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Summary   This paper reports data from two fi eld 
experiments that examine the management of cereal 
crop weeds using farming systems based on annual 
pasture. 

A short pasture phase of one year French serradella 
(Ornithopus sativus Brot.) cv. Cadiz combined with 
complete seed set control in spring signifi cantly re-
duced the density of in-crop annual ryegrass (Lolium 
rigidum Gaudin) and improved nitrogen supply to a 
wheat crop (Triticum aestivum L.). Best grain yields 
were achieved after hay-freezing pastures. One year 
of pasture may be insuffi cient to completely eradicate 
a ryegrass seed bank, but if longer pasture phases are 
required, the combination of soil disturbance and 
seed set control in each year of pasture seems highly 
desirable.

Control of ryegrass in grazed biserrula (Biserrula 
pelecinus L.) pastures was superior to either burr medic 
(Medicago polymorpha L.) or snail medic (M. scutel-
lata (L.) Mill.) pastures, apparently due to preferential 
grazing. The mechanism of this response needs further 
research but such a grazing strategy could be a useful 
component of integrated weed management and reduce 
the reliance on herbicides.
Keywords    Pasture,  legumes,  weeds,  ryegrass,  graz-
ing.

INTRODUCTION
The management of weeds in annual pasture is a com-
plex and dynamic aspect of farming systems. Many 
weeds of the crop phase, such as annual ryegrass 
(Lolium rigidum Gaudin) need to be controlled dur-
ing a pasture phase, particularly if they are herbicide 
resistant.

Current weed management systems in Mediter-
ranean agriculture are heavily dependent on the effec-
tive use of herbicides. However, the pasture phase of 
rotations can provide alternatives for weed manage-
ment, many of which do not require herbicides, such 
as grazing, green manuring (cultivation), hay cutting 
and mowing.

In the past, wheatbelt pasture legumes in Western 
Australia were mainly subterranean clover (Trifolium 
subterraneum L.), species of annual medics (Medicago 
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spp.), and more recently, yellow serradella (Ornithopus 
compressus L.). These species were chosen in part for 
their adaptation to common soil types but also for their 
ability to naturally regenerate following cropping from 
seed reserves in the soil. These legume-based pastures 
were sown once and were capable of surviving one or 
two years of crop before regenerating to form a legume 
dominant pasture. The sustainability of this system, 
commonly referred to as the ley farming system, has 
been challenged by the adoption of longer cropping 
sequences which now occur following the wide scale 
adoption of alternative crops such as lupins (Lupinus 
angustifolius L.), fi eld pea (Pisum sativum L.) and 
canola (Brassica napus L.). The seed pool of the annual 
pasture legume is unable to survive in suffi cient num-
bers during the extended cropping phase to produce a 
legume dominant pasture.

‘Phase farming’ is a modifi cation of ley farming 
but with much less connection between the crop and 
livestock enterprise at the paddock level (Reeves and 
Ewing 1993). In the context of pastures, short term 
phases (1–3 years pasture) are used to break up long 
cropping sequences to restore soil fertility and to con-
trol troublesome weeds. The lengths of the cropping 
sequences are such that pastures are unable to regener-
ate without intervention. For annual pastures, resowing 
at the start of each pasture phase is therefore required. 
Plant characteristics for annual phase pasture species 
are quite different from traditional self-regenerating 
species and this has led to a major refocusing of pasture 
species breeding and selection in recent years (Howi-
eson et al. 2000). A number of new annual pasture 
legume species have now been released for Australian 
agriculture. These include French serradella (Ornitho-
pus sativus Brot.), biserrula (Biserrula pelecinus L.) 
and gland clover (Trifolium glanduliferum L.).

There is little information about the management 
of these species in the context of weed control, either 
in terms of directly maximising pasture productivity, 
or their potential impact on farming systems as part 
of an integrated weed management package. In this 
paper we focus on two issues: fi rstly, the implications 
of a ‘phase’ pasture system for the management of 
annual ryegrass; and secondly, the potential to exploit 
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differences in the relative acceptability (palatability) of 
weeds and legumes to improve weed control by grazing 
animals. The capacity to selectively graze weeds is not 
a new concept, having been demonstrated in Dinninup 
subterranean clover pastures by MacNish and Nicho-
las (1987). However, most traditional pasture varieties 
have been very attractive to sheep. Our recent observa-
tions with some of the new pasture legume species, 
such as French serradella and biserrula (unpublished 
data), suggest differences in acceptability at key times 
of the growing season that could be exploited.

EXPERIMENT 1 PHASE PASTURE SYSTEMS
MATERIALS AND METHODS

A long-term rotation experiment was established near 
Cunderdin, Western Australia (31.66°S, 117.32°E) in 
1998 on a pale loamy sand with a pH (CaCl2) of 5.3 
at the surface. Ten main pasture treatments based on 
French serradella cv. Cadiz were established in a ran-
domised complete block design and included a range of 
weed control strategies such as non-selective herbicide 
treatments applied during winter or spring and graz-
ing by sheep. Pasture phases ranged from one to three 
years followed by a wheat crop (Triticum aestivum 
L.) and treatments were replicated four times. In the 
fi nal year of pasture, the rotational blocks were split 
into four pasture management treatments to maximise 
seed set control of grass weeds. These sub-plots con-
sisted of an untreated control, green manuring with 
cultivation, hay-freezing using glyphosate and mowing 
(pasture-topping). In the wheat phase, measurements 
of in-crop weed densities and grain production and 
quality were taken.

This paper reports crop performance after a 
one-year pasture phase in 1998. The pasture was 
either a natural regenerating grass/capeweed pasture 
(Arctotheca calendula (L.) Levyns) or was sown to 
Cadiz serradella at 20 kg ha-1 (pod). Pastures were 
moderately grazed in late winter and spring manage-
ment treatments were imposed in October (plot size 2 
m × 35 m). In 1999, Westonia wheat (80 kg ha-1) was 
sown with 150 kg ha-1 super/potash (5.5%P, 19.6%K) 
using a 12-run combine (full-cut) after a knockdown 
herbicide. No in-crop herbicides were used. Four rates 
of nitrogen, 0, 20, 40, 80 kg N ha-1 (applied as urea 
46% N) were topdressed by hand soon after wheat 
emergence in sub-plots measuring 2 m × 3 m. Ryegrass 
densities were measured in-crop by counting 5 × 0.02 
m2 quadrats per plot. Anthesis dry matter (wheat and 
ryegrass) and grain yield assessments were based on 
hand harvests of 2 × 1 m rows in each subplot. Data 
were analysed by analysis of variance for a split-plot 
using Genstat V.

RESULTS AND DISCUSSION
Pasture management decisions, even in a single 

year of pasture, can have a substantial infl uence on the 
productivity of subsequent crops. Differences in the 
size of ryegrass populations emerged in the pasture 
phase, with 75 plants m-2 present in natural regener-
ating pastures compared with 200 plants m-2 in sown 
Cadiz pastures. The difference occurred despite the 
use of a knockdown herbicide prior to sowing. The 
higher grass number in Cadiz pasture is presumably 
a response to soil disturbance when pastures are sown 
and the effects fl ow through to subsequent phases of 
the rotation. Final dry matter (total) was about 1.1 t 
ha-1 for natural pasture and 2.5 t ha-1 for sown Cadiz 
pastures (45% legume).

Without seed set control, densities of in-crop rye-
grass were higher after Cadiz pastures (Table 1) due 
to higher ryegrass seed set. However, densities were 
consistently lower after Cadiz pastures in all seed set 
control treatments. We believe this can be attributed 
to the stimulation of ryegrass germination in the sown 
pastures allowing greater effi cacy of the spring seed 
set control treatments. It appears that in the no-legume 
phase (with minimal soil disturbance), a high propor-
tion of ryegrass seed can remain dormant and be car-
ried over into the subsequent cropping phase. 

There was a significant (P <0.05) interaction 
between spring seed set control treatments and nitro-
gen application for in-crop ryegrass production. The 
productivity of ryegrass in a wheat crop is related to 
ryegrass plant density but is strongly modifi ed by ni-
trogen supply. Even at relatively low densities of rye-
grass (as in green manured and hay-freeze treatments) 
ryegrass biomass can still be substantial if nitrogen is 
readily available either through inorganic or organic 
sources (such as green manured Cadiz). However, the 
signifi cance of low ryegrass densities in terms of less 
competition with crops cannot be underestimated. 

There was a significant (P <0.05) interaction 
between spring seed set control treatments and pas-
ture history for wheat grain yield. Grain yields were 
consistently higher after Cadiz pasture in all spring 
seed set control treatments, but most notably after 
hay-freezing pastures with a two-fold increase at nil 
applied nitrogen (Table 1). The productivity of wheat 
after mowing treatments was intermediate between 
untreated and chemical seed set control treatments.

There was a signifi cant (P <0.001) effect of ni-
trogen application on grain yield. Increasing nitrogen 
supply generally compensated grain yields for previ-
ous pasture history (except at the highest ryegrass 
densities). 

There was a signifi cant (P <0.05) effect of pasture 
history and a signifi cant (P <0.01) effect of nitrogen 
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application on grain protein. Highest levels of grain 
protein were achieved after Cadiz pasture. Increasing 
the level of nitrogen application only partially com-
pensated for previous pasture history, hence legume 
nitrogen is clearly an important consideration for 
achieving high protein. 

The availability of organic nitrogen appears to oc-
cur earlier after green manuring but this did not neces-
sarily translate into better crop performance, presum-
ably because any ryegrass present also benefi ted from 
the high N status and became more competitive.

EXPERIMENT 2 WEED/LEGUME 
PALATABILITY

MATERIALS AND METHODS
A grazing experiment was conducted at Merredin, 
Western Australia (31.48°S, 118.20°E) in 2001 on a 
red sandy loam with a pH (CaCl2) of 5.0 at the soil 
surface, and increasing with depth. Three pasture 
treatments were sown in a randomised complete block 
design with three replications. The treatments were 

biserrula cv. Casbah sown at 15 kg ha-1, snail medic (M. 
scutellata (L.) Mill.) cv. Sava sown at 26 kg ha-1 and 
burr medic (M. polymorpha L.) cv. Santiago sown at 23 
kg ha-1. About 50 kg ha-1 double super (17.5% P) was 
topdressed at seeding and 50 kg ha-1 muriate of potash 
(49.5% K) topdressed in early August. Pastures were 
sown in 0.5 ha (45 m × 112 m) plots, without knock-
down weed control, and were grazed individually. Six 
Merino wether sheep (approx. 50 kg liveweight) were 
allocated to each plot (12 dry sheep equivalent ha-1) in 
the last week of August when food-on-offer was about 
900 kg ha-1. An additional 5 m of plot was excluded 
from grazing animals to assess ungrazed pasture pro-
duction. About 20–25% of the pasture consisted of 
naturally regenerating grasses, dominated by annual 
ryegrass. Sheep were maintained on the plots until 
the last week of October (total of eight weeks). The 
condition score of the sheep (0–5 rating scale) was 
measured twice during the grazing period. 

Measurements were made of ryegrass seedling 
densities soon after sowing, pasture production and 

Table 1.   Density and productivity of in-crop ryegrass together with grain yield and protein of Westonia 
wheat grown in 1999 after a range of pasture management treatments and with four rates of nitrogen applied 
as urea. Pasture histories are either natural regenerating pasture or sown Cadiz serradella, each with four seed 
set control strategies. 

N rate 
(kg N ha-1)

In-crop ryegrass density 
(plants m-2)

In-crop ryegrass anthesis 
DM (t ha-1) Grain yield (t ha-1) Protein (%)

Pasture 
history Cadiz

Natural 
pasture Cadiz

Natural 
pasture Cadiz

Natural 
pasture Cadiz

Natural 
pasture

Untreated control
0 1930 1070 0.75 0.60 2.02 1.50 9.5 8.6
25 0.75 0.85 2.21 2.12 9.0 8.0
50 1.75 1.42 3.07 2.95 9.6 8.6
75 1.77 1.46 3.70 2.69 9.5 9.4

Green manure (disc)
0 155 558 0.39 0.66 2.97 2.03 9.4 8.7
25 0.73 0.52 3.84 3.00 10.1 8.7
50 0.33 1.24 4.33 3.47 10.2 9.1
75 0.52 0.78 4.27 3.86 11.2 9.4

Hay-freeze (brown manure)
0 160 490 0.17 0.46 4.14 1.96 9.6 9.2
25 0.11 0.35 3.77 2.42 9.5 9.1
50 0.35 0.48 5.11 3.35 9.6 9.1
75 0.52 0.71 4.62 4.56 10.1 8.4

Mow (pasture topping)
0 238 483 0.36 0.35 2.93 2.72 8.9 8.3
25 0.79 0.46 4.00 3.30 9.4 8.4
50 0.57 0.21 4.35 3.43 10.0 8.6
75 0.81 0.80 4.42 3.94 9.9 8.4

LSD 
(P = 0.05)

775
(same history 876)

0.72
(same history 0.70)

1.10
(same history 0.98)

1.18
(same history 1.16)
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Table 2.   Effect of grazing on dry matter production and weed composition in three newly sown pasture leg-
umes grown at Merredin in 2001. All values of percentage composition are calculated as a proportion of total 
dry matter. Values for percent weeds include ryegrass. Animal condition score (0–5 scale) was assessed at fi ve 
and seven weeks (0 = lean, 5 = fat).

Pasture cultivar Casbah biserrula Sava snail medic Santiago burr medic LSD (P = 0.05)

23 August (prior to grazing)

Total dry matter (kg ha-1) 853 1009 935 203
% weeds (inc. ryegrass) 44.3 32.3 22.4 10.3
% ryegrass 16.7 19.9 11.3 17.5
% legume 55.7 67.7 77.6 10.3

13 September (grazed 2 weeks)
Total dry matter (kg ha-1) 1026 1337 1274 421
% weeds (inc. ryegrass) 17.3 19.1 22.3 11.5
% legume 82.7 80.9 77.7 11.5

2 October (grazed 5 weeks)

Total dry matter (kg ha-1) 1075 1528 960 687
% weeds (inc. ryegrass) 5.6 15.9 12.0 8.7
% legume 94.4 84.1 88.0 8.7
Animal condition score 2.8 2.9 2.8 0.6

16 October (grazed 7 weeks)
Total dry matter (kg ha-1) 990 1169 376 543
% weeds (inc. ryegrass) 5.8 15.8 26.6 11.9
% ryegrass 3.2 12.3 15.3 11.8
% legume 94.2 84.2 73.4 11.9
Animal condition score 2.1 2.3 2.7 0.6

Legume seed yield (kg ha-1) 92 122 179 103

composition in spring and legume seed production by 
sampling 10 × 0.125 m2 quadrats from grazed areas 
and four quadrats from ungrazed areas. Estimates were 
made of likely ryegrass seed production in October 
based on tiller numbers and length of infl orescence 
in 12 (grazed area) and two (ungrazed area) × 0.25 
m2 quadrats and assuming four seeds per centimetre 
of infl orescence. Plots were cropped to wheat in 2002 
without herbicide. Data were analysed by analysis of 
variance using Genstat V.

RESULTS AND DISCUSSION
Although difficult conditions for pasture growth 
prevailed in 2001, there was a dramatic reduction in 
ryegrass present in biserrula pastures compared with 
either burr medic or snail medic pastures (Table 2). This 
response was evident after as little as fi ve weeks graz-
ing and was signifi cant (P <0.05) after seven weeks. By 
late spring, ryegrass made up only 3% of the pasture 
(20 kg ha-1) in grazed biserrula treatments compared 
with 12% in snail medic and 15% in burr medic. Where 
pastures were ungrazed, ryegrass comprised about 20% 
of the pasture (400 kg ha-1). The reduced productivity 
of ryegrass in grazed biserrula pastures sets the po-
tential for a substantial reduction in ryegrass seed set. 

Estimates in mid-October (Table 3) suggested a reduc-
tion in ryegrass seed set of about 95% (from >4000 
seeds m-2 to 300 seeds m-2) was possible in grazed 
biserrula compared with either snail medic or burr 
medic. Final levels of ryegrass seed set are dependent 
on grazing intensity and can be constrained even in pal-
atable pastures once the palatable legume is removed 
(provided a high stocking rate is maintained). Lower 
seed set resulted in lower in-crop ryegrass (Table 3).

It was notable that sheep eventually consumed 
some ryegrass in edible burr medic pastures but 
residual legume herbage was only 250 kg ha-1 at this 
time compared with about 1000 kg ha-1 in biserrula 
and snail medic pastures. Higher legume productiv-
ity in less palatable pastures clearly has important 
benefi ts for nitrogen fi xation and associated benefi ts 
for subsequent cereal crops. MacNish and Nicholas 
(1987) demonstrated better crop performance after the 
legume dominance generated from grazing Dinninup 
subterranean clover pastures, mainly attributed to a 
lower incidence of cereal root diseases.

The mechanism behind the grazing response in 
biserrula is not clear. Although biserrula appeared to 
be less readily selected by sheep than burr medic, it 
was still consumed and evenly grazed. Perhaps sheep 
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were selecting a preferred dietary mix from the avail-
able forage consisting of more ryegrass to better sup-
port rumen function. Ungrazed biserrula dry matter 
was about 1400 kg ha-1 compared with 950 kg ha-1 in 
grazed pastures. The result for snail medic was surpris-
ing since it was grazed in patches and was not readily 
selected by sheep. It appears sheep were not keen to 
forage for ryegrass amongst dense snail medic pasture. 
By contrast, burr medic was heavily and uniformly 
grazed. The lower acceptability of biserrula and snail 
medic was refl ected in some loss of animal production, 
although all sheep were healthy. Average condition 
scores of the animals were similar for all pastures 
after fi ve weeks grazing but declined in biserrula and 
snail medic after seven weeks (Table 2). The effect 
of extended periods of grazing on biserrula pasture 
needs to be assessed in terms of the impact on animal 
production. The presence or absence of anti-nutritional 
factors also needs investigation.

CONCLUSION
There are some exciting opportunities for management 
of crop weeds through the use of annual pastures, and 
some of the evolving systems should reduce the reli-
ance on herbicides. Legume pastures such as Cadiz 
serradella used in short phases can make a substantial 
contribution to cereal productivity through impacts 
on weed control and nitrogen supply. Understanding 
weed ecology is an important part of the process. For 
ryegrass, soil disturbance in the pasture phase ap-
pears to be important to stimulate germination and 
reduce the carryover of dormant seed to the cropping 
phase. One year of pasture may be insuffi cient to 
completely eradicate the ryegrass seed bank, but if 
longer pasture phases are required, the combination 
of soil disturbance and seed set control in each year 
of pasture seems highly desirable. Frequent resowing 
of pastures will be a feature of phase pasture systems 

but the development of species suited to on-farm seed 
production should reduce this cost.

It appears that there is the potential to utilise pasture 
species such as biserrula to improve the effectiveness 
of weed control under grazing and increase legume 
productivity for the benefi t of future grain crops. The 
mechanism behind the grazing response in biserrula 
needs further research (e.g. anti-nutritional factors).
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Table 3.   Effect of grazing and pasture cultivar on ryegrass tiller number on 9 October 2001 and estimated 
ryegrass seed set. In-crop ryegrass was measured in September 2002 in a wheat crop sown without herbicide 
application.

Pasture cultivar Casbah biserrula Sava snail medic Santiago burr medic LSD (P = 0.05)

Ungrazed
Ryegrass tillers m-2 85 93 145 128
Length of seed head (cm) 13 15 13 5
Estimated seed set (no. m-2) 4240 5352 7504 6530

Grazed
Ryegrass tillers m-2 16 171 139 45
Length of seed head (cm) 5 9 10 1
Estimated seed set (no. m-2) 311 6522 5396 1780
In-crop ryegrass Sept 2002 (no. m-2) 37 296 105 67




