealand high country on the eastern
side of the Southern Alps, there has been a general
reduction in the vigour of short-tussock grasslands
dominated by fescue tussock {Festuca novae-
zelandiae or F. mathewsii) and a simultaneous
invasion by hieracium {Hieracium species,
particularly H. pilosella) (Scott 1984; Hunter 1991).
The tussock reduction and hieracium invasion has
been attributed by some to nutrient degradation due
to fire and grazing by rabbits or sheep (Martin et
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al. 1994). If that were the reason, then the changes
may be reversed by the replacement of the nutrients
and animal exclusion, if restoration is considered
desirable for nature conservation purposes or for
maintenance of tussocks as a continuing component
of low input pastures.

In agricultural trials, where fescue tussock
grasslands have been developed by oversowing with
fertiliser and pasture species, there can be an
occasional spectacular increase in the vigour of
the resident tussocks (O'Connor 1967). More
frequently, tussocks fail to respond and decrease in
size and abundance with the increased grazing
pressure associated with pasture development. Field
measurements have shown fescue tussock to be
shorter, with a lower nitrogen and phosphorus
content, within hieracium patches, and in pot
competition trials for fescue tussock yields to be
reduced by the presence of hieracium (Makepeace
et al. 1985; Scott & Sutherland 1993; Jiangwen &
Harris 1996).

The objective of the 9-year trial described here
was to investigate the response of fescue tussock
plants to fertiliser, without pasture seeding, in the
presence of hieracium, and to document changes
in associated species and soil characteristics on a
variable site. There have been other studies of the
interaction of fertiliser application and grazing
management on the field response of fescue tussock,
hieracium, and vegetation and soil characteristics
(e.g., (O'Connor 1967; Scott et al. 1990; Rose et
al. 1995; Boswell & Espie 1998; Mclntosh et al.
1999; Scott 2000a, 2000b). The present study differs
in examining fertiliser application without seeding,
a dense hieracium sward with low bare ground, and
effect on sulphur components.

METHODS

Trial design
The trial was at the AgResearch Mt John trial site,
Lake Tekapo at 43°59'S, 170°27'E, on rolling
moraine country at 820 m a.s.l. and c. 520 mm
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annual precipitation. The trial was established in
an area 50 m x 100 m of hieracium-infested fescue
tussock on a small knoll of varying slope and
aspects, with complete ground cover over most of
the site, and which had been ungrazed for 10 years
and probably only lightly grazed previously. In
February 1991, 162 5 m x 5 m plots were
established. The initial treatments were a fertiliser
factorial of 3 elemental S-fortified superphosphate
rates (nil, low, and high of 0, 25, or 100 kg ha ' of
50% S and 4% P superphosphate), by 3 nitrogen
rates (nil, low, and moderate of 0, 6, and 23 kg N
ha 1 ) , by 2 nitrogen fertiliser types (calcium nitrate
or urea). The fertiliser treatments were applied in 9
groups each of 18 plots. The fertiliser treatments
were re-applied in September 1991 and September
1992. In November 1995 (Year 5), half the plots
were temporarily fenced and grazed for a few days
to clear other vegetation from around the base of
tussocks; the trial was otherwise ungrazed during
the experimental period. The plots were scored for
slope (3 ordinal classes), aspect (4 ordinal classes),
and initial shoot biomass (8 ordinal classes). The
trial was surrounded on three sides by other
fertilised and sown agricultural trials which had
been in progress for the previous 9 years, and the
43 plots within 5 m of these adjacent trials were
separated (2 classes).

Plant and vegetation measurements
The vegetation composition of plots was measured
in the summer prior to the start of the trial and in
each of the subsequent 9 years, using the ranking
technique in which plant species were ranked
according to their contribution to total shoot
biomass in each plot (Scott 1989). The species
making the greatest contribution was given a value
of 1, the second a value of 2, etc., for the first 10
species, and non-ranked species were given a
common value of 11 and all treated as continuous

quantitative variables. These rank values are relative
measures within each plot, so that if the rank
contribution of one species increased over time, the
value of the rank contribution of other species must
decrease.

In six years tussock density and height were
measured. Any few-tillered tussocks greater than 5
cm high, which might have potential to rejuvenate
if conditions were suitable, were measured. Tussock
height was measured on 3-10 "average" tussocks
in each plot. Flowering was scored in Years 3 and 5
on a 4-class ordinal scale from zero to abundant
flowering. The relative shoot biomass of each plot
was determined in Years 2 and 5 from 14 capa-
citance probe readings per plot calibrated against
clip quadrats (Vickery et al. 1980; Vickery & Nicol
1982;Crosbieetal. 1987).

Litter and soil analysis
Soil fertility was assessed at the end of the growing
season in Years 2, 5, and 8, with different factors
measured in each year, from 3-6 cores 0-7.5 cm
deep x 2.4 cm diameter, per plot, with the readily
removable shoot and litter material separated.
Samples were aggregated into a single sample for
each of the 18 different fertiliser combinations, air
dried, and analysed in the year following collection.
The samples were analysed for pH (1:2.5 water),
Olsen P (Olsen et al. 1954), Truog P (Truog 1931),
sulphate S (Watkinson & Kear 1991), total S
(Watkinson & Kear 1996), extractable Al (Grigg &
Morrison 1982; Blakemore et al. 1987), C (Walkley
& Black 1943; Metson 1957), and N (Bradstreet
1965; Basson 1976). Extractable organic S was
calculated as a difference between total S and
sulphate S.

Analysis
The measured response variables were tested by
general linear model analysis of variance for main

Table 1 Changes in the relative significance of treatment effects on fescue
tussock height over 9 years. Effects ranked from the most significant (1) to the
least significant (6). *, P<0.05; **, P<0.01.

Effect

Covariates
S-superphosphate
Nitrogen rate
Nitrogen form
Grazing
Edge

2

1**
5
2**
3*
4
6

3

1**
5
2**
3*
4*
6

5

2**
5
3**
6
1**
4

Year

6

3**
4**
5**
6
2**
1**

8

3**
2**
4
6
5
1**

9

3**
2**
5
6
4**
1 **


