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Summary
Although weeds are believed to impose
substantial economic costs to Australian
agriculture, there have been few at-
tempts to objectively quantify the impact
of weeds; certainly none at a national
level. A project was established to deter-
mine the costs of weeds in the Australian
annual winter cropping systems. An im-
portant component of that study was to
determine the distribution and density
of weeds affecting crop production. Re-
ported in this paper are the results from a
survey of grain growers in the northern,
southern and western Grains Research
and Development Corporation regions.
Formal self-completion questionnaires
were mailed individually to 10 000 grain
growers throughout Australia, out of
which 1040 useable surveys were re-
turned. Farmers were requested to rank
land management problems as they af-
fect their farming enterprises, and to
nominate the most difficult weeds to
control in winter cropping systems. They
were also asked to provide information
on the density of the residual weed in-
festation after spraying and their percep-
tions on the problem of herbicide resist-
ance. Questions relating to management
practices in winter cropping such as
weed control and crop rotations were
also included.

The results indicated that farmers re-
gard weeds as a major and increasing
management problem to winter crop pro-
duction in Australia. Lolium spp., Avena
spp. and Raphanus raphanistrum were
found to be the most widespread and
abundant weeds nationally, while other
weeds showed regional disposition. Fur-
thermore, despite the widespread use of
several weed control methods including
herbicides, the major weed species were
persisting. Herbicide resistance is per-
ceived by farmers in the western region
to be a far more significant problem than
considered by farmers in the southern
and northern regions.

Introduction
Weeds impose costs on farmers through
both yield and quality reductions and in-
creased farm production costs, and thus
may cause major economic losses in the
Australian crop production system.
Combellack (1987) estimated the direct
and indirect losses due to weeds in agri-
cultural crops to be $1271 million. This
study, however, was based upon a
number of subjective assumptions and
there have been few attempts made since
to objectively quantify the cost of weeds in
Australian cropping systems. To under-
take an economic analysis to determine
the cost of weeds, the distribution and
density of major weeds within the crop-
ping region needs to be assessed. Al-
though several regional in-crop weed sur-
veys have been reported (e.g. Velthuis and
Amor 1983, Taylor and Lill 1986, Martin et
al. 1988, Lemerle et al. 1996), very few
quantitative data are available on the
abundance and distribution of weeds at a
national level.

This paper reports on the results of a
national mail survey of the abundance
and geographic distribution of the major
weed species and weed control methods
used in winter crops. The survey repre-
sents one component of a broader study to
estimate the cost of weeds in Australia’s
annual winter cropping systems on re-
gional bases.

Materials and methods
TQA Research Pty. Ltd. (TQA) were con-
tracted to conduct the mail questionnaire
survey. Formal self-completion question-
naires were mailed individually to 10 000
grain growers throughout Australia dur-
ing spring of 1998. Farmers were re-
quested to rank nine land management is-
sues as they affect their farming enter-
prises, these included crop disease, insect
pests, nutrition, availability of appropriate
crop cultivars, soil salinity, soil sodicity,
soil erosion, acid soil problems and weeds.
They were asked to nominate the most

difficult weeds to control in winter crop-
ping and to provide information on the
area and type of crop grown and the den-
sity of the residual weed infestations after
spraying by major weed species. Density
categories were defined as low, consisting
of scattered isolated plants, medium infes-
tations of less than 1 plant m-2 and high
infestations are greater than 1 plant m-2.
Their perceptions on herbicide resistance,
an assessment of their weed management
skills, and information on management
practices in winter cropping such as weed
control, soil preparation and crop rotation
was also sought.

To adjust for non-response bias, the
sample was statistically weighted to re-
flect a ‘true’ representation of grain grow-
ers across Australia. The variables used to
weight the sample were total grain grower
population in each of 12 agro-ecological
zones adopted by the Grains Research and
Development Corporation (GRDC) across
Australia (ABARE 1999) and whether or
not growers used specialist agronomic
consultants (TQA, personal communica-
tion).

Results were initially compiled by des-
ignated agro-ecological zones and then
aggregated for GRDC’s three grain re-
gions. The northern region is character-
ized by summer dominant but variable
rainfall and hot climate (Webb et al. 1997).
This region includes the northern part of
New South Wales (NSW) and Queensland
grain growing areas. The southern part of
NSW, Victoria and South Australia make
up the southern region, which is charac-
terized by equi-seasonal or winter domi-
nant rainfall and temperate climate. The
western region covers the grain growing
areas of Western Australia with true
Mediterranean climate and low soil fertil-
ity (Martin and Madin 1993).

Results
A response rate of 10.4% useable returns
resulted from the mail survey and this
was judged adequate by TQA to ensure
findings and opinions on key national is-
sues were valid (TQA personal communi-
cation).

Ranking of problems
Of nine land management problems asso-
ciated with cropping in Australia, weeds
were ranked first by over 90% of farmers
in all three regions (Table 1). The rank col-
umn reflects the importance of weeds,
with lower values representing a greater
ranking. Other land management prob-
lems that were perceived as being impor-
tant by farmers included crop disease, in-
sects/pests, saline soil and soil erosion.

A large proportion of farmers replied
that the weed problem remains un-
changed or is worsening. Compared with
five years ago, 34, 45 and 62% of farmers
in the northern, southern and western
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regions considered that weed problems
are worsening (Table 2). Very few farmers
in any of the three regions surveyed felt
that weeds have never been a problem.

Difficult weeds to control
The ten most difficult weeds to control, as
perceived by farmers in each region, are
presented in Table 3. Lolium spp. (annual
ryegrass) was the most difficult weed to
control in both the western and southern
regions while it ranked sixth in the north-
ern region. Avena spp. (wild oats) ranked
first, second and third in the northern,
southern and western regions respec-
tively. Most of the top 10 weeds were com-
mon to all regions. However, some weeds
showed regional propensity, indicating
the existence of differences in the impor-
tance of the individual species from region
to region. Sonchus oleraceus L. (sow or milk
thistle), Fallopia convolvulus Adens. (climb-
ing buckwheat or black bindweed) and
Argemone mexicana L. (Mexican poppy)
were mentioned only in the northern re-
gion. Chondrilla juncea L. (skeleton weed)
was only mentioned in the southern re-
gion and Emex australis Steinh. (spiny
emex) only in the western region. Moreo-
ver, while Brassica tournefortii Gouan.
(wild turnip) and Phalaris paradoxa L.
(paradoxa grass) were ranked second and
third respectively in the northern region
they were considered far less important
elsewhere, with P. paradoxa being ranked
tenth and B. tournefortii ranked ninth in
the southern and western regions respec-
tively.

Area and density of major weeds
The area and density of the five major
weeds is given in Table 4. The infestation
areas are the totals for each weed in win-
ter cereals, oilseeds and pulse crops. In the
northern region Avena spp. was by far the
dominant weed in terms of infested area,
followed by B. tournefortii and P. paradoxa.
Lolium spp. was the most significant weed
in terms of area in the southern region, fol-
lowed by Avena spp. and then to a much
lesser extent R. raphanistrum. In the west-
ern region the two major weeds were
Lolium spp. and R. raphanistrum. These
two weeds alone accounted for a signifi-
cant proportion of the total crop area in-
fested with weeds. The results in Table 4
largely agree with farmers’ perceptions of
the most difficult weeds to control re-
ported in Table 3.

Crop rotation practices
Mixed winter crops with a pasture phase
was the main crop rotation practised in
the southern and western regions, fol-
lowed by mixed winter crops (Table 5). In
the northern region, the main rotation in-
volved mixed winter and summer crops,
followed by mixed winter crops with a
pasture phase. Unlike for the southern

Table 1. Farmers’ response to the importance of specific land management
problems (per cent of farmers nominating). Ranking based on the effect
they have on farming enterprises, with greater problems having lower rank.

Northern region Southern region Western region

Problem % of farmers Rank % of farmers Rank % of farmers Rank

Weeds 92 2.1 92 1.9 93 2.0
Crop disease 61 4.0 74 3.6 78 3.9
Insect/pests 67 3.7 76 4.1 77 4.5
Fertiliser 51 4.8 40 5.0 44 5.9
Lack of varieties 38 5.7 40 6.1 46 6.9
Saline soil 9 7.1 20 6.7 67 4.6
Soil sodicity 22 6.7 28 6.5 21 7.2
Acid soil 12 7.0 41 5.4 69 4.5
Soil erosion 66 4.1 41 5.8 54 5.7

Table 2. Farmers’ assessment of the importance of weed problems
compared with five years ago (per cent of farmers nominating).

Standing Northern region (%) Southern region (%) Western region (%)

Getting worse 34 45 62
Getting better 29 25 13
Unchanged 33 28 23
Never a problem 3 3 2

Table 3. Most difficult weeds to control reported by regional farmers (per
cent of farmers nominating).

Northern region Southern region Western region

Weed % Weed % Weed %

Avena spp. 65 Lolium spp. 78 Lolium spp. 92
Brassica tournefortii 46 Avena spp. 51 Raphanus raphanistrum 81
Phalaris paradoxa 27 Arctotheca calendula 35 Avena spp. 56
Sonchus oleraceus 26 Raphanus raphanistrum 33 Arctotheca calendula 44
Polygonum aviculare 25 Vulpia spp. 22 Vulpia spp. 34
Lolium spp. 24 Polygonum aviculare 17 Bromus spp. 31
Fallopia convolvulus 22 Chondrilla juncea 16 Hordeum spp. 28
Raphanus raphanistrum 20 Bromus spp. 15 Emex australis 28
Argemone mexicana 15 Hordeum spp. 13 Brassica tournefortii 12
Arctotheca calendula 6 Phalaris paradoxa 11 Polygonum aviculare 5

Table 4. Area of the five major weeds in each region by density (‘000 ha).

Weed density (‘000ha)

High Medium Light Total

Northern region
Avena spp. 192.5 218.9 217.6 629.0
Brassica tournefortii 9.8 192.6 194.6 397.0
Phalaris paradoxa 45.3 126.5 131.2 303.0
Lolium spp. 72.8 115.9 94.8 283.5
Sonchus oleraceus 47.1 56.3 145.3 248.7

Southern region
Lolium spp. 589.9 709.9 1242.6 2542.4
Avena spp. 173.7 282.8 572.1 1028.6
Raphanus raphanistrum 73.0 130.8 252.6 456.4
Arctotheca calendula 48.5 114.2 288.9 451.6
Bromus spp. 45.1 108.0 181.0 334.9

Western region
Lolium spp. 1054.4 805.6 1279.6 3139.6
Raphanus raphanistrum 468.3 685.8 1056.2 2210.3
Avena spp. 184.0 189.5 392.5 766.0
Arctotheca calendula 59.5 129.7 472.0 661.2
Emex australis 30.4 25.8 136.7 192.9
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and western regions, there was consider-
able utilization of rotations involving op-
portunity cropping and of continuous
winter cereals in the northern region.

Methods used to control weeds
Herbicides were reported as the main
method used to control weeds in all re-
gions (Table 6). However, farmers in the
northern region seem to be less dependent
on herbicides than their southern and
western counterparts, especially on the
use of pre-emergent and post-emergent
(grass) herbicides. A substantial propor-
tion of farmers in the southern and west-
ern regions use spray- and/or crop-
topping (use of selective or non-selective
herbicides in crops or pastures to reduce
weed seed production), but fewer in the
northern region use the method. Long
fallowing (involving an annual break be-
tween crops) is hardly used as a weed con-
trol measure in the western region, while
there was greater usage of this option in
the southern and northern regions. Be-
tween about one- to two-fifths of farmers,
with some regional variation, practised
early sowing or high crop density for
weed control purposes. Weed control, dis-
ease control and management of soil fer-
tility were the main reasons given in all
three regions for practising crop rotation.
(Table 7).

Herbicide resistance
The responses to the issue of herbicide re-
sistance varied greatly between regions
(Table 8). Seventeen and 35% of farmers
reported herbicide resistance was either a
serious or moderate problem in the north-
ern and southern regions respectively,
compared with 60% of farmers in the
western region. It is noteable that only
11% of farmers in the western region were
either unsure of the extent of the problem
or considered it minor compared to 41%
in the northern region and 28% in the
southern region. About 60% of farmers in
all regions considered herbicide resistance
a slight to moderate problem.

Weed management competency
Despite weeds being ranked as the
number one problem affecting farming
enterprises, and up to two-thirds of farm-
ers considering weeds to be a worsening
problem, close to 90% of farmers in all re-
gions believed that they were competent
to deal with weed problems (Table 9).

Discussion
The questionnaire response rate of 10.4%
was lower than expected, but judged ad-
equate to draw statistically significant
conclusions. The response rate normally
expected from mail-out surveys is 35–50%
(TQA, personal communication). Given
that the questionnaire included a large
number of questions and covered several

Table 5. Crop rotation practices in each region (per cent of farmers
nominating).

Method Northern region Southern region Western region
(%) (%) (%)

Continuous winter cereal 15 2 4
Continuous winter and summer cereal 5 0 0
Mixed winter crops 8 29 28
Mixed winter crops with pasture phase 23 52 59
Mixed winter and summer crops 31 2 0
Fallow every second year 1 3 2
Opportunity cropping 12 4 1
Other 2 7 5

Table 6. The main weed control methods used in each grain region (per cent
of farmers nominating).

Method Northern region Southern region Western region
(%) (%) (%)

Pre-emergent herbicide 58 84 89
Post-emergent (broadleaved) herbicide 88 89 88
Post-emergent (grass) herbicide 52 71 81
Early sowing 29 22 30
High crop density 25 35 40
Long fallow 26 21 2
Crop-topping/spray-topping 11 52 73
Crop rotation 50 62 73
Herbicide resistant crops 3 13 20
Others 7 11 12

Table 7. Reasons for farmers nominating crop rotation (per cent of farmers
nominating).

Method Northern region Southern region Western region
(%) (%) (%)

Better weed control 78 80 81
Better disease control 58 78 71
Moisture conservation 44 30 19
Management of soil fertility 60 81 76
Opportunity cropping 39 24 25
Seasonal conditions 50 22 18
Other 9 8 11

Table 8. Farmers’ regional response regarding the extent of herbicide
resistance as a problem (per cent of farmers nominating).

Extent of problem Northern region Southern region Western region
(%) (%) (%)

Serious 3 11 26
Moderate 14 24 34
Slight 42 35 29
Not a problem 29 18 8
Not sure 12 10 3

Table 9. Farmers’ self-assessment of their ability to manage weed problems
(per cent of farmers nominating).

Degree of competence Northern region Southern region Western region
(%) (%) (%)

Very competent 17 14 12
Fairly competent 71 76 77
Not competent 10 8 10
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issues besides weeds, this complexity may
have contributed to the higher non-
response rate.

Farmers in all regions regarded weeds
to be the highest ranked land manage-
ment problem. Compared with the other
regions, more farmers in the western re-
gion responded that weed problems were
worse now than five years ago. Despite
the widespread use of several weed con-
trol methods, including herbicide and cul-
tural practices such as crop rotation and
high crop density, and despite the high
proportion of farmers (90%) who believe
that they are competent enough to man-
age weeds, the major weed species still
persist. This is in line with the general
world-wide trend that weed control meas-
ures may adequately suppress weeds to
alleviate crop losses, but are having mar-
ginal effects in terms of depleting weed
populations (Watson 1992, Medd 1997).
One reason for this is undoubtedly herbi-
cide resistance, especially in the western
region where it was reported as being a
more significant problem than for the
other two regions. Herbicide resistance af-
fects large numbers of cropping fields na-
tionally, especially in western and south-
ern regions, and is expected to be an in-
creasingly important problem requiring
integrated solutions (Preston et al. 1999).

Lolium spp., Avena spp. and R.
raphanistrum, in that order, were recorded
as the most important weeds nationally.
Other species showed regional and zonal
propensity. One of the noteworthy results
from this survey was that Lolium spp. ap-
pears to be increasing in importance in the
northern region. In fact it was only fourth
in terms of area infested ahead of P.
aviculare, S. oleraceus, Rapistrum rugosum L.
(turnip weed) and Silybum marianum L.
(variegated thistle) (all of which were pre-
viously rated higher by Martin et al. 1988)
in the northern region.

It is likely that such regional species
changes result from changing weed con-
trol measures (Amor and Kloot 1987,
Lemerle et al. 1996, Medd 1987, 1997). Re-
cently, Gavin et al. (1999) found in-crop
weed floras varied due to tillage practices
in the northern region along with an in-
crease in wind-dispersed species, espe-
cially S. oleraceus, which has ingressed
from occurring on about one-third of
farms (Martin et al. 1988) to having almost
ubiquitous occurrence. It is possible that
the increase in S. oleraceus has been prom-
ulgated by the combined adoption of re-
duced tillage practices and sulfonylurea
herbicides. Gill et al. (1987) likewise sug-
gested that adoption of reduced tillage
techniques might have contributed to the
increase in Bromus species. The higher in-
cidence of the pasture weeds Arctotheca
calendula (L.) Levyns (capeweed) and
Vulpia spp. (silver grasses) in the southern
and western regions, probably reflects the

higher prevalence of pasture rotations in
those regions compared with the northern
region (Wallace 1998). Generally there
was close agreement with the ranking of
weeds in this study and that of earlier
studies of parts of the southern region. For
instance, three of the top five highly
ranked species in this study were also
ranked in the top five by Lemerle et al.
(1996) in a ground survey of farms.

The study has reinforced the presump-
tion that herbicides are the main form of
weed control used by farmers. However,
non-chemical control methods appear also
to be regularly used by farmers, and there
were clear regional trends as to the meth-
ods used. For instance, while long fallow
was a common practice in the southern
and northern regions, it was rarely used
in the western region, whereas there was
greater use of higher crop density in the
western region. Thus, whilst there is still
scope for much greater adoption of high
crop density and early sowing for weed
control, crop rotation is common practice.

It is concluded from this study that
weeds are a major management problem
to winter crop production across all grain
regions in Australia. The findings indi-
cated weed problems are increasing na-
tionally and there was evidence that the
major weeds are persisting despite the
range of measures utilized for control.
Furthermore, it was evident that farmers
perceived herbicide resistance as wide-
spread or increasing problem. These find-
ings indicate that there is ongoing scope
for research into providing improved
weed management systems and the wider
adoption of measures to deplete popula-
tions, which is shown to be an economi-
cally attractive option for two of the domi-
nant weeds, Avena spp. and R. raph-
anistrum (Jones and Medd 1999, in press).
The northern, and to a lesser extent the
southern regional responses to herbicide
resistance and high crop density as a con-
trol option suggest a need for ongoing ad-
visory efforts to maintain awareness.

Immediately following the mail survey
we undertook a national field survey of
residual weeds of wheat crops, and the
results of that study (Jones et al. in press)
agreed closely with those reported here.
Consequently we have confidence in the
distribution and density data for each
weed obtained from this survey, which
subsequently have been used to calculate
the yield loss for each crop, weed and den-
sity combination. The resulting weed im-
pact, the first objective estimate of the na-
tional cost of weeds in annual winter
crops, was determined to be approx. $1.2
billion per annum (Jones et al. in press).
This represents the financial losses associ-
ated with yield loss, grain contamination
and weed control costs.
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