552
EFFICIENT UTILISATION OF HERBICIDES

J.H.Combellack
Department of Conservation Forests and Lands, Keith Turnbull Research Institute
Frankston 3199

Summary. Community concerns about herbicide use are considered in relation to weed control
needs. It is rationalised that to reduce the concerns herbicide inputs should be minimised. It is
recommended that this be achieved by implementing a policy to reduce herbicide quantities per
unit area treated by 15% in five years and 50% in ten. Itis suggested that this can be achieved
by implementing a programme to delineate the impact of weeds, improving the forecasting of
weed flora, placing more reliance on non-herbicide control methods, improving the timing of
herbicide applications,improving the efficiency of their application, improving their
effectiveness with adjuvants, applying them only to weeds where they occur and by getting
users to accept lower levels of weed control to maximise benefits and minimise inputs.
Integrated research, extension and implementation approaches to achieve the reductions are
proposed.

INTRODUCTION

Weed control is necessary because weeds:-(a)impose a burden to mankind by affecting human
welfare through poisoning, allergies and physical discomfort; increase hunger and discomfort
by reducing food and fibre availability; affect recreational opportunities and reduce
environmental safety:(b) affect animal welfare through poisoning, physical discomfort and by
reducing food quality and availability:(¢) reduce crop and animal yields through competition
and decrease product quality by contamination and reduced animal growth rates:(d) are also
implicated in exacerbating soil degradation through the need for increased cultivation:(e) affect
environmental integrity by replacing native flora, increasing the fire hazard and reducing the
water flow (1). It has been estimated that weeds impose an economic burden of at least $3.3
billion p.a. to the Australian community even when intangibles such as their effects on human
and animal welfare and the value of reducing environmental integrity are not included (2).
Thus, while it is generally agreed that weeds need to be controlled, it is the methods used for
their control that are causing community disquiet. In particular, the increased use of
manufactured chemicals is of concern because of their alleged adverse effects on human health
and the environment. Evidence to reinforce this concern is based on the fact that herbicide use
is not optimal. If used optimally, herbicides should only be used when necessary, at rates
which achieve the optimum level of weed control, have little or no effect on desireable species
and are without adverse effects to the environment. This objective is not being met because
herbicides are often applied when the weeds are too large, frequently with a less than optimal
treatment, with equipment that gives uneven distribution and under weather conditions that are
less than favourable. That the herbicides work under such circumstances reflects the inbuilt
flexibility in the recommended dose rates. This is understandable as far as the manufacturer is
concerned as they are open to litigation should the product not perform as recommended. Thus
recommendations tend to reflect the "worst" rather than the "better” user. This situation is made
all the more difficult in those states where only the recommended dose rates can be legally
applied. Since the current situation is increasingly seen by the community as unacceptable, this
paper will explore the efficient utilisation of herbicides by considering the practicality of the
proposal "to reduce herbicide dose rates per unit area treated by 15% in five years and 50% in
ten" (1). It will also assess the changes needed in the attitude of government, industry and
users to research, extension and training to implement such a proposal.

Evaluation of Public Concern.

It is recognised that both the user and community have a number of concerns about the use of
herbicides. The user often questions, and should constantly monitor, the cost-effectiveness of
herbicide treatments. As will be discussed later in the paper, this is not an easy calculation and
generally less than adequate data exist to make sound decisions. The community is showing
increased concern about pesticide residues including herbicide in air,water and soil. The alleged
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effects of airborne herbicide residues of 2,4,5-T are well documented in both the scientific
literature (3) and newspapers. The movement of herbicides into water is of increasing interest
in those countries where water is extracted from underground sources. There have been a
number of studies on such residues in the U.S.A., for example, for picloram (4) and for
atrazine(5). Residues of atrazine have also been detected in underground water supplies in
Europe (6). The EEC has responded to this by issuing the EEC Drinking Water Directive. This
stipulates a maximum allowable concentration of 0.1ug/L for any one pesticide or related
substances and 0.5ug/L for the total of all such compounds (7). Though there are no known
reports of herbicide residues in underground water supplies in Australia it is likely that they
exist, though probably in very low concentrations. Residues in soil are also of concern, though
mainly to users of herbicides in cropping areas. Such concerns are being reflected in more
precise plant-back periods for susceptible crops. Even though work in NSW (8) and Victoria
(9) has demonstrated large variations between sites for the most commonly used herbicides in
the cereal areas, they are unlikely to cause any problem other than in a dry year following
application. While it is rare to find herbicide residues in food they have been detected, for
example linuron in potatoes (10). Itis emphasised that if herbicides are used in accordance with
the label recommendations then the level of residue in foodstuff will be less than the maximum
residue levels set.

The public are showing increased concern about the long term effects of herbicides on the
indigenous microflora and fauna. There is evidence to show that several processes are affected
(10,11) but the effects generally appear transient. Weeds resistant to herbicides are also a
concern as it is feared that this will lead to overuse or the use of more toxic or persistent
replacements. There are reports of weeds that are resistant to herbicides in Australia (12) but
the problem is still relatively insignificant. Even so, it would be unwise to ignore the potential
consequences of resistance on the efficient use of herbicides and thus a strategy to prevent its
occurence should be extended to users.

The health of the applicator and bystander is of great concern. The applicator must follow the
label recommendations with respect to the appropriate clothing while mixing and applying
herbicides. During application the prevailing weather needs to be monitored in relation to
sensitive off-target areas and the application adjusted accordingly.

Current Efficiency of Herbicide Use.

To many, a measure of herbicide efficiency is based on a comparison of the dose applied at the
time of treating a weed infestation with the minimum lethal dose required for the same
population of weeds when most susceptible. The author suggests that such an estimate is of
little relevance as it does not account for the heterogeneity of the weed infestation, nor does it
account for the variations in climatic and edaphic conditions. Therefore it is more appropriate to
estimate the amount of herbicide required to provide optimal control of the weed infestation at
the most appropriate time under the prevailing conditions. While such information is
fundamental to enable comparisons of changes in the efficiency of herbicide use, there appears
to be no such calculations using this method in the literature. A few attempts have been made to
estimate the efficiency of herbicides by measuring spray capture and then estimating the amount
needed to effect control. Using this method it has been estimated (13)that paraquat was up to
30% efficient when applied to grass weeds grown in the glasshouse. Also the efficiency of
spot spraying weeds with 2,4-D has been estimated to be 0.5 - 2.0% for seedlings and 30 -
60% if mature weeds are treated (14). Neither of the estimates is very precise but does indicate
the likely disparity between situations.

Improving the Efficiency of Herbicide Use

It has been proposed (1) that a national or state multi-discipline team needs to be established to
identify ways of providing a system which will enable a reduction in current herbicide dose
rates per unit area treated by 15% in five years and 50% in ten whilst maintaining or improving
productivity. To achieve this objective it has been suggested (2) that five research areas need to
be addressed viz.:- application efficiency; use of more effective formulations and adjuvants;
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timing of application; spraying weeds only where they occur and the acceptance of lower levels
of weed control consistent with optimising economic return. More recently, forecasting floristic
changes and whole farm management have been added to the list (1). Each of these will be
considered on the basis of their likely contribution to reducing herbicide inputs and the
resourcing necessary to achieve the research and have the outcomes adopted.

I Forecasting the Weed Problem (floristic changes)

Failure to anticipate the consequences of the known or anticipated weed flora when changing
the management of a piece of land is common. It is particularly relevant to question whether it
is possible to selectively, effectively and economically remove the anticipated weeds in, for
example, the crop to be grown in both the short and long term. The expected weed flora is
reasonably easy to forcast and is generally based on experience or records. Predicting long
term changes in the weed flora is more difficult. It has been shown (15) that changes are due
to the interaction of herbicides, fertilizers, tillage practices, crop types and rotations. More
recently it has been concluded that rainfall pattern is also important in determining the flora (16).
Thus any change in any of these factors will slowly lead to a shift in the existing weed flora.
Land managers must be alert to these subtle changes and implement management practices and
crop rotations that manipulate the incidence of pernicious weed species. This is an area devoid
of data. Generation of a good data base would necessitate a long term commitment to weed
surveys or to regular recording using a pest management system (18) and the subsequent
development of models to interpret and predict observed changes (15,16). This is an approach
that may well provide significant reductions in herbicide inputs in the long term. However, for
this to be achieved it will require considerable resouces to conduct the necessary surveys and
specialist modellers to interpret the derived data. The success of implementing the results
would depend on the complexity of the recommended solutions. The project would not be a
high priority project as its success, measured as a contribution to the objective of reducing
herbicide inputs, is unlikely to exceed five percent over the ten year period under consideration.
It should be pointed out, however, that if this aspect were to be integrated with rates of weed
spread and economic effects, thus WEED IMPACT, it would become a very high priority
project worthy of a national focus.

II Whole Farm Planning

If herbicide inputs are to be reduced then the implementation of a strategy to minimise the weed
burden, for example before planting the crop or pasture, is imperative. This can be achieved by
a number of management practices. For example, grazing management , and haymaking and
slashing, can significantly reduce the seed production of annual grasses such as Wimmera
ryegrass, Lolium rigidum (19). Other cases of effective weed reduction have been reported.
Crossbred sheep are known to suppress ragwort ,Senecio jacobaea (20). Sheep and cattle have
reduced the incidence of St. John's wort, Hypericum perforatum (21). Goats have been
reported to severly defoliate blackberry, Rubus fruticosus agg. ,and variagated thistle Silybum
marianum (22). Goats have also provide useful suppression of poa tussock, Poa labillardicri,
and serrated tussock, Nassela trichotoma (23).

The use of mechanical control is also possible. Hoes and other grubbing implements, which
have been used for weed control for millenia, still underpin control strategies in under-
developed countries (24) and are still used in vegetables and for noxious weed control. In
Australia, cultivation remains the most frequently used weed control technique, particularly in
the cropping areas. It has been estimated that cultivation costs are approximately 3.5 times
those of herbicides for agricultural crops (25). Increased emphasis on cultivation is not
supported as it exacerbates soil degradation by increasing wind and water erosion and inducing
hard pans (1,26).

Cultivation techniques vary from crop to crop and from region to region. Interested readers are
therefore directed to some of the numerous review papers on this topic (26,27,28,29). In
short, control of weeds by cultivation can be conveniently divided into four categories. Firstly,
breaking the fallow with either a plough or tined implement to reduce the weed flora. Secondly,
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further seedbed preparation with lighter equipment generally coinciding with weed germination
after rainfall. These cultivations aim to control the emerging and emerged weeds, thus reducing
the seed bank and the consequent depletion of soil moisture and nutrients. Thirdly, some form
of post planting cultivation may be carried out. This may range from shallow cultivation, to
control young weeds within one week of planting, to row crop cultivations which continue until
the crop becomes too tall. Fourthly, fallow cultivations are sometimes carried out to control
pernicious perennial weeds. It is emphasised that weed control is the single biggest reason to
cultivate and increased cultivation using common tillage implements increases soil degradation.
There is therefore pressure to reduce the frequency of cultivation (26) and to use less aggressive
implements (30,41,49). Such a strategy may necessitate the use of more herbicide (29).
Recent research indicates that new cultivation equipment may provide adequate weed control in
crops such as cereals, but timing has been found to be critical (49).

Limited reliance on biological control is another alternative. The control of skeleton weed,
Chondrilla juncea, by the rust, Puccinia chondrillina, is well documented (31,32,33).
Unfortunately a form of skeleton weed has ingressed which is resistant to the rust. This has
resulted in weed densities in some areas approaching those existing before the rust's
introduction, even though two introduced arthropods, Eriophyes chondillae and Cystophora
schmidti persist. More recently, the introduction of agents to control ragwort has received
considerable resources. Unhappily, the organisms have not spread rapidly and appear to be
resticted to defined bioclimes. Reviews of this topic (1,33) give further details. The use of
mycoherbicides could also be considered. There are two products marketed in the U.S.A. for
the control of northern jointvetch, Aeschynomene virginica, and stranglervine, Morrenia oderata
(1). In reality, biological control will only provide limited suppression of a few species. As
has previously been pointed out (1), projects with grazing animals as biological control agents
have been generally more successful than the classical approach. The proposal of Combellack
(1) to redeploy resources from the classical area of biological control of weeds to that of grazing
is re-emphasised. This review, as with previous ones (1,2), highlights the futility of increasing
public resourcing of biological control of weeds if the underlying rationale is to reduce herbicide
use.

Another possibility is to grow more competitive and/or allelopathic crops. Twenty-five crops
have been ranked for their competitiveness with weeds (34). Also, within a crop species
different cultivars have been reported to differ in their competitive ability (35 ), as have selected
accessions (36). It has been suggested that allelochemicals have been unintentially bred out of
modern crop varieties(37). However it has also been suggested (38) that plant breeders do not
include allellopathic properties because they may also affect crop yield or quality. The use of
allelopathic crop residues also offers opportunities to reduce the incidence of weeds. Recent
studies comparing the effects of green mulches on both the physical control of weeds as well as
their allelopathic effects (35,39) show promise.

The use of plant mulches to prevent seedling establishment is suitable for row crops (39).
Artificial barriers, for example black plastic, woven cloth and paper, are also being evaluated
for their effectiveness on suppressing weed growth (39). These materials are expensive,
difficult to lay and can increase disease incidence.

A number of forms of physical energy have been trialled. Flameweeding has beeen tested (40),
and continues to be tested (42) with varying success. It should be emphasised that such
treatments are energy inefficient. For example, post-emergence treatment of weeds in onions
requires eight times more energy than when the herbicide diquat is used (44). A hot burn has
been shown to induce germination of the alien bushland weed boneseed, Chrysanthemoides
monilifera (43). This has enabled more effective and complete control of the emerging
seedlings. Soil solarisation can also provide some suppression of weeds, though a moist seed
bed is needed to be most effective (39).
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Mowing or slashing reportedly reduces seed numbers of annual plants, for example ryegrass
(19), variegated thistle (45,46) and nodding thistle, Carduus nutans (47). Burning of stubble
has been shown to reduce the populations of blackgrass, Alopecurus myosuroides, by up to
40% in the following crop (48).

It can be rationalised that judicious whole farm planning would enable reductions in the weed
burden, thus reducing dependence on herbicides, if the current knowledge was utilised. It must
however be pointed out that to maximise the effectiveness of the existing data base requires
considerable expertise. To this end it is recommended that a number of "best bet" options be
developed for major farm enterprises. They are particularly necessary for growers of
agricultural crops who consume over three quarters of all herbicides used (25). This would
serve two purposes, firstly to give growers direction as to how to use herbicides more wisely
and, secondly, to better define knowledge gaps. This is an important area of weed control
which can lead to significant savings in herbicide use. To enable efficient and effective whole
farm management strategies to be developed will require an integrated approach. With limited
resources it will be imperative that the most important deficiencies be delineated. Effective
research in this area will be both resource-demanding and long term. However, the priority
areas are suggested to be minimising cultivations by ensuring more timely execution, the
development of less aggressive implements, better knowledge about timing of grazing to reduce
the weed seed burden and, in row crops, a better data base on green mulches. It is anticipated
that a research programme would be successful: the results are unlikely to be of significance for
the short term (5 years) but will play a valuable role in achieving the ten year goal. Reductions
in herbicide use of 5 - 10 % are estimated. It should also be realised that such studies would be
of value to those wishing to farm without manufactured chemicals.

III Timing of Herbicide Applications.

Studies have shown that early removal of weeds permits the use of less herbicide (50,51,52).
These data indicate that savings of 25 - 30 % are possible if the herbicide is applied at the
optimal time. Perennial weeds also respond to timely treatments (53,54). In the latter case,
treatment of the perennials skeleton weed and hardheads (creeping knapweed), Acroptilon
repens, has been shown to be beneficial to wheat yields in the following year while treatment in
the crop does not afford similar benefits (54,55).

Herbicide selection is also important, particularly when cropping. Initially a choice between
pre- and post- crop emergence herbicides is often possible. For efficient herbicide use, pre-
emergence herbicides that require incorporation should be discouraged on two accounts.
Firstly, incorporated herbicides invariably require a fine tilth which leads to soil degradation by
affecting stucture. Secondly, as it is not possible to accurately predict either the location or
density of the weed infestation, such treatments are often prophylactic. Improving the
efficiency of such herbicides is not easy as they have to be uniformly dispersed through, or
onto, a very variable target. Limited improvements may be possible by utilizing slow release
technology, from plastic elastomers or carbon matrices for example.

Timing of herbicide application is important because it would enable considerable savings in
both the short and long term. In the short term an effective extension programme needs to be
initiated. Concurrently, research needs to be carried out to more accurately define the optimum
time of application. This latter work should be jointly carried out by industry and government.
Timing of application work should be high priority and should have significant impact in
reducing herbicide use in both the short and long term as savings of 20 - 30 % in herbicide rates
are implicated. Research into ways of reducing the rates of incorporated herbicides should only
be supported if it leads to a reduction in cultivations.

IV Application Efficiency.

The most efficient application system should be selected for any given task. This is generally
not practical as users have a limited range of equipment. Even so, the user
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needs to consider the interactive factors of crop, weed species, size of weed and crop,
topography and prevailing weather conditions in relation to the herbicide and formulations
selected if herbicide use is to be optimised. In the first instance this will determine whether a
solid or liquid application system is used. The operating parameters of the selected system need
defining in relation to the task, and the proximity of the area to be treated to sensitive non-target
areas, including water courses and dwellings.

Studies on the uniformity of the spray, the most common method of applying herbicides, show
there to be considerable room for improvement. For example, large variations occur across
(>100%) and along (>30%) the swath (56,57,58). It has been suggested that if the coefficient
of variation of the spray deposit could be reduced to 12% or less (they are commonly over
25%) then it would be possible to reduce herbicide dose rates by 12.5% (59).

An important factor that leads to inefficiency is the application of the herbicide at an incorrect
dose and/or volume. Several studies have been made in the U.S.A. on this aspect. They show
that the proportion of users applying within 10% of the desired rate varied from 40% at best
(90) to the worst of 19% (91). In one case the variation for eight sprayers tested was from -
19% to +35%. This supports the previous suggestion that herbicides work in spite of such
variation, reflecting the flexibility of the recommended dose rates. Further, it is the basis for the
assumption that reductions in herbicide rates can be achieved if application accuracy is
improved.

To improve spray distribution it is necessary to have a stable self-levelling boom (61,62) that
does not have a tendency to move in the horizontal plane (59). Nozzle selection is also
important as distribution varies considerably with both pressure and boom height (77) and the
construction material can greatly affect the rate of erosion and corosion (59). For example, the
flow rate of brass nozzles increased by as much as 65% after 40 hours of use with a wettable
powder but only by around 5% if either an emulsifiable concentrate or suspension concentrate
was used. Over the same period, sintered alumina and hardened stainless steel nozzles
increased in flow rate by less than 5% with the wettable powder (59). Thus the constuction
material for nozzles should be selected according to the formulation to be applied.

Other work has shown that aerodynamics about the spray vehicle influence eveness of
distribution (58). Factors that affect spray retention on the target plant include droplet size (60),
droplet trajectory (58), boom stability (61,62), electrostatics (63,64), volume rate (65,66,67),
the use of air assistance (68,69) and formulation including the addition of adjuvants. There is
also a several-fold variation between plant species (58,59,60). It will be realised that this is a
complex topic and the reader is therefore referred to reviews of the topic (59,60,70).

Not only must the parameters governing application be optimal but the user must also consider
spray drift. The more important factors involved include the proportion of droplets less than
100um in diameter as these are prone to drift (59,70). As an increase in pressure increases the
small droplets (<100um), in sensitive situations low pressures (150 to 200 kPa) should be used
with hydraulic single orifice flat fan nozzles. Low pressure or extended range nozzles of the
same type would be even more suitable as they can be operated at pressures as low as 100kPa
(59). As an increase in boom height increases the risk of droplet drift (71,72) it must be kept as
low as possible to ensure uniform distribution. Climatic conditions are also of importance, in
particular wind when horizontal speeds are greater than 1.5m/sec. (73,74). Both topography
and the catching surface(a smooth surface such as water does not catch the spray) are of
importance. These are of greater significance if aircraft are used, particularly if the carrier is
volatile. Since the droplets are released from a greater height than for ground sprayers there is a
greater time for evaporation to reduce droplet size as they fall, thus increasing the risk of drift
(60). The formulation used can affect the droplet spectrum by decreasing (75) or increasing the
proportion of drift-prone droplets(76). The formulation can also affect the rate of evaporation
of droplets.
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As other methods of application have not been considered, due to lack of space, the reader is
referred to relevant reviews, for example applicators for granules (78,84) and their distribution
(84),for aircraft (79,80) and for pasture weed control including ropewicks, carpet rollers,
hand-held equipment and high volume applicators (81), carpet rollers and ropewicks (85),
subsurface injectors (82) and herbigation (83).

Safety to the operator when applying herbicides is receiving increased attention. Data have been
generated on penetration of herbicides through protective clothing (86). Considerable effort is
being devoted to finding ways to reduce the handling of concentrates. For example, closed
transfer systems are being actively researched for field sprayers (87,88), as is a semi-closed
system for knapsacks (89).

Application is a complex topic which is deserving of both research and extension inputs. The
use of an efficient system would almost assuredly contribute to herbicide savings of 12.5%
even with present knowledge. Further research could well double this figure. The areas of
greatest need are to improve the uniformity of distribution, improve herbicide retention, reduce
the carrier volume to a minimum, minimise off-target movement and reduce operator
contamination.

V More Effective Formulations and Adjuvants.

Adjuvants are frequently a constituent of a herbicide formulation. On occasions it has been
found that the addition of adjuvant increases the potency of a herbicide. Adjuvants are
conveniently grouped according to their type of action:- activator adjuvants (surfactants,wetting
agents,penetrants,oils); spray-modifier adjuvants (stickers, film formers, spreaders, spreader-
stickers,deposit builders, thickening agents,foams) and utility modifiers (emulsifiers,
dispersants, stabilizing agents, coupling agents, buffering agents and antifoam agents) (92).

It is the first category that will be mostly considered, as surfactants and wetting agents are the
most commonly recommended additions to the herbicide spray mixture. The value of such
materials is to provide a degree of extra reliabilty, particularly on difficult-to-wet plant surfaces.
It is emphasised that there are rarely good supporting efficacy data for such a recommendation.
Even so, the literature would suggest that these materials bring about enhanced activity by
affecting surface-modifying properties such as spreading, dissolution or disruption of
epicuticular waxes,modification of the residue of the herbicide,facilitation of dissolution by
solubilisation, provision of humectant properties and the promotion of stomatal infiltration
(94,95). Stimulation of stomatal infiltration, which is possible only when the contact angle is
reduced to less than 30 degrees, is an important feature of the organosilicones (96). In some
instances inclusion of surfactants has resulted in reduced efficacy (93). Other work shows
there to be large differences between surfactants in their effectiveness with particular herbicides
for example glyphosate (101) and asulam (102). Therefore, selection of the most appropriate
surfactant requires careful experimental procedures such as a comparison of relative potency
(103).

Phytobland oils and oil-water emulsions have been used since the 1950's to improve herbicidal
activity (97). It was found that phytobland oils increased retention and enhanced uptake when
used with atrazine (92). The ratio of oil to surfactant has been found to influence atrazine
efficacy (98). Recent studies (99) found that herbicide dose rates for the control of Johnson
grass, Sorghum halepense, could be reduced by 50% if they were applied in paratfinic oil at
9.4 L/ha rather than water plus oil at 187 L/ha. This may be a reflection of improved coverage
as spread coefficients were found to be 100 times greater than for water alone (100). These
findings offer an exciting way to dramatically reduce herbicide dose rates. A project has been
initiated in Australia to integrate the development and assessment of formulations, equipment
and efficacy using this concept.

The use of natural oils has received increased research attention over recent years
(104,105,106,99). They reportedly increase the effectiveness of some herbicides (104,105,99).
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In other studies the type of oil affected the degree of phytotoxicity (107,106) and sometimes
increased crop phytotoxicity (104). Paraffinic oils were found to improve herbicidal control of
Johnsongrass (99) more than crop oils.

There is need for much research on this topic. However, as the improvements in herbicidal
potency are often marginal, good experimental technique is essential. Also, though attempts
have been made to relate efficacy to spray retention, a quicker and more repeatable measure than
effect, they have been unsucessful (93,76). Further attempts to establish this relationship are
warranted and should include more physical measurements to determine their importance. A
programme has been initiated to develop an ultra-low-volume application system with the aims
of reducing volume rates to 2 to 6 L/ha and dose rates per unit area by 10 - 15%.

VI Spraying Weeds Only Where They Occur.

Weed species are generally found in patches and vary in density over a piece of land. Which
species, and the number of individuals of a single species which occur in a given situation, are
governed by the composition of the buried propagule bank, the seasonal periodicity of the
propagules, environmental conditions and the soil type and structure (108,110,111).
Disturbance of the soil generally stimulates the propagules to emerge. After emergence the
weeds display a variable species composition and structure (109). The heterogeneity of the
population is a reflection of the local dispersal of plant propagules and of the soil conditions
which influence germination and subsequent growth. Though spatial differences in weed
incidence and density are recognised, (109,110,111) there appears to be no accurate data of the
differences. Such data would be of considerable value in estimating the potential savings of
herbicide use. For example, mixed weed infestations are often treated with a mixture of
herbicides to ensure that the range of species encountered is controlled. If the location of each
species were known then the appropriate herbicide for its control could be applied, and the
other(s) in the mixture not used. It has been suggested that, under some circumstances, up to
70-80% savings in herbicide use could be made(59) using this concept. This is an area of
research need, in the first instance to assess the weed flora more accurately, and in the second,
to develop an appropriate application system if viable.

VII Acceptance of Lower Levels of Weed Control.

The aim of any weed control strategy is to manipulate the composition and density of weeds to
the benefit of the landholder. This aim has been been with man since he began to grow crops
(112), as during the growth of the crop it is the severity and duration of the infestation that is
the concern, reflecting growers' anxiety about the effects of the weeds on crop yield and
quality. The decision to control a given weed infestation must therefore retlect benefit to the
land manager when weighed against personal needs and the wider social and economic
considerations. To make rational judgements the land manager needs to understand the
complex relationship of the competitive ability of each weed species, effect of weed density and
time of their removal with respect to both the short and long term consequences of the
enterprise. With such knowledge it should be possible to develop a wise weed control strategy.
One of the first considerations for emerged weeds is to identify the species present, their
average density per unit area and their growth stage. Because of the complexity of the
relationship between these factors, and for example a crop, numerous mathematical models
have been developed to improve predictability and precision. In particular, an array of
threshold density models has been developed over the past decade (114,115,116,117,118). In
most studies, quantitative aspects have been modelled which provide a description of the
depression in yield with a defined weed infestation at a given time. The most widely used
model is of a hyperbolic form (114,115,117). However, this model does not adequately
account for variations in the time of weed emergence (116,115). Another, albeit more complex,
approach is to account for the relative time of weed emergence and for the effects of plant height
(119). A further approach has been to consider the effect of weeds on the basis of the growth-
determining and limiting resources of light , water and nutrients (120,116). In view of the
complexity of the inputs it is unrealistic to expect a farmer to make optimal judgements.
Further, as the decisions frequently relate to herbicides it will be realised that it is almost
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impossible to decide upon an optimal dose rate on the basis of experience and intuition alone.

To help with these judgements Danish workers are testing an "expert” system. This is based on
the crop yield data using full, three quarters and half dose rates generated over a five year
period. It was found that though there were differences in the level of weed control,
particularly at the half dose rate, these were not reflected in changes in crop yield (121). The
potential to use lower dose rates is thus very clear, though it must be pointed out that similar
reductions may not be possible in Australia. In the model the data have been analysed using the
hypothesis that the dose response curves, of weed control against dose, are parallel and thus a
parallel line assay technique can be used (121). The generated information 1is then used as a
basis of the expert system which also includes herbicide label recommendations in its data base.
Thus, after the user inputs data concerning the crop, crop condition,expected yield, soil type,

weed species, number of weeds per m” and their growth stage, he is informed of the most
appropriate herbicide and dose rate (122). This system has been in use by growers for three
years with good results. In particular, it has clearly demonstrated that herbicide dose rates can
be lowered by relating them to weed growth stage. While the yield model used is not the most
accurate, it is providing growers with a more rational decision base than would otherwise be
possible. A worthwhile extension to the expert system is a calculation of the expected net
returns from a given treatment along the lines of previous studies (123,124).

This is a very important area needing urgent research. Establishment of a data base for factor-
adjusted dose rates (121) would be the first task. However, before such a programme is
implemented the various state governments must be committed to advising other than label
rates. This may mean that governments have to be willing to accept the consequences of
making off label recommendations. This raises an interesting dilemma. If the public demand is
for a reduction in herbicide use per unit area this strategy offers one of the most viable options,
and yet goverments in general appear firmly committed to the notion that the only
recommendations to be made by their officers, or in some states, the only rate to be applied, is
that on the label. It is the author's view that governments need to review their stand so that this
important project can be initiated. The users, and community, can play an important role in
precipitating the programme, by applying political pressure on the one hand and the users
accepting the consequences of less assured weed control on the other. Implementation of an
effective expert system would reduce herbicide use by an estimated 20 - 30%

CONCLUSIONS
In conclusion four major projects can be identified:-
(1) Forecasting the weed problem

This is not possible at present because complex data sets are needed that are generally not
available. For example, as weeds occur in multi-species cohorts which have a dynamic
composition reflecting dominance and density changes in space and time, a knowledge of, or an
ability to predict, such changes is fundamental. There are very little data on this aspect for
Australian conditions. This is necesary as each species has a heterogeneous population
reflecting inherent differences in germination and growth and the prevailing edaphic and climatic
variations. Some data exist on some aspects, particularly for germination, but are still not
adequate to provide accurate predictions. It is concluded that this is an important need but that
the data generated should be related to economic considerations to produce a data set on weed
impact.

(II) Estimating herbicide efficiency

It is necessary to develop a more precise estimate of herbicide efficiency to enable comparisons
between changed systems to be made and to satisfy public concern. For this to be achieved it is
necessary to have a sound knowledge of the target. This will necessitate a knowledge of the
response of individual weeds, of the same size and age, as they often respond differently to a
given herbicide reflecting inherited physiological differences and/or physical changes to the
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cuticle or leaf orientation, for example. It is also necessary to define the anticipated range of
plant sizes and their density. Also the likely most susceptible and resistant forms for any given
species need to be predicted. With this information one could treat plants with a herbicide,
using for example an appropriate topical applicator (125). The dose needed to produce the level
of control required could be calculated using a parallel line assay technique (121). It is to be
emphasised that such tests should be conducted with the weeds competing with both the crop
and other weed species to ensure similar interspecies competition. It would then be possible to
calculate the amount of herbicide needed to control the weed population. This amount should be
compared with that applied commercially and the percentage efficiency calculated. As such
data are fundamental when comparing the efficiency of herbicide use, it is important that such
calculations be made. It is suggested that this challenge be considered by a post-graduate
student.

(ii1) Rationalising herbicide dose rates

The third area of major need is to initiate an integrated programme which addresses ways of
rationalising herbicide use. As the review clearly indicates that the objective "to reduce
herbicide dose rates per unit area by 15% in five years and 50% in ten" can be met, it should be
implemented. Contributions to this objective can be derived from improved timing of
application (20 - 30%); application efficiency (12.5 - 25%); more effective formulations (10 -
15%); spraying weeds only where they occur (30 - 70%) and acceptance of lower levels of
weed control (20 - 30%). What needs resolution, if resources are scarce, 1s an identification of
those components that are most likely to succeed. It can be argued that the development of a
new application system, such as an ultra-low-volume system, could easily be expanded to
encompass most of the components e.g. timing of application,application efficiency,effective
formulations and the acceptance of lower levels of weed control. The project should involve all
the key agencies involved e.g. the manufacturers of herbicides to develop and conduct efficacy
tests on formulations; the machinery manufacturers to develop and test equipment; and basic
research investigations, by government and university personnel to ensure spray retention is
optimised. The users should be involved by providing funds to resource selected components
of the project. Consideration should be given to expanding the terms of reference of the "Spray
Smart" system initiated in Victoria. Funding for the expanded project could be generated by
way of a levy, of 0.5 - 1.0 % against herbicide sales. This would generate an estimated $2 to 4
million dollars.

(iv) Spraying weeds only where they occur
While this is both an interesting concept and one that could be achieved given adequate

resources, it is the most difficult to research and implement. This is thus regarded as the lowest
priority of the projects identified.
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