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Summary   An experiment was conducted in each of 
two growing seasons, 2003–04 and 2005–06, in North 
Canterbury, New Zealand, to test the hypotheses that 
the efficacy of grubbing (chipping) as a control tactic 
for nassella tussock ( Nassella trichotoma Nees) is 
both plant-size and population-density dependent. In 
each of the seasons, four 2 m × 50 m transects were 
established on each of 12 farms. All plants within 
each transect were mapped and their basal diameters 
were measured before and after each farm’s grubbing 
operation. The farms were grubbed either by the farmer 
or a contractor. Over all of the farms, 36% of the 
mapped tussocks were grubbed in 2003–04 and 31% 
in 2005–06. The efficacy of grubbing was lowest for 
small plants, increased to a maximum of about 60% 
for plants with 80–100 mm basal diameter, and had a 
tendency to decrease for larger plants. The experiments 
did not support the hypothesis that grubbing efficacy 
is density-dependent. 

Keywords    Serrated tussock,  size class,  chip-
ping.

INTRODUCTION
 Nassella tussock (Nassella trichotoma Nees) is a 
highly invasive weed of grasslands in North Canter-
bury and in the 1940s populations reached levels that 
seriously affected agricultural production (Taylor 
1987). Since then population densities have declined 
as a result of ongoing control programs and have now 
reached an equilibrium (Lamoureaux et al. 2006). Nas-
sella tussock is currently managed through a Regional 
Pest Management Strategy (RPMS) using a program 
of annual grubbing organised and resourced by the 
affected landowners and enforced by the Regional 
Authority, Environment Canterbury (ECan). The 
objective of this RPMS is to ‘progressively reduce’ 
the population density across the region (Smith and 
Lamoureaux 2006). In an attempt to explain how the 
regional population is remaining stable despite the 
annual grubbing, and how the equilibrium might be 
disrupted to achieve the desired decline in density, 
ECan co-funded an ecological study. The study was 
established in 1998 and is using a combination of field 
experiments and population modelling (Lamoureaux 
and Bourdôt 1999). Anecdotal evidence suggests that 
not all plants are grubbed and that the probability of a 
plant being grubbed depends upon its size; with small 

and large plants being less likely to be grubbed than 
medium-sized plants. The experiment described used 
size-based classes to test this primary hypothesis. A 
second hypothesis, that the probability of a plant be-
ing grubbed is greatest on farms with intermediate 
population densities, was also tested. 

MATERIALS AND METHODS
The experiment was conducted in 2003–04 and 
repeated at different sites in 2005–06 in the North 
Canterbury region of New Zealand. In each of the 
years, 12 farms greater than 30 ha, two from each of 
six ‘population size’ strata (Table 1), were randomly 
selected from ECan’s nassella database. 

Four transects measuring 2 m by 50 m were estab-
lished on an infested area on each of the farms in late 
winter (July/August) 2003 and 2005. On one farm in 
each year only three nassella plants were found and in 
both of these cases three transects (one per plant) were 
established. All of the nassella tussock plants within 
each of the transects were located and their positions 
relative to the transect centre line were recorded. The 
basal diameter of these plants was measured in two 
directions perpendicular to each other and the aver-
age calculated. The top end (uphill) and bottom end 
(downhill) of each transect was marked by aluminium 
pegs, hammered to soil level so that they were not eas-
ily visible. This ensured that farmer behaviour during 
grubbing would not be influenced by knowledge of the 
presence of transects. The locations of the transects 
were recorded using GPS, photos and measurements 
from nearby landmarks. 
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Table 1.   Nassella tussock population size strata clas-
sification (from Environment Canterbury’s nassella 
data base).

Stratum Number of plants grubbed or estimated to 
have been present/farm in 2002

3 6 – 50

4 51 – 250

5 251 – 1000

6 1001 – 5000

7 5001 – 15000

8 15001 – 50000
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The transects were revisited in late summer (Feb/
March) in each of the two years after the grubbing 
of the nassella tussock, and the presence or absence 
of each plant was ascertained. Absent plants were 
assumed to have been ‘grubbed’. Plants that were 
only partially grubbed (i.e. a viable part of the plant 
remained after grubbing), were recorded as ‘not 
grubbed’. 

Analysis   The relationship between proportion 
grubbed and basal diameter was obtained by fitting a 
generalised linear model, using individual plants as the 
statistical unit and ignoring any farm effects. The pro-
portion grubbed was treated as the binomial dependent 
variable, where the ‘logit’ (log-odds) transformation 
was used as the link function, and a quadratic defined 
by the diameter was fitted to the transformed data.

The percentage of plants grubbed was calculated 
for each farm by bulking all of the data over the four 
transects from each farm. For each year the farm grub-
bing percentages were regressed against an estimate 
of the density of nassella tussock on each of the farms 
(‘farm density’), the latter calculated by dividing 
ECan’s estimated plant number for the farm by the 
farm’s land area. The percentage of plants grubbed 
was also regressed against ‘transect density’, the latter 
calculated by totalling the number of nassella tussock 
plants existing before grubbing in the four (or three) 
transects on each farm and dividing by the total land 
area of the transects, i.e. 400 m2 (or 300 m2).

RESULTS
The majority of nassella tussock plants measured in 
this experiment occurred in the smallest size classes 
with more than 200 plants each year (or more than 
425 plants ha-1) in the smallest size class of 0–20 mm 
basal diameter, and fewer than 30 plants (or 64 plants 
ha-1) in the largest size class (>100 mm basal diameter) 
(Figure 1). Overall, the efficacy of the grubbing was 
low with 36.2% of all plants grubbed in 2003–04 and 
31.3% in 2005–06. 

From the fitted curve in Figure 1 grubbing efficacy 
was low for plants with low basal diameters, then in-
creased significantly (P <0.001 for linear component) 
to a maximum of 58–59% for plants in the range 
80–100 mm basal diameter. The quadratic curvature 
in the relationship was highly significant (P <0.001). 
However, the sample size was small for the large diam-
eter plants (Figure 1), causing the confidence interval 
associated with the fitted curve to widen considerably 
as the diameter increases, so the apparent decline in 
grubbing efficacy for plants over 100 mm diameter is 
not statistically proven.

The percentage of plants grubbed varied between 
farms, ranging between 0–85% in 2003–04 and 
0–71% in 2005–06 (Figure 2). However the percent-
age of plants grubbed was not related to either the 
‘transect density’ (Figure 2a) or the ‘farm density’ 
(Figure 2b). 

DISCUSSION
The first of the two hypotheses tested here, ‘that small 
and large plants are less likely to be grubbed than 
medium-sized plants’, is generally supported by the 
experiment (Figure 1). Small plants of nassella tussock 
are least likely to be removed presumably because they 
are difficult to detect during a grubbing operation. As 
tussock size increases the proportion of plants being 
grubbed increased in this study to a maximum of about 
60%. Based on the small number of plants (35 plants) 
with a basal diameter greater than 100 mm, there was 
also a suggestion that grubbing efficacy decreases 
with these large plants. While the decrease in the 
control worker’s ability to detect large tussocks ap-
pears counter-intuitive, it seems most likely to be due 
to their misidentification as a result of being similar in 
appearance to the native silver tussock (Poa caespitosa 
Forst.), and/or growing as an integral part of a native 
tussock (Laurence Smith pers. comm.).

The second hypothesis tested here, that ‘the proba-
bility of a plant being grubbed is greatest on farms with 

Figure 1.   The percent of nassella tussock plants 
grubbed (solid symbols) and the total number of plants 
present before grubbing (open symbols) in different 
basal diameter size classes (0–20, 20–40, 40–60, 
60–80, 80–100 and >100 mm), plotted against the 
mid-point of each size class (10, 30, 50, 70, 90 and 
136 mm). The data were pooled over the 12 farms in 
each of two seasons [2003–04 (triangles) and 2005–06 
(squares)]. The grubbing percentage trend-line equa-
tion fitted to the data is y = 100(1−1/(1 + eA)) where 
A = −1.84 + 0.04918x − 0.0002762x2 and x is basal 
diameter.
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intermediate densities’, is not supported by our results. 
The large variation in grubbing efficacy between farms 
showed no relationship to either ‘farm density’ (Figure 
2b) or to the density of the nassella tussock plants in 
our transects (Figure 2a). The densities present in this 
experiment may not have been wide enough in range to 
reveal any density effect on grubbing efficacy. Further 
experimentation may reveal dependence. 

Nassella tussock has been an ongoing problem 
in North Canterbury for over one hundred years. Our 
ecological studies are helping us to determine the 

reason for its persistence. The results from the present 
study reveal that less than 40% of plants are killed 
during a grubbing operation. In addition they reveal 
that small plants, and possibly very large plants, are 
less likely to be grubbed than medium size plants. 
The extent to which this size-dependent mortality af-
fects the persistence of nassella tussock populations 
will be explored with the population model currently 
being developed.
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Figure 2.   Percent of plants grubbed on each farm in 
relation to (a) transect density and (b) farm density. 
Year 1 (triangles) and Year 2 (squares).
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