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Abstract   Herbicide dose responses are continuous
functions and are strongly dependent on environmen-
tal conditions. With vigorous growth, a selective her-
bicide applied to foliage at sub-label dose rates may
devastate populations of target weeds, allowing large
benefits in crop yield while also reducing the weed
seed bank. Under stress conditions, however, where
weed and crop growth is slowed or stunted, the same
herbicide applied at doses up to the label rate may show
increments in efficacy and generally result in lower
yield response benefits compared with the vigorous
growth scenario. Thus, a single, high (or range at the
high end) dose rate may be guaranteed to “do the job”
on a weed in specified crops under any condition.

Results are presented from the authors’ 1999 survey
of state laws on herbicide dose rates.  These, compared
with Pannell’s (1989) survey, show it remains the case
that farmers in some parts of Australia are free to ap-
ply herbicide at any dose up to the labeled rate, but not
more.  In other parts of the country, farmers may le-
gally apply herbicide only at the labeled rate or not at
all, except by special permit.  In light of the recent
establishment of the National Registration Authority
for Ag and Vet Chemicals, and changes in state legis-
lation, this paper reviews the current situation.  It high-
lights the case for unification of legislation on herbi-
cide use and suggests that manufacturers could pro-
vide users of herbicides information allowing better
decisions in matching doses to specific conditions.

INTRODUCTION

A need is recognised for the more efficient use of her-
bicides. The objective of this paper is to show how
this need is frustrated both by a lack of information on
herbicide labels to guide users and by legislation in
some states and territories prohibiting downward ad-
justment of herbicide doses according to field condi-
tions at the time of application. With increasing public
concerns about pesticides, there is an international
thrust to finer-tune herbicide dose rate to match the
prevailing environmental conditions for the specific
problem being targeted. This strategy fits with the trend
towards integrated weed management which replaces

some of the dependence on herbicides with comple-
mentary tactics such as the use of more competitive
crops, crop rotations, biological control, fertilisers,
pasture phases and timely grazing (Medd and Pratley
1998, Pimentel 1997).

There is considerable evidence of variations in effec-
tive herbicide dose according to growing conditions.
Pannell (1990) provided an economic analysis of her-
bicide dose decisions conditioned on weed density and
other biological factors as well as prices of herbicide
and crop.  Minkey and Moore (1998), citing the recent
literature, listed several factors important in determin-
ing the performance of foliar applied herbicides; they
also described a three-season experiment in which, for
some crop and herbicide combinations, 90% weed kill
was achieved with doses differing by more than an
order of magnitude depending on growth conditions.

Kudsk (1988) first introduced the concept of ‘factor-
adjusted doses’ with the observation that dose-
response curves for percent weed kill make parallel
shifts according to environmental factors.  In Denmark,
a computerised advisory system has been developed
which is based on the hypothesis of parallel dose re-
sponse curves and the derived factor-adjusted doses
(see Christensen 1998).  In Australia, there is often no
specification of variable rates, or a lack of information
on when best to use the lower rate or higher rate when
a range of rates is given on a herbicide label. Top farm-
ers may sort this out for their own farms and season-
ally changing conditions. The vast majority are left
without guidance from manufacturers.

In Australia, requirements for registration of an agri-
cultural chemical stipulate the submission of compre-
hensive data showing results of laboratory and field-
scale trials which prove that the end-use product, when
used according to directions, is effective for the pur-
poses claimed (NRA 1997a). There is no requirement
for manufacturers to provide information derived from
those same trials that could guide users in adjusting
doses to particular growing conditions. Due to the sta-
tus of labels as legal contracts, recommended dosages
are set at levels sufficient to kill target weeds almost
all of the time (Cox and Medd 1998).
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A survey reported by Pannell (1989) pointed up the
fact that states had different combinations of regula-
tions regarding maximum and minimum herbicide rates
and provision for flexibility of private or government
advisors in recommending sub-label doses. At that time
each state had its own product registration regulations
that had to be followed by manufacturers (NRA 1999).
Since then, the National Registration Authority (NRA)
was established to unify registration requirements na-
tionally. Control of product sales and subsequent use
in the field remained at state level under a variety of
laws peculiar to each state (Alcorn, 1993).

A National Competition Policy (NCP) legislation re-
view of agricultural and veterinary (ag. and vet.) chemi-
cals legislation has been completed recently (PwC/FAL
1999). It covers the Commonwealth, State and Terri-
tory legislation that establishes the National Registra-
tion Scheme for ag. and vet. chemicals, the Agvet Code
(1994) and the NRA, as well as ‘control of use’ legis-
lation in Victoria, Queensland, Western Australia and
Tasmania. From their point of view of improving eco-
nomic competition the Review Team recommended,
inter alia, reform of state ‘control of use’ legislation
and was “strongly of the view that significant net pub-
lic benefits will only be achieved if existing deficien-
cies with control of use are corrected.  These deficien-
cies arise because of the lack of a nationally consistent
approach to control of use.” The Review Team recom-
mended that ARMCANZ sponsor the development of
a ‘control of use’ framework that is both nationally
consistent and consistent with the National Registra-
tion Scheme. “ARMCANZ is a council comprising
primary industries or equivalent ministers from the
Commonwealth, State, Territory and New Zealand
Governments” (PwC/FAL 1999). We are sympathetic
with this recommendation and this paper is a contri-
bution to the cause.

METHODS

A survey of state and territory authorities was carried
out in June 1999 to up-date Pannell’s (1989) survey
on regulations regarding use of sub-label doses of her-
bicides. The same three pairs of questions asked by
Pannell were asked in the new survey:

1. “Is there a maximum legal rate at which each
chemical may be applied?  If so what are the
penalties faced by producers who exceed this
rate?”

2. “Is it legal for producers to apply rates of
chemicals less than the recommended or label
rate?  If not what are the penalties faced by
producers who do cut rates?”

3. “Are agricultural consultants and advisors (pri-
vate and government) legally prohibited from
advising producers to use chemical rates other
than those specified on chemical labels?  If so
what penalties are faced by advisors?”

A survey letter was faxed to representatives of each of
eight state and territory authorities; contact numbers
were from NRA (1997b), up-dated by Peter Prammer
(personal communication 1999). It included an ex-
planatory covering note on the need for a 1999 up-
date, a table citing the state-by-state results of Pannell’s
survey, for comparison, and a one-page answer sheet.
To each of the above pairs of questions was added a
query: “Decided by?” in the case of penalties. Space
limitations preclude the inclusion of these details, but
they can be made available upon request.

RESULTS

All eight state and territory authorities kindly responded
to the survey and telephone follow-ups.  Results of
this new survey are presented, in Table 1, in conjunc-
tion with those reported ten years earlier by Pannell
(1989). In Table 1 the current diversity in ‘control of
use’ legislation across Australia is apparent in the di-
rections regarding over and under label rates, in the
flexibilities of advisors and in the wide range of maxi-
mum penalties for offenders. SA is the exception on
maximum rate; NSW, Tasmania and ACT do not al-
low use below a minimum rate without a permit and
NSW does not allow advisers to provide recommen-
dations on variable dose rates. Changes have occurred
over the past decade, most of them being towards al-
lowing greater flexibility in the market place.
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DISCUSSION

There is no argument intended here for exceeding
maximum label rates as we respect the necessary
bounds to meet  maximum residue levels (Baker 1991;
Pannell 1991).  The biological, economic and free
market driven arguments for flexibility in using herbi-
cides at rates lower than the maximum label rate, how-
ever, are conditional and constrained by health and
safety considerations, and hence the need for appro-
priate government intervention.

In the cases of some products, such as Schedule 7 poi-
sons and other high risk chemicals (i.e., atrazine, and
ester formulations of MCPA, 2,4-D, 2,4-DB and
triclopyr) a minimum dose may be stipulated on the
label and the user is faced with an all or none decision
(R. Grenall, personnal communication 1999).  In other
cases, a recommended range of doses is given on the
label which will provide commercially acceptable lev-
els of weed kill in most conditions.  Under ideal growth
conditions when weeds are most vulnerable, a sub-la-
bel dose may suffice, however, the potential user may
be constrained from using it by a lack of information
and/or legal prohibition.   We propose such informa-
tion could be provided by manufacturers (to support
their products in the market) based on the same effi-
cacy trials that are conducted for the purpose of regis-
tration by recording and including the environmental
and plant growth factors in their analyses.

In considering an application for registration of a her-
bicide, the NRA is bound by Section 14(3)f of the
Agvet Code (1994) to satisfy itself that a product’s

claimed efficacy is both true and appropriate (PwC/
FAL 1999, p.41). Since determination of ‘appropri-
ateness’ involves regulation of product standards, the
NCP considered it a restriction on economic competi-
tion in a free market. The NCP, therefore, recommended
“the Agvet Code be amended to specify that efficacy
review extends only to ensuring that the chemical prod-
uct meets the claimed level of efficacy on the label”
(PwC/FAL 1999). In other words, the NCP judges it is
better for the market to decide what levels of efficacy
are appropriate, leaving the NRA to ensure that manu-
factures’ claims regarding efficacy are true. Conse-
quently the desire to amend the Agvet Code to require
the addition of use information will not be straight
forward and is likely to be met with resistance from
manufactures as well as regulators. Further, it is im-
portant to note that efficacy review is always in addi-
tion to NRA’s provisions for assessing health, OH&S,
environment and trade effects. Market failure in fully
valuing health externalities (Brush and Clemes 1995)
make such measures necessary, and the addition of ef-
ficient use regulations would seem to be in accord-
ance with such needs.

Since numerous agronomic studies have shown effi-
cacy to be a function of environmental conditions, as
well as herbicide dose, the present authors propose
consideration of further amending the Agvet Code to
require manufactures to provide expanded label infor-
mation.  This information would allow users to recog-
nise growth conditions for which high doses are re-
quired for efficacy and conditions for which lower
doses will work.  For example, this could be in the

Table 1. A comparison of results of 1989 and 1999 surveys of  laws on herbicide rate flexibility in each state.

Vic WA NSW Tas SA Qld NT ACT

Is there a maximum
legal rate? No/Yes Yes Yes No/Yes No Yes Yes Yes

Is there a minimum
legal rate? No No Yes No/Yes No No No Yes

Private advisors
flexible? Yes Yes No Yes Yes Yes Yes NA

Govt. advisors
flexible? No/Yes Yes No Yes Yes Yes Yes NA

Notes   No response from NT or ACT in 1989 survey.    Agvet Code (1994) and NRA have national jurisdiction
but ‘control of use’ provisions are subject to enabling legislation at state and territory level.  Where a change has
been reported, both old/new are given with the new in bold type.  Where there has been no change, a single entry
is shown for the situation.

Source   1989 survey by Pannell (1989);  1999 survey compiled by authors from sources in Acknowledgments.
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form of a table or tables, each specific to a weed den-
sity, giving expected efficacy (%) as a function of weed
growth condition and maximum recommended herbi-
cide dose (MD) such as:

Dose

0.5MD 0.75MD 1.0MD

Weed condition

Vigorous growth 90 95 100

Normal growth 70 90   95

Stressed condition 30 50   90

Such information should be viewed as “for guidance”,
rather than being legally binding, to relieve manufac-
turers of unnecessary legal obligations, while keeping
them truthful in word-labelling of products for vari-
ous uses. It is thus envisaged that manufacturers should
be obliged to provide the information tailored to spe-
cific product uses. Generally data of this kind is gath-
ered routinely during testing, so there would only be a
marginal cost in analysing and presenting the infor-
mation in forms most meaningful to users.

A key to success of integrated pest management is a
farmer’s close monitoring of conditions in the field
and the deliberate creation of diversified conditions
over time in each field to avoid maintaining niches in
which pests (weeds, insects and diseases) can thrive.
There is controversy over the belief that low herbicide
doses lead to development of herbicide resistance. An
alternative view ascribes the cause to a lack of diver-
sity in growing conditions with herbicide constantly
present.  This is supported in Denmark, where use of
herbicides has been cut back by government environ-
mental policy, with no appearance of resistance due to
wide use of diverse crop and herbicide rotations (Per
Kudsk, personal communication 1999).  The NCP “dis-
covered considerable debate over the science of re-
sistance management” and was “unable to ascertain
whether the current system of efficacy review creates
a benefit or disbenefit in respect to resistance manage-
ment” (PwC/FAL 1999).

Sorting out the questions of herbicide resistance would
seem to be among those of highest priority, particu-
larly where considerations of lower doses on the basis
of economics and health are clouded by these un-
knowns.
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