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Summary
Synergists which inhibit herbicide detoxification and conjugation complement

adjuvants that increase herbicide retention and penetration.

The cytochrome P450 inhibitor 1- aminobenzotriazole (ABT) overcame

chlorotoluron resistance in Alopecurus myosuroides indicating the involvement of

enhanced metabolism. Suspension cell culture studies with 14C- chlorotoluron showed

that rapid oxygenase mediated ring methyl hydroxylation and N- demethylation in the

resistant (R) biotype was arrested with ABT and the synergist tridiphane.

Tridiphane potentiated cyanazine, isoproturon, terbutryne and triallate enabling

control of R A.myosuroides and use of low doses of these herbicides to kill

susceptible biotypes of Avena fatua, A.myosuroides and Bromus sterilis. The

environmental and economic benefits of synergists are discussed.

Introduction
A common definition of synergy is 'The co- operative action of two components of

a mixture such that the total effect is greater or more prolonged than the sum of

the effects of the compounds taken independently'. In most cases this involves

more active ingredient reaching the target binding site(s) within specific plant

cells by reducing losses associated with herbicide interception, retention,

penetration, movement and metabolism. The most common synergists are surfactants,

oils and emulsions which improve spray retention and active ingredient penetration

into the plant. These adjuvants have little or no phytotoxicity, but synergy is

also found in mixtures where both components are herbicides. For many herbicides

detoxification within the plant is a major cause of loss of activity, but

relatively few synergists have been commercially developed which reduce herbicide

metabolism (1). Due to increasing economic and environmental pressures it is

timely to consider the potential-of these synergists to reduce herbicide inputs.

This paper outlines the mode of action of selected synergists and illustrates,

with results from our laboratory, their potential for improving herbicide

performance by combating herbicide resistance and enabling effective weed control

with reduced doses'.

Synergist interaction with herbicide metabolism
Synergists commonly inhibit reactions in the first two phases of herbicide

metabolism: 1. herbicide detoxification and 2. conjugation of the herbicide or its

metabolites with endogenous substrates.
Oxygenation is the most common process responsible for detoxifying herbicides

and includes reactions such as aliphatic hydroxylation, 0- and N- dealkylation and

ring hydroxylation. These reactions are commonly mediated by cytochrome P450, but

peroxidases or other oxygenases may be involved (2). Several synergists eg. 1-

aminobenzotriazole (ABT) enhance herbicide activity by blocking oxygenase function

(2).
An example of the inhibition of conjugation is provided by tridiphane which

synergises atrazine activity against Setaría faberi by reducing its conjugation

with glutathione, but selectivity in maize is unaffected (3).

Overcoming herbicide resistance
Synergists have considerable potential for overcoming resistance due to enhanced

metabolism, as found in chlorotoluron resistant ,(R) Alopecurus myosuroides.

Hydroponic studies with plants of R and susceptible (S) A.myosuroides
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biotypes showed that the x10 tolerance to chlorotoluron of the R biotype could be
overcome with ABT. Experiments with 14C labelled chlorotoluron administered to
suspension cultures of R and S biotypes showed that the R biotype metabolised
twice as much herbicide in five hours as the S biotype. In both cultures
chlorotoluron was degraded by ring methyl hydroxylation and N- demethylation which
could be arrested with ABT and microsomes prepared from the R compared to S
biotype cells had enhanced levels of cytochrome P450 (5). These results provide
strong circumstantial evidence for cytochrome P450 involvement in herbicide
metabolism and explain the effectiveness of certain inhibitors of this enzyme as
synergists for chlorotoluron.

ABT is a useful research tool, but due to relatively high concentrations
required to inhibit herbicide metabolism and its lack of selectivity in cereals,
13 other nitrogen heterocyclic compounds with known cytochrome P450 inhibiting
activity were evaluated. The ergosterol- biosynthesis inhibit fungicide
triadimefon was the most effective synergist for overcoming chlorotoluron
resistance in A.myosuroides being about tenfold more active than ABT and less
phytotoxic to wheat (6).
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fatua with 2 -3 leaves.

The R biotype of A.myosuroides is cross resistant to many herbicides used for
grass weed control in cereals. Studies grant -aided by Dow- Elanco showed that pre -
and early post- emergence applications of cyanazine, isoproturon and terbutryne in
combination with tridiphane effectively controlled pot grown R biotypes of
A.myosuroides and pre-emergence triallate /tridiphane mixtures were equally
effective. Figure 1 illustrates the synergistic interaction against R
A.myosuroides of 0.25 kg ha -1 of tridiphane with 30 and 60% of the recommended dose
of terbutryne.

Tridiphane is known to block glutathione conjugation (3) and this may account
for its synergistic effects on cyanazine and triallate. However, degradation of
isoproturon and chlorotoluron involves oxygenase mediated reactions and
conjugation with glucose. Suspension cell culture studies with R A.myosuroides
showed that tridiphane reduced 3t chlorotoluron metabolism by more than 30% and
cytochrome P4S0 mediated N- demethylation and ring hydroxylation were significantly
inhibited. These results suggest that the synergistic effects of tridiphane
result from inhibition of both glutathione- s- transferase and mixed function
oxides's.
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Reducing herbicide inputs
Herbicide resistant weed populations are commonly treated more frequently and at

higher doses than susceptible weeds, so the use of synergists to achieve control

at normal doses represents a valuable reduction in herbicide inputs.

In susceptible weed populations major dose reductions may be achieved with

synergists and the literature on this topic has recently been reviewed by Gressel

(7). Our studies show that tridiphane potentiates cyanazine, isoproturon,

terbutryne and triallate against Avena fatua, A.myosuroides and Bromus sterílis.

A typical result is shown in Fig.2 where 0.67 kg ha -1 of isoproturon plus 0.25 kg

ha -1 tridiphane controls A.fatua with 2 -3 leaves while the herbicide alone is

ineffective. Even at the recommended dose of 2.0 kg ha -1 isoproturon only controls

A.fatua when applied pre - emergence. During the past year several coded compounds

with high synergistic activity have been evaluated in our laboratory reflecting

industry's increasing interest in this class of adjuvant.

Discussion
The results outlined above clearly show that resistance due to enhanced metabolism

can be overcome with appropriate synergists and in susceptible weed populations

effective weed control can be achieved at reduced doses. Furthermore additional

growth stages may be controlled and that increase the flexibility of spray

application timings. One of the main benefits of synergists that inhibit

metabolism is that they complement enhanced herbicide activity achieved with

adjuvants that increase herbicide retention and penetration. In spite of these

advantages relatively few synergistic mixtures have been developed commercially,

but now there is an increased interest in this approach in response to growing

requirements for lower inputs and the need to control herbicide resistant weeds.
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