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An appraisal of opportunities to reduce herbicide use 

J.H. Combellack, Keith Turnbull Research Institute, Department of Conser
vation and Environment, Ballarto Road, Frankston, Victoria 3199, Australia. 

Summary 
Public concern about herbicide use is 
reflected in direct government interven
tion by the imposition of strict registra
tion requirements. As the concerns have 
not been alleviated by this approach it is 
argued that a more rational s tance needs 
to be adopted particularly as the advan
tages of herbicide use outwe.igh the dis
advantages. The implementation of a 
policy, with a strong extension, research 
and education focus, to reduce herbicide 
use rates by 15% in five years and 50% in 
ten is considered to be the most appro
priate way to overcome the public's con
cerns. Ways of achieving these goals are 
identified, the most significant being 
whole fann planning, manipulating the 
weed flora, development of an "expertU 

advisory system and developing more 
efficient application systems. It is sug
sested that fund inS for the project be 
generated through a 1 % levy on herbi
cide prices at the fann gate. To achieve 
the objectives the policy should be im
plemented by a management team 
which must include consumer and 
conservation representatives. 

Introduction 
Ideally herbicides should be used when 
necessary, at the minimum rate to achieve 
a level o f weed control that optimizes eco
nomic returns to the user and have mini
mal adverse effects on the environment. 
This ideal is not being achieved beca use 
herbicides are often applied a t the w rong 
time, mostly with a greater than optimal 
dose ra te, with equipment that g ives un
even distribution and inappropriate drop
let spectrum and under unfavourable 
weather conditions (Combellack 1990). 
That herbicides work in spite of these in
adequacies reflects the robustness of the 
recommended dose rates. This has led us
ers to adoptan indifferent a tti tude toward 
herbicide use particularly farm ers pro
ducing high yielding or high value crops. 
This seems a rea sonable a ttitude when 
neither government nor industry in most 
countries appears willing to tackle the is
sue in a realistic manner. Denmark is an 
exception (Haas 1989). It seems legitimate 
to ex pect industry to adopt a more re
sponsible stance by ensuring that recom
mended dose rates reflect the "better" 
rather than the "w orst" user. Govern
ments should ensure that the most cost
effective and environmentall y sensitive 
dose ra tes a re used . 

This paper will consider key factors in
volved in achieving this objective and 
suggests ways of financing, planning and 
im plementing a policy which aims to re
duce herbicide use. 

1. Managing the weed flora 
Weed control should be considered be
fo re, fo r example, planting a crop in a 
field or the garden, designating the status 
of a park or defining the required vegeta
tion quality along roads o r rail . This is 
necessary to anticipate whether it is possi
ble to effectively and selectively remove 
the ex isting o r antici pated weeds. Fre
quently land managers overlook the con
sequences of the existing weeds let alone 
anticipate those that may arise. In their 
defence the lack of data on long term 
changes in weed flora means that most 
weed control practitioners are only able to 
predict for one or possibly two seasons. 

Studies of the long term changes of the 
weed flora are rare. Those of Denmark's 
agricultural system are unique {Haas and 
Streibig 1982}. These studies, taken over a 
70 yea r span, show that there is only a 
small change in the number of weed spe
cies, but those that dominate, change with 
the im posed management system, e.g ., 
cropping or pasture, and weed contro l 
method used, e.g ., tillage practices or her
bicide (Haas and Streibig 1982). A recent 
study in Australia has shown that annual 
rainfall pattern is important in de termin
ing the weed flora present in cereal crops 
(Streibig el al . 1989a). However crop type 
and soil clay content had the greatest in
fluence on the weed flora in Danish crops 
(Andreasen and Streibig 1990) while in 
flood-irriga ted Austra lian rice crops itis a 
reflection of cropping intensity (Mcintyre 
el al . 1991). These few studies support the 
need for regular weed surveys. They also 
demonstrate the value of includ ing infor
mation on soils, cropping histo ry and cli
mate in an analysis of the data. By doing 
this it is possible to provide a better in
sight in to the reasons for a change in weed 
fl ora. Such information is increasingly im
portant as herbicides have already dem
onstra ted their abili ty to impose dramatic 
changes to the weed flora. For exa mple 
the dom inant broad-leaved flora in Victo
rian cereal crops before ] 950 was changed 
to one of annual grasses by the la te 60s. 
From personal observations the annual 
grasses are increasing ly being replaced by 
perennials, both monocotyledons and di-

co tyledons, or plants resistant to herbi
cides. These are typically more difficult 
and expensive to control. 

If we are to reduce herbicide inputs it 
will be essential to predict changes by 
committing resources to weed surveys 
and interpretation. This info rmation 
should be integrated with weed spread, 
and economic consequences, to provide 
information on weed impact (Combellack 
1990). The derived information would en
able better control stra tegies to be devel
oped and ensure a reduction in herbicide 
use by preventing the build up of more 
intractable species and by manipulating 
the flo ra toward "easy" to contro l and 
rela tively non-competitive species in the 
long term . It is difficult to assess herb icide 
savings from such a project but they are 
conserva tively estimated at five percent 
per annum after ten years (Combellack 
1989b). 

2. Whole farm planning 
To enable reductions in herbicide inputs 
through whole farm planning it is neces
sary to integrate an array of control op
tions, including rotations and grazing 
management, to red uce the abili ty o f 
weeds to reproduce. 

(a) Biological COlltrol 
This can be achieved in pasture, in part by 
stra tegic g razing with sheep, which are 
able to red uce seed production of rye
grass (Lolillm rigid 11m) and ragwort 
(Senecio jacobeae) and goa ts which reduce 
seed production of blackberry (Rll bus 
fr"t icos"s agg.), variega ted thistle 
(SilybwlI marianum) and St. John 's wort 
(HypericlI m perforatllm ) (Combellack 
1989) . Other studies have shown that 
grazing intensity changes the dominance 
of pasture species with low grazing pres
sure, fo r example, increasing the domi
nance of grasses (Leys 1990). The value of 
grazing management has been poorly re
searched and deserves grea ter recognition 
as a majo r contributor to weed 
management. 

The introduction of "dassieal" biologi
cal control agents such as CochyJis 
atriapitalla to reduce the production of 
flowering stalks, and hence seed produc
tion of ragwort (5. jacobeae) or the 
Chrysolilla beetle to defoliate and reduce 
seed set o f SI. John's wort and the two 
weevils, LixlIs cribricollis and Perapion 
antiqlwm, for the control o f spiny emex 
(Emex australis) have unfo rtuna tely not 
been particula rly successful. However 
seed prod uction of skeleton weed 
(Cltondrilla j UfJcea) was severely red uced 
following the introduction of the rust 
PllCci/tia chondrill ina in the earl y ]970s 
(Hasan 1974). But thirty years on, one of 
the three original forms of skeleton weed 
that was resistant to the introduced rust 
stra ins is now g rowing in densities a p-



proaching those before the release of the 
rust (Shepherd, personal communica
tion). Another rust fungus Phragmidium 
violacellm, which reportedly reduces the 
seed production of blackberry has re
cently been released in Victoria (Bruzzese, 
personal communication). 

In reality "classical" biological control 
offers limited scope for the reduction of 
herbicide use in A ustralia as it has proven 
to be of limited value for the control of 
weeds in crops where approximately 70% 
of the herbicide is used . Also it is likely 
that research on strategic grazing by ru
minants will be more successfu1 than 
"classical" biological control in reducing 
weed infestations in crops. 

(b) Mechanical control 
Cultivation remains one of the most 
widely used weed control techniques. It 
can change the flora by burying seeds, 
thus reducing emergence, and preventing 
seed set by controlling emerged plants. 
The type of cultivation and its frequency 
affect the resultant flora (Cussans 1987). 
In cropping areas frequent cultiva tion in 
the fallow, particularly over the summer, 
has been widely employed to control per
nicious deep rooted perennials such as 
skeleton weed, silver-leaf nightshade 
(Solanum eleaegnifolium) and creeping 
knapweed (Acroptilon repens). This prac
tice generally provides only temporary 
suppression and limited benefits to pro
ductivity (Wells 1970). It is emphasized 
that cultivation is one of the major con
tributors to the degradation of old fragile 
soils such as exist in Australia (Pratley 
and Rowell 1987). There has been, and 
will continue to be, pressure to minimize 
soil cultiva tion and reduce aggressive cul
tivation as a means of weed controL This 
will be achieved in part by using less ag
gressive implements and or increased 
herbicide use in the fa 1I0w. 

As cultivation will remain an important 
component of most whole farm manage
ment programmes, research should be di
rected toward defining weed control ef
fectiveness, relative energy and economk 
inputs compared with other weed control 
options and the relative effect of various 
weed control options on soil degradation. 
Prevention of seeding is also possible by 
mowing, slashing or burning. As these are 
also neglected areas of research their 
value in reducing propagule Viability ca n
not be accura tely gauged . 

(c) Na tural chemicals 
The use of allelopathy offers someoppor
tunities. The inclusion of rye (Secale 
cereal e), oats (Avena sativa) or sorghum 
(Sorghum bicolor) in the rotation may re
duce the incidence of weeds such as 
pigweed (Portulaca oleracea) or smooth 
crabgrass (Digitaria ischnemum) (Putnam 
1987). 
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(d) Other considerations 
These include the physical control by 
flameweeding or soil solarization 
(Morgan 1989). Mulches can be consid
ered in horticulture and the home garden 
(Morgan 1989). The density of weed seed
lings that emerge in the year after harvest
ing, and which follow the path of the har
vester, suggests that it is worthwhile col
lecting the seeds for subsequent disposal. 
Finally the breeding and sowing of crop 
varieties that are more competitive 
through growth habit or allelopathy is 
worth considering (Chancellor and Peters 
1976). 

There seems little doubt that an integra
tion of some, or all, of these would enable 
a reduction in the quantity of herbicide 
used . As the implementation of such strat
egies is complex it is suggested that "best 
bet" options be initially developed for 
major crops. This would also enable defi
ciencies in the knowledge base to be iden
tified. It is est imated that reductions in 
herbicide use of 5 to 10% could be 
achieved within five to ten years. Further, 
if linked. with weed impact even grea ter 
savings are enVisaged because the weed 
flora would be manipulated toward her
bicide "sensitive" and less competitive 
species. However it is realised that as the 
emphasis on continuous cropping in
creases in the developed nations design
ing and implementing effective strategies 
will become an increasingly difficult chal
lenge. 

3. Timing of weed removal 
Studies have shown that the early re
moval of weeds in crops ensu res the use 
of a lower dose of herbicide and invari
ably the best yie ld from the crop. It is 
therefore regrettable that the user fre
quently does not heed this simple fact. Ex
perienced users are concerned that further 
weed seeds may germinate and thus will 
not treat until they believe all have 
emerged. As a benefit 25 to 30% in re
duced herbicide dosage is possible from 
early treatment, (e.g., Edmund and York 
1987). This is an opportunity that needs to 
be explOited. 

To encourage the majority of users to 
change their current practices it wi ll be 
necessary to demonstrate that early treat
ment is prudent both for efficacy and eco
nomic reasons. Further it will be neces
sary to show that under most circum
stances late emerging weeds are few in 
number and not as deleterious as those 
emerging earlier. Much of the relevant 
data is held by herbicide manufacturers. 
As this is an essential element when deter
mining optimal herbicide rates it is disap
pointing that so little is reported in the lit
erature. If companies cannot be per
suaded to release their data this must be 
regarded as a high research priority. For a 
community concerned about herbicide 

use this is particularly important as sav
ings in herbicide ra tes of up to 25% a p
pear possible. 

4. Application efficiency 

(a) Sprayer calibration 
Application equipment is frequently not 
accurately ca librated and inappropriate 
droplet sizes are used. Rider and Dickey 
(1980) for exa mple reported thatonly 40% 
of users were applying within 10% of the 
desired dose and even more alarming are 
the studies of Cupery (1987) who found 
only 19% of applicators within the same 
limits. These reports only reflect poor cali
bration and mixing. These are exacer
bated during application by, for example, 
boom instability which is reported to ac
count for variations in the dose applied. of 
up to 100% across and 30% along the 
swathe (Maybank et al. 1974). They con
cluded that if the distribution was im
proved the dose could be halved. Further, 
Combellack and Richardson (1987) have 
reported that a reasonably stable boom 
haVing a static coefficient of variation of 
spray deposit of less than 12% could be 
used with 12.5% less herbicide. Even 
greater savings are likely if appropriate 
droplet size and droplet trajectory are 
used (Combellack 1987). This hypothesis 
needs field testing and, if verified, ex
tended to users. 

(b) Use of adjuvants 
The addition of adjuvants to the spray mix 
brings about enhanced activity by modi
fying surface behaviour such as spread
ing, dissolution or disruption of 
epicuticular waxes, modifying the result
ant residue on the plant surface, expedit
ing dissolution by solubilization, offering 
increased humectant properties and 
modifying cuticula r and stomata l pen
etration. As the improvement in efficacy 
has typically been within the 5 to 15% 
range it is necessary to employ careful ex
perimental procedures such asa compari
son of relative potency (Kudsk et al. 1987). 
Recent studies with paraffinic oils show 
that dose rates of certain herbicides used. 
to control johnson grass (Sorghum 
"alepellse) could be reduced by up to 50% 
when applied at very low volume using 
the twin fluid atom izers (Ba rrentine and 
McWhorter 1988). 

In view of these results a project has 
been initiated in Australia to develop a 
new spraying system. This project inte
grates the resources of nozzle manufac
turers with those who manufacture 
sprayers. Concurrently manufacturers of 
adjuvants (mostly oils) are co-operating 
with herbicide producers to produce 
modified formulations . Researchers at 
Monash University and at Keith Turnbull 
Research Institute provide a coordina ting 
role and technical input. The "Spray 
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Smart" project currently invo lves over 
twenty organiza tions and is governed by 
a board of management comprising rep
resentatives from government, industry, 
universities and users. To date effective 
nozzles have been selected, operating pa
rameters determined for their use, a suit
able small plot sprayer designed, a labo
ratory sprayer developed which is capa
ble of applying herbicides at 2.5 L ha·1 

when operated a t 20 km h·1 and a rainfall 
simulator has been constructed to assess 
possible enhancement in rainfastness. The 
initial efficacy tria ls have been very prom
ising. 

This area of research offers great prom
ise, particularly for the grass herbicides 
within the groups aryloxyphenoxy
prop ionates ("Fops") and cyciohexane
diones ("Dim s"). The o bjec tive of the 
"Spray Smart" p roject is to reduce herbi
cide dose ra tes by 5 to 10% per unit area. 
[nitia l tria ls suggests tha t this is ach iev
able providing a sufficient range of ap
propriately fo rmulated herbicides are 
marketed to warrant the user purchasing 
an very low volume sprayer. 

(c) Palch sprayillg 
Weeds typically occur in patches across a 
field . However herbicides are applied to 
the whole field, often in mixtures, so that 
adequate contro l o f the species range is 
possible. It has been suggested that herbi
cide savings of 70 to 80% are possible if 
the appropriate herbicide is only applied 
to those species aga inst which it is effec
tiveand only w here it occurs (Combellack 
and Richardson 1987). There is consider
able scepticism about this concept as data 
on weed demogra phy wi thin a field is 
limited and the technology to carry out 
the spraying is thought no t to exist. The 
limited studies on spatial weed distribu
tion within a fi eld (Thornton el al. 1990) 
confirmed the patchiness o f weeds and 
their limited d istribution. Also, in-line in
jection sprayers are available which en
able two herbicides to be separa tely in
jected, each at a different rate. Therefore 
to make patch spraying reality, a ll tha t re
mains to do is to develop a d ig itised pad 
upon which the field, and weeds within 
it, can be mapped . This mus t then be 
linked to a contro ller which activates the 
appropriate herbicide pump as the 
sprayer approaches a weed patch. 

It is realised that this is no t an easy 
project and that the resultant sprayer may 
well be expensive. However if the com
munity is serious about red ucing herbi
cide inputs implementation of this con
cept o ffers the possibility of red ucing 
doses by at least 25 to 33%. It is a lso possi
ble to treat individual weeds, o r patches 
of weeds, by using red and infra-red re
flec tance to discriminate green vegeta tion 
from soil or litte r (Felton ef al. 1987) . Such 
a sprayer has been commercialized and is 

a valuable tool in minimum till or no till 
cropping systems. 

5. Expert systems 
These are still in the development stage in 
most countries including Austra lia. They 
should offer users the opportunity to as
sess the relative merit of the range of treat
ments available. Centra l to these systems 
should be an estimate of economic return. 
This should be based on six inputs :-
i) the densi ty of each species, 
H) the relative competitiveness of the spe

cies, 
iii) the estimated weed free yield, 
iv) the level of weed control expected 

from the treatment selected by the data 
base 

v) the anticipated net value per unit for 
the crop and 

vi) the cost of the treatment selected . 
The value of such a system has been dem
onstrated by Streibig ef al. (1989) who 
used the rec tangu lar hyperbolic yield
density model (Cousens 1987) to deter
mine thresholds for a number of weeds of 
wheat. By reworking published data they 
showed that for a given species the antici
pated weed-free yield was important in 
predicting net returns. For exam pie with 
annual ryegrass (Lo/iu11I rigidllm) the eco
nomic break even density was approxi
mately 80 m·2 for an estimated weed-free 
wheat yield of 2.4 tonne ha·1 in New South 
Wales but 220 m" for a weed-free yield of 
2.2 tonne ha·1 in Western Australia . These 
differences reflec t changes in the com peti
tiveness of individual ryegrass plants in 
different regions and the maximum effect 
an infesta tion would have at infinite den
si ty which were estimated to be a 61% re
duction for the Western Australian trial 
and 95% for New South Wales. 

It will be rea lised that this information 
is not reflected on herbicide labels nor in 
sales litera ture. The author fo und littleac
ceptable data when generating this paper. 
While the idea l model should predict the 
trea tment that maximizes econom ic re
turns this is not possible for most crops in 
most countries of the world as the avail
ability o f sound weed threshold data is 
very limited . If reductions in herbicide 
rates per unit area is desired then the de
velopment of a suitable "expert" model is 
essential. It should be recognized that us
ers currently attempt to ma ke sound eco
nomic decisions but these are, through 
necessity, based on intuition ra ther than 
factual knowledge. 

6_ Herbicide savings 
Estimates of achievable herbicide savings 
for each of these ca tegories are :- manag
ing the weed flora, 5 to JO%; whole farm 
planning, 5 to 10%; timing o f weed re
mova l, 20 to 25%; application efficiency, 
25 to 30% and expert systems, 20 to 25%. 
Obviously the savings are not additive. 

However as previously stated (Com
bellack 1989a, b 1990) a reduction in her
bicide use of15% in 5 years and 50% in ten 
is achievable if appropriate research and 
extension was implemented. 

7. Proposal structure and objectives 
In most developed nations senior admin
istrators have accepted the assumption 
that herbicides are a threat to human 
health. This concern has been reflected in 
d irect government intervention by the 
imposition of stricter registration require
ments particularly in rela tion to toxicol
ogy and environmental data and or the 
implementation of strategies aimed at re
ducing herbicide use (Haas 1987) . Re
views on this topic have concluded that 
the advantages of herbicide use outweigh 
the disadvantages (Combellack 1989a, b 
1990). Further the need to persuade politi
cians, administrators and the public to 
adopt a more rational stance on herbicide 
use have been emphasized (Combellack 
1989a). This is difficult to foster when it 
can be theoretica lly shown that herbicide 
dose rates could be reduced by 15% per 
unit area in five years and up to 50% in ten 
(Combellack 1989a, b). As the direct main 
beneficia ries of continued herbicide use 
are the users and herbicide manufactur
ers, itis my view that a levy of 1% be gen
erated against herbicide sales at the farm 
ga te to implement a strategy to achieve 
these goa ls. The collected revenue should 
be used to implement an extensive exten
sion ca mpaign to achieve the first goal, 
15% reduction in five years. This could be 
achieved by users implementing available 
information. 

The programme should not only be di
rected toward users but a lso the consum
ers (i.e., the public). The public must be 
alerted if herbicides are found in un
wanted places, for exa mple, they must 
a lso be advised on the resul tant risks to
gether with reasons why they are being 
used. One of the key targets should be 
those most concerned abo u t herbicide 
use. 

The monies should also be used to un
derwrite research needs, such as sound 
threshold data, more efficient application 
methods, weed surveys to monito r 
changes in the weed flora, development 
of best-bet whole farm management plans 
and the development of an expert system 
that includes economic considera tions. 

The monies should be controlled by a 
management tea m comprising repre
sentatives of users, consumers, govern
ment, research, extension and education. 
The management team should be paid, as 
should the leaders of resea rch, extension 
and education projects. The management 
team must set measurable goals and im
plement an annual review process to en
sure these are met. A pro-active strategy 
such as this will be more beneficial than 



the current way governments reflect pub· 
lic concern, for example, by increasing the 
amount of data required for registration. 
The wisdom of this existing policy is 
questioned for it is has apparently not sat
isfied those who are concerned and it has 
made labels increasingly complex . This 
latter aspect is increasing the difficulties 
faced by users because technical support 
for products by manufacturers and gov
ernment is declining. The need for a ra· 
tiona I strategy on herbicide use outlined 
above, is in my view the best approach for 
the future. 
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