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Abstract   Annual grass weeds are serious problems in
temperate pastures. Generally low in forage quality, they
are responsible for considerable losses in terms of reduc-
tion in fleece quality and animal health concerns as well
as costs of herbicides. In addition, they are highly com-
petitive against perennial grasses and negatively impact
the sustainability of these production systems. Fertilisa-
tion is only one of many management strategies used in
pastures. Although not generally thought of as a weed
control option, fertilisation substantially alters the com-
petitive relationships between perennial and annual
grasses and has the potential to provide part of an inte-
grated weed management program.

In this study, the competitive effect of Vulpia bromoides
(L.) Gray and Hordeum leporinum Link. on four im-
portant perennial pasture species was studied in pot
experiments. In general, Vulpia demonstrates a stronger
effect than Hordeum in low pH(4.5), low P(~6ppm)
conditions. At higher soil fertility levels, the situation
was reversed and the competitive effect was weaker
overall. The implications for pasture management op-
tions are discussed.

INTRODUCTION

Annual grasses, especially Vulpia spp. are important
weeds in many pastures in the temperate zone of south-
eastern Australia. Within the perennial pasture zone,
surveys have shown that annual grasses sometimes
constitute nearly 50% of the total pasture biomass
(Kemp and Dowling, 1991). During winter and early
spring, these species may provide useful forage but as
flowering and then senescence progresses forage qual-
ity drops markedly and injury of animals by seeds and
awns as well as fleece contamination become major
concerns. Annual grasses also compete strongly with
the more desirable perennial grass species reducing
their abundance and reproductive potential. The cost
of annual grass weeds to agriculture in New South
Wales alone is estimated to be in the order of $40 mil-
lion dollars per annum (Sloan, Cook and King, 1988)
and this figure includes herbicide usage and losses due
to wool contamination only. Other costs remain

uncounted. For instance, annual grasses may reduce
the sustainability of pasture systems by lowering total
transpiration rates and nitrogen capture over summer
and autumn.

Long-term, effective control of annual grasses is diffi-
cult. The best long-term management option may be a
strategy that accepts a low frequency of annual grasses
in the sward. A knowledge of the ecological role of
annual grasses in a pasture sward dominated by peren-
nial grasses is crucial for better management of those
systems. While the responses of annual grasses to vari-
ous management inputs and physical disturbances such
as herbicides, grazing and drought have been described,
the biological mechanisms which underpin these pat-
terns are not well known. Among the control options
for annual grasses, an integrated approach that accom-
modates herbicides, grazing, and fertilisation is increas-
ingly viewed as the best method to manage such pas-
tures. Integrated weed management will be most ef-
fective when coupled with a detailed knowledge of the
ecology of the species that comprise the pasture sward.

Ecologically, pastures are highly complex mixtures of
plant species, interacting with the physical and biotic
environment, and maintained by grazing. Without some
form of disturbance (i.e. biomass removal), competi-
tively superior species would eventually dominate the
sward and eliminate subordinate ones. Prolonged,
heavy grazing, on the other hand, would lead to a shift
in composition to a depauperate, unpalatable vegeta-
tion. In practise, farmers have to balance the compet-
ing demands of animal and pasture health and the need
to produce a profit.

One of the most basic management tools at the dis-
posal of farmers is fertilisation. By altering the physi-
cal environment, overall production is increased and
the composition of the pasture is changed by altering
the competitive relationships between species. As such,
fertilisation is part of  an integrated pasture manage-
ment strategy This study examines the effect of increas-
ing soil fertility on competition between two annual
grass weeds and some common pasture species.
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MATERIALS AND METHODS

A randomised-block pot experiment was set up out-
side at Orange, NSW. Each 150mm diameter pot was
filled with a mixture of 3 parts unsterilised ‘local’ soil
and one part sand. The soil was chosen to be reason-
ably low in phosphorus and relatively acidic (P=6ppm,
pH

(Ca)
=4.3). Half of the pots were filled with the same

soil that had been fertilised (2.5 t ha-1 lime + 250 kg
ha-1 single superphosphate equivalent to give P=18ppm
and pH=5.0). Seeds of ‘target’ species were sown into
the centre of each pot with either 0, 1, 3 or 8 seeds of
‘neighbour’ species (Table 1) sown around them. Dur-
ing the course of the experiment (April – November),
the pots were regularly trimmed to a uniform sward
height. All above-ground plant material was removed
at the final harvest and the following analyses refer to
the total biomass yield of each plant (i.e. final harvest
plus any prior clippings).

Table 1. List of species used in the experiment.

Neighbour species Target species

Vulpia bromoides Danthonia eriantha Lindl.

Hordeum leporinum Dactylis glomerata L.
Phalaris aquatica L.
Echium plantagineum L.
Trifolium subterraneum L.

Analysis   The results of competition in binary mix-
tures of plant species has commonly used some form
of Relative Competitive Index (RCI), where the
changes in a plant’s biomass in the presence of a neigh-
bour is compared with that of a plant grown alone.
Typically:

RCI = (P
-N 

– P
+N

)/P
-N

where P
-N

 is the biomass of a plant grown without
neighbours and P

+N
 the biomass of a plant grown with

neighbours. Watkinson and Freckleton (1997) point
out however, that this index gives an incomplete and
perhaps misleading descriptor of competitive interac-
tions and suggest that a yield-loss function is more
appropriate:

P
X
 = P

-N
/(1 + ay)

where P
X
 is the weight of an individual of species X, y

is the biomass of species y and a is a competition co-
efficient. This function may be fitted by a non-linear
regression, the value of ‘a’ determining the strength of
the competitive ‘effect’ of the neighbour plant on the
target. In this study, both methods are used.

RESULTS

Treatment effects   Analysis of variance showed that
both neighbour species identity and fertiliser had a sig-
nificant effect on the target species’ dry weight (Table
2).

Table 2. Analysis of variance table.

Factor p-value

Neighbour species identity <0.001
Fertiliser <0.001

Neighbour species identity effect   The stongest com-
petitive effect overall was exerted by Vulpia (Table 3).
The only exception to this was Phalaris, where little
difference existed between the effects of  Vulpia and
Hordeum.

Table 3. Competitive effect. Average total dry weight
per plant (in grammes) of target species in competi-
tion with neighbours.

Target species Neighbour species
Vulpia Hordeum

Danthonia eriantha 0.07 0.10
Dactylis glomerata 0.55 0.77
Phalaris aquatica 0.28 0.28
Echium plantagineum 0.48 0.84
Trifolium subterraneum 1.58 2.32

Fertiliser effect   The addition of fertiliser had a sig-
nificant effect on all species (Table 4). Responses cal-
culated from isolated plants ranged from an increase
in dry weight of 70% to more than 500%.

Table 4. Fertiliser response. Average total dry weight
per plant (in grammes).

Species -F +F % increase

TARGET:

Danthonia eriantha 0.10 0.17 70
Dactylis glomerata 0.46 2.16 370
Phalaris aquatica. 0.24 0.97 304
Echium plantagineum 0.60 1.85 208
Trifolium subterraneum 1.89 3.86 104

NEIGHBOUR:

Vulpia bromoides 1.12 3.49 212
Hordeum leporinum 0.41 2.47 506
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Competitive effect  (RCI)   Calculated RCI values
ranged from 0.22 to 0.93 (Table 5). There were no dif-
ferences in RCI values between fertility levels or be-
tween neighbour species (p>0.05).

Table 5. Relative Competitive Index. Higher scores
indicate stronger competitive suppression of the tar-
get species.

Target species Vulpia Hordeum
-F +F -F +F

Danthonia eriantha 0.89 0.83 0.65 0.93
Dactylis glomerata 0.62 0.85 0.25 0.67
Phalaris aquatica. 0.84 0.74 0.79 0.78
Echium plantagineum 0.77 0.81 0.71 0.37
Trifolium subterraneum0.42 0.85 0.22 0.49

Competitive effect (yield-loss function)   An exam-
ple of the function fitted to calculate these values is
shown in Figure 1. The derived ‘a’ values range from
less than 0 (indicating some facilitation) to 3.7 (Table
6). Although there was a tendency for the competitive
effect of Vulpia to be stronger than Hordeum (mean
‘a’ value 1.4 vs. 1.0), this was not statistically signifi-
cant. There were, however, differences when fertiliser
level is considered (p<0.01) - the target species are
most strongly affected by the presence of neighbours
at low soil fertility levels.

Table 6. Yield-loss function ‘a’ values. Higher values
indicate a stronger competitive effect of the neighbour
on the target species.

Target species Vulpia Hordeum
-F +F -F +F

Danthonia eriantha 1.7 1.0 1.5 0.6
Dactylis glomerata 3.4 0.7 0.9 0.5
Phalaris aquatica 2.0 0.5 3.6 0.7
Echium plantagineum 3.7 0.5 1.6 0.3
Trifolium subterraneum 0.5 0.1 -0.2 0.2

DISCUSSION

Pasture are complex ecosystems and require careful
management. One of the most basic management tools
is the application of phosphate fertilisers. The effect
of fertiliser on plant growth is undisputed and the re-
sults can be easily predicted in monocultures. In pas-
tures, however, the results are not so predictable, es-
pecially in pastures that have a significant weed com-
ponent. Continued development of an integrated man-
agement programme depends on detailed knowledge
of the effects of each decision. This experiment was
set up to examine the effects of fertilisation on compe-
tition between two common annual grass weeds and
some common pasture components.

The effects of competition and of fertilisation can be
very large (Tables 3 and 4), but it is the interaction
between these two factors that is of most interest.
Analysis of these interactions using competition indi-
ces provides for better interpretation given that it ‘cor-
rects’ for plant size and integrates across plant densi-
ties. The use of such indices to describe the results of
competition experiments has a contentious history,
however. In this study, the RCI values seem to obscure
the results: analysis of variance shows clear differences
between the dry weights of plants grown with differ-
ent neighbours (Tables 2 and 3), whereas the RCI val-
ues show no such pattern. The ‘a’ values derived from
the fitted yield-loss functions do show this (although
not statistically significant). Moreover, this approach
demonstrates the large differences  in competitive ef-
fect at different fertility levels. Much stronger com-
petitive pressure is exerted by annual grass weeds on
pasture species at low soil fertility (Table 6).
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Figure 1.  Non-linear regression fitted to biomass data
from competition experiment. The degree of curvature
of the fitted function is described by the ‘a’ value (Ta-
ble 6)
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CONCLUSIONS

While caution must be exercised in extrapolating the
results of a pot-based experiment to a whole-paddock
or farm basis, some suggestions for pasture manage-
ment are evident. As part of an overall strategy to main-
tain or improve production, fertiliser application has a
double bonus. Not only does it have an immediate ef-
fect on the growth of individual plants, but those plants
are then also less sensitive to competition from annual
grass weeds. Any reduction in soil fertility, conversely,
will have a double jeopardy. Results such as these will
also need to be interpreted in an economic framework
– a sensible fertiliser strategy will likely be influenced
by other factors such as soil type, enterprise and pas-
ture species composition. Nevertheless, the results of
this study highlight the potential of fertiliser applica-
tion as part of an integrated weed management
program.
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