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• different farming systems.
There is a need to set priorities and targets
for integrated weed management for the
various land uses.

e.g. dried fruit industry
pulse crops
recreational areas
conservation areas

Separate IWM information packages are
required for growers in the various land
use categories. Preparation of this material
would identify specific areas for further
research. I believe that a team comprising
of an industry liaison officer and a re-
search officer working closely with grow-
ers, would lead to the most rapid ad-
vances in reducing the impact of double-
gee in Australia.
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Abstract
Dicamba has long been used for the con-
trol of Polygonaceae weeds. The high ef-
ficacy against Emex australis is one of the
major strengths of dicamba in southern
Australia. The sulfonylurea group of
chemicals also provides good control of
Emex, however, there are two main ben-
efits of using dicamba. Firstly, the very
short plant back period of dicamba pre-
vents the possibility of residue carryover
into the next phase of the crop rotation.
Secondly, the long term effects of contin-
ued use of Group B chemistry needs to
be considered in terms of herbicide re-
sistance. Rotation of herbicide groups is
an essential component of Integrated
Weed Management. The high efficacy of
dicamba, in addition to these two factors,
should favour the continued use of
dicamba to control Emex.

Introduction
Dicamba was first discovered as a labora-
tory molecule in 1961 and registered for
use in Australia in 1971. This initial regis-
tration was on primarily polygonaceous
weeds, which remains the strength of
dicamba in today’s agriculture. Dicamba
was used extensively for Emex control
throughout Australia during the 1970s
and early 1980s, prior to the discovery of
the sulfonylurea (SU) chemistry. These
chemicals were less expensive and pro-
vided control of a wider weed spectrum.
Subsequently, the use of dicamba de-
creased. However, the use of dicamba for
Emex control has been increasing during
the mid-1990s due to factors that will be
addressed in this paper.

Dicamba is a broad spectrum chemical
that provides effective control of a number
of annual, biennial and perennial
broadleaf weeds. Plants absorb dicamba
through the leaves, stems and roots and it
accumulates at the areas of greatest meta-
bolic activity.

At the site of activity, dicamba causes
an imbalance in plant hormones, specifi-
cally auxin, thus interfering with cell elon-
gation and nucleic acid and protein syn-
thesis. The result is a disruption to normal
metabolic and growth activities, and
death of susceptible species. Due to its ac-
tion as a disruptor of cell growth, dicamba
is grouped with the phenoxy and pyridine
herbicides in Group I.

Methods
Three protocols of dicamba/doublegee
trials will be referred to in this paper. The

first is a rate response determination, the
second is a comparison with metsulfuron,
and the third involves mixtures of
dicamba and metsulfuron with gly-
phosate. Metsulfuron was selected for
comparison because it is currently the
most common post-emergent SU herbi-
cide used for Emex control.

A hand held boom was used to apply
the treatments in trials of the first two
protocols (A and B below). The output
from the boom was 100 L ha-1. Plots were
3 m wide by 10 m long, with four replicates.

The third protocol (protocol C below)
was designed and conducted by SBS Ru-
ral IAMA. A boom connected to a 4-wheel
motorbike was used to apply the treat-
ments. Compressed air was used as a pro-
pellent, at a spray volume of 50 L ha-1.
Plots were 3 m wide by 20 m long, with
three replicates.

Protocol A. Rate response
A single trial was conducted during 1995
to determine a rate response curve for
dicamba against doublegee. The Emex
were at the two leaf stage when sprayed.
The rates of dicamba (g a.i. ha-1) used were
0, 40, 60, 80, 120, 160 and 320. The trial was
sprayed under the following conditions;
13ºC, 70% relative humidity, no wind,
overcast, dry leaves, and moist soil.

Assessments were made on percent ef-
ficacy at 35 DAT (days after treatment).

Protocol B. Metsulfuron comparisons
A single trial was conducted during 1995
to determine the comparative efficacy of
low rates of dicamba and label rates of
metsulfuron. The Emex were at the two
leaf stage when sprayed. Rates of dicamba
and metsulfuron were (g a.i. ha-1 of
dicamba + g ha-1 of metsulfuron, respec-
tively): 0+0, 60+0, 80+0, 0+3, 0+5, 60+3,
60+3, 80+3, and 80+5. The trial was
sprayed under the following conditions;
12ºC, 80% relative humidity, no wind,
clear sky, dry leaves, and moist soil.

Assessments were made on percent ef-
ficacy at 35 DAT.

Protocol C. Glyphosate mixtures
A single trial was conducted during 1992
to determine the comparative efficacy of
dicamba and metsulfuron when mixed
with glyphosate. The Emex had been
transplanted by cultivation and were 15 to
30 cm in diameter. Rates applied were (mL
ha-1 of glyphosate + g a.i. ha-1 of dicamba +
g ha-1 of metsulfuron, respectively): 0+0+0,
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800+0+0, 700+60+0, 700+72+0, 700+0+3,
and 700+0+4.

Counts of surviving plants per square
metre were performed at approximately
35 DAT, and these counts converted to
percent efficacy.

Results
Protocol A. Rate response
The response of Emex to treatment with
dicamba followed a classical rate response
curve (Figure 1). Complete control was
achieved at 160 g a.i. ha-1 and above.

Suppression of the surviving Emex was
observed at all rates of dicamba. General
symptoms of suppression were a decrease
in shoot growth, with fewer and smaller
leaves produced, and stem production
was greatly reduced in number and
length.

Protocol B. Metsulfuron comparisons
The low rates of dicamba provided similar
control to the label rates of metsulfuron
(Table 1). Mixtures of the two compounds
did not increase efficacy except at the top
rates of both. When applied individually,
low rates of dicamba and label rates of
metsulfuron did not provide complete
control. However, the surviving plants
were severely suppressed and exhibited
similar symptoms to those previously de-
scribed.

Protocol C. Glyphosate mixtures
The addition of either dicamba or met-
sulfuron to glyphosate provided good
control of large Emex (Table 2). There was
no difference in efficacy between the mix-
tures of dicamba plus glyphosate or
metsulfuron plus glyphosate. The addi-
tion of either compound provided greater
control than glyphosate alone.

Discussion
Dicamba is highly efficacious
on Emex australis. Complete
control of two leaf Emex is pro-
vided at rates of 160 g a.i. ha-1

and above. Lower rates of
dicamba may be acceptable in a
non-eradication or commercial
application. This lower level of
control is very similar to that
provided by label rates of
metsulfuron. The addition of
low rates of dicamba to
glyphosate greatly increases ef-
ficacy on large Emex in a knock-
down situation. Again, this is
comparable to the addition of
label rates of metsulfuron to
glyphosate.

Plants surviving low appli-
cation rates of dicamba are se-
verely suppressed. In a com-
mercial application, a reduction
in the rate of dicamba would
provide less than complete con-
trol of Emex but would elimi-

nate the competitive effect on the crop.
The elimination of competition should be
considered in terms of Integrated Weed
Management (IWM), applicable only in a
non-eradication program. Further re-
search should be conducted on the effi-
cacy of low rates of dicamba, specifically
at early weed growth stages.

Dicamba and metsulfuron provide
very similar control of Emex, with efficacy
being determined by rate. However,
dicamba has two distinct advantages over
metsulfuron and the other SUs. These are
plant-back period and IWM.

The plant-back period of dicamba is
very short compared to the SUs. Dicamba
has a plant-back period of days (Table 3),
as opposed to months with the
metsulfuron (Table 4). SUs vary in the
length of their plant-back period, depend-
ent on which SU, soil pH, rainfall and
other factors. For example, chlorsulfuron
and triasulfuron are inherently more re-
sidual and have longer plant-back periods
than metsulfuron.

The SU molecules are degraded by acid
hydrolysis and micro-organisms that
function at low to medium soil pH. The
activity of the micro-organism at a par-
ticular pH is further influenced
by moisture regime (i.e. rain-
fall).

Thus, SU molecules are bro-
ken down faster in low pH soils
with adequate rainfall. In high
pH soils, there is greater resi-
due carryover and the plant-
back period is longer. Chlor-
sulfuron and triasulfuron are
not recommended to be used on
soils with a pH greater than 8.5
due to very low rates of residue
breakdown.

Agriculture during the 1990s is moving
towards greater inclusion and reliance
upon legumes in the rotation. Use of long
plant-back period chemicals to control
Emex during a cropping phase places leg-
umes in later phases at high risk, espe-
cially on high pH soils. Dicamba has a spe-
cific role in Emex control where a legume
or oilseed is to be grown in the year imme-
diately following a cereal crop.

The second advantage of using
dicamba over a post-emergent SUs herbi-
cide is in IWM. During the cereal phase,
large areas of the agricultural regions are
treated with a pre-emergent SU herbicide.
Rotation of herbicide groups, a key ele-
ment of IWM, necessitates using a differ-
ent group for post-emergence control.
However, it has been common practice to
use a post-emergent SU, often in the same
year as a pre-emergent SU and for con-
secutive years. Already, a high degree of
selection pressure has been placed upon
the Emex populations by this chemical
group.

Release from patent for metsulfuron
and chlorsulfuron has resulted in conver-
sions of these molecules to commodity
products. Cheaper production methods
have lowered the price of these herbicides
to growers, and it could be predicted that
their use will subsequently increase. The
combination of increased use of
metsulfuron and chlorsulfuron with the
development and adoption of new Group
B herbicides to control Emex will increase
the selection pressure on Emex.

Figure 1. Rate response curve of 2 leaf Emex
to dicamba. Values are per cent efficacy + SE at
35 DAT.

Table 2. The comparative efficacy of dicamba
and metsulfuron, when mixed with
glyphosate, on 15–30 cm diameter Emex.
Values are per cent efficacy at 35 DAT.

Dicamba Metsulfuron Glyphosate Efficacy
(g a.i. ha-1) (g ha-1) (mL ha-1) (%)

0 0 800 56
60 0 700 91
72 0 700 92

0 3 700 87
0 4 700 90

Table 1. The comparative efficacy
of dicamba and metsulfuron on
two leaf Emex. Values are per cent
efficacy ± SE at 35 DAT.

Dicamba Metsulfuron Efficacy (%)
(g a.i. ha-1) (g ha-1) ± SE

0 0 0 ± 0
60 0 82 ± 1.9
80 0 88 ± 2.2
0 3 86 ± 2.6
0 5 93 ± 1.4

60 3 84 ± 1.8
60 5 88 ± 1.1
80 3 88 ± 1.3
80 5 98 ± 0.5
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Currently, the range of herbicides used
to control Emex is limited (Table 5). Of
these herbicides available, Group B and C
are the most commonly used. Group C
herbicides are widely used throughout
Western Australia in lupins, South Aus-
tralia and Victoria in field peas, and Victo-
ria in chick peas. Increased usage of
Group C herbicides is likely upon adop-
tion of triazine tolerant varieties of canola.

Use of the Group B and C broad-spec-
trum herbicides for control of Emex also
places high selection pressure on other
weed species. Group Bs are considered to
be at high risk from herbicide resistance
due to their mode of action on a single en-
zyme target. Continuous application of
these herbicide groups places selection
pressure on Emex and other weed species,
some of which have already been reported
to be resistant. The likely outcome of con-
tinued use of these herbicides without
IWM is increased resistance problems.
Dicamba should be included in the herbi-
cide rotation as a part of IWM to decrease/
delay the onset of resistance in Emex and
other weed species.

Dicamba has demonstrated high effi-
cacy against Emex during the two decades
of its commercial application and small
trial work. Whether used as a stand-alone
product or in mixtures with glyphosate,
dicamba is at least as efficacous as
metsulfuron. However, dicamba has a
considerably shorter plant back period
and less risk of causing herbicide resist-
ance.
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Table 3. The plant-back period for dicamba (days) (Chambers 1995).

Crop Rate (g a.i. ha-1)

100 140 280 80–120A

Wheat 1 7 14 1
Barley 1 7 14 1
Oats 1 7 14 1
Triticale 1 7 14 1
Canola 7 10 14 7
Sunflower 1 7 14 1
Field peas ND 14 21
Chick peas ND 21 28
Faba beans ND 21B 28B

Safflower 14 21 28
Lupins 7 14 21
Clover/medic 7 14 21
Cereal rye 1
Sorghum 1
Maize 1
Millet 1
Soybeans 5
Mung Beans 5
Cotton 7

ND = Not determined.
A Queensland and Northern Territory only, For all crops and rates above 120 g a.i. ha-1,
plant back period is 21 days following a rainfall of at least 15 mm after application.
B Estimation from limited data.

Table 4. The plant-back period for metsulfuron in soil with a pH 5.6–8.5 as
determined by laboratory analysis using 1:5 water suspension method
(Chambers 1995).

Crop Plant-back Crop Plant-back

Wheat 10 days Safflower 9 months
Barley 6 weeks Lucerne 9 months
Oats 9 months Clover/Medic 9 months
Faba beans 9 months Soybeans 14 months
Chick peas 9 months Jap. Millet 14 months
Peas 9 months Maize 14 months
Lupins 9 months Sorghum 14 months
Canola 9 months Sunflower 14 months

Table 5. The most commonly used chemicals to control Emex in Australia
(Chambers 1995).

Name Group Name Group

Metsulfuron B Cyanazine C
Chlorsulfuron B Simazine C
Triasulfuron B Diuron C
Flumetsulam B Metribuzin C
Imazethapyr B Terbutryn C
Triasulfuron + Terbutryn B + C Dicamba I
Bromoxynil + Diflufenican C + F Dicamba + Glyphosate I + M
Bromoxynil + MCPA C + I Paraquat + Diquat L
Dicamba + MCPA I + I Glyphosate M


