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Summary   A forage crop was established at Ruther-
glen in north-east Victoria and managed with four 
different treatments in 2001 to reduce annual ryegrass 
prior to wheat production in 2002. The forage crop 
consisted of vetch and Balansa clover and was treated 
in early spring by either cutting silage, grazing with 
sheep, a combination of silage and grazing, or green 
manuring (cutting and leaving on the surface) to pre-
vent annual ryegrass seed set. In 2002, wheat was sown 
across all treatments and annual ryegrass density and 
wheat grain yields were measured. Annual ryegrass 
density in the forage crop was 2120 plants m-2 and 
comprised 87% of the sward. In the following wheat 
crop, annual ryegrass emergence (1108 plants m-2) 
was higher for the silage treatment. At crop tillering, 
the annual ryegrass density was highest in the silage 
treatment resulting in the lowest yield. 

In 2003, oats were sown after the wheat to assess 
whether the effect of forage treatment carried through 
into a second crop year. Annual ryegrass emergence 
in 2003 was higher in the silage only treatment than 
either the grazing or the silage and graze treatment, but 
not the green manure treatment. There was no effect of 
forage treatment on oat grain yield. Results from this 
study indicate that all forage management treatments, 
with the exception of silage only, were beneficial for 
grain crops in the subsequent year. 

Keywords     Annual ryegrass,  forage management, 
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INTRODUCTION
In cereal production systems, the management of an-
nual ryegrass ( Lolium rigidum Gaudin) prior to crop 
production is essential if grain yield and quality is 
to be assured. Often, the management of annual rye-
grass is constrained by the development of herbicide 
resistance. 

Managed forage crops can be used to reduce 
the influence of annual ryegrass in subsequent crop 
production as part of an integrated weed management 
strategy. The advantages of including a managed for-
age crop in the rotation include reductions in the weed 
seed-bank, a break in the grass weed disease cycle, 
the potential for higher cereal yields and improved 

soil health from a legume forage, as well as a valu-
able source of livestock feed. The disadvantages of 
forage crops prior to cereal production may include 
the potential decrease in income from a non-grain pro-
duction year. Additional management may be required 
to achieve the best weed reduction outcome and the 
forage may not always be palatable to livestock. In 
addition, forage residues may affect following crop 
production and the forage crop itself may reduce water 
availability for the next crop. Despite these potential 
issues, the incorporation of forage crops as one method 
to manage weeds where herbicide resistance is present 
should be considered.

Previous research has shown that forage crops are 
effective in reducing weed seed bank replenishment 
(Lemerle et al. 2002). Revell and Thomas (2004) found 
that a one year pasture of French serradella (Orni-
thopus sativus Brot.) when combined with complete 
seed set management of annual ryegrass significantly 
reduced annual ryegrass in the following crop. Schoofs 
and Entz (1998) also found that using annual forage 
crops was at least as effective as using herbicides for 
the management of wild oats. This paper reports on 
the use of vetch and Balansa clover as a one year for-
age crop to reduce the incidence of annual ryegrass in 
subsequent wheat and oat crops. 

MATERIALS AND METHODS
A forage crop consisting of vetch (Vicia sativa cv. 
Popany) and Balansa clover (Trifolium michelianum 
Savi.) was established at Rutherglen in 2001 followed 
by a wheat crop in 2002, and an oat crop in 2003. The 
site was an annual pasture (>10 years) consisting of 
annual ryegrass (Lolium rigidum), subterranean clover 
(Trifolium subterranean cvs Trikkala, Woogenellup) 
and other annual weed species. Average annual rye-
grass densities on the site prior to forage establishment 
were in excess of 5000 plants m-2. The soil was a light 
sandy clay loam with a pH (CaCl2) of 4.2 and available 
phosphorus of 8 mg kg-1. The site was broadcast with 
2.5 t ha-1 of lime prior to forage crop establishment 
and sheep were used to remove excess dry matter. 
Four forage treatments of green manure (cutting and 
leaving as mulch on the surface), grazing, silage, and 
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silage and graze were imposed on plots of 0.035 ha in 
randomised blocks with three replicates.

Forage crop establishment, treatment and meas-
urement   The site was sprayed with 1.4 L ha-1 of 
GlyphosGold™ (a.i. glyphosate 540 g L-1) on 7th May 
2001. On 22nd May, the site was sprayed with 90 mL 
ha-1 of Supracide™ (a.i. methidathion 400 g L-1) for 
control of red legged earthmite. A Duncan triple disc 
direct drill seeder was used to sow vetch, cv. Popany, at 
30 kg ha-1 and Balansa clover at 1 kg ha-1 on 29th May. 
Superphosphate was drilled with the seed to supply 
20 kg ha-1 of phosphorus (P). Forage crop emergence, 
composition and dry matter (DM) was assessed. 

Forage treatments were imposed during October 
2001. The silage treatments were cut on 12th October 
and sheep were used to graze the silage and graze treat-
ment for a period of five days from 7th–11th November 
at a stocking rate of 75 DSE ha-1 to prevent seed set. 
The green manure treatment was cut on 25th October. 
The graze only treatment was imposed from 29th 
October to 15th November at two different stocking 
rates. The first three days had a heavy stocking rate of 
240 DSE ha-1 and the remaining 14 days had a lighter 
stocking rate of 120 DSE ha-1. Stock were returned to 
the graze and silage and graze treatments for a further 
four days from 23rd–26th November at a stocking rate 
of 42 DSE ha-1 to prevent annual ryegrass seed set. 

Wheat crop establishment and measurement   Dia-
mondbird wheat was sown at 100 kg ha-1 into the 
forage treatments on 20th May 2002. Phosphorus 
was applied with the seed as superphosphate at the 
rate of 20 kg ha-1. Plots were sprayed after sowing but 
before emergence with 2 L ha-1 of Glyphosate 360™ 
(a.i. glyphosate 360 g L-1). Wheat and annual ryegrass 
emergence, crop and weed DM, and wheat grain yield 
was assessed.

Oat crop establishment and measurement   Plots 
were sprayed with 2 L ha-1 of Glyphosate 360 (a.i. 
glyphosate 360 g L-1) on 15th May 2003. Oats, cv. 
Echidna, were sown at 65 kg ha-1 with subterranean 
clover, (cvs Riverina, Goulburn, Seaton Park), at 15 
kg ha-1. Phosphorus was applied with the seed at 20 
kg ha-1. Oat and annual ryegrass emergence, crop and 
weed DM, and oat grain yield were assessed.

RESULTS
Two of the three experimental years were characterised 
by below average rainfall (Table 1). Forage establish-
ment in 2001 occurred in a dry year and 2002 was con-
sidered a drought. Only in 2003 did rainfall reach the 
long term average (LTA) of 595 mm for this area. 

Low rainfall in April and May in 2001 resulted 
in poor vetch and Balansa emergence but not annual 
ryegrass which dominated the sward at 2120 plants 
m-2. Average DM production of the forage was 5.1 t 
DM ha-1 and annual ryegrass composed 87% of the 
sward compared with 10% for vetch and less than 1% 
for Balansa clover (Table 2). 

In 2002, wheat was also established under very 
dry soil conditions with only 33.7 mm of rainfall being 
recorded during April and May (Table 1). An average 
of 119 plants m-2 of wheat emerged and there were 
no differences in wheat emergence between forage 
treatments (Table 3). Emergence of annual ryegrass 
in the wheat was lower than in the previous year, with 
highest numbers in the silage treatment, (1108 plants 
m-2) (P <0.05) (Table 3).

The green manure treatment had the highest wheat 
DM yield (3.9 t DM ha-1) but also the highest weed DM 
yield (2.5 t DM ha-1) (Table 3). This wheat DM yield 
was higher than the silage treatment (P <0.05) but not 
higher than the grazing, or silage and graze treatments. 
The green manure weed DM yield was more (P <0.05) 

Table 1.   Monthly rainfall totals (mm) recorded at 
Rutherglen for 2001–2003.

Month 2001 2002 2003 LTA

Jan 33.0 20.3 7.5 37.1

Feb 43.4 61.7 11.2 35.0

Mar 35.2 54.7 4.8 39.3

Apr 15.7 18.1 47.6 42.9

May 15.1 15.6 37.2 54.3

Jun 42.3 27.8 47.1 59.6

Jul 33.9 21.2 79.0 62.5

Aug 37.5 31.2 100.3 63.2

Sep 53.3 49.3 41.7 54.3

Oct 96.9 12.3 81.2 60.1

Nov 22.9 24.1 50.0 42.1

Dec 16.8 5.0 98.7 45.0

Total 446.0 341.3 606.3 595.4

Table 2.   Forage crop composition (percent DM) prior 
to the imposition of treatments in October 2001.

Treatment Vetch Balansa Annual 
ryegrass

Grazing 10.2 0.6 87.1

Silage 10.7 0.6 84.0

Silage and graze 15.1 0.6 81.5

Green manure 4.4 0.6 95.0

LSD (P <0.05) 12.0 1.7 16.4
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than the silage and graze, and graze treatments but not 
the silage only treatment (Table 3). Wheat grain yield 
was lowest (P <0.05) with the silage treatment. The 
green manure treatment had the highest wheat grain 
yield but this was only significantly different (P <0.05) 
from the silage treatment (Table 3).

The emergence of oats after the silage treatment 
in 2001 and wheat in 2002 was less (P <0.05) than the 
grazing forage treatment but not the other treatments 
(Table 4). Annual ryegrass emergence was higher (P 
<0.05) on the silage treatment than the grazing, and 
silage and graze treatments, but not the green manure 
treatment (Table 4). There was no difference in oat or 
weed DM yields, or oat grain yield, with any forage 
treatment.

DISCUSSION
At forage crop emergence in 2001, the density of 
annual ryegrass was 2120 plants m-2 and it was still 
the major component of the sward. The direct drilling 
operation (or effectively an ‘autumn tickle’) (Gill 
and Holmes 1997) may have provided an additional 
stimulation to the existing seed-bank but this was prob-
ably no more than 10% (Chris Preston pers. comm.). 
Emergence of annual ryegrass in the wheat production 
year had reduced to an average of 318 plants m-2 and 
to 173 plants m-2 by 2003 in the oat production year. 
Annual ryegrass densities between 200 and 500 plants 
m-2 can result in yield losses from zero to over 50% 
(Lemerle et al. 2001). Whilst a shortage of available 

moisture was likely the most important yield determi-
nant in 2002, competition from annual ryegrass could 
also have contributed to lower grain yields. 

The treatments that included grazing resulted 
in low annual ryegrass densities compared with the 
silage treatment. This was achieved with high sheep 
stocking densities for strategic periods of time. Such 
stocking rates may not be achievable on many farms 
and additional strategies to prevent seed set may be 
required, for example, supplementary slashing. Where 
the forage was cut for silage without grazing, some 
annual ryegrass plants were able to re-grow and set 
seed, resulting in higher annual ryegrass densities and 
reduced wheat grain yield in the following year. This 
result confirms the need for an integrated approach 
using more than one tool to manage annual ryegrass 
seed set. 

Wheat and weed DM yield were higher on the 
green manure treatment than other treatments. This 
is likely due to the saving in soil moisture, especially 
in a dry year. The green manure treatment resulted in 
a thick mat (>10 cm) of herbage material on the soil 
surface. Whilst no soil moisture measurements were 
taken it is likely that moisture was retained under this 
mat such that increased wheat and weed DM yield was 
recorded. This method of green manuring may have 
an advantage in dry years with moisture retention but 
sowing cereal grain through such a mat may also cause 
problems with seed-soil placement, crop emergence 
and the potential for slug damage.

Table 3.   Wheat and annual ryegrass density (plants m-2), DM yield (t ha-1) and wheat grain yield (t ha-1) after 
forage treatment in 2001.

Treatment Wheat 
emergence

Annual ryegrass 
emergence

Annual ryegrass 
at crop tillering

Wheat 
DM yield

Weed 
DM yield

Wheat 
grain yield

Grazing 105 126 170 3.3 1.5 1.1

Silage 132 1108 686 1.6 2.1 0.2

Silage and graze 134 182 201 2.7 1.5 1.1

Green manure 106 190 216 3.9 2.5 1.3

LSD (P <0.05) 40 177 205 1.8 0.8 0.8

Table 4.   Oat and annual ryegrass density (plants m-2), DM yield (t ha-1) and oat grain yield (t ha-1) after forage 
treatment in 2001.

Treatment Oat 
emergence

Annual ryegrass 
emergence

Oat 
DM yield

Weed 
DM yield

Oat 
grain yield

Grazing 195 153 8.8 1.8 3.9

Silage 157 270 7.9 1.4 3.5

Silage and graze 185 83 9.5 1.3 3.4

Green manure 179 185 9.7 1.7 3.6

LSD (P <0.05) 36 112 3.4 1.2 1.3
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Positive gross margins for the two year sequence 
of 2001–2002 were achieved for all four forage treat-
ments. The highest gross margin of $389 ha-1 was 
achieved for the silage and graze treatment where 
earnings were gained from the silage cut and the graz-
ing. The next most profitable treatment was grazing 
with $165 ha-1, silage only with $126 ha-1 and green 
manuring with $52 ha-1. The green manuring gross 
margin result did not take into account potential long 
term benefits from increasing soil carbon through the 
addition of organic matter.

Forage crops can be included in mixed farming 
grain production rotations for positive weed manage-
ment benefits. How the forage crop is managed is criti-
cal to the weed reduction outcome. Strategic grazing 
of the forage crop to reduce seed set is recommended 
whilst using a non-traditional green manure may have 
additional benefits of moisture retention and improved 
soil health.
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